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UNITS OF PRESSURE EQUIVALENCE (EQUAL TO 1 PSI)

1 psi = 2.036 in. Hg (inches of mercury)
= 27.68 in. w.c. (inches of water column)
= 51.715 mmHg or torr
= 0.068947 bar
= 0.06804 atm (atmospheres)
= 6.8947 kilopascals or KPa
= 0.0703 kg/cm?
= 2.307 ft. H0
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WARRANTY AND WARNINGS

WARR.ANTY : SRI will repair or replace any defective parts within two years from the date of shipment.

Consummable items such as lamps, heaters, septa, NPD beads, ECD detector cell, DELCD heaters, FPD photomultiplier tubes, traps,
filters, TCD filaments, columns, syringes, etc. are excluded. Replacement or repair shall be the purchaser’s only remedy, and in no case
shall SRI’s liability exceed the original purchase price. The equipment is purchased without any other warranty expressed or implied,
including, without limitation, any warranty of merchantability, any warranty arising from a course of dealing, performance of usage of trade
andfor any warranty that the equipment is fit for any particular purpose or trade. The purchaser agrees to assume all risks of defects relating
to the design, construction, purchase, operation, condition, maintenance, possession and use of the equipment, and to release SR1, to the
maximum extent allowed by law, from any and all liabilities, claims or demands of any nature, including without limitation any claims based
on incidental or consequential damages (forseeable or not), lost earnings, negligence (active or passive), strict liabidity, breach of agreement
or misconduct. The purchaser is aware of and waives the provisions of California Civil Code Section 1542, ("A general release does not
extend to claims which the creditor does not know or suspect to exist in his favor at the time of executing the release, which if known by him
must have materially affected his settlement with the debtor”}, and/or all other laws, local, state, federal, or international, of similar intent,
scope or purpose, relating to the release of unknown or unexpected claims. It is expressly agreed that the possibility of such unknown or
undiscovered claims exist and has been explicidy taken into accountin determining the equipment’s purchase price and that consideration has
been adjusted, having been bargained for in full knowledge of the possibility of such unknown claims. In the event the equipment is sold,
loaned, or otherwise transferred, purchaser agrees to bind the third party to the terms of this agreement as a condition of transfer. Purchaser
is aware of the dangers, and hazards inherent in operating chromatographs and data systems including but not limited to the wamnings listed
below. No agent, representative, distributor or employee of SRI has authority to amend this warranty in any way. In the event that any term
or provision of this warranty is subject to valid claim of unenforceability, such term or provision shall be narrowly construed, the remaining
provisions shall nevertheless survive, granting SRI the greatest possible protection then available under law.

W AR.Nm GS AND HAZARDS: Purchaser is aware of and accepts complete responsibility for

operation of the equipment knowing that:
1) Flammable gases such as hydrogen and argon/methane are required for operaton of some detectors, and adaquate precautions must be

taken by the user to install safe and leak-free gas line tubing with flow snubbers, quick shutoff valves, etc. in accordance with all local fire

department regulations. Flammable gases should not be used as carrier gas.
2) High temperatures may bum the operator. Safety gloves should be worn, and all surfaces touched only after making sure they are not hot.

3) High voltages on the PID lamp or FPD Photo-multiplier tube may shock the operator. Be sure the power is off before touching these

pars,
4) Radioactive material is present inside the ECD detecter. It is the user’s responsibility to comply with all regulations and safety

precautions, and to dispose of the detecter in the manner prescribed by regulatory agencies. ECD detectors are transferred directly from
Valeo Inc. Houston Texas, to the purchaser, and all licenses, details of operation, warranty, disposal, etc. are solely the responsibility of

Valco and the purchaser.
5) Toxic, hazardous, or poisenous solvents such as N-Propanol are required for operation of the ELCD detecter. Other detectors may

release or form toxic compounds, requiring operation under a fume hood or use of a respirator. Standards or samples required to calibrate

the GC may be toxic, hazardous, or flammable,
6) Eye damaging ultra-violet light is emited by the PID lamp. Eye protection should be wormn at all imes when operating the GC.

7) Both qualitive and quantitive results from GC/Data System are subject to many sources of error. The magnitude of the error is variable,
and must be statistically evaluated and controlled by the operator. Responsibility for the accuracy of the results obtained is solely the

operator’s. SRI makes no claims regarding the accuracy, bias, or precision of the results.

8) All SRI equipment is intended for operation by trained laboratory personnel only. It is the purchaser’s responsibility to limit access so that
only qualified laboratory technicians may operate the equipment and to ensure that they are provided with all neccesary safety apparatus,
training, and procedures to minimize injury and/or damage in the event of an accident or malfunction (forseeable or not)

%) Errors and/or "bugs” may exist in integration software.,

OPERATING THIS EQUIPMENT SHALL CONSTITUTE ACCEPTANCE
OF ALL TERMS AND PROVISIONS ABOVE.

PLEASE READ!!!
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ATTENTION !
AVOID THESE COMMON ERRORS

1. In general, SRI Instruments does not recommend using nitrogen as a carrier gas. If
nitrogen carrier must be used with a TCD, the current must be set to LOW. High
current TCD operation with nitrogen carrier will destroy the filaments. Using nitrogen
as carrier gas in capillary columns will drastically reduce the separating ability of the
column. Use of helium carrier is suggested wherever possible. NEVER TURN ON
THE TCD FILAMENT CURRENT BEFORE CARRIER AND REFERENCE GAS
FLOWS EXIST THROUGH THE DETECTOR AND HAVE BEEN VERIFIED. THE
TCD FILAMENTS WILL BE DESTROYED IF ENERGIZED WITHOUT THESE
FLOWS! The 8610C gas chromatograph, in programmable and educational models, is
equipped with a filament protection cutout circuit. This circuit will de-energize the
filaments if the column carrier gas head pressure falls below a preset value (factory set
to 3psi). This will prevent the filaments from incandescing if the carrier gas is
interrupted to the detector by a removed septum nut, disconnected column, or empty
carrier gas cylinder. It will not prevent filaments from damage if nitrogen carrier gas is
used in conjunction with high filament current, which is prohibited and will void the
warranty of the TCD detector. NEVER OPERATE THE TCD ON HIGH CURRENT

WHEN USING NITROGEN CARRIER.

2. The SRI educational TCD-equipped gas chromatograph is equipped with a manual
pressure regulator in lieu of a flow controller for carrier gas flow. The full-featured
8610C GC is equipped with programmable electronic pressure control (EPC) of carrier

gas flow. Therefore, hydrogen carrier gas should not be used with either GC
configuration. If a leak, column breakage, or other failure occurs, hydrogen gas could
be released in dangerous concentrations, creating the potential for a fire or explosion to
occur. Helium carrier offers an almost identical Van Deemter curve and performance to

hydrogen carrier gas, and is the recommended substitute carrier gas.

3. When selecting a port address for the serial data acquisition interface built into your
8610C gas chromatograph, you must verify that you are not using a COM port on the
data system host PC that is being shared with a mouse. Some PCs offer a DB-9 serial
port labeled COM1, and have a DIN-plug type mouse with a separate, small, round
plug and port. This may also be on the COM1 address. Consult your PC manual for
information. If you are connecting to COM 2, and your PC is equipped with an internal
modem, change the modem’s COM port address from COM2 to COM3 or COM4 to
avoid conflicts. Failure to do so will prevent the PC-based data system from
communicating with the GC via the serial port. If you have any doubts regarding the
configuration of your PC’s COM ports, use the MS-DOS MSD.EXE utility to inspect

your hardware settings.

4. If you have an NPD detector, do not use hydrogen as a carrier. The detector bead
will overheat if the hydrogen flow is above 5 ml/min. Also, do not forget to install the
NPD restrictor and resistor supplied, if your NPD also performs as a convertible FID
detector. Do not turn the bead voltage above 4 volts or the detector bead will burn up.
The voltage can be monitored with the digital display on the front of the unit. The
display reads out in 1/100ths of a volt - 4 volts will be displayed as 400 units on the

digital display.
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Chapter: PREFACE

Topic: RETURNS OF EQUIPMENT FROM OUTSIDE U.S.A

In the event an item of SRI equipment needs to be returned to the factory from

outside the U.S. A., please make a copy of the U. S. Customs form 3311
provided on the facing or reverse page, and include the filled out form with the

shipping documents. This form will allow the equipment back into the U. S.
without any customs duties, and will speed up customs clearance delay.

Before returning any goods, please obtain a RMA number ( return material
authorization ) from SRI. At the time the RMA is issued, you will be advised
on preferred methods of shipment and shipping companies. SRI will normally
request pre-paid FEDX delivery.

To obtain an RMA contact:

SRI Instruments Technical Support
20720 Earl St.

Torrance CA 90503 U.S.A.
310-214-5092

fax 5097

\ep\docs\HOO1.epd
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DEPARTMENT OF THE TREASURY Farm Approved
UNITED STATES CUSTOMS SERVICE OMB No. 1515-0043

DECLARATION FOR FREE ENTRY OF
RETURNED AMERICAN PRODUCTS

18 CFR 10.1, 10.5. 10.6, 10.86, 10.67, 12.41, 123.4. 143.23, 145.35
e = e -
2. DATE 3. ENTRY NO. & DATE

1. PORT & DISTRICT

5, CITY AND STATE OF MANUFACTURE
|

4. NAME OF MANUFACTURER

| 7. U.S. DRAWBACK PREVIOUSLY

& REASON FOR RETURN
[ cLamen [] uncLamen
5. PREVIOUSLY IMPORTED UNDER TSUSA
864057 ™ ves CIwno
9. MARKS, NUMBERS, AND DESCRIPTION OF ARTICLES RETURNED 10. VALUE "

* K the value of the article is $10,000 or more and the articles are not clearly marked with the name and address of U.S. manutacturer, please attach copies of any documentation or other
evidence that you have that will support or substantiate your claim for duty free status as American Goods Returned.

11. | declare that the information given above is frue and correct {o the best of my knowledge and belief; that the articles described above are the growth, production, and manufacture of
the United States and are returned without having been advanced in value or improved in condition by any process of manufacture or other means, that no drawback bounty, or allowance
has been paid or admitted thereon, or on any part thereof; and that if any notice(s) of exportation of articles with benefit of drawback [ was [ were filed upon exportation of the
merchandise from the United States. such notice(s) [ has __ have been abandoned.

12. NAME OF DECLARANT | 12 TITLE OF DECLARANT

14, NAME OF COAPORATION OR PARTNERSHIP (If any) 15. SIGNATURE (See note)
{

16. SIGNATURE OF AUTHORIZING CUSTOMS OFFICER

m must be signed by the president, vice president, secretary, or treasurer of the corporation, or by any employee or ... .«
by the corporation that such employee or agent has or will have knowledge of the pertinent facts.

ersiexporters are complying with U.S. customs laws, ta allow us to compute and collect
response is mandatory.

NOTE: If the awner or ultimate consignee is a corporation, this for
of the corporation who holds 2 power of attorney and a certificate
Notice required by Paperwork Reduction Act of 1980: This information is needed to ensure that import
the right amaunt of money, to enforce other agency requirements, and 1o collect accurate statistical information on imports. Your
Statement required by 5 CFR 1320.21: The estimated average burden associated with this collection of information is 6 minutes per respondent or recordkeeper depending on individual
circumstances. Comments concarming the accuracy of this burden estimate and suggestions for reducing this burden should be dirscted to U.S. Customs Service, Paperwork Management
Branch, Washington, DC 20228, and the Office of Management and Budget, Paperwork Reduction Project (1515-0043), Washington, DC 20503, ‘

Customs Form 3311 (031390)

100-1A1 - 14R




ChromlLab 1 . 19

A Chromatography Technology and Development Company

12 Vernon Lane

Malvern, PA 19355-2933
(610) 544-2260

GC & GC Data Handling
Application Support and Training Services

Application Support and Training Services

ChromLab provides a full range of support, training and method development
services for chromatography and data handling instrumentation, including:

e Complete installation and setup services for GC instrumentation and sample
introduction systems including Headspace and Thermal Desorption.

e On-site training in GC and GC Data Handling for laboratory personnel.

e Development of effective operator manuals and in-house training programs.

e Method development for GC, HS/GC, capillary GC and fast GC analysis.

Benefits Provided to GC Customers

ChromLab gives your company the benefits of on-site chromatography expertise.
We provide application support and training services for your GC instrumentation
tailored to meet the needs of your laboratory when you need them and on a cost-

effective basis.

e Reduced setup and training costs with on-site training for your personnel.

e On-site GC and GC data handling method setup and calibration for quick
implementation of cost saving QC/QA chromatography methods.

e Customized Headspace GC, Thermal Desorption methods to solve difficult

sample analysis challenges.
e Setup and training in regulatory compliance methods - EPA, OSHA, ASTM

ChromLab provides its support services to the following industries:

e Petroleum, Chemical, Energy, Environmental

e Flexible Packaging, Converting, Paper and Flooring Products, Inks and
Coatings

e Pharmaceutical, Food and Beverage

Phone: (610) 644-2260 FAX: (610) 644-2478

The Chromatography Laboratory Resource
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ChromlLab L , n

A Chromatography Technology and Development Company

Customized On-site GC Support and Training Services

ChromLab will train of your personnel in the efficient setup, operation and routine
calibration of your GC equipment. We will assist in the transfer of new GC methods
to your laboratory site. We will also optimize your GC data handling methods and
develop standard operating procedures for your personnel to use after the training is

complete. Training is available in the following areas:

Basic GC

Capillary Column GC
Headspace GC
Thermal Desorption GC
GC Data Handling.

These support and training services will greatly reduce your GC downtime and
overall operational costs to give your organization real long term saving. Your
personnel will gain a solid understanding of their GC system and the confidence to
perform routine calibration, maintenance and troubleshooting.

Providing Expert Technical Leadership

Burton S. Todd, is the Technical Director of ChromLab with over 30 years of hands-
on expertise in providing application support and training in GC, H5/GC, GC/MS
and GC data handling. He has worked with hundreds of companies, large and small
assisting in the specification and setup of GC and data handling instrumentation. He
has provided successful solutions to solve difficult analytical challenges and helped
to build the confidence and skills of laboratory personnel through customized

training tailored to meet their needs.

For More Information

For more information on these and other GC support and training services please
contact ChromLab at 610-644-2260 or Fax your inquires and questions to Burton
Todd. We will be glad to assist you in developing a support program to help meet
your laboratory’s goals.

Phone: (610) 644-2260 FAX: (610) 644-2473
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THE ENVIRONMENTAL TECHNOLOGY VERIFICATION PROGRAM ﬂ

wEPA

158 Epyitapsersip! Proteclisg Lgpiy Environmental Security
Technolagy Cedification Oak Ridge National Laboratory
Program
Joint Verification Statement
TECHNOLOGY TYPE: GAS CHROMATOGRAPHY
APPLICATION: Is\gASUREMENT OF EXPLOSIVES IN CONTAMINATED
IL
TECHNOLOGY NAME: Model 8610C Gas Chromatograph/Thermionic Ionization
Detection
COMPANY: SRI Instruments
ADDRESS: 20720 Earl Street PHONE: (310)214-5092
Torrance, CA 90503 FAX: (310) 214-5097
WEB SITE: WWWw.srigc.com
EMAIL: hagoldsmith@earthlink.net

The U.S. Environmental Protection Agency (EPA) has created the Environmental Technology Verifica-
tion Program (ETV) to facilitate the deployment of innovative or improved environmental technologies
through performance verification and dissemination of information. The goal of the ETV Program is to
further environmental protection by substantially accelerating the acceptance and use of improved and
cost-effective technologies. ETV seeks to achieve this goal by providing high quality, peer-reviewed data
on technology performance to those involved in the design, distribution, financing, permitting, purchase,
and use of environmental technologies.

ETV works in partnership with recognized standards and testing organizations, stakeholder groups
consisting of regulators, buyers, and vendor organizations, with the full participation of individual
technology developers. The program evaluates the performance of innovative technologies by developing
test plans that are responsive to the needs of stakeholders, conducting field or laboratory tests (as
appropriate), collecting and analyzing data, and preparing peer-reviewed reports. All evaluations are
conducted in accordance with rigorous quality assurance protocols to ensure that data of known and
adequate quality are generated and that the results are defensible.

EPA-VS-SCM-48 The accompanying notice is an integral part of this verification statement. August 2001
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——— —
he Department of Defense (DoD) has a similar verification program known as the Environmental Security
echnology Certification Program (ESTCP). The purpose of ESTCP is to demonstrate and validate the most
hromising innovative technologies that target DoD’s most urgent environmental needs and are projected to
bay back the investment within 5 years through cost savings and improved efficiencies. ESTCP
demonstrations are typically conducted under operational field conditions at DoD facilities. The
demonstrations are intended to generate supporting cost and performance data for acceptance or validation of
Ithe technology. The goal is to transition mature environmental science and technology projects through the
ldemonstration/ validation phase, enabling promising technologies to receive regulatory and end user
hcceptance in order to be field tested and commercialized more rapidly.

N

he Oak Ridge National Laboratory (ORNL) is one of the verification organizations operating under the Site
haracterization and Monitoring Technologies (SCMT) program. SCMT, which is administered by EPA’s
National Exposure Research Laboratory, is one of 12 technology areas under ETV. In this verification test,
ORNL evaluated the performance of explosives detection technologies. This verification statement provides
2 summary of the test results for SRI Instruments’ Model 8610C gas chromatograph with thermionic
onization detection (GC/TID). This verification was conducted jointly with DoD’s ESTCP.

RIFICATION TEST DESCRIPTION

his verification test was designed to evaluate technologies that detect and measure explosives in soil. The
est was conducted at ORNL in Oak Ridge, Tennessee, from August 21 through 30, 2000. Spiked samples of
I nown concentration were used to assess the accuracy of the technology. Environmentally contaminated soil
samples, collected from DoD sites in California, Louisiana, lowa, and Tennessee and ran ging in
oncentration from 0 to approximately 90,000 mg/kg, were used to assess several performance I
haracteristics. The primary constituents in the samples were 2,4,6-trinitrotoluene (TNT); isomeric
dinitrotoluene (DNT), including both 2,4-dinitrotoluene and 2 6-dinitrotoluene; hexahydro-1,3,5-trinitro-
1,3,5-triazine (RDX); and octahydro-1,3,5,7-tetranitro-1 3,5,7-tetrazocine (HMX). The results of the soil
bnalyses conducted under field conditions by the GC/TID were compared with results from reference
laboratory analyses of homogenous replicate samples analyzed using EPA SW-846 Method 8330. Details of
the verification, including a data summary and discussion of results, may be found in the report entitled
nvironmental Technology Verification Report: Explosives Detection Technology—SRI Instruments,

C/TID, EPA/600/R-01/065.

ECHNOLOGY DESCRIPTION
he SR Model 8610C gas chromatograph (GC) is a transportable instrument that can provide on-site
bnalysis of soils for explosives. Coupling this transportable gas chromatograph with a thermionic ionization
detector (TID) allows for the determination of explosives in soil matrices following simple sample
preparation procedures. Samples are extracted in acetone, diluted, and injected directly onto the GC column
ithin a heated injection port. The high temperature of the injection port instantaneously vaporizes the
Solvent extract and explosives, allowing them to travel as a vapor through the GC column in the presence of
he nitrogen carrier gas. The stationary phase of the GC column and the programmable oven temperature
separate the components present in sample extracts based on their relative affinities and vapor pressures.
pon elution from the column’s end, compounds containing nitro groups are ionized on the surface of the
ermionic bead, and the increased conductivity of atmosphere within the heated detector is measured with a
ollector electrode. In this verification test, the instrument was verified for its ability to detect and quantify
D 4-dinitrotoluene (2,4-DNT), RDX, and TNT. Analytical run times were typically less than 7 min and

reporting limits were typically 0.5 mg/kg.

EPA-VS-SCM-48 The accompanying notice is an integral part of this verification statement. August 2001
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RIFICATION OF PERFORMANCE
he following performance characteristics of SRI's GC/TID were observed.

recision: The mean relative standard deviations (RSDs) for 2,4-DNT, RDX, and TNT were 15%, 14% and
3%, respectively, indicating that the determinations of all analytes were precise.

[ dccuracy: Accuracy was assessed using the performance evaluation (PE) soil samples, which were spiked to

ominal TNT and RDX concentrations of 0, 10, 50, 100, 250, and 500 mg/kg each by an independent
E:boratory. The mean percent recoveries for RDX and TNT were 91% and 97%, respectively, indicating that

e analyses were unbiased.

alse positive/false negative results: Of the 20 blank soils, SRI reported TNT in five samples (25% false
ositives). No false positives were reported for 2,4-DNT and RDX. False positive and false negative results
ere also estimated by comparing the GC/TID result to the reference laboratory result for the environmental
d spiked samples (e.g., whether SRI reported a result as a nondetect that the reference laboratory reported
a detection, and vice versa). For these soils, 3% of the 2,4-DNT results and 7% of the TNT results were
eported as false positives relative to the reference laboratory results, but none of the RDX results were
eported as false positives. Similarly, a small percentage of the results were reported as nondetects by SRI
i.e., false negatives) when the laboratory reported a detection (2% for RDX , 4% for TNT, none for 2.4-

NT).

liCompleteness: The GC/TID generated results for all 108 soil samples for a completeness of 100%.

[{Comparability: A one-to-one sample comparison of the GC/TID results and the reference laboratory resulis
was performed for all samples (spiked and environmental) that were reported as detects. The correlation
oefficient (r) for the comparison of the entire soil data set for TNT (excluding one suspect measurement for
e reference laboratory) was 0.95 (slope (m) = 1.32). When comparability was assessed for specific
oncentration ranges, the 7 value did not change dramatically for TNT, ranging from 0.89 to 0.93 depending
n the concentrations selected. RDX correlation coefficient with the reference laboratory for all soil results
s slightly lower than TNT (» = 0.85, m = 0.91). The GC/TID’s results for RDX correlated better with the
eference laboratory for concentrations <500 mg/kg (r = 0.96, m = 0.83) than for samples where
ncentrations were >500 mg/kg (r = 0.49, m = 0.56). For the limited number of data points where both the
eference laboratory and SRI reported results for 2,4-DNT (z = 14), the correlation was 0.44 (m = 0.33).

ample Throughput: Throughput was approximately three samples per hour. This rate was accomplished by
o operators and included sample preparation and analysis.

Ease of Use: No particular level of educational training is required for the operator, but knowledge of
llchromatographic techniques and experience in field instrument deployments would be advantageous.

August 2001

EPA-VS-SCM-48 The accompanying notice is an integral part of this verification statement.



Overall Evaluation: The overall performance of the GC/TID for the analysis of 2,4-DNT, RDX, and TNT
fwas characterized as precise and unbiased. As with any technology selection, the user must determine if this
technology is appropriate for the application and the project’s data quality objectives. For more information
|1 this and other verified technologies, visit the ETV web site at http:/www.epa.gov/ectv.

s ' oL L )

Gary J. Fo " W. Frank Harris, Ph.D.
Director Associate Laboratory Director

National Exposure Research Laboratory Biological and Environmental Sciences
Office of Research and Development Oazk Ridge National Laboratory

4
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J q_ffre'y arqusee,tPh.D.

Director

Environmental Security Technology Certification Program

Department of Defense

NOTICE: EPA and ESTCP verifications are based on evaluations of technology performance under specific,
predetermined criteria and appropriate quality assurance procedures. EPA, ESTCP, and ORNL make no expressed or
implied warranties as to the performance of the technology and do not certify that a technology will always operzie
as verified. The end user is solely responsible for complying with any and all applicable federal, state, and local
requirements. Mention of commercial product names does not imply endorsement or recommendation.

EPA-VS-SCM-48 The accompanying notice is an integral part of this verification statement.
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GC Installation

I. Gac Instaliation & Connection

1. To connect your GC to a gas supply, we recommend the following: - SRIGas Line

instaliation Kit

e A 50 foot length of copper tubing

e A stainless steel gas line filter

o Atleast 2 sets of stainless steel Swagelok nuts and brass ferrules

(it is a good idea to keep a few extras on hand)

e A cylinder pressure regulator with 0-100psi output
NOTE: each type of cylinder has 2 different CGA connection to the
regulator (CGA = Compressed Gas Association). Airis typically CGA
590 or 346. Helium and nitrogen are CGA 580. Hydrogen and argon-
methane are CGA 350.
Gas line installation kits that include everything you need are available fom SRI:

8600-C590  Air gas line kit (with both CGA 590 and 346 inlet fittings)

8600-C58¢  Heliumy/nitrogen gas line kit

8600-C350  Hydrogen/argon-methane gas line kit (the hydrogen CGA is equipped with a flow

restrictor to limit the escape of gas in the event of a leak)

These kits include everything in the list of recommended supplies above, pius a tubing cutter. Each reguiator is
supplied with 2 1/8” Swagelok fitting for easy connection to the copper tubing.

2. Using the appropriate CGA connection as described above, attach the regulator securely to the gas cylinder.

it

3. Secure one end of the 1/8” copper tubing to
the regulator with a Swagelok nut and ferrule. Cut
the tubing to the desired length before connecting
it to the GC. Make sure to leave it long enough
to allow you to move your GC around your work
area.

.

4, Tfyou don’t already filter your gas, install gas line filter(s) in the gas line(s) where itis convenient to replace
when needed.

s | 5. Connect the gas or gases to the
inlets on the lefi-hand side of the
GC as labeled.

NOTE: the GC shown here i1s

¢quipped with a built-in air

compressor. When using the

internal air compressor instead of
cylinder air, 2 jumper tube is secured to the air inlet and outlet. If you ordered your GC withan air compressor,

itis shipped with the jumper tube in place as shown.
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GC Instaliation Guide

(“Gas Installation & Connection” continued)

GAS FLOW RATES

3 AT

6. The pressure that correlates with the flow rate for
the column, make-up gases, and detector supplies is
labeled on the right-hend side of the GC. For best
EPC performance, set the incoming gas pressure(s)
15-20psi higher than the operating pressure listed on
the right-hand side of the GC.

" CARRIER 1: 90w
. CARRERZ '
SBTPURGE:
:QYOﬁbGER 1

HYDROGENZ:

TRIRA

il. Column instaliation

1. If you ordered a column with your GC, it is shipped installed in the colurnn oven and you can skip this

section. Otherwise, open the GC lid and the column oven lid.
{ Accessories Kit

2. These instructions will cover the installation of a 0.53mm capillary
colamn into an on-column injector. The SRI on-column injector is
designed for a 26 gauge syringe needle; 2 10pL liquid injection
syringe with a 26 gange needle is included in the Accessories Kit
shipped with your GC.

A megabore adapter for syringe
injection onto 0.53mm capillary

columns is included o the Spare
Parts Kit affixed to the inside of the
GC lid on the right-hand rear
COTner.

- St m 3 e e Far—
Accessories Kit contents: \

& §' Serizal or USB cable
» Tubing cutier
e 10uL liguid injection syringe

o 1ml gas injection syringe & needle
e 3ml leak check syringe w,

%

~4{ Spare Paris Kit

3. The megabore adapter isa 1” x 1/8”0D stainless steel tube with a
perpendicular gash cut into it, a2nd 2 conical entry to guide the syringe
needle into the column. A 0.53mm capillary column connects to the SRI
on-colurnn injector with a graphite reducing ferrule and a 1/8” Swagelok
nut. Insert one end of the column through the nut, then through the graphite ferrule. Itis a good idea to rim off
about one inch of the column to avoid possible peak tailing from any graphite shavings left behind after inserting
the column through the ferrule; make sure the cut is clean, with no jagged edges.

Megabore Adapter

Qnam;wl_ytiﬂ +61(0)3 9762 2034 Australian Distributors
—i .
_‘TE&H"OI‘:"“V’V‘M www.chromtech.net.au

Website NEW : www.chromalytic.net.au E-mail : info@chromtech.net.au Tel: 03 9T62 2034 . .. in AUSTRALIA




GC Installation Guide

(“Column Installation” continuad)

The column should
extend about halfway into
the megabore adapier

4. Insert the column end with the graphite ferrule and
Swagelok nut about halfway into the megabore adapter
and tighten it with the nut and ferrule.

insert the column and adapter together into the injection port.
Tighten the Swagelok nut witha
7/16” wrench. You should feel &
fittle give from the ferrule, but do
notovertighten it. You want it tight
enough to prvent leakage, butdo
not smash the ferrule.

5. Afier inserting the column into the adapter,

= |

6. Slide another 1/8” Swagelok nutand
graphite ferrule over the other end of the
column. Fora TCD detector, connect the
nut to the fitting labeled “TCD IN” in the

= column oven.

For an FID detector, ieave about 17 of the column
protruding through the nut and ferrule. Insertthe
column into the FID bulkhead fitting in the column
oven wall and tichten the Swagelok nut,

Please see “Analytical Column Installation” in the
INSTALLATION section of your manual for more
detailed information on column installation.

Insert the column end into the FID
bulkhezad fiting in the colurmn oven wall
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GC Instaliation Guide

ill. Software Installation

NOTE: There are tutorials in the manual and online at www.srige.com (click on the “Downtload Our Daocuments”™
button) that will acquaint you with the basic functions of the PeakSimple
chromatography software included with your GC.

1. Connect the serial or USB cable to your computer and the GC. The serial port
connection is on the left-hand side of the GC, and the USB connection is on the
night-hand side.

2. Locate your copy of the PeakSimple software just inside the front cover of your
SRImanual. Insert the CD or floppy disks into your computer’s appropriate drive.

SR Manual

3. Douhie click on “My Computer,” then on the appropriate drive
to open it. Double click on the “setup.exe” icon, and follow the

mstructions.

B, T

4. For USB, refer to “installing the USB Drivers for Model 302 USB PeakSimple Data Systern” which you
will find immediately behind these instructions in your manual, or opline at www.srige.com. Return 10 step #3
below when you are finished installing the USB drivers. For serial port, proceed to the nextstep.

5. Double-click on the PeakSimple icon to launch the progrem. Verify that
communication has been established between the computer and the GC. An error
message will appear if communication is not established.

6. Open the Edit menu and choose
Overall. Inthe dialog box that pops up,
enter the number of the COM port to
which you have connected the GC. For
USB, enter the unique USB device number
that is printed on your PeakSimple disk(s).
and on the back of the GC. itisa4-digit | W
number that always begins with “57 (5093, 0 R

T M

5276, etc.). ! o] 2

T Pritss i soatds g an

b mpespsay R
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GC Installation Guide

V. Detector Activation

IMPORTANT: If you have a pre-configured GC system., please see the manual section for instructions on

operating procedures. The manual

A. TCD Detector

1. Your GC power should still be ON, and the filaments
should still be OFF. The TCD oven is set to 150°C atthe
factory. tis adjustable by tuming the trimpot while observing
¢the TCD CELL LOCAL SETPOINT temperature on the
LED display. The trimpots are located on the top edge of
the GC front control panel. Allow the TCD to reach desired
operating temperature and stabilize.

TCD carrier gas outlet tubing is in
the column oven, tagged “TCDOUT.”

3. With the TCD filaments still CFF, zero the data
system signal by clicking on the Auto Zero icon on
the left side ofthe chromatogram. Switch the TCD
current to LOW. The data system signal’s
deflection should not be more than 5-20mV fora
brand-new TCD detector. There is also 2 HIGH
current TCD filament setting, but to aveid filament
damage, we recommend you use only the LOW
setting until you are familiar with your CCand TCD
detector.

is organized into sections with labeled tabs. In addition to preconfigured
GCs, there are sections on detectors, injectors, autosamplers, valves, and more.

The TCD filament
current conirol switch
is located to the right
of the TCD detecior,
on the fop right-hand
surface of the GC
under the red lid.

2. TCD filaments will be damaged or destroyed if current
is applied in the absence of flowing carrier gas. Therefore,
always verify that carrier gas is exiting the TCD carrier
gas outlet before energizing the TCD filaments. The TED
carrier gas outlet tubing is in the column oven, labeled
“TCD OUT.” Place the end of the tubing in some ligund;
ifno hubbles are exiting the tube, there is a flow problem.
DO NOT tum the TCD current ON if you cannot detect
carrier gas flow. A filament pretection circuit prevents
filament damage if carrier gas pressure is not detected at
the GC, but it cannot prevent filament damage under all
circumstances. Correct any lack of carrier gas flow before

proceeding.

T
CERSSINEE 17 1655 HIRTR

S

Auto Zero Bution
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B. FID Detector

1. Set the FID amplifier
gain switch to HIGH for
most applications. Ifpeaks
of interest go off the scale
(greater than 5000mV), set
the gain to MEDIUM.

i FiD amplifier gain switch

2. Set the FID hydrogen flow to 25mL/minute, and the FID airto 250mL/minute. The approximate pressures
required for this flow through your GC are labeled on the right-hand side of the GC chassis. In mostcases, the
pressure will have been set correctly at the factory. Check the hydrogen and air flow settings by pressing the
1. OCAL SETPOINT button while observing the LED display. The gas flow sctiings are adjusted using the
trimpots on the top edge of the GC front control panel.

Turn the
trimpot while
holding down
the “LOCAL
SETPOINT”
button until
you read your
desired setting
in the LED
display.
wq—u_#.m-—wﬁiﬁs
o P% | 3. Ignite the FID by holding the ignitor switch up for a couple of seconds, uatil you
. 8.4 8.0 9 0] hear 2 small POF. TheignitorswitchisEocatedonﬁaeﬁmtpaneiofy{sm(}(:mder
: : .8 : e : the “DETECTOR PARAMETERS” heading, with a vertical label reading “FLAME
L g L 3 o - .
o aigigniee IGNIT_E._ Venﬁft_hatthe
' ; e ﬂa_me 1sAht by holding the
S Gl shiny side of a wrench
(G :: directly in front of the
e % 1 collector cutlet/FID exhaust
v 7 vent. Ifwater condensation
becomes visible on the
wrench surface, the flame is
Bit.

C. For all other detectors, and for more informationon the TCD and FiD, please see the
corresponding manual sections.
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GC Installation Guide

V. Inject Your Sample

NOTE: If you are injecting with a Purge & Trap, TO-14, or Headspace concentrator, a thermal desorber, an
antosampler, or any of the heated on-column injectors (PTV, Split/Splitless, ctc.), please see the corresponding
manual section for operating procedures.

A. Syringe Injection

1. Entera temperature program for the column oven. The temperature
program is determined by the sample and the goals of the analysis.

2. For gas samples, fill the ImL gas syringe with 0.5-1mL. For liquid
samples, fill the 10uL liquid syringe with 1L, removing the bubbles before
injecting.

&} The Age feéﬁ?:;“z 3. Click on the Auto Zero button to zero
isontheleitside OF | 1. dara gystem signal. Hit the computer

8 the chromato
ot gram
}e& o keyboard spacebar.

: : e ; ; Syringe injection of 0.5mL.
4. Pierce the septum in the on-column injector withthe syringe [ o0 o nie into the on-

needle. Insert ti?e needle stszg%lt into the on-column injector | oumn injector on 2 TCD
port; avoid bending the needle. Depress the syringe plungerto { equipped Model 310 GC

inject the sample, then withdraw the syringe. Forthe best and
most consistent results, use an easily reproducible injection technique with quick, smooth movements.

B. Valve Injection

1. Set the valve oven temperature between ambientand 175°C
using the trimpot on the top edge of the front control panel. Enter
a temperature program for the column oven.

2. Enter an event program fo automatically fnject the contents of
the valve sample loop. The valve is usually in the LOAD position
(default), during which Relay Gis OFFE. When relay G is activated,
tho valve is rotated to the INJECT position, in which the carrier 110100
oas stream sweeps the contents of the sample loop onto the

Time Event
T GO WALVEHRT LOAD/ANJECTL

column(s). Set the valve to INJECT (Relay G ON) 0.1 minutes R
into the run unless you have specific run parameters that require

P | WJ et

i B e

w1 Bz
3. Sample is injected into the bulkhead fitting

L labeled “SAMPLE IN” on the front of the valve oven. The fitting is equipped witha 1/8”
Swagelok nut for easy connection of sample streams.

4. Press the computer keyboard spacebar to initiate the run. The valve will automatically rotate to the
INJECT position at 0.1 minutes (or whatever time you entered in the Events Table).
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GC Instaliation Guide

V1. Print Your Chromatogram E—— -

i

e R
i FeEEs 4

1. Choose Eiig / Print from the main menu bar.

S b e B
PR T R ST R B

5. In the Print screen, designate which channel(s) you want printed. P LR
Use the radio buttons to pick 2 single channel, or select “Multiple:” and iz R o
click the checkboxes to select the channels you wantto print. ff ’ i v o IRl

W e shermed 1l fe alebevels

N ol |

3. Click the checkbox to select “Print header,” then
click on the “Format...” button to set up the Header.
The Header is printed above the chromatogram on the
page, and can contain such information as the analysis
date, the sample and injection type, column and carrier
gas used, client and lab names, and any special
comments about the analysis that you want printed with
the chromatogram. Click “OK” when finished formatiing
your header. The Print screen is still open.

s cor e o lormat

e o) : ;
g Eowe 0 T P el £

4. Tn the Print screen, click the checkbox to select “Print chromatogram,” then click
on the “Format...” button. Choose “Use screen limits” to print the chromatogram as ;

you see it onscreen. You can also choose the chart speed, which determines the e e
number of inches per minute displayed in the chromatogram timeline. For examrple,
if your chromatogram is 10 minutes jong and you want it fo cccupy 5 inches on the
paper, choose 0.5 inches/minute. Click “OK” when finished.

- e T
Shemmeonil el Hibani

S Seledtecs

iTATp - {;'!-»z.u:vf' g
| .
Fanrd i
L L
i 5. InthePrint screen, click the checkbox to select “Print report,”
then click on the “Format...” button to choose the data that will be
| included in the report at the bottom, such as the component name,
__________ i retention time, peak area and height, etc. Click “OK” when finished.
i
bl e e e il f

I ihedetemiad comneret 410

R P e -
13 Lo
Dee w_:.v,;'| ._i_.i _.L,}

6. Now that your chromatogram is ready to pring, click on the Print button in the Print screen.
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. Chapter: INSTALLATION
l

| Topic: FRONT PANEL ORIENTATION - 8610C GC CHASSIS
Space under red On-column direct Column Optional second Detectors mounted under
protective cover reserved  injection port oven on-column direct red protective cover
for injector .accessories injection port on right side of column oven

DEI'EETO IN.I_ OR - DETECTOR - COLUMN OVEN
PARAMETERS TEMPERATURES
BO0OBOOROO®D0000OBOO0CSOD :

Carrier gas 800600888800000880000® | Busiesd LED
lter 0000000000000V 0000000T digital display
tak 800800928 8000008680000®

e-out
i \ K \ Display selector
ey | S ——  swich
! ede 0000

Optl_onal ) / )
krailh:in. aic @ / B ) |

compressor / e ﬁr
switch \

Detector control LED wvalve status "AE 1 " LED
§ i iadHcators -a;fudi::fm panel

"AT-A-GLANCE" STATUS INDICATOR PANEL - All controlled zones on the gas
chromatograph are displayable on this panel. Multicolored light-emitting diodes (LEDs) indicated
when zones are active (on), or are being thermostatically-controlled (heated zones - pulsing).

DISPLAY SELECTOR SWITCH - This switch toggles between constant display of the column
oven temperature, and display of zone setpoints and actual valueswhen a specific button is pushed.
Each "at-a-glance" status panel zone LED is accompanied by push-buttons that permit display of
local and total setpoint values, and actual zone values on the digital LED panel meter.

DIGITAL PANEL METER - A high-visibility, bright red 3-digit panel meter displayed either the
current column oven temperature, or the temperatures, voltages, and pressures of all controlled
zones. Zone value display is momentary, and is shown as long as a button is depressed.

VALVE STATUS INDICATORS - On gas chromatographs equipped with optional sampling
valves, an LED glows to indicate the valve’s current position. Up to two valves may be displayed.

INJECTOR PORT - A direct on-column inject port is provided, and supports the use of both
packed and capillary analytical columns. A capillary column adapter is provided for installation of
wide-bore capillary columns. Optional heated mjection ports and heated split-splitless injection
ports are available. A second injection port may be installed on the same column oven.

DETECTOR CONTROL SWITCHES - All detector control switches are located on the front
control panel, including FID ignitor and PID current, and FPD voltage.

ADDITIONAL SWITCHES - A carrier gas filter bake-out switch is provided to bake impurities
from the gas polishing filter. If the GC 1s equipped with an optional built-in air compressor for
FID or DELCD use, a switch is also provided on the lower left comner of the front control panel.
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! Chapter:

INSTALLATION

LEFT SIDE PANEL ORIENTATION - 8610C GC CHASSIS

Built-in air

. Topic:
Red protective -—
oven cover make_up gas
Main power
switch _
— Cam_er gas
g o = #2 inlet
rmpssiaty | o < 4+
controlled chassis =3 /
=l o <= Carier s
T - L S
o o—_ |
AC power Wi
=~ & 7 see R
Computer —7 i / / s 23 e s
s;rial!fport L—ﬁ P /t’ e\ \\ \\ er gas
nterface Ca]#lllmlet
(DB-9) /

Compressed  Hydrogen FID / DELCD FID / DELCD

compressor outlet air inlet inlet air inlet hydrogen inlet

MAIN POWER SWITCH: A rocker switch provides control of the AC power for the entire gas
chromatograph. When the GC power switch 1s turned off, the built-in serial data acquisition

interface is also inactive, and communications with the computer cease.

COMPUTER SERIAL PORT INTERFACE: This port, a standard RS-232 serial interface,
connects the gas chromatograph to any IBM PC-compatible desktop or notebook computer serial
port. The computer collects the data and controls the gas chromatograph. No data storage occurs
in the chromatograph. A six-foot DB-9 type serial cable is provided for connection to the PC.

CARRIER GAS INLETS (1 AND 2): The 8610C GC may be equipped with up to two
independent carrier gas systems for independent injectors, columns, and detectors. An important
advisory message, regarding the use of helium carrier gas only, is printed on the chassis and refers
to all 8610C models. A dangerous condition could occur if hydrogen carrier gas were being used
and a leak (such a break in the column) occured downstream of the pressure control circuitry. The
leak would not be detected by the system, and gas would be continuously vented at the set
pressure, permitting explosive gas to accumulate in the vecinity of the chromatograph.

GAS INLETS: Stainless steel gas bulkhead fittings are provided for connection of all system
gases. Separate inlets are provided for sparge, FID, DELCD, and ECD gases. If the GC is
equipped with a built-in air compressor, a compressed air outlet is also provided.

CHASSIS COOLING FAN: This fan is thermostatically-controlled and draws ambient air into the
chassis electronics compartment to maintain the internal electronic and pneumatic components at a

stable, controlled temperature. The temperature setpoint 1s pre-set at the factory.

POWER CORD: A permanently-attached six foot, three-conductor cord is provided for connection
to a grounded 110VAC power outlet. 220VAC models are supplied with the appropriate plug for
standard grounded 220V outlets. Never defeat the safety feature inherent in the grounded cord by

connecting it to a two-prong, ungrounded outlet.

REV. 04-23-96
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[il Chapter:  INSTALLATION

RIGHT SIDE PANEL ORIENTATION - 8610C GC CHASSIS

| Topic:
Red protective Relay function table
oven cover for built-in data
system-controlled
relays
Table of all GC
system gas flow Relay default

rate settings

Sparge gas setting
for purge-and-trap
operation

Gas settings for

setting 1s

installed
detectors

Auxillary feature
setting for custom
GC systems

GAS FLOW RATES

-
ngﬁg?fuucnqgs/

underlined

Y e e £ W CT T — —_——
ey [Joue [Juten C | mezimiromion outlets for custom
- o o Dgﬂl l:]-u-h D |wmecomion . o~ cunﬁgurations
:m = |:|"" f:""‘“ E |FRraemas st orrIon) -
. g e I:jllllh £ e ion ’
:F“i P G WALVE B4 PONTION (L OADINECT )
o] 2 I:I':" I:i '“'\" H. |seesrosmonconoisscrs
* ] O e
| f[ e Sm—. Vibs gl
Pressure F}.;w Relay letter \ confirmed on
e o Y Function front panel LED
setting equivalence 8 ;elal}.fls description display

should be used.

GAS FLOW RATES TABLE: A table of all of the 8610C gas chromatograph’s detector and
special feature gas flow rates is provided on the right chassis panel of the GC. This table bears the
recommended gas flow rate settings for every feature that the particular gas chromatograph 1s
equipped with. All detectors requiring supportive gases, such as hydrogen and compressed air (in
addition to carrier gas) for FID, FPD, NPD, and DELCD operation will have their suggested
flows printed here for easy reference. Any special purpose gases requiring specific flow settings,
such as the ECD make-up gas flow, will be printed here also.

A pressure figure is given adjacent to each gas, and this value should be used when imtially
setting up the chromatograph for operation. These settings will ensure proper operation. Once the
detectors and other accessories are operating normally, the gas flow rates may be adjusted for
optimization. The values printed on this table have been tested with the particular chromatograph
in the SRI quality control laboratory. Flow equivalences for each pressure setting are also
provided for your convenience. The indicated pressure setting should provide you with the flow
rate shown to its right on the table. For precise flow measurements, a bubble or digital flowmeter

RELAY FUNCTIONS TABLE: Adjacent to the gas flow rate table, you will find a relay
functions table that lists each of the eight data system-controlled relays (labeled A through H)
available within the gas chromatograph. These relays may be operated by means of either a imed
event table within any of the PeakSimple software programs, or directly by keyboard control.
When using event table control, each relay called in the event table will activate or deactivate at the
exact same time during each run. This makes these event table-controlled relays perfect for
operation of solenoids, autosampler injector control, and rotation of automated gas samphng and
stream selection valves. A description of the function of each relay is printed on the table. The
default setting for each relay is identified by underlining of the descriptive text. Special purpose

relays, such as the trap temperature toggle implemented via relay B, permit you to increase your

trap temperatures from their normal desorption temperature, to a bake-out temperature fifty
degrees above the desorb setpoint, when performing purge-and-trap analyses.
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Chapter: ~ INSTALLATION

| Topic: Top Control Panel Orientation - 8610C GC Chassis

Optional gas sampling valve or Location of carrier Fast-cool  Grey electric high-output  VIEW OF TOP
purge-and-trap valve oven gas polishing filter booster fan  column oven cooling fan CONTROL
\ / / PANEL - 8610C
SO TCD detector
; amplifier gain
Hinged cqll.m:tn \ switch and
oven Iid ~ FID E_— bridge filament
it g)/ |~ connections
2 e ) DELCD detector
block amplifier gam
Fast-cool switch and
column oven g ﬁﬂ |~ electrode
heat exhaust @ 1 connections
vent ——]|
PID detector
amplifier and
Valve oven gain switch
cover (if so FID detector
eqmppec[). % amplifier and
secured in gain switch
place by two_|
thumbscrews || FPD detector
\ & -] amplifier and
— Jroemee gain switch
P0BPFORCOPOLO00REBP®O00000ROYRO®
ol Z % FEPE -\

3 o

Local setpoint adjustments On-column direct FID ignitor / PID lamp current
injection port NPD bead adjustment knob
adjustment knob site

Spring terminal block descriptions

2: NPD bead current 3: FID ignitor current 4: FPD ignitor current

1: DELCD heater voltage

The 8610C top control panel is divided into four main areas:

COLUMN OVEN - The insulated column oven and associated cooling hardware is mounted in the
middle of the top control panel. A direct, on-column injection port is located on the front left face of
the column oven. The oven cover is hinged at the rear, and is equipped with an exhaust vent to
facilitate evacuation of heat during operation of the high-output, fast cooling fans.

DETECTOR AMPLIFIER CONTROLS - All amplifier controls, including gain switches, current
controls, and connectors, are located on the right side of the top control panel.

LOCAL SETPOINT ADJUSTMENTS - All user-selectable setpoint potentiometers are located on the
front edge of the top control panel, immediately above the front panel "at-a-glance” display. A small

blade screwdriver is needed to adjust these trimpots.

VALVE OVEN / PURGE-AND-TRAP ACCESSORY - Accessories, such as gas sampling valves, or

the built-in purge-and-trap system, may be mounted to the left of the column oven, in a heated,

insulated valve oven which permits direct connection of enclosed hardware with the column oven.
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Chapter: INSTALLATION |

Topic: Column Oven Interior - 8610C GC Chassis
Stainless steel grill separates heating element Grey column oven Forced cool air inlet into
and air circulation fan from analytical column cooling fan with column oven located at
while permitting unrestricted circulation of fast-cool booster fan right rear of oven

heated air in column oven

Wl

High-output
heaf::“;‘;i ] Thermostatically
¢ controlled
detector heater
5 block ensures
Ammmalm ’ stable detector
R i ] inlet / assembly
If ] temperature
Column oven

air circulation ||

fan 1
Ceramic
insulators _ 1 .

i

[ EnE e
T

L
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column adapter is provided)

TOP VIEW OF 8610C COLUMN OVEN (WITH COLUMN OVEN LID
REMOVED FOR CLARITY)

The product of ten years of gas chromatograph design and manufacturing, the 8610C column
oven is an insulated design that permits operation from ambient temperature to 400°C, with rapid
ramping to maximum temperature and rapid cooling to initial oven temperature when operating in
temperature-programmed mode. The high-output heating element permits heating at up to 40°C per
minute, and the assisted cooling fan configuration permits return to 50°C from 250°C in five minutes
or less. The oven lid is equipped with an exhaust vent that speeds the evacuation of heat from the
oven during cooling. The oven may also be operated isothermally with excellent stability.

The open air circulation design eliminates gradients throughout the oven which could affect
performance. Prepunched openings in both the left and right oven walls permit easy future
implementation of accessories and detector additions. Up to four detectors may be mounted on the
right oven wall for maximum analytical versatility. The outlet from non-destructive detectors, such
as the PID, are routed within the column oven for convenient series detector operation. The column
oven may be equipped with an optional second direct on-column injection port for use with a second
analytical column, and also may be equipped with a heated injection port, with or without

split-splitless capability.
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Chapter: ~ INSTALLATION
Topic: Dual Oven 8610C Gas Chromatograph Chassis

Dual, independent cooling fans

High-output b
heating element 3 E
* &
Oven air 1 @
circulating fan ~—__fif | Heated detector
d :[& ® mounting block
.:-_‘ F—C-

wire mesh

Stainless stesl /
17

T T m e e T T

v T 2 .
o |®?@@o¢oc-90015\_?/00@03000000@00@0\@]

k-3 A
Local setpoint Thick insulation Dual independent Column oven temperature

trimpots between column ovens on-column injection ports  sensing probe (thermocouple)

DIAGRAM OF DUAL COLUMN OVEN-EQUIPPED 8610C GC CHASSIS

For certain special applications, the SRI 8610C gas chromatograph chassis may be fitted with
dual, independently-programmable column ovens. Dual column ovens permit a single 8610C gas
chromatograph to perform two separate, unrelated analyses simultaneously with independent start
times and temperature programs. The immediately apparent advantage to having a GC equipped with
two column ovens is the ability, for instance, to perform a direct on-column injection of a BTEX
sample onto a capillary column and flame ionization detector (FID) using a temperature program,
such as 50°C to 200°C at a temperature ramp of 10°C per minute, while also performing a gas
analysis by direct on-column injection at either an isothermal temperature or at a low-level
temperature ramp, onto a packed column connected to a thermal conductivity detector (TCD) in one
column oven. By placing one temperature program on channel 1 for the FID, and a different
temperature program on channel 2 for the TCD, two separate column operating conditions may be
simultaneously controlled.

A more sophisticated method to employ dual column ovens is multidimensional gas
chromatography. Briefly, multidimensional GCs permit one sample to be analyzed normally on one
column in a main column oven (connected to a dedicated detector), with the ability to "slice” a timed
segment of the sample elution and place it onto the second column in the second column oven, to
analyze it “under a magnifying glass”, of sorts. The first column effluent is directed momentarily onto
the second column and oven, where this "injection" is separated by a much longer, lower temperature
column and second detector, providing a well-separated close-up of the time segment slice.
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Chapter: INSTALLATION

Topic: Detector Mounting Platforms on Column Oven Wall

Insulated column FID detector Column oven lid Oven lid seals against oven wall
exhaust vent insulation

oven Lid \heating block
Direct on-column \ :

injection port (septum
nut protruding from
front of oven) \

Oven lid is hinged to rear
wall of column oven

PID detector assembly shown
installed onto wall-mounted
detector heating block

DELCD detector - & -
heating block and SN R s ],
detector gas supply lines GAS FLOW RATES RELAY FUNCTIONS Space reserved for
‘S it uiiaient ~ additional detector
A aiiai B | srLmveToq ot opee) - :
r:ﬂm DN l: b B [merwstes (s molmese o)y installation
Detector amplifier :':} s [ Jome D'I"h C | mepsimsrcorrion
controls and i e o L__-l?" D""h D |ucmecommion; . »
i ed o e I:I“' D it | E_[paveescauscarrion) . All 8610C detector
protective oven cover . E S o e g ‘::‘;:“‘“":me - mleis ﬂ::.rze equipped
not shown for clarity of & suee [Jese [ Jmntom Wit detector
this illustration . = H [weeesscommgompen J|  heating blocks
&

(with exception of
I_f* ?‘J ECD and TCD
detectors)
RIGHT SIDE VIEW OF COLUMN OVEN WITH DETECTOR MOUNTING
HARDWARE VISIBLE (PID DETECTOR PRESENT)

All 8610C gas chromatographs are equipped with a thermostatically-controlled heating block
mounted at the base (or inlet) of each detector. This new feature permits the user to preset the
temperature of the detector inlet. This is convenient for methods prescribing a specific detector
operating temperature, and ensures the temperature stability of each detector. Each detector heating
block temperature may be accessed from the "at-a-glance" display panel on the front of the GC for
viewing on the bright red, digital LED panel meter. The respective setpoint potentiometer, located
on the top control panel immediately forward of the column oven, is easily adjusted using a small
blade screwdriver. The TCD and ECD detectors, due to their enclosure in a temperature-controlled
detector oven, do not require a heating block. These two detectors are mounted directly to the
column oven wall, and the detector inlets and outlets are well-heated by the column oven.

The heated detector mounting blocks, or platforms, permit easy access to, and maintenance of
the different detectors. The entire FID and DELCD detector assemblies may be removed for service
in seconds. A new PID detector cell and platform design mount horizontally onto a heating block
secured to the column oven, and the spring-loaded PID stage accepts compact O-1 or Tracor-type PID

lamps (a 10.2 eV lamp is standard equipment on SRI PID detectors).

A special electric heating cartridge is used in place of electrical heat ropes used on earlier
models. The cartridges in use for detector heating blocks should provide years of service before
requiring maintenance. The heating cartridge is installed in a well, drilled into the top of each cast
aluminum heating block, and cartridge servicing and replacement is simple to perform, should it

become necessary in the future.
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Chapter. MODEL 310 GC CHASSIS

\_ Topic: FRONT PANEL ORIENTATION

Digital Panel Meter displays
column oven temperature,
detector temperatures, gas
pressures, and detector
parameters such as FID ignitor
voits, PID lamp current,

FPD PMT voltage, etc.

Meter selector switch allows
constant display of column
oven temperature ( down
position ) or display of any
zone setpaint ar actual when a
specific button on the front
panel is pushed ( up position ).

Liquid or gas injection
port for 26 gauge
syringe needle

_

IDetector control

Thermo-couple out of

than 400 degrees

range alarm LED indicates
when any heated zone is
reading less than 5 or more

Centigrade. When alarm is
activated all AC power to

Palishing filter
bake out switch
heats built-in
carrier gas
filter for 5
minutes to
eliminate
contaminants.

Optional built-in
internal air
compressor on/off
switch. Air
compressor is used
to supply air for
FID, FPD and
DELCD detectors

switches enable
on/off of various
detector
parameters such
as PID lamp
current, FPD PMT
volts or FID ignitor.

heaters is shut off by de-
energizing main power
relay.
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Chapter: MODEL 310 GC CHASSIS

Topic: RIGHT SIDE PANEL ORIENTATION

Gas flow rate table is used to Mounting location for optional

record the flow rates and detector “zero” and attenuator
Screwdriver in pressures used for detector knobs when such controls are
convenient support gases. Factory installed. These controls are
“holster” for technicians record typical normally not required when the GC
adjustment of flow rates and pressures used is supplied with the built-in
temperature and to test detectors before PeakSimple Data system, but are
pressure setpoints shipment. installed when no data system is

provided.

Relay function table shows which Signal cable access holes Optional location for
function each of the 8 ( A-H ) data are provided for optional mounting of quick dis-
system relays is assigned. situations requiring wiring connect jack for remote
Depending on GC configuration, to exit GC. start foot switch.

some relays may have no function.
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Chapter: MODEL 310 GC CHASSIS

Topic:

LEFT SIDE PANEL ORIENTATION

Main Power
Switch, circuit
breakers and
AC power cord.

Optional location for
vacuum pump
interface socket. If this
option is installed a
IEC422 type receptacle
will be mounted in this
space. Power to the
receptacte will be
controlled by the data
system

Chassis cooling fan.
This fan cycles on and
off to maintain the pre-
selected chassis
interior temperature
setpoint. The chassis
setpoint can be
adjusted via front
panel controls

Chassis venitilation
slots.

Do not obstruct
these slots, as
cooling air exits the
GC through these
openings.

DB-9 serial port
connector to host
computer. The
included serial port

enable the PC to

from the GC.

cable attaches here to

control and collect data

Optional air
Typically
connected to air
inlet bulkhead

fubing

compressor outlet.

fitting with copper

Stainless steel 1/8” swagelok type bulkhead
fittings for gas inlet connections.

Depending on GC configuration, there may
be inlets for Helium, Hydrogen, Air or ECD
make-up gas. Gases are typically
connected here using 1/8th inch O.D.
copper tubing from the gas cylinder.

H010.doc

-« Hr

IV — 7 55— +61{0)3 9762 2034
. .-:; ECKH »ofocoyeyia

Australian Distributors
Importers & Manufacurers
www.chromtech.net.au

Website NEW : wwwow.chromalytic.net.au E-mail : infofichromtech.net.au Tel: 03 9762 2034 ... in AUSTRALIA




2

Chapter: MODEL 310 GC CHASSIS
\ Topic: TOP PANEL ORIENTATION
400 degree C High speed cool- Syringe Spare parts PID detector.
insulated down fans engage injection storage Up to four
temperature at end of port container is detectors may
programmable temperature for liquid or convenient for be mounted
column oven programmed run to gas holding extra alongside the
for packed or bring column oven injection nuts, ferrules right hand
capillary temperature back and small edge of the
columns. down to starting accessory column oven.

temperature. parts.

Local setpoint Heater block for Combination FID- FID ignitor, Detector
adjustment each detector is DELCD detector. NPD bead amplifier
screws for individually Other detectors and gain
temperautes, thermostatted and may be mounted in DELCD control
pressures and adjustable from this location heater switches
detector front panel setpoint depending of GC connection. and BNC
parameters. controls. configuration. signal
connectors
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Chapter; MODEL 310 GC CHASSIS

K Topic: COLUMN OVEN INTERIOR

60 meter .53 mm. I.D. Duct for Circulation fan and heater coils on bottom of
capillary column shown cooling air column oven. All heater circuits and circulation
mounted in column from oven fan are disabled by interlock switch which is de-
oven. cooling fans. activated when red lid is raised.

The column oven on the SR Model 310 GC is designed for column diameters up to 4”

(10 cm. ). While this column diameter is smaller than average, most packed and capillary
columns can be ordered with the recommended 3.5" coil diameter. Metal capillary columns are
suggested because of their ruggedness and long life.
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Chapter:

\_ Topic:

MODEL 110 GC CHASSIS

FRONT PANEL ORIENTATION

Heated transfer line runs about 200
degrees C and has a thick layer of
insulation covered by red colored
woven tubing. A length of .53mm |.D.
silco-steel tubing carries the carrier gas
from the host GC to the detector
mounted in the 110 chassis.

Digital panel meter
reads out detector
temperatures,
voltages, etc. when
a specific button on
the front panel is
depressed.

“At a glance” LED
display shows status of
all detector parameters

On/off switch
for optional
built-in air
compressor

Detector parameter
on/off switches for
FID ignitor, NPD
bead voltage, PID
lamp current, etc.

HO014 .doc

The SRI Model 110 chassis is used primarily as a
mounting platform for stand-alone GC detectors.
The heated transfer line makes it easy to connect
the detector to the host GC since only a small
opening into the host GC's column oven is required.
User's should note that because the heated transfer
line operates at 200 C, some high boiling point
analytes may condense before reaching the
detector. Where high temperature analyses are
envisioned, it makes sense to mount the detector
on the GC itself instead of on the stand-alone
chassis.
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Chapter: MODEL 110 GC CHASSIS
Topic:  RIGHT SIDE PANEL ORIENTATION

Gas flow rate table is used to record the
flow rates and pressures used for detector
support gases. Factory technicians record
typical flow rates and pressures used to test
detectors before shipment during final test
at the manufacturing facility.

Screwdriver mounted
in handy “holster” for
adjusting detector
parameters or
temperature setpoints

Zero and attenuator controls for detector output signals. The zero Detector signal
control is a ten turn potentiometer which allows the output from the cable output wire.
detector to be offset to 0.00. The attenuator divides the signal by This cable
selectable powers of 2 ( 1,2,4,8 etc.) so that the peak remains on scale containing two
when using a strip chart recorder with a fixed span (i.e. 10millivolts full wires is hooked up
scale ). When used with a computer data system or integreator the to your strip chart
attenuator control is normally set and left on maximum sensitivity recorder or data
(att=1). system.
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Chapter: MODEL 110 GC CHASSIS

Topic: LEFT SIDE PANEL ORIENTATION

Chassis cooling air exit
slots. Air expelled from
the chassis by the
cooling fan exils
through these slots.

Do not obstruct the slot
openings.

Main power switch,
circuit breakers, and
chassis cooling fan.
This fan cycles on and
off to maintain the
selected interior
chassis temperature.

Heated transfer line for
connecting column outlet from
host GC to stand-alone
detector on Model 110 chassis.
Transfer line operates at 200
degrees C. Take care o route
transfer line away from heat
sensitive surfaces.

RAOnE, e gty 48 ronR

Power cord. On 220 volt
models it may be necessary to
replace the plug on the end of
this cord to match the plug type
for the country or region.

HO16.doc

good sealing.

Gas inlet bulkheads for connection of detector
support gases ( typically hydrogen and air ). Use
1/8th inch C.D. copper tubing to connect gas
cylinder to stainless steel bulkhead, not teflon or
other plastic tubing types. Use brass ferrules for
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Chapter:

Topic:

MODEL 110 GC CHASSIS

TOP PANEL ORIENTATION

for most of the length.

Heated transfer line connects from
host GC to detector mounted on
Model 110 chassis. .53mm I.D.
silco-steel tubing runs inside heated
ltransfer line so sample only
contacts inert fused silica surfaces

Red lid hinges up to allow
access to detectors

Spare parts
storage container is
convenient for
keeping extra nuts,
ferrules, stc.

Detector heated block
and cover terminate
transfer line in a hot
location to avoid
sample condensation

H017.doc
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Detector shown
above is the SRI
DELCD detector,
but any of 13
detector types or
combinations of
detectors may be
mounted.

Detector parameter
and temperature
adjustments are done
by using the provided
screwdriver to adjust
the setpoints through
the holes in the forward
edge of the chassis

Detector gain
controls are
located here in
the exact same
layout as the
310 and 8610C
GCs.
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Chapter: MODEL 110 GC CHASSIS

'\ Topic: HEATED TRANSFER LINE

This photo shows the
detector end of the heated
transfer line as it attaches
to the heater block and
enclosure. When
removing and reattaching
the heated transfer line be
careful to eliminate any
cold spots which could
cause sample
condensation.

This photo shows the
typical installation of the
Model 110 to the right of
the GC with the heated
transfer line connecting
the two units. Be careful
to route the transfer line
so it does not rest on heat
sensitive surfaces. In
some cases, the lid of the
GC may need to have a
small notch cut-out of the
right side panel to allow
the transfer line to exit
cleanly from the GC when
the red lid is lowered.
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Chapter: MODEL 110 GC CHASSIS

Topic: CONNECTING TRANSFER LINE TO GC

If you are connecting the
Model 110 detector to a
SRI Model 8610C or 310
GC the right hand side of
the GC's column oven has
4 identical detector
mounting locations.
Locations where no
detector is installed are
supplied with blank cover
plates.

FID detector installed

Replace one of the blank
cover plates with the
Transfer Line Mounting
Plate ( SRI part# 8670-
9836 ) by removing the
two screws at the base of
the plate. The nuts on the
underside of the chassis
must be accessed by
removing the bottom plate
of the GC. The heated
transfer line is then lightly
secured to the plate with
the hose clamp so that the
heated portion of the line
penetrates into the

column oven so that cold
spots are eliminated
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Chapter: MODEL 110 GC CHASSIS

Topic: COLUMN/TRANSFER LINE CONNECTION

The .53mm |.D. silco-steel
tubing which runs down the
center of the transfer line is
connected to the end of the
analytical column inside the
GC's column oven. A special
1/8th inch stainless steel
bulkhead union and insert
are provided to ensure a low
dead volume butt type
connection. The union may
be mounted on a flange or
bracket, or just left hanging in
the oven.

The separate parts of the
union and column to transfer
line connection hardware
consist of:

GC column

Nut with graphite ferrule ( 2 )
Stainless Steel bulkhead
Internal alignment guide
which holds the transfer line

and column butt to butt inside
the bulkhead union

h020.doc
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Chapter: Installation:

Lift here

As illustrated by the photo above, lift the 8610C and
310 GCs by grasping the GC under each side. Before
lifting, check to make sure the bottom cover is securely

attached to the chassis with six screws, and that the
power cord, gas line connections and serial port cable

are disconnected.
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Chapter: INSTALLATION
Topic: Initial System Inspection And Setup

Upon receiving the chromatograph and data system from the freight carrier, immediately
inspect the containers for visible signs of damage. If any external damage is observed, notify
the delivery person immediately. If no external signs of damage are present, proceed to inspect
the contents of the containers. If the materials appear to have been damaged in shipping,
immediately contact the carrier and submit a written report describing the extent of the damage.
All packing materials and containers should be retained if damage is discovered until the carrier
has been able to inspect the damaged goods. If no damage is discovered, packing should be
retained until proper unit operation has been established. The chromatograph, serial data
interface cable and manual are shipped in one container, along with the GC accessory kit. This
container is a reusable plastic shipping container. These containers are rugged and shipped
easily via freight carriers. Most importantly, the plastic container protects larger, more complex
and delicate instruments from costly damage to external accessories. Save the packing materials
after removing the chromatograph, for future transportation.

The contents of the containers should be checked against the packing slip accompanying
the shipment. Verify that all specified accessory items ordered such as columns, syringes and
the like have actually been shipped. If any items have been omitted or are missing from the
shipment, contact SRI Instruments for location and/or replacement of the item.

The SRI model 8610C gas chromatograph requires either 110 VAC at 60 Hertz or 220
VAC at 50 Hertz, dependent on which AC power supply was specified when ordered. Both AC
power supplies support the 3-prong grounded outlet. Proper grounding is required to minimize
AC line interference and eliminate ground loops. The 220 VAC plug is keyed so that it cannot
be inserted into a 110 VAC receptacle. A generator or high-current inverter may be used for
operation from a vehicular power source. If an AC power generator is used, as 1s done in the
field, line voltage and/or current may fluctuate. Appropriate steps should be taken to minimize
any inconveniences caused by line noise or an irregular AC waveform.

A standard model 8610C gas chromatograph measures approximately 18.5" x 14.5" x
12.5" and requires a counter surface space of about 32" x 22". Eight inches of clearance are
needed in front of the left side control panel for the fan, gas line access and the AC power
switch. Another six inches of clearance are suggested in front of the right control panel and to
the rear of the unit for safe operation and ease of access during routine service. The red oven
cover requires a clearance of at least 24" (measured from the counter top) in order to provide
adequate access to the column oven for service. If the chromatograph is equipped with optional
accessories such as the 10 station purge and trap autosampler for the optional built-in EPA Style
purge and trap, the access to the left side of the chromatograph must be increased by a
minimum of an additional 12". The compact footprint of the system is economical on lab
counter space and is ideal for mobile environmental installations.

Prior to placing the chromatograph into service, the gas supply and related plumbing
should be installed and routed. The gas cylinders should be located outside the lab where
possible, with only the lines plumbed inside to the chromatograph. Gas cylinders should be
secured in place with chain or nylon strap to prevent a cylinder from falling and snapping off
the valve. A gas cylinder contains up to 2700psi and can become a deadly projectile if the valve
stem were snapped off. A regulator should be used to set the supply a gas pressure reduced to a
value appropriate for introduction into the GC. Gas pressures at each cylinder pressure
regulator should be maintained reasonably above the carrier gas regulator setting in order to
pmwde a range of control (a supply pressure set to no more than 20psi greater than the EPC
setpoint is recommended). A block valve should be mserted on the output side of the regulator
to permit line service when needed, and to permit immediate shut-off in case of emergency.
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Chapter: INSTALLATION
Topic: Initial System Inspection And Setup (continued)

Refrigeration-grade copper tubing may be used for all of the gas supply lines to the
chromatograph. Plastic tubing should never be used as it permits contaminants, includung
oxygen, to permeate and this can cause damage to thermal conductivity detectors (TCDs) and
capillary columns, in addition to degrading the performance of the electron capture detector
(ECD) system. Except in the case of the ECD detector, copper tubing destined for gas supply
lines may be rinsed out with methylene chloride, followed by methanol. If the tubing is destined
for use with the ECD, do not use methylene chloride or any other halogenated solvent as this
would wreak havoc upon the detector indefinitely. It is preferrable to switch to 1/16" stainless
steel tubing, if available, for the ECD gas lines. It is also a good idea to flame the tubing with a
torch while running clean carrier gas through it so that any possible pre-existing contaminants
will be eliminated from the tubing run. The tubing is heated until it changes color.

In order to eliminate moisture from the gas supply lines, it is recommended that molecular
sieve filters be installed in all of the gas supply lines. SRI 8610C gas chromatographs are
factory-equipped with electrically heated 1/8" x 3" molecular sieve-filters on the carrier and
sparge gas lines. Although not indispensable, an oxygen filter is a worthwhile optional addition to
an ECD carrier gas supply line. Extremely pure gas should be used exclusively on the ECD
detector (99.9995% purity).

When routing the gas lines, care should be taken to avoid creating spots where moisture
can gravitate and accumulate. Also, gas lines should not be routed near electrical outlets due to
the potential for short circuiting created if the bare tubing were to come into contact with exposed
electrical contacts, instantly melting the tubing at the short circuit site and releasing gas into the
area. If the gas were flammable, a torch-like flame might be produced. If the gas did not ignite
immediately, an explosion hazard would be created.

Once the gas line connections have been made and leak-tested, and the gas chromatograph
has been located in the counter-top position where it will be used, plug the GC into a properly
grounded AC outlet, and energize the unit. Gas pressures may then be adjusted to proper
operating conditions by means of the gas pressure setpoint trimpots located under the red
protective oven cover. Please review the section regarding the setting of these setpoints for
specific information regarding their use. Connect the 6° DB-9 serial cable to the RS-232
connector on the left side control panel of the GC, and connect the opposite end of the cable to
the COM port to be used for communications on the PC. At this point, start the PeakSimple
program and wait for the main chromatogram screen to appear.

Once the PeakSimple program is running, select the FILE- CONTROLS - CHANNELS
menu (CONTROLS - CHANNELS - DETAILS menu in the MS-DOS version) and observe what
temperature the default temperature is programmed to. This temperature should also be displayed
on the chromatograph’s LED display when digital display has been toggled on to OVEN
ACTUAL position. If these two figures do not match within two degrees after a few minutes,
select the CHANNELS - TEMPERATURE menu again and verify that if there is a temperature
program loaded into memory, that it meet your requirements. Otherwise you may edit, replace or
clear the displayed temperature program. Return to the main screen. If the temperatures match,
then the data system is communicating with the chromatograph.

If there is no response {rom the chromatograph data system to the PC, the port address
(and/or data acquisition type in the MS-DOS version) information may be set mcorrectly in the
OVERALL screen (DETAILS screen in MS-DOS) for each channel. This will typically produce
the "Channel 1 not functioning” message. Verify that the proper hardware settings have been
implemented. Once this has been done, communication between the chromatograph and the data
system is typically established by activating the channel in the CHANNELS screen. Now the

system may be adjusted to operating conditions.

REV. 07-21-9
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Serial cable for connection
Of GC to compute

1 ml gas syringe
and 27 ga. Luer

cutter for

1/8” copper £
ar 167
stainless
tubing

liquid injection
i syringe

Contents of accessories kit shipped with new SR| GCs.

1)

2)
3)
4)

5)

6’ DB-9 serial cable for connection of GC to computer ( Student model without data system
will not have this item ).

Tubing cutter for easy installation of 1/8" copper or 1/16” stainless steel tubing
3ml leak check syringe ( fill with alcohol/water mix to check fitting for leaks )
1ml gas syringe and needle for injection of gas samples into GC

10ul liquid injection syringe

Manl45.pub



INSTALLATION:

ELECTRICAL POWER REQUIREMENTS _

Plug all SRI products
into a Ground Fault
Interupter ( GF1)
equipped electrical
outlet. The GFI will trip
before a electrical
failure in the GC can
result in a dangerous
shock to the operator,
an important safety
feature. If your outlet is
not already GFlI
equipped, have your
electrician install an
approved GFI such as
the one shown which
sells for under $10.

The GFIl has a Test and
Reset button. If the
GF] trips, you must re-
activate the GFI by
pressing the Reset.

HO031.DOC



8610C Power Consumption

Basal Power

With no zenes heating, Power Usage = 50W
With 2 Detector zones heating = 150W

With Detector Zones Stabilized, Total Basal Power = 100W

Column Oven

Temperature Program 40C to 300C @ SC/min

Average
Temp
45

60

85
110
127.5
145
165
185
205
2225
240
260
280
295

Maximum Power Usage

Watts Temp Range

30

50

70

S0
110
130
150
170
190
210
230
250
270
290

40-50
50-70
70-100
100-120
120-135
135-155
155-175
175-195
195-215
215-230
230-250
250-270
270-290
290-300

Ballistic Heating to 300C = 875W
Total Power = (Basal + Detector + Column Oven) = 825W

Isothermal Power Usage

Column Oven Stabilized @ 300C
2 detectors @ 150C
Total Power = (Basal + Detectors + Column Oven) = 400W

7/16/2002

Colum Oven Power Consumption

Temperature Program

e e g e g i
nw r~ o

Sample Points

-
-

13
1




Chapter: INSTALLATION

Topic:

Power Supplies and Space Requirements

Once the equipment has been removed
from all the packing material, check the
contents of the container against the packing
slip and make sure everything listed is
included. If any item(s) have been omitted
or are missing, contact SRI Instruments for
location and or replacement of the item(s).

The SRI model 8610C gas
chromatograph requires AC power at either
110 VAC at 60 Hertz or 220 VAC at 50
Hertz, depending on the AC power ordered.
Both AC power supplies are equipped with
a three prong grounded outlet (see diagrams
to the right). Proper grounding is required
for safe operation. Do not disable the
ground prong under any circumstance.
These plug configurations are for EIA
standard U.S. outlets. It may be necessary
to replace the plug provided with a local
standard plug.

A standard SRI 8610C GC measures
18.5” X 145" X 12.5” and requires a
minimum counter space of 28” X 22”7 X
23.5” for proper operation (see diagram to
the right). Roughly 8” of clearance beside
the left side control panel is needed for data
cable, gas line and power switch access. 67
of clearance to the rear of the GC and 117
of clearance above the GC is required. This
will provide adequate access to the column
oven for maintenance and provide space for
proper GC ventallation. To the front and
right side, 1.5 of clearance should be
adequate to prevent the GC from coming
into contact with surrounding objects or
falling off the counter. The right side of the
GC does contain general information on
your instrument and some operators may
want additional clearance for easy reference.
The front control panel of the GC should be
easily accessible in order to properly
monitor digital display and control operating
conditions, as well as providing access to
the injection port for sample injections.

C:MANUALCHAPTER I'INSTPSSR.DOC/TM
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Chapter: INSTALLATION

Topic: Installing Gas Supply

Pressure Regulator

Total Remaining
Cylinder Pressure

Exit Pressure (no more

than 20 psi greater than

required GC pressure with 5
a maximum of 80 psi)

Valve Stem

Flow Snubber Frit
(Flammable Gases Only)

Commercial
Shutoff Valve Gas Cylinder

To GC

Once the necessary gas supply cylinders have been properly secured to a strong foundation
(see previous page), related plumbing must be carefully installed and routed. Always use a pressure
regulator on the cylinder to provide proper pressure regulation to the GC. A shutoff valve should be
inserted on the output side of the regulator to permit line service when needed. A flow snubber on the
output side of the regulator is also highly recommended for hydrogen and all other flammable gases.
Unless you are utilizing an ECD, refrigeration grade 1/8” copper tubing is recommended for all of the
gas lines from the cylinder pressure regulator to the GC. Due to the exceptionally high sensitivity of]|
an ECD, GCs equipped with this detector require 1/16” stainless steel tubing to reduce the potential
for gas line contamination. It is also advisable to flame the stainless steel tubing with a torch until it
changes color while flushing with clean carrier gas. This will help to remove any potential preexisting
contaminants from within the tubing. An oxygen filter is also a worthwhile option for ECD carrier
gas supply lines due to the damaging effects of oxygen on the detector. Plastic tubing should never be
used for the gas supply lines due to its permeability to contaminants such as oxygen which can cause
damage to thermal conductivity detectors (TCDs) and capillary columns as well as ECDs. Proper
supply line routing is also very important. Avoid routing gas supply lines near electrical outlets to
eliminate any potential hazards associated with electrical shorts and/or flammable gases. Metal gas
lines can very easily fall across the two prongs of any plugged in electrical device and start a fire if|
routed near an electrical outlet. After gas supply lines have been properly installed, pressurize the lines
and check all associated fittings for potential leaks. In order for electronic pressure control units to
operate properly, do not set gas pressure coming from the cylinders any more than 20 psi greater than
GC requirements. For example, if carrier gas head pressure is set to 10 psi at the GC, then set carrier
supply pressure from the cylinder above 10 psi but no greater than 30 psi.

CAMANUALNCHAPTER I'NINSTGAS2 DOC/TM REV. 08-07-96
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! Chapter: INSTALLATION

L Topic: Gas Supply Selection

Helium is the recommended carrier gas for all standard SRI installed
detectors. These detectors include: TCD, FID, PID, ECD, DELCD, FPD,
and NPD. If helium is unavailable, nitrogen is an acceptable carrier gas
alternative. If nitrogen is used with a TCD, the filament current switch
must be set to low to avoid filament damage. Do not use hydrogen or any
other flammable gas as a carrier gas for any SRI 8610C GC. These units
have electronic pressure control and a simple column or injection port leak
could release dangerously high levels of flammable gases. Some detectors
and accessories require additional gas supply types for proper operation.
Argon/methane or nitrogen is required for ECDs as make-up gas. The
recommended make-up gas is argon/methane which provides the best
sensitivity and largest dynamic range for the ECD, but nitrogen is a readily
available, cost effective alternative (see the manual section on the ECD for
more details). FIDs, FPDs, and NPDs all require hydrogen and air in order
to create the combustible fuel mixture for the detector flame. Hydrogen is
an extremely flammable gas and must be handled appropriately. Always
consult local safety regulatory agencies for proper procedures for handling
compressed and/or flammable gases. An internal air compressor is an
available SRT GC option as a source of air. GCs with a purge and trap
accessory also require some type of sparge gas. Generally helium can be
used as both a carrier and a sparge gas supply. Methanizer accessories
require hydrogen gas as a reactant in the catalytic reduction of CO and CO,
to CH,.

We recommend the use of medium to high quality gas sources for all
required gases in order to prevent any operational problems associated with
low quality gas. ECDs require an extremely pure carrier gas source of
99.9995% or higher. SRI GCs are equipped with small internal molecular
sieve polishing filters on the carrier gas plumbing only to filter low levels of
contaminants. If the quality of gas available is questionable, an larger
external filter may be necessary to filter excess contaminants such as
moisture. Please call SRI technical support with any additional questions on
gas supplies or specialized applications.

IMPORTANT SAFETY NOTE

When handling gas cylinders, remember - never transport or move
a gas cylinder without its protective cap securely in place. Gas cylinders
can contain up to 2700 psi of compressed gas. If the cylinder were to
suffer an accident causing the unprotected valve stem to be broken off, the
force of the escaping gas could convert the cylinder into a lethal projectile
capable of travelling hundreds of feet and penetrating structural walls.
Once the gas cylinder has been placed in the location where it will be
stored or utilized, it should be secured by means of a chain or belt
securely fastened to the wall or other foundation. One strap may or may
not be adequate depending on the installation - consult local safety
regulations, Once the cylinder is in place and secured, the cap may be
removed so that the gas pressure regulator may be attached for use.

CAMANUAL\CHPTERININSTGAS1.EPD

Protective cap

R

Typical gas cylinder shown.
Note that the protective cap is
in place, protecting the valve
from damage. Cylinders are
clearly labelled and tagged
when delivered for use. In
some areas, cylinders are
colorcoded for handling safety

Strong belt
or chain
for
securing
cylinder to
structure

The protective cap is
removed only after cylinder
is in place and secured by at

least one chain or belt
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Chapter: ~ INSTALLATION l
Topic: Checking for Gas Leaks ' J

Once all of the appropriate gas supply sources and lines have been properly installed, along
with all other GC columns and connections, the entire system should be systematically pressurized
and checked for possible leaks. Begin by opening all of the compressed gas cylinder valves and
setting exit pressures to the appropriate value for each cylinder regulator. Remember that cylinder
exit pressures should never exceed the required GC pressure settings by more than 20 psi and 80
psi is the maximum pressure that the GC can safely handle.

First check for leaks in the lines and connections between the compressed gas cylinder and
the GC flow control fluistors. With the system pressurized and the GC power turned off, close
each of the compressed gas cylinder valves one at a time and closely watch the pressure indicator
on the cylinder regulator to see if pressure decreases. If the system is leak free between these two
points, the cylinder pessure indicator should not noticeably decrease for at least five minutes. If
pressure does noticably decrease over this time period, then it indicates a significant leak
somewhere between the cylinder output and the GC fluistor. Any leak, especially with flammable
gases, must be immediately located and repaired. The best way to check specific connections for
leaks is with a leak check solution (see section below on Using Leak Check Solution). If pressure
test indicates that the system is leak free from the cylinder to the fluistor, then proceed to check the
rest of the carrier gas system for leaks. If the system does have a leak, locate and repair prior to
proceeding.

Next check for leaks between the fluistor and injection port. Begin by disconnecting the
column from the back side of the injection port. Next insert some type of pressure blocking fitting
on the injection port where the column was attached. A standard Swagelok nut with an injection
septum in place of the ferrule will work quite well. Turn the GC power and gas supply back on.
Use the control panel to see what the actual carrier pressure value is and write it down. Now turn
off the carrier gas supply at the cylinder once again. Wait 5 minutes and then use the GC control
panel to view the actual carrier pressure once again. If this value has decreased in the 5 minute
time frame and the previous test results were negative, it indicates that there is a significant leak
somewhere in the interal GC carrier gas lines between the fluistor and the injection port. Once
again immediateiy locate and repair any leaks using a leak check solution as described below.

After all of the leaks upstream from the column have been eliminated and confirmed by the
two pressure tests described above, properly attach your column to the injection port. Use leak
check solution to check all of the fittings within the column oven for leaks and repair any that you

find.

~ Following all the instructions above will assure the operator that the system is leak free. Any
time fittings are changed or the GC is relocated, the system should be rechecked for leaks. Failure
to properly repair leaks can cause safety risks as well as operational malfunctions.

A 3 cc medical syringe is excellent for
dispensing leak check solution. An eyedropper,
pipette or squeeze bottle may also be used.

Deposit several drops where
5 || the tubing enters the nut and
at threaded fittings.

Gas line ———& e
Swagelok bulkhead ﬁmng/ —

Leak Checking Solution

SRI recommends that a solution of 50% water and 50% alcohol (methanol, ethanol, or
propanol) be used as a leak check solution. The water-alcohol mixture leaves no residue which could
leak through the fittings and cause system contamination. Furthermore, water, when used alone and.
due to its high surface tension, tends to bead rather than flow into spaces between the tubing and the
connectors where leaks may occur. A leak will show up as a stream or froth of tiny bubbles. Inspect
any leaking fitting for damaged threads and reversed, missing, or damaged ferrules.

CAMANUAL/CHAPTERI/LEAKCHEK. EPDVTM REV. 08-05-96



j( Chapter:  INSTALLATION
L Topic: Removing The Chromatograph From The Shipping Container

Moo J

Top view of container, lid closed Top view, lid o C in container

Packing
base
1/2" nut
and bolts Packing
top plate
™\.Corner
protectors
Packing #
: straps - !
Packing Rounded
base fastener
edge
Packing
top plate
Strap \..\Strap
Comer /| fastened —unfastened
protectors bk

SRI gas chromatographs and stand-alone units are shipped in a sturdy, protective shipping
container. The molded gray plastic container is reinforced and resistant to blows and crushing |-
pressures typically encountered while en route to the customer or job site. Upon receipt, check to
see that there is no obvious damage to the exterior of the shipping container. Notify the delivery
person immediately of any such damage. The lid of the shipping container is secured closed by a
172" nut and bolt set each located on either side of the container. To open the lid of the shipping
container, completely remove the two nut and bolt set and simply open lid. Screw the nuts back onto
the bolts and place in shipping container for future use. The GC is held in place within the shipping
container in custom packing material consisting of (1) rigid foam bottom packing base, (1) soft foam
top plate, (2) cardboard corner protectors, and (2) straps with fasteners to bind GC within packing
material. Some SRI GCs can weigh more than 70 pounds, and care must be taken to prevent injury
when removing from shipping container. To properly remove the GC from within the shipping
container, firmly grasp the two visible straps running across the soft foam top plate between the two
cardboard corner protectors. Being careful to properly bend your knees, lift the entire GC, still
contained within the packing material, straight up and out of the shipping container. To remove the
packing material from around the GC, begin by removing the two straps holding it all in place. Place
your fingers beneath the rounded strap fastener edge and pull up and back. When the strap loosens
up, pull the free end of the strap completely through the fastener. Once both straps have been
unfastened, remove the two cardboard corner protectors along with the soft foam top plate and place
back in the empty shipping container for safe keeping. Next, shide your fingers between the metal
GC base plate and the rigid foam bottom packing base, and firmly grasp the bottom of the GC with
both hands. Once again being careful to properly bend your knees, lift the GC up and out of the
packing base. Place the packing base, with straps still attached, in the shipping container with the
other packing materials. Be sure to save all packing materials along with the shipping container for

all future shipping needs.
D:AMANUALASHIPCTR.EPD/TM
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Chapter: Installation

Topic: Repacking Your Gas Ghromatograph or Stand Alone Unit For Safe Shipping

Cardboard Corner Protectors "’"’Jﬂﬁ

Soft Foam Top Plate

GC or Stand Alone Unit

Rigid Foam Packing Base

When reshipping an SRI GC or stand alone unit, be sure to use the original shipping container and
all of the original packing material to minimize the potential for damage during shipment. First, make
sure that you have all of the primary packing pieces: (1) molded gray shipping container, (1) rigid foam
bottom packing base with (2) straps and fasteners, (1) soft foam top plate, and (2) cardboard corner
protectors. To properly pack your GC or stand alone unit, begin by placing the bottom packing base flat
on the floor with the straps coming up through the surface of the base as shown in the diagram. Place
your GC on top of the base with the legs inserted in the appropriate cutouts. Next, place the soft foam
top plate on top of the GC and place the cardboard corner protectors over the soft foam top plate. Pull
the straps coming through the packing base up and around the GC, as well as all the other packing
material and secure the two strap ends together. It may be helpful to straddle the GC and use your knees
to squeeze all the packing material together as you firmly tighten the straps. Be sure the straps firmly
secure the GC or stand alone unit in the packing material to properly protect your instrument. When you
are sure the straps are firmly and securely fastened, grasp the two straps running across the soft foam top
plate between the two corner protectors. Properly bend your knees and lift up the entire GC, contained
within the packing material, and gently place into the molded gray shipping container. Place bubble-wrap
in the remaining empty spaces within the container to prevent any potential shifting during shipment.
Also, include a packing slip inside, as well as one on the outside of the container, and then close the lid.
Lastly place the 1/2” bolts in the two holes each side of the top surface and properly secure the Iid closed
with the 1/2” nuts. It is also important to properly insure your GC with the shipping company due to its

high value. Your GC is now ready for safe shipping.
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Chapter: INSTALLATION

Topic: Tubing Cutter - For Facilitating Gas Connections

Included in the optional gas line installation kits
that may be purchased with each SRI Instruments gas
chromatograph is a disposable tubing cutter. This tool 1s
capable of producing clean, fast cuts in chromatography
tubing that rival more time-consuming tubing cutting
methods. The hardened, beveled cutting surface of the
tool enables the user to effect a through-and-through cut
upon the tubing in one motion, cutting copper and
stainless steel tubing with ease. The cut obtained allows
both metal and graphite ferrules-to slide onto the tubing
without the normal filing or reaming necessary after
cutting tubing using other methods. No smearing or
burring is produced if this tool is used as directed.

Users can make up to ten connections in the time
that it took to cut, file, ream and connect one single
tubing connection. Since the tubing is sheared and not
twisted or stressed, the inside passage is not deformed or
restricted, enabling the user to cut very small internal
diameter stainless steel tubing (such as 1/16" O.D. x
0.005" 1.D.) that would likely collapse or otherwise
become restricted when cut by any other tool. Cuts on
very small tubing is seldom attempted due to the
difficulty encountered using ordinary methods. By using
this tool, delicate tubing cuts become as easy and routine
as larger tubing cuts.

Tubing cuts in tight or hard-to-reach locations can
be performed without difficulty with the use of this tool.
Since the cutting head is practically flat and requires
relatively little clearance, it can be inserted into
otherwise difficult spots to perform high precision cuts.
As an example, if gas tubing routed through a
hard-to-reach area inside the gas chromatograph required
cutting for the insertion of an adapter or other special
fitting, the cutter head could be inserted to the location
and the cut acheived without having to dissassemble and
relocate or remove the adjacent hardware blocking access
to the tubing. Once cut, the tubing ends could be reached

TO USE: Locate the tubing
to be cut between the
beveled cutting surfaces
while maintaining the cutter
at an angle completely
perpendicular to the tubing.
Holding the cutter steadily,
cut the tubing in one quick,
hard motion. Do not hesitate
during the cut to prevent any
possible twisting of the
blades or the tubing. This
cutter cuts 1/8" and 1/16"
copper and stainless steel
with ease. After extended
use, especially when used to
cut stainless steel tubing, the
cutter blade will become
dull. Discard and replace the
tubing cutting tool when this
occurs to prevent damage to
any future tube cuts.

with another tool, such as a needle-nosed plier, and -
pulled to gain accessibility for the installation of the
fitting.

When making cuts, the tubing should be located
between the two "jaws" of the cutter, making sure that
the cutter grabs the tubing in the "V" notches located on
the blades. The cutter should be held completely
perpendicular to the tubing at the time the cut is made, to
avoid obtaining a bad angle on the tubing end. Care
should be exercised to avoid pinching the fingers or hand
when operating this tool, as with any other hand-held
cutting tool.

D:\EP2DOCS\TUBECUT2.EPD

Keep cutter in a
perpendicular
position when
cutting and cut
In one quick,

sharp motion.
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Chapter: INSTALLATION

Topic:

Setting and Adjustment of Controlled Heated / Cooling Zones on 8610C GC

The 8610C gas chromatograph permits
easy display and adjustment of all controlled

zone setpoints. To view a controlled zone, :{?t"i"'glame;
simply place the display selector switch in the alii?eﬁfz
UP position, and depress the desired feature viewing of vl
pushbutton. Depending on the zone, the actual and 53833530055000000
following values may be displayed: the actual setpoint

values

value that the zone is being measured at, such

as the current temperature of column oven 1;
the local setpoint, which reflects the adjustable

setpoint you currently have set, which, in the case of column oven 1, would be an offset value that

could be summed with the temperature signal being sent from the data system; and the

total setpoint,

which is the sum of any signal being sent from the data system to the controlled zone, in addition to
any local setpoint value you have set (for example, if column oven 1 has a local setpoint of 50 degrees,
and the data system is instructing the GC to heat the column oven to 100 degrees, the total setpoint
should display 150 degrees). Most zones will only display the local setpoint and actual value. Each
zone also displays its status via a light-emitting diode (LED) that glows when the zone is active.

A small blade scewdriver (provided) is used to
adjust the setpoint potentiometer while the desired
local setpomt display pushbutton is depressed

I
2068080 |

|| LI L

/

Top view of setpoint adjustments above temperature display

Adjustable potentiometer
located immediately above

controlled zone on top front \

of GC chassis

Display pushbutton viewed
from above

B

Bright red
digital LED
panel meter

L~ displays
temperatures,
pressures, and

voltages

Toggle switch
selects display
of setpoint
and actual
values m UP
|~ position. or
copstant
column oven

R - COLUMN OVEN | TEAPERATURE
Local setpoint pushbuttons TURES
T~@000®80®
Total setpoint pushbuttons ——— @ O O O @ O ®
Status indicating LEDs — @0C0B0S
~_®00080®
Actual value pushbuttons DPETCOGCOC DEGREES CENTIGRADE
E |l GC O OH PRESSURE IN psi
Controlled-zone descriptions — L DDDLLA
C -ppuyus
" A D F [ [ MM i
Wgh thje: display selef:t_or = g oo NN o e
toggle switch in the UF position, the i G G © 0 SETPONTIAGTUAL
value corresponding to any panel D ll?: K K g g @ /
pushbutton will be displayed. When 2 4 N N
. . CXILUNN CWEN 1
the button is released, the display ﬁ 1.2

will clear the value and return to
000 units.

Front view of column oven temperature display
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Chapter:  INSTALLATION

Topic: Pressure-Programmed Carrier Gas Operation Using EPC System

SRI 8610C GC Carrier Gas Pressure-Programming via
Electronic Pressure Control

COLUMN OVEN
2% SO — ™
MODULE {

INJEGTION G
T T. PORT dﬁ
LOGAL PRESSURE P DETEGTOR
Eo PRESSURE PROGRAM
RIER | cFTPOINT FROM ’
DATASYSTEM % v AtOD
TO PG-BASED
DATA SYSTEM

I | I Jigg il o] | |

FLOW CHART ILLUSTRATING CARRIER GAS PRESSURE PROGRAMMING ON THE 8610C GC

All SRI 8610C gas chromatographs are equipped with Electronic (or Pneumatic) Pressure
Control (EPC) of all system gases. Each gas, from the carrier gas, to the specific detector gases,
such as FID hydrogen and FID compressed air, in the case of an FID detector, are controlled by a
dedicated solid-state EPC module that electronically monitors and instantaneously adjusts the pressure
being supplied to the particular feature. This electronic control facilitates extreme precision of gas
flows to the various functions. Each EPC module features a local, user-adjustable setpoint accessed
by a trimpot (variable potentiometer) located just above the particular function on the "at-a-glance"
panel display. The carrier gas is among these adjustable setpoints. The term "local" refers to the fact
that the "local" setpoint is set manually at the trimpot on the GC chassis. As in the case of the
column oven temperature setpoint, the carrier gas pressure setpoint may be set "locally” (manually on
the GC chassis), or from the computer via a pressure program. Created in the same format as a
PeakSimple temperature program, the program signal is sent to the data system interface and
converted to a control voltage that can increase, maintain, or decrease the carrier gas pressure
automatically at the user’s command.

The PeakSimple serial data system interface offers two rampable voltage outputs - one to
program the column oven, and the other to program carrier gas pressure. Outputting a 0 to SVDC
variable signal, the EPC module will permit an output pressure of from 0 to 100psi (the carrier
pressure shown is actually the column head pressure). Please note that any local setpoint value will
be summed to this signal, resulting in the "total" setpoint value on the panel display. The carrier gas
pressure regulator at the gas cylinder should be set 10psi higher than the highest programmed carrier
gas head pressure desired for proper control. Ramping permits the head pressure to be varied, to
speed or slow the elution of peaks from the analytical column as needed by the application or user.
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Chapter:  INSTALLATION
Topic: Analytical Column Installation
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Injection port TOP VIEW QF 8610C GC WITH
COLUMN INSTALLED

The column oven in the SRI 8610C GC measures approximately 7.8" x 8.0" x 3.0" (19.8 x
20.3 x 7.2cm). A column wound into a coiled form with a maximum diameter of 7" and a height of
3" may be installed in the interior space available. Standard 6" diameter or 3" diameter SRI-wound
columns are installed with ease. Either capillary type (0.25 to 0.53mm 1.D.) or packed columns (1/8"
to 1/4") may be used, dependent on the application. Capillary columns may be made of either fused
silica or stainless steel, and are coated on the inside with a fine film of stationary phase between 0.1
and 5.0 microns thick. This phase, specific to the application, permits the sample components to be
properly separated for analysis. The packing material in a packed column serves the same purpose.
For wide-bore capillary applications, metal capillary columns are recommended, as they are virtually
indestructible and can withstand much physical abuse, unlike the fused silica variety, which can be
broken with ease if handled improperly. SRI recommends the use of metal capillary columns when

available for the application.

[y [ ——

0.25 to 0.32mm 1.d fused 0.53mm LD. fused silica or fused ;.\ 1,4+ 0 b srainless steel or glass tubing
silica tubing coated on inside silica-lined stainless steel tubing it it o t wadtisles. These
surface with stationary phase coated on the mnside surface with £ ﬁwz mg]ran ol Slf\?o spi:t' 5 ; o
film 0.1 to 1.0 microns thick a stationary phase film 0.1 to 5.0 s o b e e

S coating. Glass tubing is specified for pesticide

analysis, as some pesticide components react
with stainless steel. A metal frit or glass woll
plug retains the packing inside the tubing
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Chapter: ~ INSTALLATION
Topic: Analytical Column Installation (continued)

The injection port of the SRI chromatograph is designed specifically for direct imjection onto a
0.53mm L.D. wide-bore capillary column. A sample, injected using a chromatography syringe
equipped with a 26 gauge needle, is deposited directly into the column. The injector 1s supphed with a
1/8" O.D. stainless steel 0.53mm capillary column adapter that guides the syringe needle into the
capillary column entrance. The sample is then injected onto the column. The user’s sample injection
technique (sample loading, needle insertion and imnjection) should be quick, precise and reproducible.

” rm.s.!.r . S T8 0, S : "% '
gl ]
Typical chromatography syrin o | 0.53mm L.D.
yp1 graphy syringe needle orifice Capillary colummn adapter Sased silics

(located inside injection port) column
DIRECT INJECTION INTO A CAPILLARY COLUMN

The wide-bore capillary column adapter is machined from 1/8" stainless steel and accepts the
insertion of 0.8mm O.D. tubing (the outer dimension of 0.53mm I.D. capillary column tubing). The
injection end of the adapter is conical and "funnels” the needle into the column tubing inserted into
the adapter from the column end. A slot cut in the adapter prevents carrier gas flow restrictions
caused by overtightened septa. By guiding the injection needle well into the analytical column tubing,
the sample may be deposited as a liquid onto the stationary phase of the column without exposing the
sample to contact with hot metal or glass surfaces.

The capillary column adapter is located within the assembly that forms the injection port when
a 0.53mm LD. column is in use. The injection port is constructed from a 1/8" stainless steel
Swagelok® bulkhead fitting that has been modified to permit the connection of a gas source directly
into the fitting through the hexagonal flange at the bulkhead. This modification permits the
introduction of carrier gas into the injector. The end of the injector bulkhead fitting located in the
oven compartment accepts a 1/8" Swagelok® nut and graphite reducing ferrule (Alltech
RF200/0.8-G) used to secure the capillary column in the injector. At the other end of the bulkhead
fitting, facing the user, a 1/8" septum nut is used to secure a formed silicone septum in place in front
of the column, sealing the injection port. The septum nut should be finger-tightened. Two rubber
O-rings are installed on the injector where the septum nut is attached. The septum nut should never
be tightened beyond the point where the nut contacts the outer O-ring.

Oven wall Capillary column 1/8" to 0.8mm 1/8" Swagelok® nut
Septum nut Septum pd adapter graphfxen:nﬂ redme ing /
p

X
In " e | \<DJ= ]‘=\

4
Rubber O-ri il |
isoee Crings ) 1/8" Swagelok® bulkhead fitting e, [ 13 oed

Carrier suppl
B S SRI CAPILLARY COLUMN/INJECTION PORT DETAIL

The injection port is compact and has a low thermal mass. Since most of the injector body is
located within the column oven, the injector and oven temperatures are always equal (the standard
injector is not supplied with any provision for independent heating. Heated on-column injection is
available as an option). Resultant sample component peaks are sharp and exhibit minimal or no
tailing. This is due to the injection of the sample directly onto the column and at a temperature below
the sample solvent boiling point. Decomposition of thermally-sensitive sample compounds does not
occur and artifact formation is minimized because the sample is not subjected to vaporization and
recondensation, as occurs in high temperature injectors.

CAEP2\DOCS\INSTCOL2. EPD REV. 01-12-93



|  Chapter:  INSTALLATION
L Topic: Analytical Column Installation (continued)
Capillary column When installing a capillary column in the
I tubing chromatograph, a graphite reducing ferrule must be

<l

Graphite reducing

1/8" Swagelok

ferrule o
retaining nut
Cutting tool
: —— (sapphire column
Sh?‘g‘zl;: . cutter shown)
— _
Proper cut Unacceptable
D SN T

Column end should be inserted half-way into adapter

Injector assembly

L}

Column end and adapter
inserted into proper

position within injector

) /8"
Aoti Metal front and  retaining
flow restriction back ferrules nut
slot 7
P N L
e Lt ——=
1/8" stainless steel i
packed column
Syringe deposits
sample on-column
S
bt

Column end is inserted into
injector and secured into
position with retaining nut
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used to secure the capillary tubing in the 1/8"
retaining nut (Alltech RF200/0.8-G for 0.53mm
tubing, RF200/0.5-G for 0.32mm tubing and
RF200/0.4-G for 0.25mm tubing). The column is
inserted first through the nut, and then through the
ferrule. Note the orientation of these parts in the
accompanying lustrations. The insertion of the
tubing through the ferrule will cause graphite
shavings to accumulate in the column entrance.
Graphite 1s adsorbent and may cause peak tailing or
a flow restriction if left in the column. For this
reason, an inch or so of column tubing should be cut
from the column tip after it has been passed through
a graphite ferrule. A sapphire tool, a diamond scribe
or a razor blade may be used to cut the column, in
that order of preference. When the polyimide
coating of the tubing has been scored, the tubing
snaps apart cleanly. Check the cut end prior to use;
it should be flat-ended, not jagged or with the
polyimide coating peeling. The capillary column
may now be inserted half-way into the capillary
column adapter for installation into the injector.
Once that the adapter and column end have been
located in the injector as shown, the ferrule and nut
are connected and tightened to secure the column in
the injector. Note that the adapter does not contact
the septum. If the septum nut were overtightened,
the septa would be forced deeper into the injection
port, sealing against the adapter. The slot cut in the
adapter permits carrier gas to reach the column even
if the septum is overtightened, so that column flow
is unaffected. When the column is properly
installed, a head pressure reading of between 4 and
12 psi should be observed. If there is little or no
head pressure, the system should be inspected for
leaks. If the head pressure rises to a level equal to.
the carrier gas supply pressure, suspect a flow
restriction or plug either in the column (typically
caused by an accumuiation of cored septum slices in
the entrance to the column) or at the outlet of the
column (at the detector inlet).

Installation of a packed column in the
chromatograph is simpler. With 1/8" stainless steel
columns, standard metal ferrules are used to secure
the column at the retaining nut. The ferrules are
placed onto the column end as shown, and then the
column end is inserted into the injector. The
capillary column adapter is not used with packed
columns and should be stored in the adapter holder
under the red protective oven cover for future use.
Columns manufactured by SRI include a slot in the
injector end for carrier gas flow assurance.

REV. 01-11-93



Chapter:  INSTALLATION

|
‘ Topic: Analytical Column Installation (continued) - J

Metal capillary column

] tubing

Graphite, reducmg 1/8" Swagelok
ferrule 3
retaining nut

Cutting tool
_—(triangular metal
: file shown)
Graphite shavings typically lodge Score the metal
in tip of column when passing tubing
through graphite reducing ferrule with the file

|
—

After scoring the metal column, wipe away any shavings
and apply force to the tubing at the score

|
$

Bend the metal tubing downward until
the score opens into a break in the metal
Stop and apply force in the opposite direction

r:(_l___

The front piece of tubing should break away cleanly

i

T b L\ | ST

Insert a syringe needle into the column tip. This will debur
the tip and permit the needle to slide in during mjection

- e Tl ]==

Column end properly located in capillary column adapter

Injector assembly

]=

Column end and adapter
inserted into proper
position within Injector
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When installing a metal capillary column in
the chromatograph, a graphite reducing ferrule must
be used to secure the capillary tubing in the 1/8"
retaining nut (Alltech RF200/0.8-G for 0.53mm LD
tubing, RF200/0.5-G for 0.32mm I.D. tubing and
RF200/0.4-G for 0.25mm 1.D. tubing). The column
is inserted first through the nut, and then through the
ferrule. Note the orientation of these parts in the
accompanying illustrations. The insertion of the
tubing through the ferrule will cause graphite
shavings to accumulate in the column entrance.
Graphite is adsorbent and may cause peak tailing or
a flow restriction if left in the column. For this
reason, an inch or so of column tubing should be cut
from the column tip after it has been passed through
a graphite ferrule. A fine-cut triangular metal file is
provided with all SRI metal capillary columns.
Normal column cutting tools designed for use on
fused silica will not work with metal columns. Metal
columns are coated inside with fused silica and
column phase. They offer the same performance, and
are practically immune to breakage or rough
handling damage. Score and cut the column tubing as
indicated and the tubing snaps apart cleanly. Check
the cut end prior to use; it should be flat-ended, not
jagged or with metal covering the column orifice.
The capillary column may now be inserted half-way
into the capillary column adapter for installation into
the injector. Once that the adapter and column end
have been located in the injector as shown, the
ferrule and nut are connected and tightened to secure
the column in the injector. Note that the adapter does
not contact the septum. If the septum nut were
overtightened, the septa would be forced deeper into
the injection port, sealing against the adapter. The
slot cut in the adapter permits carrier gas to reach the
column even if the septum is overtightened, so that
column flow is unaffected. Of corse, septa should
never be overtightened. A finger-tight septum nut is
adequate for proper sealing of the silicone against the
injection port. When the column is properly
installed, a head pressure reading of between 4 and
12 psi should be observed. If there is little or no
head pressure, the system should be inspected for
leaks. If the head pressure rises to a level equal to
the carrier gas supply pressure, suspect a flow
restriction or plug either in the column (typically
caused by an accumulation of cored septum slices in
the entrance to the column) or at the outlet of the
column (at the detector inlet). When plugged column
inlets are encountered, cut off another inch or two of
the column and reinstall the column in the injector.
The capillary column adapter is not used with packed
columns and should be stored in the adapter holder
under the red protective oven cover for future use.
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PCOPULAR CONFIGURATION GCs
BTEX & Environmental

System Overview
Your SRI Environmental GC is equipped with everything you need to generate certification quality data for
EPA Methods 8010, 8015, 8021, and others, Tt is configured on the 8610C chassis, and includes a built-in
Method 5030 or 5030/5035 compliant Purge & Trap for concentration of liquid and/or soil samples. Also
included is an on-column injector for direct liquid injections. To detect commonly targeted pollutants, the
Environmental GC uses a sensitive, non-destructive PID detector in series with a combination FID/DELCD
detector. The PID detector responds to compounds whose ionization potential is below 10.6¢eV, including
aromatics and chlorinated molecules with double carbon bonds. The FID detector responds to the hydrocarbons
in the sample. The DELCD selectively detects the chlorinated and brominated compounds in the FID exhaust.
Since the sample is pre-combusted in the FID flame, the DELCD is protected from contammation due to
hydrocarbon overload. The PID is blind to certain
compounds which can cause interference, such as
methanol, and is recommended by the EPA. Peaks
on the FID chromatogram that are obscured by
the methanol peak are visible on the PID
. o chromatogram. Benzene and carbon
NS .
S tetrachloride are common target analytes
which co-elute. The FID responds to both.
The PID responds only to benzene, while
the DELCD responds only to carbon
tetrachloride.

The BTEX GC is the same as the
¥ — PID Detector Environmental GC without the
: DELCD detector. Both systems have
FID/DELCD a “whisper quiet™ internal air

Cembo compressor and can be used withan
Detector H,-50 hydrogen generator for

—
Method 5030
Purge & Trap

tankless ficld operation.
On-Column injecior 60m Capillary Column }i\jﬁsthgd&SE a0 10 Port Valve in
inside Column Oven 9 =P thermostatied
valve oven

Carbosieve™ trap
itioned for shippi
Method 5030/5035 Purge & Sk S T
Trap on an Environmental GC GR traps are behind
the fan, under the
protective grilf}

Codling fan

5035 Purge Head with
Thermostatied Sieeve




POPULAR CONFIGURATION GCs
BTEX & Environmental

Theory of Operation

G LQuD | =  FIDIDELCD
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The versatile BTEX/Environmental GC systems can analyze gas, water, and soil samples. Four types of
injection techniques can be used: purge and trap, direct liquid injection, TO-14 type gas sample concentration,
and manual headspace injection. The Purge & Trap concentrator may be used for gas, liquid, and solid
samples. For liquid samples up to SuL and gas samples upto 1mL, direct injections can be made through the
on-column liquid injection port. Larger gas samples can be injected through the syringe port on the 5030/5035
Purge & Trap concentrator or the septum port on the 5030 model.

Purge & Trap Injection

Designed for compliance with EPA Methods 5030 and/or 5033, the Purge & Trap system extracts volatile
organic compounds from the sample solution in the test tube or VOA vial. Usinga dual trap design plumbed
with a 10 port gas sampling valve, the Purge & Trap system enables the use of two separate adsorbents with
different desorption temperatures for a wide range of target analytes. Each trap is heated independently.

10 Port Valve in LOAD 10 Port Valve in INJECT
Carrier Carrier
y?’?“:}x Wﬂﬁ:
15 Jalrise>> Vent ST AT \>V€ﬂt

Coiumn{{ w;« \"\8% A Column f{&‘ﬁ\v ,\ﬂg\@

i NN i i

Y Ty fax e S
Purgegas — Y<XURap; N7 Purgegas— %> Jﬁ?{{p? }"

| N w / QFF) L & ’2‘-&}?' 5

When the valve is in the LOAD position, the sample-laden purge gas from the test tube or VOA vial is directed
through the two traps, then out to vent, loading the traps with sample at the adsorption temperature. The traps
are heated to their respective desorption temperatures shortly after purging is stopped. When the traps reach
desorption temperature, the valve is actuated to the INJECT position. In this position, the carrier gas backflushes
through the traps 1n the direction opposite to the sample-laden purge gas flow with which the traps were
loaded. The carrier gas flow sweeps desorbed analytes into the column, while flow from the purge vessel is

stopped by the PeakSimple data system.



POPULAR CONFIGURATION GCs
BTEX & Environmental

Theory of Operation continued

Direct Injection

Direct injection with the BTEX or Environmental GC systems is simple and straightforward. This method
uses the on-column injector to inject the sample directly into the cohimn, bypassing the entire purge and trap
injection system. Sample size for this technique is LmL or less for gas, and 5uL orless for liquid. No event
table is necessary, just a temperature program for the column oven.

Gas Sample Concentration

In this TO-14 type technigue, a large volume of gas is pushed by syringe or pulled by vacuum pump
through the dual traps. The trapped analytes are then desorbed and swept into the column. Ifthe GC has the
optional vacuum pump interface, the pump is plugged into it and may be controlied by the PeakSimple data
system using an event table.

Room Temperature Manual Headspace Injection

When making headspace injections with the BTEX or Environmental GC systems. the sample is equilibrated
offline at room temperature. Itis then injected by syringe into the on-column injector. This technique is
basically the direct injection of small gas samples.

VOA vial and 1mL syringe with 27gauge
needle for manual headspace injections




POPULAR CONFIGURATION GCs

BTEX & Environmental
General Operating Procedures

EPA Style Purge & Trap Injection

This technique is limited to volatile organic compounds that purge efficiently from water at ambient

temperature and VOC’s that are purgeable from soil at 40°C. Sample preparation depends on the sample
type, concentration, amount, etc. The third edition of SW-846 from the EPA is accessible on the Internet. Go

to http:/fwww.epa.goviepaoswer/hazwasteitest/main.htm and click on the 5000 Series link to download
Methods 5030 and 5035. Also, please see the “Sample Preparation” page in the SRI Purge & Trap manual
section (available online at www.srige.com).

1. The purge gas flow is controlled with an Electronic Pressure Controller (EPC). Set the purge flow

(measurable at the trap vent at the rear of the purge and trap system); 40mL/min is a typical purge flow. The
pressure required for 40mL/min through a single Tenax trap is printed on the right panel of the GC. NEVER

use hydrogen as a purge gas. SRIrecommends helium purge gas.

2. TRAP 1 is in the lower position in the Purge & Trap, and TRAP 2 is in the upper position. The trap
temperatures are factory setat 200°C for desorption. For adsorption temperatures, trap 1 is set at 30°Cand
trap 2 is setat 35°C. Trap heating will be controlled by the timed Event Table during the run. NOTE: the actual
temperatures typically run 5°C over the setpoint. Seethe instructions in the Purge & Trap section of the manual
for adjusting the trap adsorption temperature settings.

3. Load or create an Event Table that is appropriate to the sample to be analyzed, or that is designed for
compliance with a particular EPA Method (such as Epap&tic.evt for a single trap or Epap&t2c.evt for dual
traps included in version 2.66 or higher of the PeakSimple software).

4. Load or create an appropriate Temperature Program for the column oven. Epap&t.tem is a typical Purge
& Trap temperature program file provided with the PeakSimple software for your convenience. Asa basic
rule for good separation using the purge and trap injection technique, the column oven should be kept at40°C
for 10-12 minutes: 6 minutes while the sample is purging, plus 4-6 more minutes while the traps heat and the
gas sampling vatve (in the INJECT position) transfers the sample to the column.

Epap &i1c.evi Dual Trap Event Table (E pap&t2c.avt)
EVENT TIME| EVENT | EVENT FUNCTION EYRRY LMy BN EYENT FUNCTION
0.000 ZERQ Zero signal
0.100 E "CN" Purge "ON"
0.100 E"ON' Purge " ON'
5.100 E"OFF" Purge "OF F" 100 g Purge "OFF
5.000 C "ON" Trap 2 cheat) "ON" 5.000 CON Tiap 2 (€ arbosiewe) heat " O
8.100 FUON" | Trap 1 (heat)"ON" Epap&tic.evt is 5.000 G UON! wakve in"INJECT®
2 .100 FrON T O
8.000 G"ON" | Vahe in"INJECT" designed for one trap, : el bl il
12000 E "ON" Purge "ON" while Epap&ﬂc.evt §.500 G OFF" Walve in"LOAD"
: is for two traps. 10.000 GUONT Wake in"INJECT"
13.000 G OFF" |  Wahe in"LOAD" =on | o Page N
13.100 B"ON" | Trap set"ON" (+30°C) 13.000 GTOFF WValve in"LOAD*
14200 F"OFF" Trap 1 "OFF* 13,100 B "ON" Trap set"CN" (+50°C)
15900 F "OFF" T ~OF
15.050 E"OFF” Purgs " OF F" i
15.000 E"OFF" Purge " OFF"
15.100 c "OFF" Trap 2 "OFF" e AR Teap 2 "OF F*
15200 B"OFF" | Trap set"OFF" (+0) 15200 B "OFF" Tiap set "OFFY




POPULAR CONFIGURATION GCs
_BTEX & Environmental

General Operating Procedures continued

Direct Injection
This technique is useful for volatile and semi-volatile compounds, but is typically used for dieseland other

compounds that don’t purge well from aqueous or soil samples.

1. Perform Detector Steps 1-4, then proceed with step two below.

2. Load or create a Temperature
Program for thecolumnoven. Youcan | ~™ ==~
create an isothermal or ramped
temperature program; deciding which
to use depends on the sample being
analyzed, and the goals of the analysis.
There are several preset .tem files
mmncluded with version 2.66 and higher
of the PeakSimple software. If the
analysis requires the column to be hotter
than 150°C, itis best to disconnect the
column from the PID detector. The
PID represents a cold spot in which
higher boiling analytes will become clat e
trapped, never making ittothemuch | £ marnmmmon SRS
hotter (300°C) FID for detection. 3

Also, when the column is heated over

150°C, stationary phase bleed will
adhere to the PID lamp window. The higher boiling analytes and the column bieed will create a coating on the

PID lamp window that will interfere with the analysis. The PID lamp window may be cleaned in the event of
contaminant condensation, but the resulting change in the PID response usually recuuires detector recalibration.
To bypass the PID, turn its lamp current OFF, then disconnect the column from the detector by loosening the
swagelok-type nut from the bulkhead fitting in the column oven wall. Remove the tubing that connects the PID
exit to the FID/DELCD by loosening that nut. Place the end of the column into the FID/DELCD bulkhead
fitting instead and tighten it in place.

3. While the detectors are heating and stabilizing, prepare a diesel sample by shaking a known weight of the
sample with a measured volume of methylene chloride for 1-3 minutes. Allow any particulates to settle before
drawing the sample into the syringe.

4. Use a clean, standard glass 10uL. GC syringe with a 26 gauge needle. Fill the syringe with sample, and
work out any air bubbles. Depress the plunger until 1pL. of sample remains in the syringe.

5. Zerothe data system signal by clicking on the Auto Zero button on the left side
of the chromatogram window. Or, make the first event ZERO (attime 0.00)in  ||&
your event table. 8+—Auto Zero button
6. Begin the analysis by pressing the RUN button on the GC or the computer  |1&
kevboard spacebar,
7. Quickly and smoothly insert the syringe needle into the on-column injection port, and immediately depress
the plunger.

The column is inserted directly into the FID, bypassing the PID.
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General Operating Procedures continued

Gas Sample Concentration

This TO-14 type technique injects a gas or air sample using either a large syringe (60mL) or a Tedlar bag
{1L). A vacuum pump may be used to pull the sample through the sorbent traps. The amount of sample that
may be loaded onto the trap(s) is limited only by the capacity of the trap’s adsorbent packings. The more gas
that 1s loaded onto the traps, the lower the detection limit will be.

The volume and flow of sample and carrier gas that can be fed through the traps without adversely affecting
the resulting chromatogram is known as the breakthrough volume. Different adsorbents have different
breakthrough volumes. A breakthrough volume value is determined by the sample and target analytes, the
adsorbent packing (pore size, natural affinities for certain compounds, ete.), the diameter of the trap, and the
temperature at which the traps are loaded. Therefore, a given trap will have different breakthrough volumes in

different analytical conditions.
The SRI Purge & Trap concentrator is shipped with a blank trap and a Tenax™-GR frap installed, and a

Carbosieve™ S-III packed trap for optional user installation. The Tenax-GR trap has a low affinity for water,
making ita good adsorbent for the purge and trap technique. The Carbosieve has a high affinity for water, and
is generally highly retentive; SRI recommends using it only when vinyl chloride is among the target analytes.
The blank trap is provided for the user to pack with the adsorbent of choice.

Using asyringe:
1. Perform Detector Steps 1-4. While the detectors are heating and stabilizing, load or create an event table.

The valve (Relay G) must be in the LOAD (G OFF) position while analytes arc being adsorbed onto the traps.
The valve is rotated to the INJECT (G ON) position during desorption. See the valve diagrams on the EPA
Style Purge & Trap Injection Theory of Operation page. Relays C (trap 2) and F {frap 1) activate the traps’
heat. Therelays may also be activated by the operator during an analysis: open the Relay/pump window and
click on the letter corresponding with the relay you want to tumm ON or OFF.

2. Inject the sample into the 5030 septum nut or the 5030/5035 syringe port. Alternatively, the 5030 purge
head may be removed by unscrewing nut b, allowing the sample to be injected directly into the bulkhead fitting
on the front ofthe valve oven duct (see the photo, below right). Depending on the syringe you're using, you
may have to make an adaptor for injection into the purge head.

3. Load or create a temperature program for the colummn oven. Once the detectors are activated
and stabilized. begin the analysis.

Using a vacuum pump:
1. Connect the vacuum pump to the trap vent on the backside of the valve oven.

2. Ifyour GC has the optional vacuum pump interface installed, phug the vacuum pump into that
power socket on the left panel of the GC chassis. Enter events in the event table to turn the
vacuum pump power ON and OFF as desired during the analysis. If your GC doesn’thave the
vacuum pumnp interface, plug the vacuum pump into a wall outlet instead, and control it’s ON/
OFF switch manually during the analysis.

3. Once the detectors are activated and stabilized, connect the Tedlar bag to the purge head septum nut (a),
or remove the purge head and secure the Tedlar bag to the bulkhead fitting in the front valve oven duct. [To
remove the purge head: loosen the nut (b) that secures the purge head to the bulkhead fitting in the valve oven
duct wall. Loosen the nut () that secures the purge head to the purge gas tubing. Leave the second fitting (€)
on the purge gas tubing and slide the purge head off of the tubing. See the photo, above right.] Load orcreate

a temperature program. Begin the analysis.
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General Operating Procedures continued
Room Temperature Manual Headspace injection

1. Tn this technique, the sample is equilibrated offline. Transfer sample intoa clean VOA vial until the vial is half
full. Let itset at room temperature for 30 minutes to an hour to equilibrate.

2. Load or create a temperature program for the column oven.

3. Perform Detector Steps 1-4, then proceed with the following steps.

4. Fillaplastic medical syringe with the vial headspace. Inject the sample into the GC injection pott, bypassing
the Purge & Trap concentrator.

5. Begin the analysis by pressing the RUN button on the GC or the computer keyboard spacebar.

Disposable, sterile 1mL syringes are available in packages
of 100 from Aldrich under catalog number Z23072-3. 27 gauge

40mL VOA vials are availabie from Eagle precision glide needles in packages of 100 are available under
Picher under part number 140-40C/EP/ES. catalog number Z18237-6.

1-800-331-7425 1-800-558-8260

Detector Steps

1. With the black plastic lamp hood in place on the PID lamp, turn ON the PID lamp current with the flip
switch on the GC’s front control panel. Set the PID current to 70 (= 0.70ma) by adjusting the appropriate
trimpot setpoint on the top edge of the GC’s front control panel. (Each detector zone is labeled on the front
control panel under DETECTOR PARAMETERS, with the corresponding trimpot setpoint directly above it.)
The larnp should emit a violet-colored light visible down the center ofthe tube. Setthe PID temperature to
150°C. Setthe PID gainto LOW.

2. Turn on the air compressor using the switch on the GC’s front control panel. NOTE: since most ambient air
will not cause interference with the DELCD, the built-in air compressor is appropriate for most analytical
situations. However, if you are doing analyses in a lab environment with low levels of halogenated compounds
in the ambient air, they can cause the DELCD to lose sensitivity, and fluctuations in the level of organics in
ambient air may cause additional baseline noise. To avoid this, use clean, dry tank air.

3. Setthe FID hydrogen flow to 25mL/min, and the FID air flow to 250mL/min. The pressure required for
each flow is printed on the right hand side of the GC chassis. Ignite the FID by holding up the ignitor switch for
a couple of seconds until you hear a small POP. Ensure that the flame is lit by holding the shiny surface ofa
chromed wrench to the tip ofthe collector electrode; when the flame is lit, you should be ableto see condensation
on the wrench. Set the FID gain to HIGH. If the peaks are more than 20 seconds wide at the base, use the
HIGH FII TERED gain setting. Ifyou wish to keep the ignitor ON to prevent flameout, set the ignitor voltage
10 -750 by adjusting the trimpot on the FLAME IGNITE zone.

4. Tfa DELCD detector is instailed, set the DELCD reactor temperature setpoint to 260 (=1000°C) by
adjusting the appropriate trimpot. The DELCD will heat to around 254 and stabilize; the protruding end of the
ceramic tube will glow bright red in the heat. Set the DELCD gainto LOW.

5. When the system has reached temperature and each detector 1 displaying a stable signal, begin the analysis
by pressing the RUN button on the front of the GC or the spacebar on the computer keyboard.
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Expected Performance - Purge & Trap Cornicentrator

These chromatograms were produced from a 10ppb BTEX Plus standard analyzed in 2n Environmental

GC equipped with a Method 5030 Purge & Trap injection system. The simultaneous display of all three

detector channels illustrates their relative selectivity. The chromatogram on the next page shows the carry-over
from the Purge & Trap concentrator on the subsequent analyss.
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178.600] A S4SPTEEL CHREDEFAULT.CON {
g
PID gain: LOW [ g @ ¢ pE
PID current: 70 L = 3 g % i
_ I 2
PIDtemp: 150°C = i B g é g
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DELCD gain: LOW & - 2
DELCD reactor, 260 (8 = & &
DELCD temp: 150°C & i I 3
-TREQ0 P f :
FID Results: PID Results: DELCD Results:
Componeni  Retention Area Component Retention Area Component Retention Area
Solvent 10.616 §21.0890 Benzene 15.016  311.1630 TCE 15.883  192.1020
Benzene 15.033  1019.9260 TCE 15.866  258.4360 PCE 18.683  209.2260
TCE 15883 441.8700 Toluene 17.560 353.2160 Bromoform 21.150 126.2820
Toluene 17.683 1195.3320 PCE 18.683 233.4780 Total 527.6100
PCE 18.700 383.3770 ethyl Benzene 20.000 343.8640
Ethyl Benzene 20.016 1247.3420 QOrtho Xyiene 20.783 350.7040 Events {5030.evi)
Ortho Xylene 20.800 1258.9260 Bromoform 21.133 _32.3470 Time Events
Bromoform  21.166 78.9360 Total  1883.3080 0.000 ZERO
Total 6546.8080 0.100 E ON({PURGE GAS)
5100 EOFF
6.000 C ON(TRAP2HEAT)
6.050 F ON(TRAP 1 HEAT)
8.000 GON(VALVEINJECT)
12.000 EON
Sample: 1ul 100ppm BTEX Plus standard Temperature Program: 12.8300 B ON (BAKE)
dissolved in 10mL of water to yield 10ppb {Epapé&t.tem) 13.000 G OFF {VALVE LOAD)
of each analyte Initial Hold Ramp Final 14.900 FOFF
Method: 5030 P&T injection 40°C 10.00 10.00 180°C 15.100 COFF
Column: 80m MXT-VOL s e art
15.500 BOFF

Carrier: Helium @ 10mL/min



POPULAR CONFIGURATION GCs

Expected Performance - Purge & Trap Concentrator

This chromatogram was produced from analyzing a water blank immediately after the analysis ofthe
BTEX Plus standard to show the Purge & Trap carry-over. The blank was run under the same conditions
{event table, temperature program, detector settings) as the sample. Acceptable carry-overisa contamination
level of 1% or 0.5ppb—whichever is lower—of an analyte (especiaily high boiling components), and isa
normal condition of operation. This 1% of contamination from preceding analyses should notbe significant
cnough to affect quantitation unless a very high concentration sample is followed by a very low concentration
sample. It is standard laboratory practice to run a blank after a high concentration sample. Tolueneisused as
a representative of the carryover in the Purge & Trap systemn; if the carryover level of Toluene is below 1% or
0.5pph on the PID chromatogram, then it will not affect subsequent analyses. (Note: the chromatograms are

magnified for carryover visibility).
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Note: TCE is a contaminant in our faciory testing lab.
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FID Results: PID Results: DELCD Resuits:
Component Retention  Arez Component Rstention Area Component Retention Area
TCE 15.766 58.9100 TCE 15.750 58.1920 TCE 15.750  46.0340
Toluene 17.566 17.4000 Toluene 17.533 4.3400
Eihyl Benzene  20.033 51.8080 Ortho Xylene 20.850 20.8720
Ortho Xylene 20.833 91.5280 Total 609.1300
Total 219.7470
Determine the carryover level by comparing A TR
the areas of the two PID Toluene peaks S Eps (x represents the ppb
resulting from the sample and blank runs: 353x =40ppb concentration of the carryover)

x =0.1133ppb



POPULAR CONFIGURATION GCs
BTEX & Environmental

Expected Performance - Direct Injection

This chromatogram is from an analysis of a diesel sample. The PID detector was bypassed, and the
column was connected directly to the FID detector inlet. The results are identifiable as diesel because it shows
the range of hydrocarbons that compose this fuel. A few retention windows are placed in the chromatogram

to show the approximate ranges of C , C,., C,., and C,.

il
DEEB & %BE il 2z 348
I

DESEL FUELEXH A0
2048.000 | ALUSIDE heDEFALLT. TON [
pres——r

[w]alm

|
L
-204.800 e Y.
G | -
Sample: diesel fusl #2 FID gain: HIGH Temperature program:
FID temp: 325°C iniial  Hold Ramp Final

5°C  3.000 10.000 320C
3200C  30.00 0000 320:C

Method: direct injection
Column: 60m MXT-VOL
Carrier: helium @ 10mL/min

FID ignitor: 400



POPULAR CONFIGURATION GCs
BTEX & Environm

Expected Performance ~ Manual Headspace Injection

To obtain the chromatograms below, 50ppb Japanese standard was placed into a VOA vial with water,
and allowed to equilibrate at room temperature for 45 minutes. The FID (top) chromatogram shows all the
components and the solvent. The PID (middle) does not detect the 1_1_1-TCA, while the DELCD (bottom)

does not respond to the solvent.
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Sampie: 1mL headspace from 50pph Japanese standard in waler Temperature progranm:
Method: manual headspace injection initial Held Ramp Final
Column: 80m MXT-VOL 4¢C 2000 15000 220°C
Carrier: helium @ 10mU/min 2200C 1000 0000 220C
FID Results: PID Resulis: DELCD Resulis:
Component Reslention Area Component Refention Area Component  Retention  Area
Solvent 2416 290.1100 Solvent 2183 227450 1_1-DCE 3833 63.1790
1_1-DCE 3.833 386100 1_1-DCE 3916 394070 T-1 2-DCE 4816 38.0780
T-1_2-DCE  4.833 343780 T-1 2-DCE  4.800 450050 C-1 2-DCE 5850 18.056C
C-1 2-DCE 5.966 1868020 C1 2DCE 5850 157380 1_1 1-TCA 5666 53.2210
1.1 1-TCA 6.683 296320 TCC 7.816 337270 TCE 7.833 39.6800
TCE 7.850 234480 PCE 10.066 162786 PCE 10.083 20.8340
PCE 10.083 10.7560 Total 172.8000 Total 233.0580

Total 4486.5370



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

System Overview

Your SRI Multiple Gas Analyzer GC is pre-plumbed and ready to resolve H,, O,, N, Methane, CO,
Ethane, CO,, Ethylene, NOx, Acetylene, Propane, Butanes, Pentanes, and C, through C,. The basic
version of the Multiple Gas Analyzer GC has a TCD detector only. A TCD-HID detector combination
is also available. A third version, shown below, has a TCD, Methanizer, and FID.

10 Port
Gas Sampling Valve
and 1mL SampleLoop ¥ §

TCD Detector

Methanizer

Valve Oven FID Detector

3 Molecular
Sieve Column

Column Injector 8" Silica Gel
Column

Sample In
and Out

Column Oven

The Multiple Gas Analyzer #1 configuration allows you to obtain complete analyses of the fixed
and natural gases listed above with a single sample injection. This is achieved using a 10 port gas
sampling valve, a LmI sample loop, and two independent analytical columns—a Silica Gel packed column
and a Molecular Sieve packed column. The Silica Gel column is located in the Column Oven, while the
Molecular Sieve column. 1mL sample loop, and the gas sampling valve are located in the Valve Oven.



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Theory of Operation
10 Port Gas Sampling Valve Plumbing Connections

The Multiple Gas Analyzer #1 configuration uses two analytical columns and one 10-port gas
sampling valve to analyze hydrogen, oxygen, nitrogen, methane, ethane, propane, butanes, pentanes,

carbon monoxide and carbon dioxide.

10 PORT VALVE IN "LOQD;” RELAY G: “OFF"”

LOAD Position

A one-milliliter gas
sampling loop is connected to
the 10-port gas sampling valve.
When the valve is in load
position, the sample may be
flowed through this loop until
the moment injection occurs.

Carrier Gas LOAD
Malecular | | silica Gelin
Sieve in e Cdumn Oven P Demo[
Valve Oven |
3 Sample
Samplé 10 Port Gas  Out
Sampling Valve
INJECT Position
10 PORT VALVE IN “INJECT;” RELAY G: “ON”

o

At the beginning of the
chromatographic run, the valve
is actuated to the INJECT
position, depositing the loop
contents into the carrier gas
stream and directing it to the
two analytical columns,
connected in series through the
sampling valve.

**Column sequence is reversed while the flow direction remains the same**

c"‘ oo INJECT B
: : : Molecular

Carrier Gas
—wfamges) | swacen || e | o
Injector Valve Cven

(Retains CO. & (Separates
10 Port Gas 2
Sa ling ahe CZ-CBat 40°C) 02, N2 CH_,(& [e-8]]




POPULAR CONFIGURATION GCs
Muiltiple Gas Analyzer #1

Theory of Operation
10 Port Gas Sampling Valve Plumbing Connections Continued

The sample is deposited first into the Silica Gel packed column, at 40°C in the column oven, where
the ethane, propane, butanes, pentanes and carbon dioxide are retained. The remainder of the sample
containing hydrogen or helium (whichever is not being used as a carrier), as well as oxygen, nitrogen,
methane and any carbon monoxide, continues on to the Molecular Sieve column. During a
chromatographic run with the sampling valve in the INJECT position, the hydrogen or helium, oxygen,
nitrogen and methane components are the first to elute through the columns and into the detector. This
is due to the Silica Gel column’s long retention time at 40°C of C,, CO, and higher hydrocarbons. U nder
programmed temperature and event control using the data system, the sampling valve is actuated back
into the LOAD position immediately following the elution of the carbon monoxide peak.

Multiple Gas Analyzer TCD chromatogram
with temperature programming and sample valve rotation
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i Al LT PeakSimple temperature programming:
] Inizl Temp Hold  Ramp  Final Temp
Gas sampling valve rotates back inio the load position. 40:C 5.00 1500  220C
220°C 15.00 0.00 220rC

This reverses the sequence of the columns prior to the detector, and sends the components preparing
to elute from the Silica Gel packed column (ethane, propane, etc.) to the detector without passing them
through the Molecular Sieve packed column. At the same time, the Silica Gel packed column is
temperature ramped to promote the rapid elution of the remaining components.

Carrier Gas LOAD
V% ‘ | |
ammm)>| moer | [ mcam | (o) |

a | Sieve in Silica el in | { Detector | |
- Injector | (Sampie Loop ] Vialve Oven il | Geltine Cvep lu
— ;
. {Separates CO,,
: 10 Port Gas C,-C, Hydrocarbons)

Sampling Valve




POPULAR CONFIGURATION GCs

Multiple Gas Analyzer #1
ﬁ

Lad

6

General Operating Procedure

. Set the gas cylinder pressure 15-20psi higher than the head pressure (helium carrier). The carrier
head pressure used to generate the test chromatograms at the factory is printed on the right side of
your GC. Typical head pressure for a Multi-Gas instrument operating at 20mL/min is about 20psi.

. Damage or destruction of the TCD filaments will occur if current is applied in the absence of flowing
carrier gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet
BEFORE energizing the TCD. Labelled for identification, the carrier gas outlet is located inside the
Column Oven. Place the end of the tube in liquid and observe (a bit of spit on a finger can suffice). If
there are no bubbles exiting the tube, there is a flow problem. DO NOT turn on the TCD current if
carrier gas flow is not detectable. A filament protection circuit prevents filament damage if carrier
gas pressure is not detected at the GC, but it cannot prevent filament damage under all circumstances.
Any lack of carrier gas flow should be corrected before proceeding.

. Set the Valve Oven temperature to 90°C. (The Molecular Sieve column is in the Valve Oven.)

. Turn the TCD current to LOW. Ignite FID if present. Turn Methanizer to 380°C if present. Turn
HID current on if present.

_ Determine the elution time of ethane so that you can set an event program that will rotate the gas
sampling valve at the right time during the run. Ethane is the first peak to elute from the Silica Gel
column after the H,, O,, N,. CH,, and CO, which are separated by the Molecular Sieve column. Ifthe
valve is not rotated back to the LOAD position by turning relay G OFF prior to the ethane elution,
then the ethane and CO, will get stuck in the Molecular Sieve column.

Type in an Event Program as follows: 0.00 zero
0.1 Gon
0.3 Goff

This Event Progam will inject the sample loop contents into the Silica Gel column and then
immediately reverse the columns so the sample will not enter the Molecular Sieve column. In this

mode of operation, the elution time of ethane can be easily determined.

. Set the Column Oven temperature program as follows:
40°C hold 6 minutes then ramp at 10°%min to 200°C



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1
#

General Operating Procedure Continued

7. In PeakSimple, zero the Data System signal by clicking the Auto Zero button, then hit the
spacebar or the run button on your GC. Inject a sample that contains ethane into the Gas
Sampling Valve through inlet on valve oven (do not inject sample into the On-column Injector).

8. Revise the event table so that relay G turns OFF just before the ethane peak begins to rise from the
baseline. A typical event table for this GC is: 0.00 zero
0.05 G ON
5.05 G OFF

9. Ifthe H,, 0,, N,, CH,, and CO do not elute from the Molecular Sieve column before the elution of
ethane, increase the Valve Oven temperature (which will increase the Molecular Sieve column
temperature) so that all peaks trapped on the Molecular Sieve column elute within the required time.
Or, hold the Silica Gel column temperature at 40°C for a longer time period to delay the elution of
ethane, allowing more time for the Molecular Sieve peaks to elute.



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Expected Performance

TCD noise run
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Expected Performance

Factory Test Analysis of 1% Fixed Gas Standard on a TCD Multiple Gas Analyzer #1
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

System Overview

The Multiple Gas Analyzer #2 is pre-plumbed and ready to resolve H,, He, O, N, Methane, CO,
Ethane, CO., Ethylene/Acetylene, NOx, Water, Alcohols, Propane, Butanes, Pentanes, and C cthroughC,,
Separation of this wide variety of peaks is accomplished using a 10 port automated Gas Samplmg Valve thh
dual Sample Loops and two, three, or four columns. It can be optionally configured with 1) a TCD, 2) aTCD,
Methanizer, FID, or 3) with TCD, HID and FID detectors. All three versions have a 1m (3”) Molecular Sieve
packed column in the Valve Oven, and a 2m (6”) Hayesep-D packed column in the Column Oven. The model
shown below is customized with TCD, HID and FID detectors. In addition to the Hayesep-D column, it has

an optional 30m MXT-1 capillary column in the Column Oven.

Valve Oven

TCD Detector

Gas Sampling Valve
and Sample Loops
HID Detector

Molecular Sieve
Column

F1D Detector

Sample In & Out

--------

30m MXT-1 column Hayesep-D column

On-Column Injector
Column Oven



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

Theory of Operation

The Multiple Gas Analyzer #2 GC uses a single automated 10 port Gas Sampling Valve and multiple
columns to separate a wide variety of peaks. The system achieves this by turning the carrier gas flowto each
column on at different times during the run. This procedure allows the Molecular Sieve column in the Valve
Oven to completely separate H , He, O, N,, CH, and CO before the carrier flow to the Hayesep-D column
in the Column Oven is turned on. The Hayesep-D column then separates all compounds in the C, -C_ range.
An optional 30m MXT-1 capillary column in the Column Oven separates the remaining hydrocarbons out
through C,, using the same carrier gas flow as the Hayesep-D column and an FID or HID detector.

This configuration uses two carrier gas flows, eachregulated by Electronic Pressure Control (EPC) using
the PeakSimple data system. Carrier 1 flows to the Molecular Sieve column, then on through the “Tee” to the
TCD detector, and it is always on; if not, the lack of carrier gas flow triggers the TCD filament protection
circuit. Carrier 2 flows to another “Tee” where it splits to enter the Hayesep-D column and also the MXT-1
column. The flow from the Hayesep-D column continues to the TCD detector, and the flow from the MXT-
1 goes to the FID or HID detector. The carrier #2 flow (EPC 2) is turned on and off by PeakSimple,

controlled by the user.
MULTI-GAS #2 VALVE IN “LOAD” POSITION (RELAY G: OFF)

1m Molecular Sieve 5A
> ol lred s When the 10 port

(\ optional Gas Sampling
Detect . =
/ 222 | Valve is in LOAD

Carrier 1

| position, the two
— TCD carrier gas flows
ON-OFF by etector| | pypass the Sample
PeakSimple Loops through the
optional Valve and travel on
/ to the columns.
@c > HD | g | FID
- Detector Detector
Carrier 2

MULTI-GAS #2 VALVE IN “INJECT” POSITION (RELAY G: ON)
1m Molecular Sieve 5A When the 10 port
/‘- colurmn St g HID Gas . S_ampling
QJ/ Detector | | Valveisin INJECT

3 position, the two
carrier gas flows

Carrier 1

TCD

i Detector| | SWeep through the
ON-OFF by :

PeakSimple Sam;_’le LOOP?»

optional |Methanizer sending  their

contents to the

ouT
N Sample 3 columns and
| EPC 2 ! ik HID | oR. FID detectors

5 | Detector Detector :

Carrier 2




POPULAR CONFIGURATION GCs

Multiple Gas Analyzer #2
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General Operating Procedure

1. Set the gas cylinder pressure 15-20psi higher than the head pressure (helium carrier). The carrier head
pressure used to generate the test chromatograms at the factory is printed on the right side of your GC.
Typical head pressure for a Multi-Gas instrument operating at 20mL/min is about 20psi.

2. Damage or destruction of the TCD filaments will occur if current is applied in the absence of flowing cartier
gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD. Labelled foridentification, the carrier gas outlet is located inside the Column Oven. Place the
end ofthe tube in liquid and observe (a bit of spit on a finger can suffice). If there are no bubbles exiting the
tube, there is a flow problem. DO NOT turn on the TCD current if carrier gas flow is not detectable. A
filament protection circuit prevents filament damage if carrier gas pressure is not detected at the GC, but it
cannot prevent filament damage under all circumstances. Any lack of carrier gas flow should be corrected

before proceeding.

3. Set the Valve Oven temperature to 90°C. (The Molecular Sieve column is in the Valve Oven.)

4. Turnthe TCD current to LOW. Ignite FID if present. Turn Methanizer to 380°C if present. Turn HID
current on if present.

5. Set the Column Oven temperature program as follows:
Initial Temp  Hold Ramp Final Temp
50°C 7.00 10.00 220°C
220°C 10.00 0.00 220°C

6. Typeinaneventtable asfollows: Time Event
0.000 ZERO (auto zero data system signal at start of run)

0.050 G ON (valve inject)

0.100 B ON (carrier #2 flow OFF)

7.500 B OFF (carrier #2 flow ON)
EPC #2 controls the carrier #2 flow. When the limiter (B) is turned ON, this flow is shut off. The eventtable
should allow for the elution of CO from the Molecular Sieve column before the limiter (B) is turned OFF and
carrier #2 flow restored. The Valve Oven temperature may be increased to speed the elution of the H,, O,

N,, CH,, and CO.

7. Load your sample gas stream by connecting the flow to the sample inlet port on the front of the Valve Oven.

8. Start the analysis by pressing the RUN button on the front of your GC, or by pressing your PC keyboard’s
spacebar.



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2
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HID noise run

FID noise run

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier: Helium @ 10mL/min

FID gain = HIGH

FID temp = 150°C

FID ignitor = -400

Valve temp = 110°C

Temperature Program:
Initial Hold Ramp Final

8°C 1500 0.00 80°C

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier: Helium @ 10mL/min

HID gain = HIGH

HID current=70

HID temp = 200°C

Valve temp = 110°C i

Temperature Program:
initia/l Hold Ramp FEinal
80°C 15.00 0.00 80°C
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T
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TCD noise run

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier; Helium @ 10mL/min

TCDgain=LOW

TCDtemp = 100°C

Valvetemp = 110°C

Temperature Program:
initial Hold Ramp Final
80°C 15.00 0.00 80°C




POPULAR CONFIGURATION GCs
Multlple Gas Ana!yzer #2

Eii= Edit WView Ar.qmm Hdp

Expected Performance: FID & TCD Detectors

These two factory test runs utilized the same carrier flow and temperature program. The first chromatogram
resulted from a run with a 1000ppm C.-C, sample; the second, a 1% fixed gas standard sample.

D@8 & BE 23R R Miafalfnfafnfa fafan B
!gman PP Cy-CEFID ]
1524.000 {A0343 15203 CRRDErAULT CON |
- = S
= EPC#2on % | = i
= (B OFF) : l
(.
-102.400 .
1039 PP 51-CEHTCD g }
| 2.000[A1344712303. Ch'fD‘:erLi CON - |
- i
2 =
= 5 B 5
Il H e ut
g j.s Lh. % B 2
 Em = w
A = O E
7 3

q

Columns:

1m Mol. Sieve,
2m Hayesep-D,
30m MXT-1
Carrier: Helium @ 10mi/min through each column

F:!: Edit View uin'.iinn Hdn

Temperature Program:

Test Run #1

Initial Hold Ramp Final
50C 7.00 10.00 220°C

DR &

& xBEE12{34 8

Rfafalfafefal M o oy B2

(1% FHED GAG &

FID

!

1024.000

A3a412a04. CERIDEFAULT.CON

EPC#2on -
(B OFF)
~182 400
% FIXED GAS S TCD |
4.000 K‘SM‘-EQ_‘.C‘EOE?%“\,T.CDI\E |

rRER
T NITROGEN
» METHANE

G0
s 002 |

A EIER R,

w0 BAETHAHE
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12,080

220°C 10.00 0.00 220°C

| Sample: 1000ppm C,-Cg4
| Events:
Time  Event
0.050 G ON (valve inject)
0.100 B ON (carrier #2 flow off)
0400 GOFF
7.000 B OFF (carrier #2 flow on)
FID Resulfs:
Compon Retention Area
Methane 7.733 838.3160
Ethane 7.783 2066.2065
1 Propans 7.882 2053 3865
Butane 8.188 34739.4540
| Pentane 8.800 4021.5110
Hexane 10.016 3512.6800
Total 16871.5540
{1 TCD Resulis:
Component Retention Area
Oxygen 1.250 7.9800
=" | Nitrogen 2416  27.8765
Methane 3118 2.0210
Hayesep Air 7.716 23.5150
Methane 2.250 0.4950
Ethane 12133  1.0240

Total 53.0115

| Test Run #2

{ Sample: 1% fixed gas siandard

| Events:
Time Ewvent
0.050 G ON (valve inject)
0.100 B ON (carrier #2 flow off)
0.400 GOFF
7.500 B OFF (carrier #2 flow on)
FID Results:
Component Retention Area
Methane 8.233 121443770
TCD Results:
Component Retenticn Area
Cxygen 1.166 26.4920
Nitrogen 16353  2251.7140
Methane 3.083 23.0875
co 6.566  22.2440
Hayssep Air 8.116 524.2010
Wethane B8.716 3.7730
coz 9.750 6.3940

Total 83.0115



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

Expected Performance: HID & TCD Detectors

These two factory test runs utilized the same carrier flow, temperature program, and event table. The first
chromatogram resulted from a run with a 1000ppm C,-C, sample; the second, a 1% fixed gas standard

sample.

Test Run #1 el b
= | Eile Edit View Acquisition Help
DSH& & =BE 12345 K Mfafalm
Rample: 160000 £,:0p thi o2 PP c1-cH{FTD .
HID Resuits: i 1024.000 7344151 2 ChiDEFAULT.COH
Component Retention Area
AirfMethane 8.233 5248 3320 -
Eihane 8.283  3064.2580 E
Propane 8383  3408.5720 g EPC#2 on
Butane B850 22653520 =4 (B OFF)
Pentane 9.216 2650.8955 :
Hexane 10.316 2250.8975 - =
Total 19899.3070] -102.400
090 PP C1-CHICD i b 1
TCD Results: 2.000 A4 1e1 LG OO F AULTL.C N i
Component Retention Area =
Oxygen 1.250  4.0220 & N
Nitrogen 2116  21.0510 . &= W it -
Methane 3.116 21800 I% 3 % z I z
Hayesep Air 8.216  22.4800 = PO = = S
Methane 8.733 0.4450 : f s ;'LE- =
Ethane 12333 _0.9640 . &
Total  51.1630 e o
..... . - s HHO0
. Events:
Colins: 12m ﬁ;l‘ior. Sleveb Temperature Program: Time Event
ke initial Hold Remp Final 0.050 G ON (valve inject)
Carrier: Helium @ 10mbLimin through 50°C .00 e 0.100 B ON (carrier #2 flow off)
: 2 220°C  10.00 000 220°C 0.400 GOFF
St Colo 7.500 B OFF (carrier #2 flow on)

Tesi Rup #2 R B
File Edit View Acquirition Help
DEE@@ & ~EBE 1234 Rlafafaimfafafa ffans 3t B
Sample: 1% fixed gas standard I“‘f" EBED oAS STTTD 7 ; =
1024.000{A544151 | CHRODETAULT CON b
]
£
FID Results: Y £l
Component  Retention Area 8 EPC#2o0n §|
Methane 8.266 44548.0540 a (B OFF) r]
F L-—“
=152.400
WED BG4S ST i
TCD Results: e =
Component  Retention  Arez = [I73 T ]
Oxygen 1.186 31.0260 % S |
Nitrogen 1616 22616430 & B 1 Z .
Methane 3050 126240 = R O ) ¢
co 6.400 22.4410 ‘ L = o 3=
Hayesep Air 8116 5426790 e & . T g G
Methane 8.716 3.5650 Dol e )5 " _ﬁ‘x PR LR
coz2 8750 6.6820 N/ j
Total Z880.7000 ey
widfr}
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POPULAR CONFIGURATION GCs
Mud-Logger

System Overview

The Mud-Logging GC system is designed to provide a continuous reading of total hydrocarbons in a gas
stream, while periodically performing a chromatographic separation of the sample to determine the composition
of the sample gas stream. This is accomplished usinga 10 port Gas Sampling Valve with a25pL Sample Loop
1 a thermostatted Valve Oven, 2 Im (3°) Hayesep D packed column in a temperature programmable Column
Oven, a CCD detector, an FID detector and a built-in Air Compressor. This GC can be modified to incorporate
2 second FID instead of the CCD for total hydrocarbon monitoring. The model shown below has CCD and

FID detectors.

Thermostatted
Valve Oven

Gas Sampling Valve
Restrictors, and

Sample Loop
CCD Detector

FID Detector

Sample in & Out

bl

On-Column lnjor 4 5 E
Column Oven m Hayesep-D Column

Speciation of C -C, hydrocarbons is handled by the Gas Sampling Valve, Hayesep-D column, and FID
while the CCD provides contiuous, total hydrocarbon monitoring. Detection limits for this system are 0.1%to
100% for the continuous total hydrocarbon monitor, and 0.005% to 100% for speciated hydrocarbons using
the FID. The Air Compressor supplies combustion air for the FID, and the air make-up forthe CCD. The
built-in PeakSimple data system displays both the continuous total hydrocarbon reading, using the Data Logger
mode, and the separated peaks. When the system receives out-of-range readings, an alarm function may alert
the user.



POPULAR CONFIGURATION GCs
Mud-Logger

Theory of Operation

The sample gas stream is connected to a bulkhead fitting on the system’s thermo statted Valve Oven
where it flows through the sampling loop of the 10 port Gas Sampling Valve, and also to the CCD detector.
The fitting labelled “Sample In” (pictured at right) on the front of the Valve Ovenis the sample gas stream
inlet. The user must regulate the pressure of the sample stream so that it enters this inlet at 10psi. The
instrument is factory preset to deliver SmL/min to the CCD at 10psi. The
remainder of the flow, approximately 100mL/min. passesthrough the Sample = (*——‘—\ :
Loop. Thisrelatively high flow rate gets the sample from the sampling point _SAMPLE f

into the GC with minimal delay. LN OUT | .

Total hydrocarbon _ . . .
monitoring Detector FID Detector for Once the sample enters the inlet, its path is
{30 sl Eiea h"“mf:m”s T°d through two restrictors and on to the detectors.
; To avoid damaging the CCD, the maximum pure

Gas Sampling Valvek hydrocarbon flow to reach this detector is SmL/

and Sample Loop w min. The restrictors regulate the flow to the CCD

m 9 to SHﬂj@mwhenﬂle sample inlet pressure i§ 10psi.

0.07° 1D stainless steel ! The remainder of the sample stream (approximately

Restrictors 100mL/min) flows through the Gas Sampling

|
i

\éf Valve’s loop and is periodically injected into the
| Hayesep-D columa, then detected by the FID.
i1

LOAD POSITION
Valve Oven __ | Column is backflushed to detector
+ \j/ DETEC'OR

Sample in  Sampie Out CARQ‘ER N é ﬁ\\ |
at 10psi 3 fchUMN |

10 Port Gas Sampling Valve I saveTe . .

: e | SAMPLE o :
At an automatically repeating time interval controlled by the | oty L sAMPLE
user with the built-in PeakSimple data system, the Gas Sampling | i

Valve injects the contents of its sample loop into the HayesepD |

packed column where it is separated into the constituent INJECT 90551’?01\5 ;
hydrocarbon (C -C) peaks and detected by the FID detector. i
Between automatic sample injections into the column, the 10 port f‘mmca N @ﬂ?ﬂo le I
Gas Sampling Valve is in LOAD position (top right schematic). In wg
this position, the carrier gas flows into the column while sample gas I e
flows through the 25ul Sample Loop and to vent. When ng‘gf \ : o
PeakSimple automatically moves the valve to the INJECT position SAMPLE / L @

(bottom right schematic), the carrier gas flows though the Sample ot | saveLE

Loop first. then sweeps the sample into the Hayesep-D column. sl
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POPULAR CONFIGURATION GCs
Mud-Logger

General Operating Procedure Part 1.
Total Hydrocarbons Using the CCD Detector

. Connect zero gas to sample inlet at 10psi. Zero gas has no hydrocarbons.

. Zero the CCD detector signal using the Auto Zero button for its channel (typically channel 2).

. Connect calibration gas standard to the sample inlet at 10psi. Calibration gas is typically 100% methane.
. The CCD signal will increase approximately 300 millivolts while running 100% methane.

. InPeakSimple, open the CCD Channel Details dialog box by right-clicking in that channel’s chromato-

gram window. Enter the gain factor which will multiply the 300 millivolt signal to produce the desired
concentration unit. Forexample: 300 x .33 = 100 if the desired unit is percent.
300 x 3333 = 1.000.000 if the desired unit is parts per million

. Also in the Charmel Details dialog box, select Data Logger mode by clicking in the appropriate

checkbox. The CCD signal times the gain factor will be displayed on the screen in large numbers.

DesciptordMUD LOGGERFD  Endime [3000  min

Sawple rate ~Default disslag fmits~= 17 Rememe stan —Conlrs! by ———
& 1Hz i Ma:{ljzﬁ-m i ~ Trigoer oroup = ‘ @ Tempemueé
CoH: | Pl e | LGCPwwr |
 5He 1 Mmlmm o 5 i Hien ™ Gradient
(Ce | LSl | T PeakSimple
Cwh | . ~Dasloger mode— | Ghannel Details dialog box
L€ s0He o [ Sublractpassinein charmek E 7 On ;

I Bveday data in channsl E_—: Offsat W"

....................... ! Gaim |33 S .
Ureetsined solute ine: 0000 mn e _
"""""" | Decimel places: h,wf! SR E 112 38 B fufafalfnfe fn M Mo I8
0K l Cancel J L for autoranging) Fﬂ L -
e B
I £ T g
) S .:f?_- § ‘r..—:g ....... é ______ =7
Chromatogram with LA A 2
1 e che g
channel 2 in Data Logger mode T .
|
E 1
]
2 :4
MMI
I il
ooET 0




POPULAR CONFIGURATION GCs

Mud-Logger
M

General Operating Procedure Part 2:
Speciated Hydrocarbons Using the FID Detector

1. Connect the calibration gas standard to the sample inlet at 10psi.
2. Set the Valve Oven temperature to 90°C.

3. Ignite the FID.

4. Set anisothermal Column Oven temperature program as follows:

Initial Temp Hold Ramp Final Temp
200°C 500 0.00 200°C

. Type in an even table as follows:
Time Event
0.00 Zero
0.050 G ON
1.5 G OFF

Ln

6. Set the FID gain to MEDIUM.
7. Start the analysis by hitting the spacebar on the computer keyboard.

8. InPeakSimple, input the retention windows to identify the individual hydrocarbon components (methane,
ethane, propane, butane, etc).

9, Calibrate the individual hydrocarbon peaks.

10. This instrument is plumbed for backflush. This gives the user the option to set the valve program to
backflush the heavier hydrocarbons after the desired peaks have been separated. Forinstance, if your
application required separation of hydrocabons up to C,, you could sct the valve to backflush after the
elution of the C, component(s), and all the heavier hydrocarbons would together produce one large peak.



POPULAR CONFIGURATION GCs
Mud-Logger

. Fie Edit View : ﬁcqumun Hdp =

Expected Performance

CCD Noise

ZH@BnEE[ i SR MR AASPRARS 38
1 03% ETHAME STCCD NOISE RUM
1000 [ANGLA0n1 4 CHRIDEFAULT COM i
Column; 1m Hayesep-D
Carrier: Air @ 10mL/min
A | Air make-up = 100mbL/min
40UV
QT\
G ? {Temperature program:
= intial  Hold Ramp  Final
lsoc  5.00 0.00  80C
CCD noise level = approximately 40V from peak to peak |
-t'uaﬂ Loy g -
“jris sy
=000 s
FID Noise

Coiumn: 1m Hayesep-D
Carrier: Helium @ 10mL/min
FID gain = High

FID temp = 150°C

FID ignitor = -400

Valve temp = 80°C

Temperature program:
Initial Hold Ramp Final
80°C 5.00 0.00 80°C

U'le\- .ﬁx:qmﬂ.mﬂ

Fle Ed"t
CoWd BBE(T23 45 p finfafaifafafnfalfmfan it b
#1000 PPy CfFID NOISE RLWN ]
1.000 [A13440217 CHRUDEAULT GON i
100V |
Py |
E
(8 = — —

ol

FiD noise level =

approximately 100uV from peak to peak

$IVTE]
3.000




POPULAR CONFIGURATION GCs
Mud-Logger

Expected Performance

Factory Test Run of a Standard Mud-Logging System (FID and CCD)

B oeaenT f i T e
File Edit MView Acquisition Help

DEE@ & BE 12248/ fafnfaimfafafaifafan it

}N*.TUR&?_GAS e CHAMMEL 1 I I
3500000 [T MUGH G0 2. F ALY SO |
_ g Backflush
& E . a at 1.5 minutes
8 R - S I
& , AR &
# '\ o
il W =
-250.000

! CHANMEL 1 i |
2550003 S120RTAT CHRIDEFAULT COK

| .

Column: 1m Hayesep-D Temperature program:

Carrier: Helium @10psi initial Hold Ramp Final
Sample: Natural Gas standard 2000C 5.00 000 200°C
Method: Valve injection

FID H2 =30, FIDair=6 Events:

FID temp = 150°C Time Event

FID ignitor =-750 0.000 Zero

FID gain = MEDIUM 0.050 GON

Valve temp = 90°C 1500 GOFF

Results:

Component Retention Area
Methane 0.291 6664.1410
Ethane 0.366 2770.3785
Propane 0483 2762.6450
G4 0.591 1754.0118
N-C4 0.750 1913.8415
Pentanes 1.241 1580.4310

Total 17445.4488



POPULAR CONFIGURATION GCs
Educational TCD

System Overview

Your educational TCD GC is configured on the compact 310 chassis. It is equipped with a TCD

Detector, a temperature programmable Column Oven, a 3” Silica Gel packed column, Electronic Pressure
Control (EPC) for carrier gas, On-column Injector, and a built-in, single channel PeakSimple Data System.

The model shown below is equipped with optional Fast Cool-down fans.

N
AR

Fast Cool-down Fans

TCD Detector

Column Oven with
3’ Silica Gel Column
inside

TCD Filament
Current Switch

TCD carrier gas outlet

On-Column Injector

TCD Detector temperature setpoint
Regulator

The TCD Detector is located inside its own oven, mounted on the right rear of
the Column Oven as shown above. Its temperature is factory preset at 100°C. but it
may be heated up to 130°C by adjusting the trimpot with the small blade screwdriver
atiached to the front right corner of your GC. The trimpot looks like a small brass
serew and is located inside the labeled hole on the top edge of the front control panel.

The TCD Detector requires helium to operate, which must be supplied by a gas cylinder and regulator.
The helium cylinder pressure is normally set at 30psi, which is 10-20psi higher than the column head pressure.

Helium gas
cylinder




POPULAR CONFIGURATION GCs

Educational TCD
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. Click on the Zero button to the left of the chromatogram window in PeakSimple to

General Operating Procedure

. Check to make sure that the TCD filament current is switched OFF. Plug in and turn on your GC. Allow

the TCD detector oven to reach temperature (100°C) and stabilize. With the “Display Select™ switch in the
UP position, press on the TCD Temperature Actual button on the front control panel to read the TCD cell

temperature.

. The carrier gas head pressure is preset at the factory to 10mL/min for the Silica Gel column. Look on the

right side of the GC for the carrier pressure that correlates to a flow of 10mL/min. Because different
columns require different flow rates. the carrier head pressure may be adjusted by the user with the trimpot
above the “CARRIER 17 buttons. For this GC, carrier cylinder pressure is normally set at 30psi, which is
10-20mL higher than the column head pressure. The column head pressure is the pressure developed by

the carrier gas as it flows through the analytical column.

. Make sure that the setpoint and actual pressures are within 1psi.

. Damage or destruction of the TCD filaments will occur if current isapplied in the absence of flowing carrier

oas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD filaments. The carrier gas outlet tube is located on the outside of the Column Oven on the same
side as the detector. Place the end ofthe tube in liquid and observe (a little spit on a finger can suffice). If
there are no bubbles exiting the tube, there is 2 flow problem. DO NOT turn on the TCD current if carrier
gas flow is not detectable. A filament protection circuit prevents filament damage if carrier gas pressure is
not detected at the GC. but it cannot prevent filament damage under all circumstances. Any lack of carrier

gas flow should be corrected before proceeding.

_ With the TCD filaments switched OFF, zero the Data System signal. Switch the filaments to LOW. The

signal’s deflection should not be more than 5-10mV from zero for a brand-new TCD detector. Any more
than a 5-10mV deflection indicates partial or complete oxidation of the TCD filaments; more deflection
means more oxidation. Therefore, it is a good habit to use the Data System signal to check the working

order of the TCD filaments.

. InPeakSimple, set an isothermal Column Oven temperature ramp program as follows:

Initial Temp.  Hold Ramp Final Temp.
80.00 7.00 0.00 80.00

zero out the Data System signal. Hit the RUN button on your GC or hit the spacebar
on your computer keyboard to begin the run. You may also open the Acquisition
pull-down menu and select Run, but this gets difficult unicss you have a partner,
since your hands are occupied with the sample syringe.

| Auto Zero
button

S| B

. Using the 1mL syringe supplied with your GC, inject sample into column through the On-Column Injector.



POPULAR CONFIGURATION GCs
Educational TCD

Expected Performance

Every compound possesses some degree of thermal conductivity and therefore may be measured with a
TCD detector. TCD detectors are most often used with helium as a carrier gas because of helium’s high
thermal conductivity, but other gases such as nitrogen, argon, or hydrogen may also be used as a carrier gas. A
TCD detects all molecules in concentrations from 100% down to around 100ppm, and is especially useful for
measuring inorganic gases like O, Nz, CO& COZ.

TCD Detector Noise

CPEO & %BE 12348

ihec 1ooapPN STTED I
: 0190 23437607 CHRIDEFEULT.OON i

Column = 1m Silica Gel
Carrier = Helium at 10mU/min
TCDcurrent= LOW

TCD Temp = 100°C

Noise Level = Approximately 20uV from peak to peak

Temperature Prﬂgram: '-é"!u b o il BEERS) _;'anﬁqnf""—\"a S — st . M M_‘: :
Iniial Hold Remp Final = o
8°C 1000 0.00 80C | 9
i ] e'“ }. .
AN TN f2opv
| &ii
| 3 L]
| -0.a00 s i
i vl _] :-;c]'p'l Il
R SNE ; T P ’ TR L= s

| Factory test run of an
. Educational TCD GC

Column = 1m Silica Gel

Carrier = Helium at 10mL/min
Sample = 0.5¢c 10,000ppm CO,
TCD current=LOW

TCD Temp = 100°C

[l

|

‘_ o ; . Temperature Program:

| : |55 iR . Iniial Hold Ramp Final
' e 80°C 700 000 80C

o

RESULTS:

Component Retention Area
QZN2 0.450 1252.9980
co2 2.500 13.6450

Total 1266.6440



POPULAR CONFIGURATION GCs

Educational TCD

TCD Room Air Analysis

Column: 3’ Silica Gel

Carrier: Helium at 10mU/min

Sample: 0.5cc room air,
direct injection

TCD current: LOW

TCD temperature; 100°C

Temperature Program:
Inital Hold Ramp Final
80°C 400 000 80°C

Results:

Component Retention
O, N, 0.716
CO:Z 2.766

Total

Expected Performance

I&E COROOEAFTCO 1

1.200 | A %0581 0 CHRIDEE BULT CoN

The CO, content of the room air analyzed is approximately 350ppm.

] |
B
|
o t
&
i
t..
| g
) A, i /-’_\\‘
G500 ;
RIS ca] I
e e . 4poo
Area
1021.3830
1.5060
1022.8880
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Educational TCD

Suggested Class Experiment: “Waiting to Exhale”

CO, is a natural by-product of human respiration. Our lungs get oxygen when we inhale and release
CO, when we exhale. When we hold our breath, the concentration of CO, increases. Inthis experimental gas
chromatography analysis of human breath, the students will supply the samples. They will exhale into and trap
their breath in the syringe, then it will be injected into the Educational TCD system and analyzed for CO,
concentration. Have a contest for the highest CO, concentration: the student with the most CO, in his or her
breath will win. Whomever passes out is disqualified!

1. Follow steps 1-4 of the General Operating Procedure.

2. In PeakSimple, set an isothermal Column Oven temperature ramp program as follows:

Initial Temp.  Hold Ramp Final Temp.
£0.00 4.00 0.00 80.00

3. Locate the 3mL (3¢c) syringe supplied with your GC, remove its needle, and give both parts to a student.
Instruct the student to exhale into the tip of the syringe while pulling back on the plunger. Students need not
touch the syringe with their mouths for it to work. Fill the syringe completely, then replace the needle. Depress
the plunger until the syringe contains 0.5mL of breath.
NOTE: For sanitation concerns, it may be prudent to have one new, sterile syringe for each participating
student. Sterile 3mL syringes complete with needles may be acquired for about $0.18 each from:
VWR (800-932-5000):
BD-309587  Syringe-Needle, 3mL Sub-Q 266 5/8 Luer-iok™

4. Click the Auto Zero button in PeakSimple, then press the RUN button on your GC or the spacebar on
your PC keyboard to begin the run.

3. Inject sample into the On-Column injector.

6. Save and print the resulting PeakSimple chromatogram with the student’s name for the sample identification.
Typical results are about 12-14 area counts per 1% of CO,,.

7. Repeat steps 2-3 for each student. Compare chromatograms to find the winner.

Exampie TCD Breath Analysis I BEIE]
Sic E6% Miow Acewrition delp =

Column: 3’ Silica Gel BoBS EINEE 23 4

Carrier: Helium at 10mL/min B L :

Sample: 0.5¢c human breath, g E

direct injection !
TCD current LOW {
TCD temperature: 100°C

Temperature Program: & | %

Inital Hold Remp Final S 1 5.

80°C 2400 000 80°C = ! &

Results: | - [\

Component  Retention Area ’j /N

O, N, 0.700 1378.4740 ‘ ‘ - -~ [
co, 2.700 61.9540

2

Total  1441.4280




POPULAR CONFIGURATION GCs
Gas-less™ Educational

System Overview

Your SRI Gas-less™ Educational GC is equipped with a Catalytic Combustion Detector (CCD). built-
in Air Compressor , temperature programmable Column Oven, Haysep D packed column, On-Column Injector
and built-in, single channel PeakSimple Data System. and optionally, Fast Cool-down fans. Itisdesigned to
teach the principles of Gas Chromatography without the expense and safety hazards of compressed gas

cylinders.

g AT

AR
WA

g

CCD Detector

Column Oven

3’ Haysep D Column

On-Column Injector

The CCD is about as sensitive as a TCD, but has the hydrocarbon selectivity of an FiD. It operates on
air alone, which is supplied by the built-in Air Compressor at around 12psi. If you chose optional fast cool-
down fans, they will automatically reduce the Column Oven temperature at the end of an analysis to the initial
temperature in less than five mimtes. Most isothermal applications don’t require fast cool-down fans; in these
cases. the oven lid is simply manually raised for cooling.



POPULAR CONFIGURATION GCs
Gas-less™ Educational CCD

General Operating Procedure
1. Connectyour GC to your Windows PC with PeakSimple installed. Plug in your GC and turn its power on.

2. Setthe Column Oven temperature to 130°C in PeakSimple as follows:
Initial Temp Hold Ramp Final Temp
130.00 10.00 0.00 130.00
Inanisothermal operation like this, the Hold period determines the length of the analytical run.
NOTE: The Haysep D packed column is standard for this GC system because of its separation
qualities and durability. To avoid possible damage to the packing, do not program your Column Oven
to heat above 150°C.

(V8]

. Let the system stabilize for at least 10 minutes, allowing the CCD detector to adjust to the increase in
temperature.

4. Click on the Zero button to the left of the chromatogram window in &
PeakSimple to zero out the Data System signal. Otherwise, the signal : Auto Zero
starts out at 1000 millivolts. Press the RUN button on your GC or the 8 - button |
spacebar on your computer keyboard to begin the run. | Q

5. Inject sample into the On-Column Injector. A 1uL 1000ppm methanol/acetone sample is the factory test
standard for this configuration.

Column Notes

e,
)

Hayesep D packed columns are useful for analyzing gases
and low molecular weight compounds such as alcohols.

aldehydes. and ketones. For heavier molecular weight i "
liquids, use a 30m or 60m MXT-1 capillary column. 30m MXT-1.53mm _ -¢apillary column

i

e iisgen e



POPULAR CONFIGURATION GCs
Gas-less™ Educational CCD

Expected Performance

The CCD Detector in your Gas-less™ Educational GC is mounted on the wall of the ColumnQOvenina
brass housing. It consists of a tiny coil of platinum wire embedded in a catalytic ceramic bead. This catalytic
ceramic bead is housed in aplastic shell. A 150 milliamp current heats the bead to around 500°C. The CCD
s maintained in an oxidative environment by the air being used as a carrier gas. Whena hydrogen or hydrocarbon
molecule impacts the hot bead., it combusts on the surface, raising the temperature and resistance of the
platinum wire. This change in resistance causes the CCD Detector output to change, which produces a peak.

CCD Detector Noise Run  EESEESmmmsssey

IFie Edk Vi fowsdon fiob = |
'CESRg &8 %EBE 12348 |
| i

Column = 1m Hayesep D st 050 Pt WETEED HOISE 20N | I 3
Flow = 37mL/min <900 [ FEiDEa04 CHRDEF AULT.CON I 1
Isothermal Temperature Program: i
Initial Hold Ramp Final f
8C 1500 0.00 80°C |
Enlarged for clarity I 8 i
| = |
Zi Noise level = approximately 50pV from peak to peak
Baseline 3 '
- sl -1200
, — —
i S ! GB—?J T i e e ey S G ) i 1000 ’
Factory Test Run of a Gas-less™ Educational GC System
ST T . ' -5 cojumn = 1m Hayesep D
EeU@@nNE T:3ii R MM Mmoo 8| Flows 37TmU/min
D200 roume e T ; Sample = 1yl 1000ppm Methanol/Acetone
| §.000 [Fi34D8a" CRRUDECALILE CON ] 7 ot ap -
P 1 mix; direct injection
i |sothermal Temperature Program:
] ! Initial Temp Hold Ramp FinalTemp
;_ 5 ; 1 130°C 10.00 000 130C
(. : ,
: 3 \ i
| Ao o RESULTS:
| [ Component  Retention Area
T A Methanol 0.816 13.2030
arvay il Acetone 2.000 6845.3570
Total 6958 5600

Negative water peak



PCOPULAR CONFIGURATION GCs
BTEX & Environmental

System Overview
Your SRI Environmental GC is equipped with everything you need to generate certification quality data for
EPA Methods 8010, 8015, 8021, and others, Tt is configured on the 8610C chassis, and includes a built-in
Method 5030 or 5030/5035 compliant Purge & Trap for concentration of liquid and/or soil samples. Also
included is an on-column injector for direct liquid injections. To detect commonly targeted pollutants, the
Environmental GC uses a sensitive, non-destructive PID detector in series with a combination FID/DELCD
detector. The PID detector responds to compounds whose ionization potential is below 10.6¢eV, including
aromatics and chlorinated molecules with double carbon bonds. The FID detector responds to the hydrocarbons
in the sample. The DELCD selectively detects the chlorinated and brominated compounds in the FID exhaust.
Since the sample is pre-combusted in the FID flame, the DELCD is protected from contammation due to
hydrocarbon overload. The PID is blind to certain
compounds which can cause interference, such as
methanol, and is recommended by the EPA. Peaks
on the FID chromatogram that are obscured by
the methanol peak are visible on the PID
. o chromatogram. Benzene and carbon
NS .
S tetrachloride are common target analytes
which co-elute. The FID responds to both.
The PID responds only to benzene, while
the DELCD responds only to carbon
tetrachloride.

The BTEX GC is the same as the
¥ — PID Detector Environmental GC without the
: DELCD detector. Both systems have
FID/DELCD a “whisper quiet™ internal air

Cembo compressor and can be used withan
Detector H,-50 hydrogen generator for

—
Method 5030
Purge & Trap

tankless ficld operation.
On-Column injecior 60m Capillary Column }i\:ﬁsthgd&S%? 10 Port Valve in
inside Column Oven 9 P thermostatied
valve oven

Carbosieve™ trap
itioned for shippi
Method 5030/5035 Purge & Sk S T
Trap on an Environmental GC GR traps are behind
the fan, under the
protective grilf}

Codling fan

5035 Purge Head with
Thermostatied Sieeve
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PCOPULAR CONFIGURATION GCs
BTEX & Environmental

Theory of Operation

PURGE| INJECTION. T
b DETECTOR |
i PORT | DETECTOR |
P i _t

The versatile BTEX/Environmental GC systems can analyze gas, water, and soil samples. Four types of
injection techniques can be used: purge and trap, direct liquid injection, TO-14 type gas sample concentration,
and manual headspace injection. The Purge & Trap concentrator may be used for gas, liquid, and solid
samples. For liquid samples up to SuL and gas samples upto 1mL, direct injections can be made through the
on-column liquid injection port. Larger gas samples can be injected through the syringe port on the 5030/5035
Purge & Trap concentrator or the septum port on the 5030 model.

Purge & Trap Injection

Designed for compliance with EPA Methods 5030 and/or 5033, the Purge & Trap system extracts volatile
organic compounds from the sample solution in the test tube or VOA vial. Usinga dual trap design plumbed
with a 10 port gas sampling valve, the Purge & Trap system enables the use of two separate adsorbents with
different desorption temperatures for a wide range of target analytes. Each trap is heated independently.

10 Port Valve in LOAD 10 Port Valve in INJECT
Carrier Carrier
Column y /\i\ ?7,2@% > Vent Column e ‘E’»?\L&_&\\—}Vent
& R % RS
Purgegas — ‘X1TRap7 7 Purgegas— ‘¥1IRaps Y
J N (OFF) O /
V. 7 e

e
2

When the valve is in the LOAD position, the sample-laden purge gas from the test tube or VOA vial is directed
through the two traps, then out to vent, loading the traps with sample at the adsorption temperature. The traps
are heated to their respective desorption temperatures shortly after purging is stopped. When the traps reach
desorption temperature, the valve is actuated to the INJECT position. In this position, the carrier gas backflushes
through the traps 1n the direction opposite to the sample-laden purge gas flow with which the traps were
loaded. The carrier gas flow sweeps desorbed analytes into the column, while flow from the purge vessel is

stopped by the PeakSimple data system.
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POPULAR CONFIGURATION GCs
BTEX & Environmental

Theory of Operation continued

Direct Injection

Direct injection with the BTEX or Environmental GC systems is simple and straightforward. This method
uses the on-column injector to inject the sample directly into the cohimn, bypassing the entire purge and trap
injection system. Sample size for this technique is LmL or less for gas, and 5uL orless for liquid. No event
table is necessary, just a temperature program for the column oven.

Gas Sample Concentration

In this TO-14 type technigue, a large volume of gas is pushed by syringe or pulled by vacuum pump
through the dual traps. The trapped analytes are then desorbed and swept into the column. Ifthe GC has the
optional vacuum pump interface, the pump is plugged into it and may be controlied by the PeakSimple data
system using an event table.

Room Temperature Manual Headspace Injection

When making headspace injections with the BTEX or Environmental GC systems. the sample is equilibrated
offline at room temperature. Itis then injected by syringe into the on-column injector. This technique is
basically the direct injection of small gas samples.

VOA vial and 1mL syringe with 27gauge
needle for manual headspace injections
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POPULAR CONFIGURATION GCs

BTEX & Environmental
General Operating Procedures

EPA Style Purge & Trap Injection

This technique is limited to volatile organic compounds that purge efficiently from water at ambient

temperature and VOC’s that are purgeable from soil at 40°C. Sample preparation depends on the sample
type, concentration, amount, etc. The third edition of SW-846 from the EPA is accessible on the Internet. Go

to http:/fwww.epa.goviepaoswer/hazwasteitest/main.htm and click on the 5000 Series link to download
Methods 5030 and 5035. Also, please see the “Sample Preparation” page in the SRI Purge & Trap manual
section (available online at www.srige.com).

1. The purge gas flow is controlled with an Electronic Pressure Controller (EPC). Set the purge flow
(measurable at the trap vent at the rear of the purge and trap system); 40mL/min is a typical purge flow. The
pressure required for 40mL/min through a single Tenax trap is printed on the right panel of the GC. NEVER
use hydrogen as a purge gas. SRIrecommends helium purge gas.

2. TRAP 1 is in the lower position in the Purge & Trap, and TRAP 2 is in the upper position. The trap
temperatures are factory setat 200°C for desorption. For adsorption temperatures, trap 1 is set at 30°C and
trap 2 is setat 35°C. Trap heating will be controlled by the timed Event Table during the run. NOTE: the actual
temperatures typically run 5°C over the setpoint. Seethe instructions in the Purge & Trap section of the manual
for adjusting the trap adsorption temperature settings.

3. Load or create an Event Table that is appropriate to the sample to be analyzed, or that is designed for
compliance with a particular EPA Method (such as Epap&tic.evt for a single trap or Epap&t2c.evt for dual
traps included in version 2.66 or higher of the PeakSimple software).

4. Load or create an appropriate Temperature Program for the column oven. Epap&t.tem is a typical Purge
& Trap temperature program file provided with the PeakSimple software for your convenience. Asa basic
rule for good separation using the purge and trap injection technique, the column oven should be kept at40°C
for 10-12 minutes: 6 minutes while the sample is purging, plus 4-6 more minutes while the traps heat and the
gas sampling vatve (in the INJECT position) transfers the sample to the column.

Epap &i1c.evi Dual Trap Event Table (E pap&t2c.avt)
EVENT TIME| EVENT | EVENT FUNCTION EYRRY LMy BN EYENT FUNCTION
0.000 ZERQ Zero signal
0.100 E "CN" Purge "ON"
0.100 E"ON" Purge "ON'
5.100 E"OFF" Purge "OF F" i g e OFF
5.000 C"ON' Trap 2 cheat) "ON" 8.000 cUoN | Tap2 (Cabosiewe) heat " ON'
8.100 F"ON" | Tiap 1 (heat)"ON" Epap&tic.evt is 5.000 GO vake In“IECT'
: .100 FON" Trap 1 "ON"
8.000 G"ON" | Vahe in"INJECT" designed for one trap, : e st e
12000 E "ON" P " e Whiie Epap&lﬂc.evt 5.0 #EREE Vahe InLOAR
urge "ON ; 10.000 GrON Vake in"JECT'
- is for two traps. :
13.000 G "OFF" Vahe in"LOAD™ 12.000 Eon Purge "ON'
13.100 B"ON" | Trap set"ON" (+30°C) 13.000 GTOFF WValve in"LOAD*
14.200 F"OFF" Trap 1 "OFF" 13.100 B "ON" Trap set"ON" (+30°C)
15900 F "OFF" Ti "OFF"
15050 E"OFF” Purgs"OF F" o
15.000 E"OFF" Purge " OFF"
15.100 G "OFF" Trap 2 "OFF" 15.100 G OfF Trap 2 "OF F*
15200 B"QFF" | Trap set"OFF" (+0) 15200 B "orE" Tiap set "OFF"
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POPULAR CONFIGURATION GCs
_BTEX & Environmental

General Operating Procedures continued

Direct Injection
This technique is useful for volatile and semi-volatile compounds, but is typically used for dieseland other

compounds that don’t purge well from aqueous or soil samples.

1. Perform Detector Steps 1-4, then proceed with step two below.

2. Load or create a Temperature
Program for thecolumnoven. Youcan | ~™ ==~
create an isothermal or ramped
temperature program; deciding which
to use depends on the sample being
analyzed, and the goals of the analysis.
There are several preset .tem files
mmncluded with version 2.66 and higher
of the PeakSimple software. If the
analysis requires the column to be hotter
than 150°C, itis best to disconnect the
column from the PID detector. The
PID represents a cold spot in which
higher boiling analytes will become clat B
trapped, never making ittothemuch | £ marnmmmon SRS
hotter (300°C) FID for detection. 3

Also, when the column is heated over

150°C, stationary phase bleed will
adhere to the PID lamp window. The higher boiling analytes and the column bieed will create a coating on the

PID lamp window that will interfere with the analysis. The PID lamp window may be cleaned in the event of
contaminant condensation, but the resulting change in the PID response usually recuuires detector recalibration.
To bypass the PID, turn its lamp current OFF, then disconnect the column from the detector by loosening the
swagelok-type nut from the bulkhead fitting in the column oven wall. Remove the tubing that connects the PID
exit to the FID/DELCD by loosening that nut. Place the end of the column into the FID/DELCD bulkhead
fitting instead and tighten it in place.

3. While the detectors are heating and stabilizing, prepare a diesel sample by shaking a known weight of the
sample with a measured volume of methylene chloride for 1-3 minutes. Allow any particulates to settle before
drawing the sample into the syringe.

4. Use a clean, standard glass 10uL. GC syringe with a 26 gauge needle. Fill the syringe with sample, and
work out any air bubbles. Depress the plunger until 1pL. of sample remains in the syringe.

5. Zerothe data system signal by clicking on the Auto Zero button on the left side
of the chromatogram window. Or, make the first event ZERO (attime 0.00)in  ||&
your event table. 8+—Auto Zero button
6. Begin the analysis by pressing the RUN button on the GC or the computer  |1&
kevboard spacebar,
7. Quickly and smoothly insert the syringe needle into the on-column injection port, and immediately depress
the plunger.

The column is inserted directly into the FID, bypassing the PID.
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POPULAR CONFIGURATION GCs
BTEX & Environmental

General Operating Procedures continued

Gas Sampile Concentration

This TO-14 type technique injects a gas or air sample using either a large syringe (60mL) or a Tedlar bag
{1L). A vacuum pump may be used to pull the sample through the sorbent traps. The amount of sample that
may be loaded onto the trap(s) is limited only by the capacity of the trap’s adsorbent packings. The more gas
that 1s loaded onto the traps, the lower the detection limit will be.

The volume and flow of sample and carrier gas that can be fed through the traps without adversely affecting
the resulting chromatogram is known as the breakthrough volume. Different adsorbents have different
breakthrough volumes. A breakthrough volume value is determined by the sample and target analytes, the
adsorbent packing (pore size, natural affinities for certain compounds, ete.), the diameter of the trap, and the
temperature at which the traps are loaded. Therefore, a given trap will have different breakthrough volumes in

different analytical conditions.
The SRI Purge & Trap concentrator is shipped with a blank trap and a Tenax™-GR frap installed, and a

Carbosieve™ S-III packed trap for optional user installation. The Tenax-GR trap has a low affinity for water,
making ita good adsorbent for the purge and trap technique. The Carbosieve has a high affinity for water, and
is generally highly retentive; SRI recommends using it only when vinyl chloride is among the target analytes.
The blank trap is provided for the user to pack with the adsorbent of choice.

Using asyringe:
1. Perform Detector Steps 1-4. While the detectors are heating and stabilizing, load or create an event table.

The valve (Relay G) must be in the LOAD (G OFF) position while analytes arc being adsorbed onto the traps.
The valve is rotated to the INJECT (G ON) position during desorption. See the valve diagrams on the EPA
Style Purge & Trap Injection Theory of Operation page. Relays C (trap 2) and F {frap 1) activate the traps’
heat. Therelays may also be activated by the operator during an analysis: open the Relay/pump window and
click on the letter corresponding with the relay you want to tumm ON or OFF.

2. Inject the sample into the 5030 septum nut or the 5030/5035 syringe port. Alternatively, the 5030 purge
head may be removed by unscrewing nut b, allowing the sample to be injected directly into the bulkhead fitting
on the front of the valve oven duct {see the photo, below right). Depending on the syringe you're using, you
may have to make an adaptor for injection into the purge head.

3. Load or create a temperature program for the colummn oven. Once the detectors are activated
and stabilized. begin the analysis.

Using a vacuum pump:
1. Connect the vacuum pump to the trap vent on the backside of the valve oven.

2. Ifyour GC has the optional vacuum pump interface installed, phug the vacuum pump into that
power socket on the left panel of the GC chassis. Enter events in the event table to turn the
vacuum pump power ON and OFF as desired during the analysis. If your GC doesn’thave the
vacuum pumnp interface, plug the vacuum pump into a wall outlet instead, and control it’s ON/
OFF switch manually during the analysis.

3. Once the detectors are activated and stabilized, connect the Tedlar bag to the purge head septum nut (a),
or remove the purge head and secure the Tedlar bag to the bulkhead fitting in the front valve oven duct. [To
remove the purge head: loosen the nut (b) that secures the purge head to the bulkhead fitting in the valve oven
duct wall. Loosen the nut () that secures the purge head to the purge gas tubing. Leave the second fitting (€)
on the purge gas tubing and slide the purge head off of the tubing. See the photo, above right.] Load orcreate

a temperature program. Begin the analysis.
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POPULAR CONFIGURATION GCs
BTEX & Environmental

General Operating Procedures continued
Room Temperature Manual Headspace injection

1. Tn this technique, the sample is equilibrated offline. Transfer sample intoa clean VOA vial until the vial is half
full. Let itset at room temperature for 30 minutes to an hour to equilibrate.

2. Load or create a temperature program for the column oven.

3. Perform Detector Steps 1-4, then proceed with the following steps.

4. Fillaplastic medical syringe with the vial headspace. Inject the sample into the GC injection pott, bypassing
the Purge & Trap concentrator.

5. Begin the analysis by pressing the RUN button on the GC or the computer keyboard spacebar.

Disposable, sterile 1mL syringes are available in packages
of 100 from Aldrich under catalog number Z23072-3. 27 gauge

40mL VOA vials are availabie from Eagle precision glide needles in packages of 100 are available under
Picher under part number 140-40C/EP/ES. catalog number Z18237-6.

1-800-331-7425 1-800-558-8260

Detector Steps

1. With the black plastic lamp hood in place on the PID lamp, turn ON the PID lamp current with the flip
switch on the GC’s front control panel. Set the PID current to 70 (= 0.70ma) by adjusting the appropriate
trimpot setpoint on the top edge of the GC’s front control panel. (Each detector zone is labeled on the front
control panel under DETECTOR PARAMETERS, with the corresponding trimpot setpoint directly above it.)
The larnp should emit a violet-colored light visible down the center ofthe tube. Setthe PID temperature to
150°C. Setthe PID gainto LOW.

2. Turn on the air compressor using the switch on the GC’s front control panel. NOTE: since most ambient air
will not cause interference with the DELCD, the built-in air compressor is appropriate for most analytical
situations. However, if you are doing analyses in a lab environment with low levels of halogenated compounds
in the ambient air, they can cause the DELCD to lose sensitivity, and fluctuations in the level of organics in
ambient air may cause additional baseline noise. To avoid this, use clean, dry tank air.

3. Setthe FID hydrogen flow to 25mL/min, and the FID air flow to 250mL/min. The pressure required for
each flow is printed on the right hand side of the GC chassis. Ignite the FID by holding up the ignitor switch for
a couple of seconds until you hear a small POP. Ensure that the flame is lit by holding the shiny surface ofa
chromed wrench to the tip ofthe collector electrode; when the flame is lit, you should be ableto see condensation
on the wrench. Set the FID gain to HIGH. If the peaks are more than 20 seconds wide at the base, use the
HIGH FII TERED gain setting. Ifyou wish to keep the ignitor ON to prevent flameout, set the ignitor voltage
10 -750 by adjusting the trimpot on the FLAME IGNITE zone.

4. Tfa DELCD detector is instailed, set the DELCD reactor temperature setpoint to 260 (=1000°C) by
adjusting the appropriate trimpot. The DELCD will heatto around 254 and stabilize; the protruding end of the
ceramic tube will glow bright red in the heat. Set the DELCD gainto LOW.

5. When the system has reached temperature and each detector 1 displaying a stable signal, begin the analysis
by pressing the RUN button on the front of the GC or the spacebar on the computer keyboard.
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POPULAR CONFIGURATION GCs
BTEX & Environmental

Expected Performance - Purge & Trap Cornicentrator
These chromatograms were produced from a 10ppb BTEX Plus standard analyzed in 2n Environmental
GC equipped with a Method 5030 Purge & Trap injection system. The simultaneous display of all three
detector channels illustrates their relative selectivity. The chromatogram on the next page shows the carry-over
from the Purge & Trap concentrator on the subsequent analyss.

- S !{Eb :
DER@F S nEs 12 34 &

§3L 108 PPE 9TED )
354,000 | ALTAR S AT CHEUDEFAULT.LOM | g i
2 : @ 3 =
FID gain: HIGH E g ¥ % u g g $
FiDtemp:150°C  [& 3 R7 e g % :%
FiDignitor 400 5 1 tes h P .0
-25600 '
L 102 PPH BT PD | |
178.600] A S4SPTEEL CHREDEFAULT.CON {
g
PID gain: LOW [ g @ e pE
PID current: 70 S T g F § 1%
_ I 4
PIDtemp: 150°C = i F Ak g é g
L ik &
-1ZE00 —
vl 100 PPN BTEHELCS I I
122,000 [ ROA4507 GO2.CHFTOEF AL G ON [
2
DELCD gain: LOW & > E
DELCD reactor, 260 (8 = & &
DELCD temp: 150°C & i I 3
-TREQ0 i
11310 : L Eidel
’u?m..... T irey w " s o v i 22008
FID Resuits: PID Results: DELCD Resuilts:
Componeni  Retention Area Component Retention Area Component Retention Area
Solvent 10.616 §21.0890 Benzene 15.016  311.1630 TCE 15.883  192.1020
Benzene 15.033  1019.9260 TCE 15.866  258.4360 PCE 18.683  209.226C
TCE 15.883 441 8700 Toluene 17.560 333.2160 Bromoform 21.150 126.2820
Toluene 17.683 1195.3320 PCE 18.683 233.4780 Total 527.6100
PCE 18.700 383.3770 ethyl Benzene 20.000 343.8640
Ethyl Benzene 20.016 1247.3420 QOrtho Xyiene 20.783 350.7040 Events {5030.evi):
Ortho Xylene  20.800 1258.9260 Bromoform  21.133 32.3470 Time Events
Bromoform  21.166 78.8350 Total 1883.3080 0.000 ZERO
Total 6546.8080 0.100 E ON({PURGE GAS)
5100 EOFF
6.000 CON({TRAP 2 HEAT}
6.050 F ON(TRAP 1 HEAT)
8.000 GON(VALVEINJECT)
12.000 EON
Sample: 1ul 100ppm BTEX Plus standard Temperature Program: 12.8300 B ON (BAKE)
dissolved in 10mL of water to yield 10ppb {Epapé&t.tem) 13.000 G OFF {VALVE LOAD)
of each analyte Initial Hold Ramp Final 14.900 FOFF
Method: 5030 P&T injection 40°C 10.00 10.00 180°C 15.100 COFF
Column: 60m MXT-VOL 152000 F QOFF
15.500 BOFF

Carrier: Helium @ 10mL/min
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POPULAR CONFIGURATION GCs

Expected Performance - Purge & Trap Concentrator

This chromatogram was produced from analyzing a water blank immediately after the analysis ofthe
BTEX Plus standard to show the Purge & Trap carry-over. The blank was run under the same conditions
{event table, temperature program, detector settings) as the sample. Acceptable carry-overisa contamination
level of 1% or 0.5ppb—whichever is lower—of an analyte (especiaily high boiling components), and isa
normal condition of operation. This 1% of contamination from preceding analyses should notbe significant
cnough to affect quantitation unless a very high concentration sample is followed by a very low concentration
sample. It is standard laboratory practice to run a blank after a high concentration sample. Tolueneisused as
a representative of the carryover in the Purge & Trap systemn; if the carryover level of Toluene is below 1% or
0.5pph on the PID chromatogram, then it will not affect subsequent analyses. (Note: the chromatograms are

magnified for carryover visibility).

B Sample: clean water blank [

,Ei!& F& \l’gw =
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heaTER BLANK [ED [ |
B4 (00 | AIZHAE TADS CHAIDEFAULT GON 1 1 =
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e L = 3 2 =
= F 2 % 3
+6.400
MATER BLANK [OD i ]
32000 [AN445°TREL CHRDERALL T CON [
E 2
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& f : E s )
& ail = & s e
~3.200 .
MYIATER BLAN [DECCD I |
2RO AASS P TOII CHVDERAJLT.CON [
Note: TCE is a contaminant in our faciory testing lab.
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3200
a[s]4] = ¥ Al
i3 10080 ann
FID Results: PID Results: DELCD Resuits:
Component Retention  Arez Component Rstention Area Component Retention Area
TCE 15.766 58.9100 TCE 16.750 58.1920 TCE 15.750  46.0340
Toluene 17.566 17.4000 Toluene 17.533 43400
Eihyl Benzene  20.033 51.8080 Ortho Xylene 20.850 20.8720
Ortho Xylene 20.833 91.5280 Total 609.1300
Total 218.7470
Determine the carryover level by comparing i
the areas of the two PID Toluene peaks S Eps (x represents the ppb
resulting from the sample and blank runs: 353x =40ppb concentration of the carryover)

x =0.1133ppb
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POPULAR CONFIGURATION GCs
BTEX & Environmental

Expected Performance - Direct Injection

This chromatogram is from an analysis of a diesel sample. The PID detector was bypassed, and the
column was connected directly to the FID detector inlet. The results are identifiable as diesel because it shows
the range of hydrocarbons that compose this fuel. A few retention windows are placed in the chromatogram

to show the approximate ranges of C , C,., C,., and C,.

il
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I

DESEL FUELEXH A0
2048.000 | ALUSIDE heDEFALLT. TON [
pres——r

[w]alm

AR ek
=I04E00 1
TRETTE s r'l'q ;'5
L e SR
Sample: diesel fusl #2 FID gain: HIGH Temperature program:
Methed: direct injection FID temp: 325°C initiel Hold Ramp Final
FID ignitor: 400 50°C  3.000 10.000 320°C

Column; 60m MXT-VOL

Carrier: helium @ 10mL/min 320rC 3000 0.000 320C
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POPULAR CONFIGURATION GCs
BTEX & Environm

Expected Performance ~ Manual Headspace Injection

To obtain the chromatograms below, 50ppb Japanese standard was placed into a VOA vial with water,
and allowed to equilibrate at room temperature for 45 minutes. The FID (top) chromatogram shows all the
components and the solvent. The PID (middle) does not detect the 1_1_1-TCA, while the DELCD (bottom)

does not respond to the solvent.
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Method: manual headspace injection initial Held Ramp Final
Column: 80m MXT-VOL 4¢C 2000 15000 220°C
Carrier: helium @ 10mU/min 2200C 1000 0000 220C
FID Results: PID Resulis: DELCD Resulis:
Component Reslention Area Component Refention Area Component  Retention  Area
Solvent 2416 290.1100 Sclvent 2183 227450 1_1-DCE 3833 63.1790
1_1-DCE 3.833 386100 1_1-DCE 3916 394070 T-1 2-DCE 4816 38.0780
T-1_2-DCE  4.833 343780 T-1 2-DCE  4.800 450050 C-1 2-DCE 5850 18.056C
C-1 2-DCE 5.966 1868020 C1 2DCE 5850 157380 1_1 1-TCA 5666 53.2210
1.1 1-TCA 6.683 296320 TCC 7.816 337270 TCGE 7.833 39.6800
TCE 7.850 234480 PCE 10.066 16.2780 PCE 10.083 20.8340
PCE 10.083 10.7560 Total 172.8000 Total 233.0580

Total 4486.5370
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

System Overview

Your SRI Multiple Gas Analyzer GC is pre-plumbed and ready to resolve H,, O,, N, Methane, CO,
Ethane, CO,, Ethylene, NOx, Acetylene, Propane, Butanes, Pentanes, and C, through C,. The basic
version of the Multiple Gas Analyzer GC has a TCD detector only. A TCD-HID detector combination
is also available. A third version, shown below, has a TCD, Methanizer, and FID.

10 Port
Gas Sampling Valve
and 1mL SampleLoop ¥ §

TCD Detector

Methanizer

Valve Oven FID Detector

3 Molecular
Sieve Column

Column Injector 8" Silica Gel
Column

Sample In
and Out

Column Oven

The Multiple Gas Analyzer #1 configuration allows you to obtain complete analyses of the fixed
and natural gases listed above with a single sample injection. This is achieved using a 10 port gas
sampling valve, a LmI sample loop, and two independent analytical columns—a Silica Gel packed column
and a Molecular Sieve packed column. The Silica Gel column is located in the Column Oven, while the
Molecular Sieve column. 1mL sample loop, and the gas sampling valve are located in the Valve Oven.
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Theory of Operation
10 Port Gas Sampling Valve Plumbing Connections

The Multiple Gas Analyzer #1 configuration uses two analytical columns and one 10-port gas
sampling valve to analyze hydrogen, oxygen, nitrogen, methane, ethane, propane, butanes, pentanes,

carbon monoxide and carbon dioxide.

10 PORT VALVE IN "LOQD;” RELAY G: “OFF"”

LOAD Position

A one-milliliter gas
sampling loop is connected to
the 10-port gas sampling valve.
When the valve is in load
position, the sample may be
flowed through this loop until
the moment injection occurs.

Carrier Gas LOAD
Malecular | | silica Gelin
Sieve in e Cdumn Oven P Demo[
Valve Oven |
3 Sample
Samplé 10 Port Gas  Out
Sampling Valve
INJECT Position
= 10 PORT VALVE IN “INJECT;” RELAY G: “ON”

o

At the beginning of the
chromatographic run, the valve
is actuated to the INJECT
position, depositing the loop
contents into the carrier gas
stream and directing it to the
two analytical columns,
connected in series through the
sampling valve.

**Column sequence is reversed while the flow direction remains the same**

e INJECT B
2 . : Molecular

Ca Gas
— o) | Sieacainl, | Seen |5 oo
Injector Valve Oven

(Retains CO. & (Separates
10 Port Gas 2
Sa ling ahe CZ-CBat 40°C) 02, N2 CHq_& [e-8]]
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POPULAR CONFIGURATION GCs
Muiltiple Gas Analyzer #1

Theory of Operation
10 Port Gas Sampling Valve Plumbing Connections Continued

The sample is deposited first into the Silica Gel packed column, at 40°C in the column oven, where
the ethane, propane, butanes, pentanes and carbon dioxide are retained. The remainder of the sample
containing hydrogen or helium (whichever is not being used as a carrier), as well as oxygen, nitrogen,
methane and any carbon monoxide, continues on to the Molecular Sieve column. During a
chromatographic run with the sampling valve in the INJECT position, the hydrogen or helium, oxygen,
nitrogen and methane components are the first to elute through the columns and into the detector. This
is due to the Silica Gel column’s long retention time at 40°C of C,, CO, and higher hydrocarbons. U nder
programmed temperature and event control using the data system, the sampling valve is actuated back
into the LOAD position immediately following the elution of the carbon monoxide peak.

Multiple Gas Analyzer TCD chromatogram
with temperature programming and sample valve rotation
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\r e = :
i Al LT PeakSimple temperature programming:
] Inizl Temp Hold  Ramp  Final Temp
Gas sampling valve rotates back inio the load position. 40:C 500 1500  220°C
220°C 1500  0.00 220°C

This reverses the sequence of the columns prior to the detector, and sends the components preparing
to elute from the Silica Gel packed column (ethane, propane, etc.) to the detector without passing them
through the Molecular Sieve packed column. At the same time, the Silica Gel packed column is
temperature ramped to promote the rapid elution of the remaining components.

Carrier Gas LOAD
v : : |
i -~ i
["Camier Gas 1> Molecular | - ) /! h\ 5
i : Sieve in Silica Gel in ‘D : ‘xl
. Injector \Gampetons)) | vaive Oven | | COuMn Oven) '*uem"
i i
| {Separates CO,,
i 19 Pt 30 C,-C, Hydrosarbons)

Sampling Valve
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POPULAR CONFIGURATION GCs

Multiple Gas Analyzer #1
ﬁ

Lad

6

General Operating Procedure

. Set the gas cylinder pressure 15-20psi higher than the head pressure (helium carrier). The carrier
head pressure used to generate the test chromatograms at the factory is printed on the right side of
your GC. Typical head pressure for a Multi-Gas instrument operating at 20mL/min is about 20psi.

. Damage or destruction of the TCD filaments will occur if current is applied in the absence of flowing
carrier gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet
BEFORE energizing the TCD. Labelled for identification, the carrier gas outlet is located inside the
Column Oven. Place the end of the tube in liquid and observe (a bit of spit on a finger can suffice). If
there are no bubbles exiting the tube, there is a flow problem. DO NOT turn on the TCD current if
carrier gas flow is not detectable. A filament protection circuit prevents filament damage if carrier
gas pressure is not detected at the GC, but it cannot prevent filament damage under all circumstances.
Any lack of carrier gas flow should be corrected before proceeding.

. Set the Valve Oven temperature to 90°C. (The Molecular Sieve column is in the Valve Oven.)

. Turn the TCD current to LOW. Ignite FID if present. Turn Methanizer to 380°C if present. Turn
HID current on if present.

_ Determine the elution time of ethane so that you can set an event program that will rotate the gas
sampling valve at the right time during the run. Ethane is the first peak to elute from the Silica Gel
column after the H,, O,, N,. CH,, and CO, which are separated by the Molecular Sieve column. Ifthe
valve is not rotated back to the LOAD position by turning relay G OFF prior to the ethane elution,
then the ethane and CO, will get stuck in the Molecular Sieve column.

Type in an Event Program as follows: 0.00 zero
0.1 Gon
0.3 Goff

This Event Progam will inject the sample loop contents into the Silica Gel column and then
immediately reverse the columns so the sample will not enter the Molecular Sieve column. In this

mode of operation, the elution time of ethane can be easily determined.

. Set the Column Oven temperature program as follows:
40°C hold 6 minutes then ramp at 10°/min to 200°C
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1
#

General Operating Procedure Continued

7. In PeakSimple, zero the Data System signal by clicking the Auto Zero button, then hit the
spacebar or the run button on your GC. Inject a sample that contains ethane into the Gas
Sampling Valve through inlet on valve oven (do not inject sample into the On-column Injector).

8. Revise the event table so that relay G turns OFF just before the ethane peak begins to rise from the
baseline. A typical event table for this GC is: 0.00 zero
0.05 G ON
5.05 G OFF

9. Ifthe H,, O,, N,, CH,, and CO do not elute from the Molecular Sieve column before the elution of
ethane, increase the Valve Oven temperature (which will increase the Molecular Sieve column
temperature) so that all peaks trapped on the Molecular Sieve column elute within the required time.
Or, hold the Silica Gel column temperature at 40°C for a longer time period to delay the elution of
ethane, allowing more time for the Molecular Sieve peaks to elute.
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Expected Performance

cakME
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Expected Performance

Factory Test Analysis of 1% Fixed Gas Standard on a TCD Multiple Gas Analyzer #1

| Glpesknt ' (TR ice Liotx
File Edit ¥iew #Acquizitior Help
TEE8 & =mE 1 =0 T ™ e
i;DEQ@;@H@;B Eijitii 2z = 4 M_é;%mﬂ%}h‘fﬁﬁﬂm\ﬁﬁéﬁﬂmsﬁ i |
the epED 88 STCD T
TCD current = LOW : 2000 | B ERGT T S chULT S04 con I
TCD temp = 100°C | 9F |
Valve Oven temp = 90°C | 3 |
= E
| 4 |
RESULTS:
Component Retention Area =
Hydrogen  0.816 04710 || Y
Oxygen 1383 149530 | ] Y P SR S
Nitogen 1700 1049.4940 | =% 5
Methane 3.333 9.4875 b % E)
co 4900  11.4460 | z 3 = R
‘alve Rotate 7.200 06460 | o] fi“; ot Ji i
i -, = i :
co, 8363 __13.8000 | i g { \ w _® |
i 4 - ol g % 3 1 ' ;
total  1100.2775 § e £ % § N
B Quw—v—e:\ﬁr :.:
b FIAl]
o e YR R ... 10008 |
Factory Test Analysis of Room Air & C-C, Hydrocarbons
on a dual-channel TCD-Methanizer-FID Multiple Gas Analyzer #1
el PealT i e
o Lt Wees Aconsiza lidn |
De@esmacr3is y M R[AARAINA D F[B |
| L RO AR T T FID Resuilts:
:ma.m:wmw:imm;uuw i Compenent Retention Area
O2iNzZ 1.650 4731.2140
" Methane 3866 2008.6000
b w . 2 z "y Ethane 7.316 3854.7300
U % : S E : | CO2asMethane  ©.250 31421040
r o ¢ & g s e Propane 12.083 5379.8755
| £ : = i | i A Butane 15.533 73264440
| %. g B % | / } | \ \ Pentane 18.333 9136.3340
J A / A - Hexane 21.900 10408.3160
: 1 . ; Total 45987 6175
g +102.400
UL RDeM ARIETES I T
] 1090 [T S L E L e o 1 TCD Results:
i Compenent Retention  Area
| ‘ 0z 1.566 181.0650
e N2 2.166 B75.1440
@ [| '5 ¢ w Methane 3.783 0.3880
B d S g g i g ; : . Ethane 7.216 0.4870
U = z gt/:f}_/_,é.,-’—"l CO2 as Methane  8.150 0.6780
i o] Le i 3 £ 2 | Propane 11.966 0.8210
S i '+ Butane 15433 11210
} Y ; ; | Pentane 18.200 1.2710
i sy Hexane 24.816 1.6480
f pess : W | Total 862.8130

FAAIROINT — 75— +61(0 Australian Distributors
( ry (0)3 9762 2034 an
_--_':' ECHKH /oy iy www.chromtech.net.au

Website NEW : www .chromalytic.net.au E-mail : infollchromtech.net.au Tel: 03 9762 2034 . .. in AUSTRALIA




POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

System Overview

The Multiple Gas Analyzer #2 is pre-plumbed and ready to resolve H,, He, O, N, Methane, CO,
Ethane, CO., Ethylene/Acetylene, NOx, Water, Alcohols, Propane, Butanes, Pentanes, and C cthroughC,,
Separation of this wide variety of peaks is accomplished using a 10 port automated Gas Samplmg Valve thh
dual Sample Loops and two, three, or four columns. It can be optionally configured with 1) a TCD, 2) a TCD,
Methanizer, FID, or 3) with TCD, HID and FID detectors. All three versions have a 1m (3”) Molecular Sieve
packed column in the Valve Oven, and a 2m (6”) Hayesep-D packed column in the Column Oven. The model
shown below is customized with TCD, HID and FID detectors. In addition to the Hayesep-D column, it has

an optional 30m MXT-1 capillary column in the Column Oven.

Valve Oven

TCD Detector

Gas Sampling Valve
and Sample Loops
HID Detector

Molecular Sieve
Column

F1D Detector

Sample In & Out

---------------

30m MXT-1 column Hayesep-D column

On-Column Injector
Column Oven
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

Theory of Operation

The Multiple Gas Analyzer #2 GC uses a single automated 10 port Gas Sampling Valve and multiple
columns to separate a wide variety of peaks. The system achieves this by turning the carrier gas flowto each
column on at different times during the run. This procedure allows the Molecular Sieve column in the Valve
Oven to completely separate H , He, O, N,, CH, and CO before the carrier flow to the Hayesep-D column
in the Column Oven is turned on. The Hayesep-D column then separates all compounds in the C, -C_ range.
An optional 30m MXT-1 capillary column in the Column Oven separates the remaining hydrocarbons out
through C,, using the same carrier gas flow as the Hayesep-D column and an FID or HID detector.

This configuration uses two carrier gas flows, eachregulated by Electronic Pressure Control (EPC) using
the PeakSimple data system. Carrier 1 flows to the Molecular Sieve column, then on through the “Tee” to the
TCD detector, and it is always on; if not, the lack of carrier gas flow triggers the TCD filament protection
circuit. Carrier 2 flows to another “Tee” where it splits to enter the Hayesep-D column and also the MXT-1
column. The flow from the Hayesep-D column continues to the TCD detector, and the flow from the MXT-
1 goes to the FID or HID detector. The carrier #2 flow (EPC 2) is turned on and off by PeakSimple,

controlled by the user.

MULTI-GAS #2 VALVE IN “LOAD” POSITION (RELAY G: OFF)
1m Molecular Sieve 5A
S
Carrier 1 e _ e When the 10 port
O oplial { o octor Gas Sampling
J T Valve is in LOAD
position, the two
| TCD carrier gas flows
ON%DFCF by Detector | | pypass the Sample
PeakSimple Loops through the
optional Valve and travel on
IJ % to the columns.
HID | Ap.| FID
EPC—ﬂ Detecior e Detector
Carrier 2
MULTI-GAS #2 VALVE IN “INJECT” POSITION (RELAY G: ON)
- 1m Molecular Sieve 5A When the 10 port
Carrier 1 5 column G S i
_ HID as ampling
4 tional
. P48l | Detector | | Valveisin INJECT
: position, the two
ep-D co .
; TcD carrier gas flows
EPC Detector| | sweep through the
ON-OFF by .
PeakSimple Sam;_’le LOOP?»
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POPULAR CONFIGURATION GCs

Multiple Gas Analyzer #2
T e e e e e T T e SR e )

General Operating Procedure

1. Set the gas cylinder pressure 15-20psi higher than the head pressure (helium carrier). The carrier head
pressure used to generate the test chromatograms at the factory is printed on the right side of your GC.
Typical head pressure for a Multi-Gas instrument operating at 20mL/min is about 20psi.

2. Damage or destruction of the TCD filaments will occur if current is applied in the absence of flowing cartier
gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD. Labelled foridentification, the carrier gas outlet is located inside the Column Oven. Place the
end ofthe tube in liquid and observe (a bit of spit on a finger can suffice). If there are no bubbles exiting the
tube, there is a flow problem. DO NOT turn on the TCD current if carrier gas flow is not detectable. A
filament protection circuit prevents filament damage if carrier gas pressure is not detected at the GC, but it
cannot prevent filament damage under all circumstances. Any lack of carrier gas flow should be corrected

before proceeding.

3. Set the Valve Oven temperature to 90°C. (The Molecular Sieve column is in the Valve Oven.)

4. Turn the TCD current to LOW. Ignite FID if present. Turn Methanizer to 380°C if present. Turn HID
current on if present.

5. Set the Column Oven temperature program as follows:
Initial Temp  Hold Ramp Final Temp
50°C 7.00 10.00 220°C
220°C 10.00 0.00 220°C

6. Typeinaneventtable asfollows: Time Event
0.000 ZERO (auto zero data system signal at start of run)

0.050 G ON (valve inject)

0.100 B ON (carrier #2 flow OFF)

7.500 B OFF (carrier #2 flow ON)
EPC #2 controls the carrier #2 flow. When the limiter (B) is turned ON, this flow is shut off. The eventtable
should allow for the elution of CO from the Molecular Sieve column before the limiter (B) is turned OFF and
carrier #2 flow restored. The Valve Oven temperature may be increased to speed the elution of the H,, O,

N,, CH,, and CO.
7. Load your sample gas stream by connecting the flow to the sample inlet port on the front of the Valve Oven.

8. Start the analysis by pressing the RUN button on the front of your GC, or by pressing your PC keyboard’s
spacebar.
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #2

Lolal#|
|
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HID noise run

FID noise run

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier: Helium @ 10mL/min

FID gain = HIGH

FID temp = 150°C

FID ignitor = -400

Valve temp = 110°C

Temperature Program:
Initial Hold Ramp Final

8°C 1500 0.00 80°C

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier: Helium @ 10mL/min

HID gain = HIGH

HID current=70

HID temp = 200°C

Valve temp = 110°C i

Temperature Program:
initia/l Hold Ramp FEinal
80°C 15.00 0.00 80°C
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TCD noise run

Columns: 1m Mol. Sieve, 2m Hayesep-D,
30m MXT-1

Carrier; Helium @ 10mL/min

TCDgain=LOW

TCDtemp = 100°C

Valvetemp = 110°C

Temperature Program:
initial Hold Ramp Final
80°C 15.00 0.00 80°C
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POPULAR CONFIGURATION GCs
Multlple Gas Ana!yzer #2

Expected Performance: FID & TCD Detectors

These two factory test runs utilized the same carrier flow and temperature program. The first chromatogram
resulted from a run with a 1000ppm C.-C, sample; the second, a 1% fixed gas standard sample.

= = e JTestRun #1
Eii= Edit WView Ar-qmm Hdp
e . . Sample: 1000ppm C.-C
DEEdd & %8E i zi3 ¢ .‘“"{:%f.{ﬁf\z{}-’f‘Iw\_fﬂi%ﬂ%){‘ﬂ\_f‘"ﬁﬁ-\"7%:z'ﬁhfEven?;s: & R
e ] Time Event
1524000 A\.E#Mseﬂ?.(:?-in’{_)E_FﬂJLT.CQN ,! = 0.050 G ON (VENE‘ inj ect}
é o g 0.100 B ON (carrier #2 flow off)
R i & i 0400 GOFF
< = % ﬂ 7.000 B OFF (carrier #2 flow on)
EY EPC#2on % l : FID Results: _
(BOFF) 4 1 ¢ Fl Compon Retention Area
L ! Methane 7.733  838.3160
102,400 3 Ethane 7.783 2066.2065
{030 PPy 1-CHTOD : ; | Propane 7.883 29533865
2.000 [A13441303 FrDEF AULT.CON A | | Butane B8.166 3475.4540
£ 2 | Pentane 8.800  4021.5110
i Hexane 10.016 3512.6800
@ = ! : Total 16871.5540
8 Q; | t ‘%" % {1 TCD Resulis:
HEY j'& T & = Component Retention Area
7\ 1y = A L2 | | Oxygen 1.250  7.9800
<2 i - | Nitrogen 2116 27.9765
N Methane 3118 2.0210
3 103 | Hayesep Air 7.716  23.5150
..... ! s gl i T M A i e s L S tMethane 8.250 0.4850
Ethane 12133  1.0240
Columns: 1m Mol. Sieve, Temperature Program: Total 63.0115
2m Hayesep-D, Initial Hold Ramp Final
30m MXT-1 50°C 7.00 10.00 220°C
Carrier: Helium @ 10mi/min through each column 220°C 10.00 0.00 220°C
F:!u: gan View  Acquisilion Hdn o
SEE@ 8 %BE 12345 & /nfafa fnfafofn '.Hﬁﬁq%.&ESampieJ&ﬁmd gas standard
% FIKED GAS 5TFID T ; Eyenm:
1024 000 ACEs I ORI EON 3 T Time Ewent
0.050 G ON (valve inject)
0.100 B ON (carrier #2 flow off)
0.400 GOFF
EPC #2on ; 7.500 B OFF (carrier #2 flow on)
(B OFF)
FID Results:
182,408 A Component Retention Area
.5 0ED a8 STTED : : Methane 8233  12144.3770
4000 K‘SM‘-_;&}_‘.:‘,:!‘OE?%‘LT.CDN [
i B i ﬂ TCD Results:
- ¥2 oW ! | | Component Retenticn Area
= ?i E | £ %i @ | [Oxygen 1.166  26.4920
) = { B % Z o ¢ | Nitrogen 1633 2251.7140
]a e % i g % | Z ?3 Methane 3083  23.0975
- fO',L; ; | |co ] 6.566  Z2.2440
e AV A | Hayesep Air 8116  524.2010
2 - Wethane 8.716 3.7730
! s co2 9.750 5.3940
12080 Total 63.0115
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POPULAR CONFIGURATION GCs
Mu!tuple Gas Analyzer #2

sample.

Test Run #1

Expected Performance: HID & TCD Detectors

These two factory test runs utilized the same carrier flow, temperature program, and event table. The first
chromatogram resulted from a run with a 1000ppm C,-C, sample; the second, a 1% fixed gas standard

Sampie: 1000ppm C.-C,

Wiew kcqursitm ﬁeh

Elk gdfl
PEWS & =BE 12345 K fmjaf/m W fo o 3 B
rg-nm PP C1-GE HID
i 1024.000 {70441 5] 2.ChOBFAULT. COH
& 5
g EPC#2 on =
28 (B OFF)

-142.400

090 PP C1-CHICD

HID Resuits:
Component Retention Area
AirfMethane 8233 62483320
Eihane 8.283 3064.2580
Propane 8.383  3408.5720
Butane 8650  2265.3520
Pentane 9.216 2650.8955
Hexane 10.316 2250.8975
Total 19899.3070]
TCD Results:
Companent Retention Area
Oxygen 1.250 4.0220
Nitrogen 2116  21.0510
Methane 3.116 21900
Hayesep Air 8.216  22.4800
Methane 8733 0.4460
Ethane 12,333 _0.9640
Total 51.1630

Columns: 1m Mol. Sieve,
2m Hayesep-D,
30m MXT-1

Carrier: Helium @ 10mbLimin through

each column

Tesi Run #2

Sample: 1% fixed gas standard

FiD Results:
Component Retention Area
Methane 8.266 44545 0540
TCD Resuits:
Component  Retention  Arez
Oxygen 1.166 31.0260
Nitrogen 1.616 22561.8430
Methane 3.050 12.6240
co 5.400 22.4410
Hayesep Air 8.116 5426790
Methane 8.716 3.5850
coz 89750 66920
Total Z880.7000

2.000 | A e1 R G HBDE T FALT C UM
el o
& &
; [ 2L2u [ BT
& Jog o = 1w
o = < =
=X I g = <
; = &
= e

[

!
r"':_—" ;

-
-
wi

R

Events:

Temperature Program: Time Event
Initial Hold Ramp 0.050 G ON (valve inject)
5p0°C  7.00 10.00 0.100 B ON (carrier #2 flow off)
220°C  10.00 0.00 0.400 GOFF
7.500 B OFF (carrier #2 flow on)
File  Edit !eu &cqumhm Heb
DEEO S ~EE1 2343 ) Mfafalffafinfafn it 8
I‘[%FD&DGAS{?‘ HIl i
1024.000] 13487151 | CFUODENAULT. 00N T
g
£
£l
EPC#2on Ei-
(B OFF) [‘]
F L-“
-‘3'?-22.4131}}
1% FIXKED GAS 8| TCD H ]
£.000 [A3441¢7 T.ehiDEFAULT.COM 35
T e 3 i
B 1 ou |
g = i g ’1 =4
2 N Y 2 REER-
Frin ! L—«——-— J\ ey A
Wi j
wid]rl
JRiiaal
e Fu i Australian Distributors
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POPULAR CONFIGURATION GCs
Mud-Logger

System Overview

The Mud-Logging GC system is designed to provide a continuous reading of total hydrocarbons in a gas
stream, while periodically performing a chromatographic separation of the sample to determine the composition
of the sample gas stream. This is accomplished usinga 10 port Gas Sampling Valve with a25pL Sample Loop
1 a thermostatted Valve Oven, 2 Im (3°) Hayesep D packed column in a temperature programmable Column
Oven, a CCD detector, an FID detector and a built-in Air Compressor. This GC can be modified to incorporate
2 second FID instead of the CCD for total hydrocarbon monitoring. The model shown below has CCD and

FID detectors.

Thermostatted
Valve Oven

Gas Sampling Valve
Restrictors, and

Sample Loop
CCD Detector

FID Detector

Sample in & Out

bl

On-Column lnjor imH -D Colum
Column Oven AR oy

Speciation of C -C, hydrocarbons is handled by the Gas Sampling Valve, Hayesep-D column, and FID
while the CCD provides contiuous, total hydrocarbon monitoring. Detection limits for this system are 0.1%to
100% for the continuous total hydrocarbon monitor, and 0.005% to 100% for speciated hydrocarbons using
the FID. The Air Compressor supplies combustion air for the FID, and the air make-up forthe CCD. The
built-in PeakSimple data system displays both the continuous total hydrocarbon reading, using the Data Logger
mode, and the separated peaks. When the system receives out-of-range readings, an alarm function may alert
the user.
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POPULAR CONFIGURATION GCs
Mud-Logger

Theory of Operation

The sample gas stream is connected to a bulkhead fitting on the system’s thermo statted Valve Oven
where it flows through the sampling loop of the 10 port Gas Sampling Valve, and also to the CCD detector.
The fitting labelled “Sample In” (pictured at right) on the front of the Valve Ovenis the sample gas stream
inlet. The user must regulate the pressure of the sample stream so that it enters this inlet at 10psi. The
instrument is factory preset to deliver SmL/min to the CCD at 10psi. The
remainder of the flow, approximately 100mL/min. passesthrough the Sample 2 oy ;
Loop. Thisrelatively high flow rate gets the sample from the sampling point |_SAMPLE f

into the GC with minimal delay. LN OUT | .

Total hydrocarbon _ . . .
monitoring Detector FID Detector for Once the sample enters the inlet, its path is
{30 sl Eiea h"“mf:m”s T°d through two restrictors and on to the detectors.
; To avoid damaging the CCD, the maximum pure

Gas Sampling Valvek hydrocarbon flow to reach this detector is SmL/

and Sample Loop w min. The restrictors regulate the flow to the CCD

m 9 to SHﬂj@mwhenﬂle sample inlet pressure i§ 10psi.

0.07° 1D stainless steel ! The remainder of the sample stream (approximately

Restrictors 100mL/min) flows through the Gas Sampling

|
i

\éf Valve’s loop and is periodically injected into the
| Hayesep-D columa, then detected by the FID.
i1

LOAD POSITION
Valve Oven __ | Column is backflushed to detector
+ \j/ DETEC'OR

Sample in  Sampie Out CARQ‘ER N é ﬁ\\ |
at 10psi 3 fchUMN |

10 Port Gas Sampling Valve I saveTe . .

. S | SAMPLE o :
At an automatically repeating time interval controlled by the | oty L sAMPLE
user with the built-in PeakSimple data system, the Gas Sampling | i

Valve injects the contents of its sample loop into the HayesepD |

packed column where it is separated into the constituent INJECT ”OSET?ON ;
hydrocarbon (C -C,) peaks and detected by the FID detector. |
Between automatic sample injections into the column, the 10 port f‘mmca N @ﬂ?ﬂo le
Gas Sampling Valve is in LOAD position (top right schematic). In @E
this position, the carrier gas flows into the column while sample gas I |
flows through the 25ul Sample Loop and to vent. When S’L‘g‘g;E \\ : o
PeakSimple automatically moves the valve to the INJECT position SAMPLE / L @

(bottom right schematic), the carrier gas flows though the Sample ouTL [ savpLe

Loop first, then sweeps the sample into the Hayesep-D column. =
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POPULAR CONFIGURATION GCs
Mud-Logger

General Operating Procedure Part 1.
Total Hydrocarbons Using the CCD Detector

. Connect zero gas to sample inlet at 10psi. Zero gas has no hydrocarbons.

. Zero the CCD detector signal using the Auto Zero button for its channel (typically channel 2).

. Connect calibration gas standard to the sample inlet at 10psi. Calibration gas is typically 100% methane.
. The CCD signal will increase approximately 300 millivolts while running 100% methane.

. InPeakSimple, open the CCD Channel Details dialog box by right-clicking in that channel’s chromato-

gram window. Enter the gain factor which will multiply the 300 millivolt signal to produce the desired
concentration unit. Forexample: 300 x .33 = 100 if the desired unit is percent.
300 x 3333 = 1.000.000 if the desired unit is parts per million

. Also in the Charmel Details dialog box, select Data Logger mode by clicking in the appropriate

checkbox. The CCD signal times the gain factor will be displayed on the screen in large numbers.

DesciptordMUD LOGGERFD  Endime [3000  min

Sarplerate  —Defaul disslagfmite—— 17 pemme stan +~Conlol by——
:: 3 Hz i Ma{m iy ~ Trigger groun— , = Tempewiweé
Com | | WS G | [P
Cuw | . 1 i PeakSimple
[ C Wz -~ Daangesr mode— | Channel Details dialog box
| £ 50Hz : [ Sublract bassline in charnel E & ba !

I Bveday data in channsl E_—: Offsat W"

_______________________ | Gairc

058

-ﬁnmﬁiu ; 3

Uristsined solute tine:JO00D  min : .
------- | Decimal places: E S W e 1.2z 3« BT A A
oK | Concel | - [ for autoranging) r:“,« s
o 1
5 A2 g
) Y I:fﬂ_ § ‘r._—:g ........ ‘,\é ______ =F
Chromatogram with I & T e
1 FEE0.000
channel 2 in Data Logger mede T e .
]
2 m

EHAEIE ¢ VIS

DCED
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POPULAR CONFIGURATION GCs

Mud-Logger
M

Ln

9.

General Operating Procedure Part 2:
Speciated Hydrocarbons Using the FID Detector

. Connect the calibration gas standard to the sample inlet at 10psi.
. Set the Valve Oven temperature to 90°C.

. Ignite the FID.

. Set an isothermal Column Oven temperature program as follows:

Initial Temp Hold Ramp Final Temp
200°C 500 0.00 200°C

. Type in an even table as follows:

Time Event
0.00 Zero
0.050 G ON
1.5 G OFF

. Set the FID gain to MEDIUM.

. Start the analysis by hitting the spacebar on the computer keyboard.

ethane, propane, butane, etc).

Calibrate the individual hydrocarbon peaks.

. InPeakSimple, input the retention windows to identify the individual hydrocarbon components (methane,

10. This instrument is plumbed for backflush. This gives the user the option to set the valve program to
backflush the heavier hydrocarbons after the desired peaks have been separated. Forinstance, if your
application required separation of hydrocabons up to C,, you could set the valve to backflush after the
elution of the C, component(s), and all the heavier hydrocarbons would together produce one large peak.

QROMH £y 5 = #61(0)3 9762 2034
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POPULAR CONFIGURATION GCs
Mud-Logger

. Fie Edit View : ﬁcqumun Hdp =

Expected Performance

CCD Noise

Q@_@_“‘[EI1334§_\5§ {%_j\ !"@ﬁ/né"'f{}f‘mk ﬂ '\"P}ﬁ'“@ﬁ
0% ETHAME STER0 NOISE RUN ]
1000 AN 4aln 4 CHRIDEFAULT.COM f
= o Tr40f.lv

Dj@| P

CCD noise level

= approximately 40uV from peak to peak |

-1.000

b
W
:g -l

Column; 1m Hayesep-D
Carrier: Air @ 10mL/min
1 Air make-up = 100mbL/min

{Temperature program:

tniitial Hold Ramp Firal
180°C 5.00 0.00 80C

FID Noise

Coiumn: 1m Hayesep-D
Carrier: Helium @ 10mL/min
FID gain = High

FID temp = 150°C

FID ignitor = -400

Valve temp = 80°C

Temperature program:
Initial Hold Ramp Final
80°C 5.00 0.00 80°C

U'le\- .ﬁx:qmﬂ.mﬂ

Fle Ed"t
CoWd BBE(T23 45 p finfafaifafafnfalfmfan it b
#1000 PPy CfFID NOISE RLWN ]
1.000 [A13440217 CHRUDEAULT GON i
100V |
Py |
E
(8 = — —

ol

FiD noise level =

approximately 100uV from peak to peak

1.000 B
i = = e o e = R
2900 1 o B
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POPULAR CONFIGURATION GCs
Mud-Logger

Expected Performance

Factory Test Run of a Standard Mud-Logging System (FID and CCD)

Bocaair 0 T : .
File Edit View Acquisiion Help _
DSEP & BE 123 a8 K fafafafafafafmfan i
}N-‘-.TUR&?_GAS e CHAMMEL 1 I |
3500000 [T MUGH G0 2. F ALY SO I
g Backflush
E ) @ at 1.5 minutes
8] Y i g 2
=k == z
- ;I_, .:\ 2
pl \ =
250000
| CHAMNMEL 1 i |
255000 C120RTAT CHERIDEFAULT. COR |
&
&
= B
-25.600
Sl
Column: 1m Hayesep-D Temperature program:
iniial Heid Ramp Final

Carrier: Helium @10psi
Sample: Natural Gas standard
Method: Valve injection

FID H2 =30, FIDair=6

FID temp = 150°C

FID ignitor =-750

FID gain = MEDIUM

Valve temp =90°C

Results:
Component
Methane
Ethane
Propane
G4

N-C4
Pentanes

@amn Sy 5= $61(0)3 9762 2034
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Retention

0.291
0.366
0483
0.691
0.780
1.241

200°0C 500 000 200°C

Events:

Time Event
0.000 Zemo
0.050 GON

18500 GOFF

Area
6664.1410
2770.3785
2762.86450
1754.0118
1913.8415
1580.4310

17445.4488
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POPULAR CONFIGURATION GCs
Educational TCD

System Overview

Your educational TCD GC is configured on the compact 310 chassis. It is equipped with a TCD
Detector, a temperature programmable Column Oven, a 3” Silica Gel packed column, Electronic Pressure
Control (EPC) for carrier gas, On-column Injector, and a built-in. single channel PeakSimple Data System.
The model shown below is equipped with optional Fast Cool-down fans.

¥ e e

Fast Cool-down Fans

TCD Detector

Column Oven with
3’ Silica Gel Column
inside

TCD Filament
Current Switch

On-Column Injector

TCD carrier gas outlet

TCD Detector temperature setpoint

Regulator
The TCD Detector is located inside its own oven, mounted on the right rear of _
the Column Oven as shown above. Its temperature is factory preset at 100°C. but it Hehut? Qéa$
cylinder

may be heated up to 130°C by adjusting the trimpot with the small blade screwdriver
atiached to the front right corner of your GC. The trimpot looks like a small brass

serew and is located inside the labeled hole on the top edge of the front control panel.
The TCD Detector requires helium to operate, which must be supplied by a gas cylinder and regulator.
The helium cylinder pressure is normally set at 30psi, which is 10-20psi higher than the column head pressure.
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POPULAR CONFIGURATION GCs

Educational TCD

[~2

L8 ]

Ly

. Click on the Zero button to the left of the chromatogram window in PeakSimple to
|
|
|

General Operating Procedure

. Check to make sure that the TCD filament current is switched OFF. Plug in and turn on your GC. Allow

the TCD detector oven to reach temperature (100°C) and stabilize. With the “Display Select™ switch in the
UP position, press on the TCD Temperature Actual button on the front control panel to read the TCD cell

temperature.

. The carrier gas head pressure is preset at the factory to 10mL/min for the Silica Gel column. Look on the

right side of the GC for the carrier pressure that correlates to a flow of 10mL/min. Because different
columns require different flow rates, the carrier head pressure may be adjusted by the user with the trimpot
above the “CARRIER 17 buttons. For this GC, carrier cylinder pressure is normally set at 30psi, which is
10-20mL higher than the column head pressure. The column head pressure is the pressure developed by

the carrier gas as it flows through the analytical column.

. Make sure that the setpoint and actual pressures are within 1psi.

. Damage or destruction of the TCD filaments will occur if current isapplied in the absence of flowing carrier

oas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD filaments. The carrier gas outlet tube is located on the outside of the Column Oven on the same
side as the detector. Place the end ofthe tube in liquid and observe (a little spit on a finger can suffice). If
there are no bubbles exiting the tube, there is 2 flow problem. DO NOT turn on the TCD current if carrier
gas flow is not detectable. A filament protection circuit prevents filament damage if carrier gas pressure is
not detected at the GC. but it cannot prevent filament damage under all circumstances. Any lack of carrier

gas flow should be corrected before proceeding.

_ With the TCD filaments switched OFF, zero the Data System signal. Switch the filaments to LOW. The

signal’s deflection should not be more than 5-10mV from zero for a brand-new TCD detector. Any more
than a 5-10mV deflection indicates partial or complete oxidation of the TCD filaments; more deflection
means more oxidation. Therefore, it is a good habit to use the Data System signal to check the working

order of the TCD filaments.

. InPeakSimple, set an isothermal Column Oven temperature ramp program as follows:

Initial Temp.  Hold Ramp Final Temp.
80.00 7.00 0.00 80.00

zero out the Data System signal. Hit the RUN button on your GC or hit the spacebar
on your computer keyboard to begin the run. You may also open the Acquisition
pull-down menu and select Run, but this gets difficult unless you liave a partner,
since your hands are occupied with the sample syringe.

| Auto Zero
bution

S| B

. Using the 1mL syringe supplied with your GC, inject sample into column through the On-Column Injector.
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POPULAR CONFIGURATION GCs
Educational TCD

Expected Performance

Every compound possesses some degree of thermal conductivity and therefore may be measured with a
TCD detector. TCD detectors are most often used with helium as a carrier gas because of helium’s high
thermal conductivity, but other gases such as nitrogen, argon, or hydrogen may also be used as a carrier gas. A
TCD detects all molecules in concentrations from 100% down to around 100ppm, and is especially useful for
measuring inorganic gases like O,, N,, CO & CO..

TCD Detector Noise

CEH6 & %EE 12348

ihec 1ooapPN STTED I
: 0190 23437607 CHRIDEFEULT.OON |

Column = 1m Silica Gel
Carrier = Helium at 10mU/min
TCDcurrent= LOW

TCD Temp = 100°C

Noise Level = Approximately 20uV from peak to peak

Temperature ngram: '_&"L» , o e ) IJ'L*-!M'NHI\/."‘-\”A Dpoi poeiminetring e “wh_-‘,‘ .'ww: :
Initial Hold Ramp Final & S
8°C 1000 000 80°C | 5
"‘-e'“ ; .
i s M R 20uV
5 sl
| 3 L]
| MR D = TG
<frli = ¥l Il
Biac oSl ; T ot ABHDD

| Factory test run of an
. Educational TCD GC

ERrN

Column = 1m Silica Gel
Carrier = Helium at 10mL/min
Sample = 0.5¢c 10,000ppm CO,
TCD current=LOW

&= 4 TCDTemp=100°C

& = :

R - -,

Initial Hold Ramp Final
80°C 700 000 80°C

|
‘: L1 ; Temperature Program:
i

o

sl 4
>ial]

7000 1

RESULTS:

Component Retention Area
QZN2 0.450 1252.9980
co2 2.500 13.6450

Total 1266.6440
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POPULAR CONFIGURATION GCs

Educational TCD

TCD Room Air Analysis

Column: 3’ Silica Gel

Carrier: Helium at 10mU/min

Sample: 0.5cc room air,
direct injection

TCD current: LOW

TCD temperature; 100°C

Temperature Program:
Inital Hold Ramp Final
80°C 400 000 80°C

Results:

Component Retention
O, N, 0.716
CO:Z 2.766

Total

Expected Performance

s oo Roow AHTED | 7

1.200 | A %0581 0 CHRIDEE BULT CoN 1]

] |
B o
:i:
o t
&
i
t..
| g
. : e Wi
G500 ;
RIS ca] I
L e . 4poo
Area
1021.3830
1.5060
1022.8880

The CO, content of the room air analyzed is approximately 350ppm.
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POPULAR CONFIGURATION GCs
Educational TCD

Suggested Class Experiment: “Waiting to Exhale”

CO, is a natural by-product of human respiration. Our lungs get oxygen when we inhale and release
CO, when we exhale. When we hold our breath, the concentration of CO, increases. Inthis experimental gas
chromatography analysis of human breath, the students will supply the samples. They will exhale into and trap
their breath in the syringe, then it will be injected into the Educational TCD system and analyzed for CO,
concentration. Have a contest for the highest CO, concentration: the student with the most CO, in his or her
breath will win. Whomever passes out is disqualified!

1. Follow steps 1-4 of the General Operating Procedure.

2. In PeakSimple, set an isothermal Column Oven temperature ramp program as follows:

Initial Temp.  Hold Ramp Final Temp.
20.00 400 0.00 80.00

3. Locate the 3mL (3¢c) syringe supplied with your GC, remove its needle, and give both parts to a student.
Instruct the student to exhale into the tip of the syringe while pulling back on the plunger. Students need not
touch the syringe with their mouths for it to work. Fill the syringe completely, then replace the needle. Depress
the plunger until the syringe contains 0.5mL of breath.
NOTE: For sanitation concerns, it may be prudent to have one new, sterile syringe for each participating
student. Sterile 3mL syringes complete with needles may be acquired for about $0.18 each from:
VWR (800-932-5000):
BD-309587  Syringe-Needle, 3mL Sub-Q 266 5/8 Luer-iok™

4. Click the Auto Zero button in PeakSimple, then press the RUN button on your GC or the spacebar on
your PC keyboard to begin the run.

3. Inject sample into the On-Column injector.

6. Save and print the resulting PeakSimple chromatogram with the student’s name for the sample identification.
Typical results are about 12-14 area counts per 1% of CO,,.

7. Repeat steps 2-3 for each student. Compare chromatograms to find the winner.

Exampie TCD Breath Analysis Eee A = |
Tic Edt Miow Acquition el
Column: 3’ Silica Gel 4T e B3 TR
Carrier: Helium at 10mL/min B L :
Sample: 0.5cc human breath, g |
direct injection .
TCD current LOW {
TCD temperature: 100°C
Temperature Program: & 1l 5
Initial Hold Ramp Final % ' ', fS
80°C 24.00 0.00 80°C | ;! / -\_\
Results: ! | /oy
Component  Retention Area | /N
O, N, 0.700 1378.4740 ‘ ‘ - -~ [
co, 2.700 61.9540 A —
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POPULAR CONFIGURATION GCs
Gas-less™ Educational

System Overview

Your SRI Gas-less™ Educational GC is equipped with a Catalytic Combustion Detector (CCD). built-
in Air Compressor , temperature programmable Column Oven, Haysep D packed column, On-Column Injector
and built-in, single channel PeakSimple Data System. and optionally, Fast Cool-down fans. Itisdesigned to
teach the principles of Gas Chromatography without the expense and safety hazards of compressed gas

cylinders.

g AT

IR
WA

g

CCD Detector

Column Oven

3’ Haysep D Column

On-Column Injector

The CCD is about as sensitive as a TCD, but has the hydrocarbon selectivity of an FiD. It operates on
air alone, which is supplied by the built-in Air Compressor at around 12psi. If you chose optional fast cool-
down fans, they will automatically reduce the Column Oven temperature at the end of an analysis to the initial
temperature in less than five mimtes. Most isothermal applications don’t require fast cool-down fans; in these
cases. the oven lid is simply manually raised for cooling.
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POPULAR CONFIGURATION GCs
Gas-less™ Educational CCD

General Operating Procedure
1. Connectyour GC to your Windows PC with PeakSimple installed. Plug in your GC and turn its power on.

2. Setthe Column Oven temperature to 130°C in PeakSimple as follows:
Initial Temp Hold Ramp Final Temp
130.00 10.00 0.00 130.00
Inanisothermal operation like this, the Hold period determines the length of the analytical run.
NOTE: The Haysep D packed column is standard for this GC system because of its separation
qualities and durability. To avoid possible damage to the packing, do not program your Column Oven
to heat above 150°C.

3. Let the system stabilize for at least 10 minutes, allowing the CCD detector to adjust to the increase in
temperature.

4. Click on the Zero button to the left of the chromatogram window in &
PeakSimple to zero out the Data System signal. Otherwise, the signal : Auto Zero
starts out at 1000 millivolts. Press the RUN button on your GC or the 8 | button |
spacebar on your computer keyboard to begin the run. | Q

5. Inject sample into the On-Column Injector. A 1uL 1000ppm methanol/acetone sample is the factory test
standard for this configuration.

Column Notes

Hayesep D packed columns are useful for analyzing gases
and low molecular weight compounds such as alcohols.

aldehydes. and ketones. For heavier molecular weight i
liquids, use a 30m or 60m MXT-1 capillary column. 30m MXT-1.53mm - 'ffapiﬁaf’f column

i
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POPULAR CONFIGURATION GCs
Gas-less™ Educational CCD

Expected Performance

The CCD Detector in your Gas-less™ Educational GC is mounted on the wall of the ColumnQOvenina
brass housing. It consists of a tiny coil of platinum wire embedded in a catalytic ceramic bead. This catalytic
ceramic bead is housed in aplastic shell. A 150 milliamp current heats the bead to around 500°C. The CCD
s maintained in an oxidative environment by the air being used as a carrier gas. Whena hydrogen or hydrocarbon
molecule impacts the hot bead., it combusts on the surface, raising the temperature and resistance of the
platinum wire. This change in resistance causes the CCD Detector output to change, which produces a peak.

CCD Detector Noise Run CEENSIEESNES HALE i
[Fite Edit Viem ABcquston Heip
DBHE & »EE 1234& ' |
Column = 1m Hayesep D st 050 Pt WETEED HOISE 20N | I 1
Flow = 37mL/min <900 [ FEiDEa04 CHRDEF AULT.CON I 1
Isothermal Temperature Program: i
inital Hold Ramp Final f
geC 1500 0.00 80°C |
_ :- &
Enlarged for clarity I 8 i
| = |
Zi Noise level = approximately 50pV from peak to peak
Baseline 3 '
L sl -4.000
, — —
i S ! GB—?J T i e e ey S G ) i 1000 ’
Factory Test Run of a Gas-less™ Educational GC System
ey . ' =Bl Cojumn = 1m Hayesep D
CeB@@nBE 12345 pMmMa o Flow = 37mL/min
D200 roume e T ; Sample = 1yl 1000ppm Methanol/Acetone
| §.000 [Fi34D8a" CRRUDECALILE CON ] 7 ot ap -
P 1 mix; direct injection
i |sothermal Temperature Program:
] ! Initial Temp Hold Ramp FinalTemp
; 5 ; 1 130°C 1000 000 130C
| = : ,
: 3 \ i
| Ao o RESULTS:
| [ Component  Retention Area
T A Methanol 0.816 13.2030
g 1) | Acetone 2.000 6945.3570
: Total 6958 5600
Negative water peak
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DETECTORS
Catalytic Combustion Detector - CCD

Overview

P
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CCD Detector and protective cap (cap is removed prior to installation)

The Catalytic Combustion Detector responds to all hydrocarbons with
the selectivity of an FID and the sensitivity of a TCD. The entire detector’s
diameter is merely one centimeter. Its sensor element consists of a tiny coil
: of platinum wire embedded in a catalytic ceramic bead. Each CCD detector
CCD on Column Oven has a pair of sensor elements. The sensors are housed in high-grade, flame-
proof nylon, and protectively capped with a fine steel mesh. In
SRI GCs. the CCD detector is mounted on the wall of the
Column Oven in a brass housing, as shown in the top left picture.
The analytical column residing in the Column Oven is connected
to the detector through the oven wall; the example shown at
bottom left is an SRI Gas-less™ Educational GC featuring a
CCD detector and a 1m (3”) Hayesep-D packed column. The
CCD detector is especially suited for gas-
less operation because it can operate on
ambient air, requiring no high pressure
cylinder gases such as hydrogen or helium. In the GC system
pictured at left, a built-in air compressor supplies the carrier
gas for the CCD.

~F

The CCD detector can also be used as a hydrocarbon
monitor in non-chromatographic applications where the CCD
senses the total hydrocarbon content of a flowing air stream,
or as a hydrogen/hydrocarbon leak detector.

e TP S oy S i 1
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DETECTORS
Catalytic Combustion Detector - CCD

Theory of Operation

Top View of CCD Detector . )
The CCD sensor elements are the tiniest and most important

part of the detector. Each CCD detector contains two sensor
elements, but uses only one at a tune. A catalytic combustion
sensor consists of a coil of platinum wire around an alumina core
surrounded by noble metal catalysts. Each sensor is suspended
between a pair of nickel pins. The detector is shipped with a
protective nylon cap topped with steel mesh, but is installed ona
SRIGC without it. During a chromatogaphic run, a 150 milliamp
current heats the catalytic ceramic bead to around 500°C, hot
enough to combust hydrocarbon molecules on contact. The
CCD is maintained in an oxidative environment by using air as
the carrier or make-up gas. This combustion causes the increase
T in temperature and change in resistance that is measured by the
wire sensor. This change in resistance causes the CCD detector output

| to change, which produces a peak that is recorded by the
. PeakSimple data system.

Alumina g

Sensor Element

To prolong the life of your CCD detector, use it in strict
e accordance with your GC system’s operating instructions. For
_ e | instance, ifyouhave an SRIMud-Logger GC, you should connect
7 — | yoursample streams at 10psi so that no more than SmL/min of
pure hydrcarbon flow reaches the CCD. In the event of a sensor
burn-out, simply remove the white and black wires from the top
£ ] | two nickel pins, T

Side View of Sensor Element and movethemto

the bottom pair of

nickel pins to connect them to the second sensor. It does
not matter which wire goes on which pin. Toreplace the
CCD detector. unscrew its brass fitting after removing
the wires from the nickel pins. Pull out the old one and o
remove the protective cap from the replacement. Sensor-
side first, insert the replacement into the
fitting with its half~moon shaped cut-out
on the bottom. Replace the fitting and
HAND TIGHTEN it. If the detector
fitting is screwed on too tightly, the | |
detector will notreceive proper gas flow.
Next, slip the black and white wire plugs |
over the pins, and your replacement
CCD detector is ready to use.
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DETECTORS
Catalytic Combustion Detector - CCD

Expected Performance

CCD Detector Noise Run

Tle Edt View Ascuisition Heip

CHEO & ~EE 123488
Column = 1m Hayesep D 11 1000 PPY M CCD NOISE PO I ] I
Flow = 37mL/min 3000 [AEI0604 CHRIDERAILT CoN ! i

|sothermal Temperature Program:
Initial Hold Ramp Final
8rC 1500 0.00 80°C

. T
Enlarged for clarity 8
Z| 5, Noise level is approximately 50pV from peak to peak
Baseline 3 1
3 \ o -rane
e iI;]'I'!"'E vidle]

o E6L Guw Somidie: e
DSEHP & ABEE 12 3 4 &

™ T fo ;1,1 fo oy & B Column =1m Hayesep D
Vb A DA h i B  H ! Flow = 37mb/min

— |
&
¥
P

!1!11‘.70\‘1P?ﬁﬁ [ I
el SRS SRS 1 : Sample = 1ul 1000ppm Methancl/Acetone
§ . mix; direct injection
a l
E |
| } Isothermal Temperature Program:
% o \ i Initial Temp Hold Ramp Final Temp
e g !.; 130°C 10.00 0.00 130°C
g ‘ L"\
‘,." \\\_
g e = RESULTS:
V) | Component Retention Area
""m..l.].-f- ] ST Methanol 0.816 13.2030
S .21 Acetone 2.000 8945.3570
Negative water peak Total 8958.5600
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DETECTORS
Thermal Conductivity Detector - TCD

Overview

The Thermal Conductivity Detector (TCD) is the most universal detector available. Depending on the
compound, the TCD responds with a detection range of 0.01% to 100% (100-1,000,000ppm). The SRI
TCD consists of four filaments housed in a stainless steel detector block. The TCD detector block is installed
in its own thermostatically-controlled oven for stability. The TCD oven is mounted on the right rear of the
column oven. The TCD filament control switch and the bridge terminal block to which the filament leads are
connecied are located to the immediate right of the detector oven. Since the four TCD filaments can be
damaged or destroyed if energized in the absence of carrier gas flow, a TCD filament protection circuit is

provided in all TCD-equipped SRI GCs.

AT

BT TR T
& LT R

TCD Detector
(paired with an
FID detector) on
anSRI8610GC

TCD Detectoron
an SRI310GC

\ TCD detector oven setpoint (frimpot)

TCD Detector on an SRI GC with
detector cover and top/front
insulation removed for clarity

TCD Detector on an SRIGC

ik
(;olor-coded TCD TeD detecior s it
filament leads are body
connected to the

bridge terminal block Insulation

TCD detector
housing

TCD filament curent

control switch Colorcoded
filament ieads
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DETECTORS
Thermal Conductivity Detector - TCD

Theory of Operation

The TCD detector measures the difference in thermal conductivity in the carrier gas flow and the analyte

peaks. Every compound possesses some degree of thermal conductivity, and may therefore be measured with
a TCD detector. Due to its high thermal conductivity and safety, helium carrier is most often used with TCD

detectors. However, other gases may be used such as nitrogen, argon, or hydrogen.

V+O—l

One of four TCD filaments TCD filament bridge
Tungsten-rhenium VWoven fiberglass insulation
filament _

il

: . . Filament leads are
The Wheatstone Bridge circuit color-coded for identification

design in the SRI TCD uses four
general-purpose tungsten-rhenium filaments for sample analysis. Twoof  Signal - |
the filaments are exposed to the sample-laden carrier gas flow and provide
the actual chromatographic signal. The other two filaments are provided ~ Signal +

with clean carrier flow, enabling them to be used as a baseline reference

signal. When the effluent from the column flows over the two sample

stream filaments, the bridge current is

unbalanced with respect to the Simpiification of filament interconnection
reference signal. This deflection is Reference gas in Sample gas in
translated into an analog signal which W 1 Red Red I W

is sent to the data system for analysis. i @ E

The four pairs of filament leads are REFERENCE\%
color-coded in two-color units; each f
coloris used on two different leads. All
eight wires are connected to the bridge
current supply via four setscrew-type \;
terminal connectors on the top control : - Blue Greenf |

| ofthe GC. Silkscreened labelling - & L
Eint?ae chassis indicates which color SAMPLE ik \ ek REFERENCE
wire connects to each terminal.

The TCD detector block is divided
into two cells containing two filaments each. One cell holds the reference pair while the other cell holds the
sample pair. All four TCD filaments are physically identical except for their color-coding. The carrier gas is
plumbed so that is exits the Electronic Pressure Controller module, flows through the polishing filter. through
the reference side of the TCD bridge, then through the injection port to the column, and from the column to the
sample side of the TCD bridge. After the flow passes through the sample cell, it is directed back out of the
TCD oven and into the column oven through the TCD detector outlet, where it may be routed to a subsequent
detector or to vent. All four TCD detector inlet/outlet tubes are 1/16” stainless steel.

i
T SAMPLE

-

— 1 Blue Green

Color-coded
filament leads

TCD carrier gas flow diagram

j TCD
{ detector
outlet

- U e | Reference side - , i Sample side
| EPC >{ Polishing filter §">‘", oF TCH briddas -}-t Injection port %%*\Coiumn | of TCD bridge
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DETECTORS
Thermal Conductivity Detector - TCD

Expected Performance

TCD Noise Run : = : ]
- Eile Edﬂ: View Anqwsmn ﬁeh

DEWHF G BE]123 458 K fafafalfn '\,L\f\}ﬁf\ e fa o i8]

Carrier: Helium @ 10mUmin 8100 ;Tx%zzi[csggﬁ;esm:cou ; :
TCDgain=LOW
TCDtemp = 100°C
Temperature program: -
Initial Hold Ramp Fmal
80°C . 80°C 2
G B - e T ..
i W W A YT o A T T &
=t
TCD noise averages 10V frompeak tc peak
2180
afajal T
D -l

Factory Test Run of a TCD-equipped SRI GC

Sample: natural gas standard, 1mL sample loop Columns: 1m Molecuiar Sieve, 2m Silica Gel

g W#m He.p i e e o

CEED & %8S 1234 “‘ R fafa .f’h\ﬁ'\ Io fin fo fo fa i B - Time Event
NAT A3 STD{TCD : ] 0.00 ZERO
2000 31342?@*3 L ChiDEFAULT.CON | 0.050 G ON {valve iﬂje(}“{}
%’ {’Qé &  6.00 G OFF
£ 2 1 -
(i 5 z Temperature program:
B & Initial Hold Ramp Final
E = 40°C  5.00 10.00 220°C
| { Tw 220°C 16.00 0.00 220°C
= ¢ I B
& g ! ‘ £ Y § Results:
a8l = H @3 e . Component Retention Area
T ‘ i s e . Oxygen  1.833  19.7500
=l A J i = Y 2150 1210880
' } il 3 a= Methane 3.033 563.6130
| | § [ = Ethane ~ 7.550  128.2185
| fo ’ ! ;T; coz 8.983 11.9860
i \ = ! i i . Propane 13.683 113.9220
il A I R ] 1R Y | Iso-Butane 18.150  £9.4960
N © N-Butane 18.768 §7.4480
i ! ¢ lso-Pentane 22.550 20.1450
IR srifs] | N-Pentane 22.866 18.1560
£.800 . Total: 1134.8245
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DETECTORS
Thermal Conductivity Detector - TCD

Expected Performance

oA A 1x] TCD Room Air Analysis
Fie Edi View Bcouisiton Help
DR & %BE 1 2348
0.5 CC RUDMARTCD i i
: 1,000 [ 23343870 CHADEE ~ULT CON 1 :
g . Column: 3 Silica Gel
8 . Carrier: Helium at 10mL/min
| . Sample: 0.5cc room air,
: : direct injection
- TCD current LOW
{ TCD temperature: 100°C
B |
= ] l
=
5 . % |
‘ \y . Temperature Program:
's\ S - Initial Hold Ramp Final
\_\‘ A 80°C 4.00 0.00 80°C
3
0400 ;
113 KE i e e Ters] |
£.000 B Y ¥ T
Resulis:
Component  Retention Areg
The CO, content of the room air analyzed is approximately 350ppm. O, N, 0.716 1021.3830
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TCD Breath Analysis | j T
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DSWS S EE 12343
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Column: 3’ Silica Gel . 8.000 m;uu.com i
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. Zero the data system signal (clicking on the Auto Zero button at the left edge of the

. Inject sample. Injection volumes of 0.5mL for gas and 1uL forliquid is recommended

DETECTORS
Thermal Conductivity Detector - TCD

General Operating Procedure

_ Check to make sure that the TCD filament current is switched OFF. Plug inand turn on your GC. Allow

the TCD detector oven to reach temperature (100°C) and stabilize. With the “Display Select” switch inthe
UP position, press on the TCD Temperature Actual button on the front control panel to read the TCD cell
temperature. The TCD oven block is setto 100°C at the factory, but is adjustable by turning the trimpot
with a small blade screwdriver while observing the TCD BLOCK setpoint temperature on the digital display.
The trimpot is located on the top edge of the GC’s front control panel, under the red lid.

. All TCD-equipped SRI GCs are tested with a 1m. 1/8” stainless steel silica gel-packed column. The

carrier gas head pressure is preset at the factory to 10mL/min for this type and size column. Look onthe
right side of the GC for the carrier pressure that correlates to a flow of 10mL/min. Because different
columns require different flow rates, the carrier head pressure may be adj usted by the user with the timpot

above the “CARRIER 17 buttons.

. Make sure that the setpoint and actual pressures are within 1psi.

Damage or destruction of the TCD filaments will occur if current isapplied in the absence of flowing carrier
gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD flaments. The carrier eas outlet tube is located on the outside of the Column Oven on the same
side as the detector. Place the end of the tube in liquid and observe (a little spit on a finger can suffice). If
there are no bubbles exiting the tube, there is a flow problem. DONOT turn on the TCD current if carrier
oas flow is not detectable. A filament protection circuit prevents filament damage if carrier gas pressure is
not detected at the GC, but it cannot prevent filament damage under all circumstances. Any lack of carrier

gas flow should be corrected before proceeding.

_ With the TCD filaments switched OFF, zero the data system signal. Switch the filaments to LOW. The

signal’s deflection should not be more than 5-10mV from zero for a brand-new TCD detector. Any more
than a 5-10mV deflection indicates partial or complete oxidation of the TCD filaments; more deflection
means more oxidation, Therefore, it is a good habit to use the data system signal to check the working

order of the TCD filaments.

. In PeakSimple. set an isothermal column oven temperature ramp program as follows:

Initial Temp. Hold Ramp Final Temp.
80°C 7.00 0.00 80°C

Auto Zero

chromatogram window is one way to do it), then start the run (hit the computer
"~ button

kevboard spacebar or hit the “RUN” button on the GC).

ﬂ?'@.ﬂ)q

to prolong TCD filament life.
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DETECTORS
Thermal Conductivity Detector - TCD

TCD Filament Protection Circuit

All TCD detectors are susceptible to filament damage or destruction if operated at high currentin the
absence of carrier and/or reference gas flow. The filaments will incandesce and burn out if the carrier or
reference gas flow is interrupted due to a variety of possible factors such as a column break, inadvertent
column disconnection during column changes, removal of the septum nut for septum replacement, or when the
carrier gas cylinder runs dry during an analysis. The SRI TCD filament protection circuit is a current “cut-out”
circuit that monitors the column head pressure during GC operation. Under normal circumstances, there is no
reason for the column head pressure to drop below 3psi, with most columns operating at 8psi or above. When
the head pressure sensor located in the carrier gas flow path drops below 3psi, the protection circuit is activated,
and the current to the TCD filaments is interrupted immediately. A red LED on the GC’s front control panel
under “DETECTOR PARAMETERS” will light to indicate that the protection circuit has detected a gas
pressure loss and shut down the filament current. The cause of the protection circuit activation should be
immediately investigated and corrected. Asan additional caution, use HIGH current only with helium or
hydrogen carrier gases. With nitrogen carrier, use LOW current only, or the filaments may be damaged. The
pressure at which the protection circuit activates is user adjustable with the trimpot on the top edge of the front
control panel, above the label reading “TCD PROTECT.”

TCD protection circuit LED lit on an SRI Bright red LED display
model 8610 GC front control panel o
- - TEMPERATURE {°C)

1' DETECTOR ‘ PRESSURE (PSI)
J PARAMETERS ol
® o1& © @ @ @&  1- L OCALSETPOINT button
'® ©2® ® © @ @ |2 TOTALSETPOINT button LED panel
. displays control data

® e3Cc © e o % i 3 STATUSLED corresponding to

® ©4@ ® © ® ® 4 ACTUALbution the button pressed
[Fremimpn ittt e e e
i E E G t A M C ALL BUTTONS

% e B i

ERE RN SN STV Y. i DISPLAY SELECT The DISPLAY SELECT

S cowums oven 1 TemperaTure | SWitCh allows the user

T ok R ek & K to choose between

i e ] % displaying the control

R zones using the buttons

RIS LEDIE D AN | Mo (O o e - or the column oven

TCL CURRENT OFF |

mocwes | @ @ @ @ | STARTRUN  temperature

LESS THAN

LOCAL LOW OFF OFF OFF

SETPOINT

1- Pressing the LOCAL SETPOINT button displays the filament cut-off setpoint value (factory setat 3psi) in
the bright red LED display in the upper right corner of the GC’s front control panel. Ifthe carrier gas pressure
reaches or falls below this value, the filament current will immediately be interrupted.

2- Pressing the TOTAL SETPOINT button displays the carrier gas pressure present in the GC system. Under
normal operation, this value will be well above the 3psi cut-off setpoint.

3- The STATUS LED glows bright red only when the TCD protection circuit has been activated.

4- Pressing the ACTUAL button displays the voltage present across one half of the TCD bridge. A valueof
3.5 to 4.5 volts is typical when using high current; low current will display 2.5-3.5 volts (note: the LED dispiays
4 volts as “400.” 3.5 as <350, etc.). Any value lower than these indicates a potential problem in the TCD

detector bridge.



DETECTORS
Thermal Conductivity Detector - TCD

TCD Troubleshooting

When the TCD fails to perform normally, review operating conditions to ensure
that carrier gas flow to the detector is unimpeded, and that the column oven
temperature, carrier gas flow rate, and carrier gas EPC pressure are all within the
desired operating parameters. If all conditions are properly met and the detector
continues to perform poorly or fails to perform at all, check the TCD filaments for
damage. The main diagnostic test is to measure the resistance of each filament using
the ohmeter function of a multimeter or volt-ohmeter (VOM). Atroom temperature,
the resistance of each filament should be 32-34 ohms. At 100°C, the filaments are
around 40 ohms each. Ifany filament is significantly different from the others, the
TCD bridge will be unbalanced. noisy and drifty. All eight filament wires must be
disconnected and tested. Since all the leads are bundled together as they exit the
TCD detector assembly, you may need to use the multimeter or VOM to defermine
the actual pairs. It is normal for each filament to have a slightly different reading
within the appropriate operating range, so match the readings to determine the lead

pairs.

With the power turned off and the power cord unplugged from the electrical
outlet, raise the red lid to access the TCD detector. Exiting the right side of the
TCD detector oven is the bundle of § insulated, color-coded wires in pairs. Each
pair of wires represents one filament and is connected to the appropriately labeled
terminal for its paired colors. One filament has red/green, one red/blue, one black/
green, and one black/blue. The red/green and black/blue are the sample side
filaments, and the ones which typically deteriorate first. Remove the 8 wires from s
the bridge terminal by loosening the retaining setscrews with asmall blade screwdriver.  Many multimeters are
Measure the resistance across the filament leads using an ohmeter, making sure the  available; these two are

correct pair of colored wires is tested together for each filament. Aninfinite reading ~ from Fluke Corporation:
is an indication that the filament is open. or burned out. Ifany of the filaments has a USA: 1-800-44-FLUKE
i EU: (31 40) 2678 200

significantly different resistance than the others (which should be mtheranges o e com
mentioned above), it should be replaced. Replacement filaments, o-rings, and TCD
blocks with four new filaments are available from SRI. In addition to the standard
filaments, optional gold-plated filaments for improved corrosion resistence are also

available.

SRI TCD detector replacement parts

Standard TCD filament with rubber O-ring gasket 8670-9120
High temperature TCD filament with copper gasket 8690-9123

(filament part #s are also listed on the top of the TCD oven in your SRIGC)
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Thermal Conductivity Detector - TCD

Replacing the TCD Filaments
SRI TCD detectors are made to last a long time without ever replacing the filaments. However, any TCD
filaments that fail the diagnostic chmeter test mentioned previously will have to be replaced. While they share
the same outer assembly, there are a few differences between the high temperature TCD detector block and
the standard TCD block. Both designs are discussed. All filaments are fragile; handle them with care. Have
colored ink pens, electrical tape, whatever you will use for color coding close at hand before you begin. It is
best to go slowly, color-coding then replacing each filament one at a time. IF YOU MIX UP THE FILAMENT

LEADS, YOURTCD WILL NOT WORK!

A. Standard TCD detector block access
1. With 2 small blade screwdriver, free the filament leads from the bridge terminal by loosening the

SeiSCrews.

2. Remove the detector assembly cover by unscrewing the thumbscrew then sliding the cover off
toward the right-hand edge of the GC; gently remove the white insulation to reveal the detector block.

3. Disconnect the detector block gas inlets and outlets. The reference gas inlet is disconnected at the
polishing filterimmediately behind the column oven. The reference gas outletis disconnected inside
the column oven. Disconnect the sample gas inlet at the fitting on the column. The detector block
sample gas inlet tubing has a copper sheath for identification. The sample gas outlet is usually routed

out the right side of the column oven.

Exploded view of the standard TCD detector assembly

OQuter TCD detector assembly Outer TCD detector assembly

case permanently mountad to insulated padding case cover isremovable for access
golumn oven wall g : i to inner metal clamshell case

and heater wrap

N/

Camier gasin
from polishing
fiter. and back

to injector

Filament leads
to bridge
electronics

Sample gasin
irom anaiytical
column, and out
to next detector
or vert

e > TCD detector bleck

Column oven

h inner clamshell case is heai-wrapped with " 2 hex-head screws

i s et bb A Alastrinal Basting alamant 15 L AR e e B e
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Thermal Conductivity Detector - TCD

Repag Filaments contued

(Standard TCD detector block access confinued)
4. Cut the fiberglass tape wrapped around the detector block and peel it off. Unwrap and remove the

heater rope from the detector block (it is probably affixed to the thermocouple wires with more
fiberglass tape).

5. Disconnect the thermocouple by loosening the small philips head screw which holds it on the
detector block clamshell. Next, remove the clamshell by unscrewing the two small philips head screws
that hold its halves together. Gently remove the white insulation to reveal the detector block.

6. The TCD filaments are secured in the detector block by two plates, each of which is held in place
with three hexagonal head screws. Holding the detector block with one hand, use an Allen wrench to
unscrew and remove the hexagonal head screws from one of the filament securing plates. Then, slide
the filament securing plate off the filaments and leads. Setit securely aside.

7. Once the securing plate is removed, the filament and rubber O-ring that seals it can be gently pulled
out of the detector block cell. When replacing a filament, its rubber O-ring should also be replaced.
Check the lip of the detector block cell for fragments of the old O-ring and if any are present, remove
them as they will interfere with proper sealing of the cell. If you're replacing one reference or sample
filament, replace the other at the same time. If you didn’t have fun disassembling the TCD detector
block, replace all the filaments while you have it open. It’s 2 good idea to remove thenreplace one

plate and corresponding pair of
filaments at a time to avoid mixing up
their connections. Exploded view of the standard TCD detector block

8. To install a new filament. color-
code it the same as the filament you
are replacing, then slide it, leads first,
through the appropriate hole in the
filament securing plate. Anexisting or
replacement filament should occupy Detector block
the other hole. Place a new rubber
O-ring against the rim of the detector

block cell which will accept the new Reference cell Sample cell
filament. Place filament securing plate ;

and filaments against the detector block RDESC-ngE

with the filaments inside the detector ' Filament

block cells. Replace and tighten the 3
hex-head screws. Repeat this process
on other side to replace the

corresponding filament. Hexagonal head
screws

Filament securing plate

9. Reverse your steps for TCD
detector reassembly. Steps 7-10 of

the high temperature TCD detector
block access instructions detail insulated filament leads

reassembly of the inner clamshell and
outer detector housing.
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Thermal Conductivity Detector - TCD

Replacing the TCD Filaments continued

B. High temperature TCD detector block access
The high temperature TCD assembly is the same as the standard: outer housing around an inner

clamshell case. The high temp detector block uses gland nuts and copper gaskets to secure the four
filaments in its two cells. Instead of the heater rope, it employs a heating cartridge, which is inside the
inner clamshell case with the detector block.

1. With a small blade screwdriver, disconnect the filament leads from the bridge terminal by loosening

the setscrews.

2. Remove the detector housing by unscrewing the thumbscrew then sliding the housing cover off
toward the right-hand edge of the GC. Gently remove the white insulation to reveal the detector

block.

3. Disconnect the detector block gas inlets and outlets. The reference gas inlet is disconnected at the
polishing filter immediately behind the column oven. The reference gas outlet is disconnected inside
the column oven. Disconnect the sample gas inlet at the fitting on the column. The detector bl ock
sample gas inlet tubing has a copper sheath for identification. The sample gas outletis usually routed
out the right side of the column oven. Once these three fittings are loosened and the detector block
tubing freed, gently pull the detector block away from the housing.

Exploded view of high temperature TCD detector block and inner clamshell

. Installed/secured flaments N W

Detector t{

insulated Insulated
padding —_ padding -

i

Jﬁ:&f@"m,,l_— R i i % . ; i ; g "

A i - ‘\ e S
{ / \ Copper gaskets |
Al of :
Half ofinner clamshell case Hlamens? 4 il Half of inner clamshell case

Gland nuts
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Thermal Conductivity Detector - TCD

Replacing the TCD Filaments continued

(High temperature TCD detector block access continued)

4. Open the inner clamshell case by unscrewing the two small philips head screws that hold the two
halves together. Gently remove the white insulation to access the detector block.

Slide the gland nut
down and off fo
remove the filament

3. The filaments are held in place by gland nuts; loosen these nuts to 1 =
remove the filaments and copper gaskets. Color-code the new filament '
the same as the one you are replacing (you can use colored marker
pens, electrical tape, etc.) before completely removing the old one.
Slide the gland nut off the existing filament, toward the ends of the

filament leads.

i
£

6. Put the new filament’s leads through the gland
nut. Slide the gland nut up the filament’s leads until it
rests against the base of the filament. Place the
copper gasket against the rim of the detector block
cell opening. Carefully insert the filament and gland
nut together into the cell opening. Tighten the gland
nut to secure the filament in the cell.

7. When you’re finished replacing filaments, place the re-assembled detector block
inside the inner clamshell with the insulation and heater cartridge. Make sure the gas
inlet and outlet tubes are running through the cut-outs in the clamshell. Secure the
clamshell with its two screws.

8. Reconnect the TCD detector gas inlets and outlets.

9. Replace the inner clamshell and its insulation inside the detector housing that is permanently mounted
on the column oven wall. Replace the housing cover and secure with its thumbscrew.

10. Reconnect the filament leads to the bridge current terminal block. Use the color guide labelson
the terminal block to insert the color-coded leads into the appropriate terminal.
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As illustrated by the table below, Helium and Hydrogen have
the highest thermal conductivities of any gases. The TCD de-
tector responds to the difference between the thermal conduc-
tivity of the carrier gas and the analyte peak. The greater the
difference, the better the sensitivity. For this reason, Nitrogen
is only used as a carrier gas when hydrogen or helium is the
target analyte. Argon is sometimes used as a carrier gas, but
would have little sensitivity towards ethane or propane, for ex-
ample, because the thermal conductivity of the argon (39 ) is
very close to that of ethane ( 43 ) or propane ( 36 ).

THERMAL CONDUCTIVITIES OF
SOME COMMON GASES

Air 58
Argon 39
CO 53
CcO2 34
H2 419
HE - 343
N2 57
02 58
Neon 109
Methane 73
Ethane 43
Propane 36
Butane 32

Man200.pub
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DETECTORS

Flame Ionization Detector - FID

Overview

The Flame Ionization Detector responds to any molecule with a carbon-hydrogen bond, but its response
is either poor or nonexistent to compounds such as H_S, CCl,, or NH,. Since the FID is mass sensitive, not
concentration sensitive, changes in carrier gas flow rate have little effect on the detector response. It is preferred
for general hydrocarbon analysis, with a detection range from 0.1ppm to almost 100%. The FID’s response
is stable from day to day, and is not susceptible to contamination from dirty samples or column bleed. Itis
generally robust and easy to operate, but because it uses a hydrogen diffusion flame to ionize compounds for

analysis, it destroys the sample in the process.

FID detector

(SRI Capiliary FID GC with built-in Hydrogen Generator)

Thermostatted Detector viewport
heater block

(remove Swagelok cap)

Flameport

Collector
-— electrode

Electrode lead

Ceramic
to amplifier

— ignitor

Q?OMH 755 +61(0)3 9762 2034
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The SRIFID features a unique ceramic
ignitor which can ran hot continuously, and prevent
the flame from extinguishing even with large water
injections or pressure surges from column
backflush. This ignitor is positioned perpendicular
to the stainless steel detector jet and does not
penetrate the flame. Opposite this flame is the
collector electrode. This positively charged metal
tube serves as a collector for the ions released as
each sample component elutes from the column(s)
and is pyrolyzed in the flame; it doubles as a vent
for the FID exhaust gas. The FID is equipped
with an electrometer amplifier which has HIGH,
HIGH (filtered), and MEDIUM gain seftings. On
an SRI GC, the hydrogen and air gas flows are
controlled using electronic pressure controllers,
which are user adjustable via the GC’s front panel.
A thermostatied aluminum heater block maintains
a stable detector temperature which is user
adjustable up to 375°C. The optional built-inair
compressor may be used to supply the air for the
FID, eliminating bulky air cylinders. The built-in
hydrogen generator is another option: the standard
model can produce 20mL/min for use as both
carrier gas and FID combustion gas at pressures
up to 25 psi.

Amplifier gain switch
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DETECTORS
FID - Flame lonization Detector

Theory of Operation

In the SRI FID, the carrier gas effluent from the GC column is mixed with hydrogen, then routed through
an unbreakable stainless steel jet. The hydrogen mix supports a diffusion flame at the jet’s tip which jonizes the
analyte molecules. Positive and negative ions are produced as each sample component is eluted into the flame.
A collector electrode atiracts the negative ions to the electrometer amplifier, producing an analog signal for the
data system input. An electrostatic field is generated by the difference in potential between the positively
charged collector electrode and the grounded FID jet. Because of the electrostatic field, the negative ions

have to flow in the direction of the collector electrode.

The FID hydrogen diffusion flame

inner flame / pyrolysis zone

H, and Cuter flame / oxidation zone
Car;[er > o TR TT e §
effluent gurmer jet R Oxidizing atmosphere

Electrostatic field

The ratio of air to hydrogen in the combustion mixture should be approximately 10:1. If the carrier flowis
higher than normal, the combustion ratio may need to be adjusted. Flow is user adjusted through the Electronic
Pressure Controllers (EPC); the rates used to generate test chromatograms at the factory are printed onthe
right side of the GC in the flow rate chart. The FID temperature must be hot enough so that condensation
doesn’t occur anywhere in the system: 150°C is sufficient for volatile analytes; for semi-volatiles, use a higher
temperature. Inaddition to using the ignitor to light the flame, it may be left on at an intermediate voltage level
to prevent flameout (-750 or 7.5 volts). The ignitor is very durable and will last a long time, even at high

temperatures.

FID detector schematic

Hydrogen gas Flameport assembly

o T q
i Detsctar
. | E viewport
Analytical column ==l

TR " Postively charged

Sample-laden carrier gas ' 22 ﬁg“\tf elsotronay
exiting column into jet EXGRET MO

Compressed air
feeds nydrogen flame
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Flame lonization Detector - FID

Expected Performance

FID noise run

Hie Edt View Acauistion Help

DERB & 5 BE i1 2348

71D NOISE RUM
4100123441020k chaDEFAULT.CON

Column: 15m MXT-1
Carrier: Helium @ 10mL/min

FID gain = HIGH
FID temp = 150°C |
FiD ignitor =-400 Y _
: B \“.H_! N MH\/PH_\__J_—VW'"/WW"' v/ '
" A
FID noise averages less than 100pV from peak to peak
Temperature program:

lnitial Hold Ramp Fmal
80°C  15.00 0G.00 80"0: .

1

-0.100 Fr
e -~ i T i o STITE
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C,C Hydrocarbon Test Analysis

im?ﬁﬁ?iﬂ? ._?_E_‘_ij.;i'-'"_,, Rlafofalfnfe f"\ fol 7 fa o % %= sample: 1mL of 1000ppm C.-C,
[ 1000 P2m ¢[FT : . Carrier: Helium @ 10mL/min
1 2058000} AZa40a04 . CHRIDEFAULT.CON s F';ENTANE : FiD HZ at 25{35[ s 25mum!n
I { ' FID air at 6psi = 250mL/min
| | ' FID temp = 150°C
EROPANE | HEXAHE ' FID ignitor =-750
& ]  FID gain =HIGH
E | I Valve temp = 90°C
& METHANE [ i
® | P i :
@: | i J! i . Results:
j.; i | Component Retention Area
( { { . Methane 0.850 6579 9280
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FID - Flame lonization Detector

Expected Performance

BTEX Test Analysis

The BTEX chemicals (Benzene, Toluene, Ethylbenzene, and Xylenes) are volatile monoaromatic
hydrocarbons found in petroleum products like gasolme. Dueto industrial spills and storage tank leakage, they
are common environmental pollutants. Groundwater, wastewater. and soil are tested for BTEX chemicalsin
many everyday situations. The chromatogram below was obtained using an FID-equipped SRI GC.

Eie at View acaton Mok _
CrW® 8 %8s 12343 pMfafamfafafaifmfan i

zfm 100 FFM BTE[SID [
i £42.000 ﬁctz.%iilsseashu:)EFAu_‘r.cow |
o 1pL 100ppm BTEX sample
Ly Tk
g = 15m MXT-VOL capillary
& " I % column
& g z ’; i FID gain = HIGH
5 Ioog FIDtemp = 150°C
% R b8 FID ignitor = -400
g | g £
L i'\ A 3 f | / 2
ol :1 JA{ rfl J lE‘ l'-;"
%
v [41¥]
Results:
Componeant Retention Area
Solvent 0.433 85879.7560
Benzene 2.083 837.1000
TCE 2.700 319.2450
Toluene 4,183 1070.1060
PCE 5.000 344 8840
Ethyl Benzene 6.233 1200.3320
Crtho Xylene  6.900 1312.3070
Bromoform 7.150 225.2360
total 101188.9460
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FID - Flame lonization Detector

General Operating Procedure

1. Setthe FID amplifier gain switch to HIGH for most hydrocarbon applications. If peaks of interest go offthe
scale (greater than 5000mV), set the gain to MEDIUM. When peaks of interest are 20 seconds wide or more
at the base and extra noise immunity is desired, set the gain switch to HIGH (filtered). This setting broadens

the peaks slightly.

2. Set the FID hydrogen flow to 25mL/min, and the FID air supply flow to 250mL/min. The approximate
pressures required are printed in the gas flow chart on the right-hand side of the GC.

3. Ignite the FID by holding up the ignitor switch for a couple of seconds until you hear a small POP. The
igmitor switch is located on the front panel of your SRIGC under the “DETECTOR PARAMETERS” heading

(itis labelled vertically: “FLAME IGNITE”).

4. Verify that the FID flame is lit by holding the
shiny side of a chromed wrench directly in front of
the collector outlet/FID exhaust vent. If
condensation becomes visible on the wrench
surface, the flame 1s lit.

Famray o i AerUTIER

5. If you wish to keep the ignitor ON to prevent flameout, set the ignitor voltage to -750 by adjusting the
trimpot on the “FLAME IGNITE” zone with the supplied screwdriver.
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Flame lonization Detector - FID

FID Troubleshooting

Whenever vou experience problems with your FID, review your operating procedures: check the detector
parameters, check to make sure you are on the correct channel of the data system display, check the mixture
of hydrogen (25mL/min) and air (250mL/min), check gas pressures and connections, check the oven and
detector temperatures, and all the other variables that compose your analysis. Having ruled out operating
procedure as the source of the problem, there are two simple diagnostic tests you can perform. Detector
problems can be electrical or chemical in nature. Use the Flame ON/OFF test to help determine if the problem

is of chemical origin. Use the Wet Finger test to determine if the problem is electrical.

A. Flame ON/OFF Test
1. Extinguish the flame by turning off the air.

> Use the wrench test to make sure the flame is OFF. Ifitis, observe the baseline in
the chromatogram window to see whether there is an improvement or no change atall.

3. If baseline noise and high background disappear with the FID flame OFF. the
problem is chemical in nature.

4. Tsolate the column by capping off the column entrance to the detector with a
swagelok-type cap or a nut and septum. Turn the air back on and light the FID flame.
Ifthe detector noise is similar to the background that was observed with the flame

OFF, the column is suspect.

™
B. Wet Finger Test {ﬁ\ et
\\ ' \ " _!'.:
1. Make a V sign with the first two fingers of your right hand. ~ \j \
-. A
2. Moisten thase two fingers (you can achieve sufficient moisture by licking them). \\c \\
i TR
3. Place one finger on the collector electrode, and place the other on bare metal (like \ ﬁ\“{f
the FID detector body or the column oven lid) to ground the collector. Make your \ \_/;-

contact brief--you need only brush
One finger here and these parts to perform the test. Be
i careful not to burn yourself; the
column oven lid is probably cooler

— s ctheringer hee than the FID detector body.

5. Observing the milliVolt reading on the screen. If your
contact makes a significant change in the milliVolt reading,
then the FID detector electronics are working. The data
system signal should jump from zero to the maximum voltage
(5,000mV), then come back down when you remove your

fingers.
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FID - Flame lonization Detector

Cleaning the FID

The FID detector rarely requires cleaning or servicing. It may develop a film or coating of combustion
desposits in the flameport with extended use. Usc the FID detector viewport to check for visible deposits. If
you’re experiencing problems with your FID detector, try cleaning it, even ifvou ”
can’t see deposits through the viewport.

1. Unscrew the viewport cap nut and examine the flameport interior for coatings or
films. [fresidue is found, the collector electrode and the flameport will need cleaning.

2. Remove flameport assembly from the heater block

a. Disconnect the FID air supply line at the 1/16” bulkhead fitting,

b. Using a philps head screwdriver, remove the screw on the top
of the FID’s heater block and pull the aluminum cover up and
off.

c. Gently pull off the white insulation to
reveal the detector’s bulkhead fitting on
the column oven wall. Loosen this fitting
to disconnect the flameport.

3. Remove the collector electrode

a. Unclip the electrode lead
terminal and slide it off the
electrode.

b. Loosen and remove the nut and ferrule that hold the
collector electrode in the flameport body.

¢. Shide the collector electrode out of the nut. Once removed, . TN e
spin it between your fingers in a piece of sandpaper to clean the i W&“ﬁ} -
stainless steel surface. A wire brush may also be used to scrub E |

the electrode. Once cleaned. set it aside with the ignitor.
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Flame lonization Detector - FID

Cleaning the FID continued

4. Remove the FID ignitor element

a. The ignitor element is brittle and will break when stressed, so handle the
ignitor carefully, mindfl of any torque on he blades. While holding theignitor | . [ i
by the ceramic body with one hand, loosen the 1/4” swagelok-type nut that | Graphite ferrule—s

holds it in place. There is a graphite ferrule inside this nut that secures the

]
B

ceramic ignitor body when the nut is tightened. Ignitor body
b. Carefully pull the ignitor down out of the flameport. Disconnect the ignitor
from the spring-loaded ignitor current source terminals. Setthe ignitor securely o
aside. E
FID ignitor removed from the flameport assembly
i e G 7 .

5. Use a wire brush or a sharp object to remove any residue from the flameport interior, then rinse it with
solvent (methanol or methylene chloride), and bake it out in the GC’s column oven at 250°C for 10-15

IOIntes,

Scrape, rinse, and bake out the FID flameport interior

6. Re-assembly

a. Once all the FID parts are cleaned, reverse the disassembly process, starting with the replacement
of the ceramic ignitor. Leaving out the cleaning steps, your last step shouid be reinstalling the flameport
assembly onto the heater block. Make sure to position the ignitor so that the blade is slightly below

and angled 10-15° toward the jet’s tip so that the ignitor will not interfere with the flame or create

turbulence.

Use the viewport to correctly position the FID ignitor
and collector electrode inside the flameport

FID ignitor removed from % VIEW
the flameport; note the [
slight angle of the blade

element ;
: m
- Pogition the collector electrode
| [ 80 that about 1/8" of it is visible
gnitor blade | through the viewport

2 must not i
touch FIDjet | |
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There are situations where it would be helpful to op-
erate the FID detector using just the built-in air com-
pressor for carrier gas and no other gases. SRI dis-
tributors demonstrating the GC and software may
find it useful to run live chromatograms without the
inconvenience of providing hydrogen and helium.
Service personnel troubleshooting other GC func-
tions may be able to test the GC without gases, and
under some circumstances, the response of the
flameless ionization detector ( FLID ) may actually be
useful for non-guantitative applications.

The FID detector is normally located on the right
hand side of the column oven.

The FID normally requires a flow of 20-30 mi/min of
hydrogen and 200-300 ml/min of air to support a hy-
drogen flame at the tip if the jet. The heat of the
flame ionizes the analyte molecules, and the nega-
tive ions allow a small electric current to flow be-
tween the collector electrode and the grounded flame
jet. The ignitor normally serves only to ignite the
flame.

The FID detector body is shown at right in the normal
configuration, but removed from the detector heating
block on the GC for clarity.

Inside the FID detector body, the ignitor is normally
positioned just below and behind the tip of the jet.
Notice that the ignitor blade is tilted at a 15 degree
angle from the ceramic tube in which it is fabricated.
In normal FID operation, the ignitor is positioned be-
low and behind the jet so it will not disrupt or distort
the flame, yet close enough to easily ignite the hydro-
gen/air mixture.
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In the FLID mode, the ignitor itself provides the heat
necessary to ionize the sample molecules. Accord-
ingly, the ignitor needs to be positioned directly in
front of the jet. The slight angle of the ignitor allows
the ignitor tip to be located 1-2 mm in front and
slightly above the jet. The ignitor is held in place by a
soft graphite ferrule and a swagelok nut. Be careful
when manipulating or twisting the ignitor because the
ignitor blade is very brittle ceramic, and will snap if
stressed. Replacement ignitors are available using
part# 8670-0150.

The ignitor temperature must be raised so that it
glows red hot. Set the FID ignitor volts to at least
900-1000 using the front panel FID Ignitor control.

A chromatogram of gasoline is shown below which
was run using the FLID mode. Only the larger gaso-
line components ( > 1000 ppm ) were detected.
Sensitivity is exponential due to the temperature rise
that occurs when the peak combusts on the ignitor
surface. Large peaks which elute quickly may cool
the ignitor resulting in split peaks.

PeakSimple for Windows

1ul Gasoline injected onto 30 meter .53mm
capillary column using air carrier gas from
the built-in air compressor.
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To convert the FID detector to NPD
detector:

1) The FID and NPD detectars are almost identical.
The detector body is mounted on a heated aluminum
block on the right hand side of the GC oven.

The NPD body is slightly different from the FID in
that the NPD flame jet does not protrude as far into
the detector body as it does on the FID. This allows
the NPD thermionic bead to be positioned directly in
front of the jet. Remove the FID body from the
heated aluminum block and replace it with the NPD

body.

2) The photo at right shows the FID/NPD detector
body and both the FID ignitor and NPD thermionic
bead side by side for comparison. Both the FID igni-
tor and NPD thermionic bead are inserted into the
detector body from the bottom. The ignitor is in-
serted until the tip of the ignitor is just below the tip of NPD bead
the flame jet, while the NPD bead is inserted until the
heated part of the bead is directly in front of the
flame jet. For NPD operation, the sample molecules
must collide with the bead in order to be ionized and
detected.

3) The gas flows to the NPD detector are different
than the FID gas flows. The NPD hydrogen flow is
normally about 3 ml/min while the FID hydrogen flow
is about 25ml/min. To obtain this lower H2 flow rate,
an additional restrictor coil is attached to the hydro-
gen bulkhead fitting immediately below the detector
body. With this additional restrictor coil in place, 10
psi hydrgen pressure will result in a flow rate of about
3ml/min. The NPD air flow rate is typically about 100
ml/min, but this flow rate can be achieved by simply
reducing the air pressure from 8 psi to about 3 psi.
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To convert the FID detector to NPD
detector:

4) The NPD bead plugs into the push terminal block
on the GC directly beneath the detector. The termi-
nals are labelled FID ignitor because this is where
the FID ignitor is normally connected.

5) Because the NPD bead can only tolerate a maxi-
mum voltage of —4.50 voits, be careful not to set the
FID volts setpoint higher than —4.50. Be especially
careful not to flip the FID ignite switch to the up posi-
tion, as this will apply 10 volts to the NPD bead and
burn it out. When an NPD detector is ordered sepa-
rately from the FID, the NPD volts are automatically
limited to —4.50 volts maximum. But when the FID
and NPD share the bead/ignitor circuit, the operator
must be careful not to apply more voltage than the
bead can tolerate.
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Chapter: DETECTORS

Topic: NPD - Theory of Operation and General Information

The Nitrogen / Phosphorus Detector, or NPD, as it is commonly referred to, is specified for
the analysis of organic compounds containing nitrogen and/or phosphorus. The NPD detector is ideal
for the analysis of pesticides and herbicides such as Parathion®, which contains nitrogen, phosphorus
and sulfur. Minimum detectable quantities are in the 10 picogram range for this compound.

In principle, when organic compounds containing either nitrogen or phosphorus are introduced
into a hydrogen plasma induced around a salt, charged particles or ions are generated, either by
thermal ionization or oxidation. In the case of the NPD detector, ionization occurs as each sample
component is eluted into the hydrogen plasma glowing around the NPD bead which 1s located
directly at the exit of the analytical column. Ions freed in the plasma are then collected by a
positively-charged collector electrode immediately adjacent to the gas plasma, and the electrical
current produced by the passing of each component is carried to the electrometer/amplifier for
processing and routing to the data system. The SRI NPD design exhibits extremely linear response.

Hydrogen gas

Thermionic
NPD bead

Sample-laden carrier gas
exiting column into jet

Compressed air to J’
fuel hydrogen flame
Positivelycharged collector electrode
(carries signal to electrometer/amplifier)

BASIC NITROGEN/PHOSPHORUS DETECTOR DIAGRAM

e The illustration at left shows a
Sppm concentration of a proprietary
gasoline additive in nitrogen. The
operation of the NPD detector was
adjusted to permit display of the
gasoline peaks immediately preceding
the internal standard and target peak. If
the detector response was optimized,

T ed
cég-?mm the selectivity of the detector would
have eliminated the gasoline peaks
e - ..,._,,__L_ﬂ from the chromatogram. In this case, it
— was desireable to show the gasoline

peaks, and the NPD H, gas and bead

5 ppm concentration of target component in nitrogen
were adjusted according.
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Chapter: ~ DETECTORS

Topic:

i e S

Preparation of The Nitrogen-Phosphorus Detector For Operation

The majority of gas chromatographs manufactured by SRI Instruments that offer the
Nitrogen-Phosphorus Detector option are equipped with a flame ionization detector as standard
equipment. The Nitrogen-Phosphorus Detector is configured for use by a conversion (hardware
modification) to the FID system in the field. The modification of the FID detector is minimal and
may be performed in a matter of minutes. Reversion back to the standard FID detector configuration
may be performed as needed without any major interruption to the throughput of analyses through the

chromatograph.

In some specific cases,

the gas chromatograph is equipped with a permanent configuration of

the nitrogen-phosphorus detector (NPD). On such models, the hardware modifications indicated on
this page are not applicable, as the detector is already configured and not convertible.

Location of NPD current limiting resistor inside of
GC chassis (must be inserted to operate NPD bead).

NPD bead inserted in
FID - NPD detector body (pull
FID jet back to insert NPD bead)

Loosen this nut to adjust the
penetration position of the FID
jet with relation to the NPD
bead as previously illustrated

== ©
— o
] -
Restrictor should be inserted
into hydrogen gas line at this /
bulkhead
This cap nut may be
removed to view position  pu.cerbody
of jet tip. Jet should image rotated 90
: degress from
pmlmd? e ﬂameporl vertical for visual
flush with leading (left) i

edge of cap nut orifice

NPD hydrogen restrictor tubing must be inserted
into hydrogen supply line to FID body to operale
NPD detector

D:\SSEPZDOC\NPDO2.EFD
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330 ohm 1/4 walt
NPD limiting resistor
(EIA color coded
ORANGE-ORANGE-BROWN)

21" of 1/16™ O.D.,
0.005" 1.D. S.S. tubing
Flow should be
3 ml/min of Hs at 10 psi
of pressure.

NPD hydrogen gas flow restrictor
(for reducing hydrogen gas flow
to proper level for NPD operation)

The thermionically-heated alkali
bead used in the NPD detector must be
positioned perpendicular to both the
detector jet and the collector electrode on
the lateral edge of the hydrogen - air
plasma generated by the application of
electrical current. When converting an FID
detector to NPD operation, the FID jet
should be repositioned back toward the
column oven to permit proper insertion of
the NPD bead. The current is set as low as
possible while maintaining the plasma.
Once these hardware modifications are in
place as indicated, adjust the NPD detector
as instructed on the previous page.
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| Chapter:  DETECTORS

|

‘ Topic: Operation Of The Nitrogen - Phosphorus (NPD) Detector

l

| —

NPD bead positioned

in flameport
FID jet position, pulled back The SRI design FID
from normal FID position = detector converts quickly into a

foruse:with NED bead nitrogen - phosphorus detector by

@ the simple replacement of the FID
ignitor element with the
electrically-heated thermionic
NPD bead element. The hydrogen
flow is then manually reduced to
between 1 and 7 ml. per minute
by the installation of a flow
restrictor prior to the FID detector
Note that the detector Rydrogen bulkhead fitting
B! body has been rotated  (between 1 and 3 ml. per minute
% ;‘;::i o ahorizonial js optimum). With the heated
FID hydrogen e Rl NPD bead installed directly in the
carrier gas flow exiting the FID
jet orifice, the sample components
are directed toward the area of the
bead, where any molecule

containing a nitrogen or phosphorus group is prompted to release an electron in the hydrogen-air
plasma generated by the bead. The liberated electron is attracted to the charged collector electrode
and it creates a current that is delivered to the FID electrometer for processing. Note that the FID jet
should be relocated (pulled away) from the NPD bead and collector electrode, as illustrated, for
proper operation. Return the FID jet to its original position when returning to FID operation.

T
T

Detector inlet i

=Ly
]

FID collector
1 electrode

]

il
i
hY
3

NPD detector assembly (modified FID detector)

The nitrogen - phosphorus bead is extremely selective, providing 10,000 times higher response
to nitrogen - phosphorus compounds than to hydrocarbons. When using the NPD detection method,
nitrogen is the carrier gas of preference although helium carrier gas may be used. The bead must be
operated with the minimum current required to maintain the hydrogen-air plasma. If more current
than necessary is applied, the detector will show greater sensitivity, but the life and subsequent
sensitivity of the NPD bead will be greatly reduced. The NPD should only be operated with the 330
ohm NPD current-limiting resistor in place in the circuit. AT NO TIME should the NPD voltage be
operated above 4.4 volts. Nitrogen - phosphorus compounds increase the current in the plasma as
they collide with the surface of the thermionic heated alkali metal bead.

Hydrogen - air plasma created around Current to thermionic
thermionically-heated NPD bead element bead necessary to
maintain gas plasma

FID collector electrod _._.::.‘-'?.5.3.'.::; /
collector electr 3: NPD bead clement :3$

(;TN \ Electrons liberated from nitrogen - phosphorus

sample components attracted by collector

FID jet delivering sample
components onto NPD bead
In order to operate the NPD detector, verify that the hydrogen flow rate is in the vicinity of 3 ml per
minute by using a bubble flow meter capable of accurate measurement in that range. The hydrogen
flow rate is normally maintained at 20 to 25 ml per minute. The air flow must be adjusted to
approximately 80 ml per minute. This is much lower than the 250 - 300 ml per minute flow rate that

is typically used for flame ionization detector operation.
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Oxygenate Selective Detection for GC
ETHANOL in GASOLIN

Oxygenate Selective Detection for GC
CARBOXYLIC ACIDS

TID-1 surface

Negative lonization on a ceramic TID-1 surface detects lohisatan with. an l:mm ACID IN WINE
9xya¢natu with good seloc_ﬂvltyvs. Hydrocarbons. iir defachor s b PACHIEANG Ry
TID-1 detection ?WGS Cbigb Sigﬂﬁls o
provides a simple ETHAN or Carboxylic 4 Aestie Awpd
analysis for the g YAt Acids relative to TID-1-AIR & Fonmic Acd
Ethanol additive in other Oxygenates e
gasoline. Only a single FID like Alcohals. TID-1 el oher voRitie
gas supply (Nitrogen) 428 nA full scale detection includes o Ethanol ’ e
suffices for both GC Formic Acid which '
camier and detactor is not detected by
gases. Short analysis an FID. TID-1 f | A= :
times can be. used detection is also ~™— =
because Ethanol is e non-destructive
easily detected amidst so component . s
many overlapping aromas can be LR
Hydrocarbon sensed at the to Formic Acld
components. TID-1 detector exit. H,O
also detects Phenols, is also detectable .
Glycols, and other to ppm levels L l
Oxygenated = =
compounds.

Selective Detection for GC Pb-Sn-P-Si

TRIHALOMETHANES (Lead, Tin, Phosphorus, Silicon)

e e e R S S = et S e P e S e
TiD-3 surface catalyzed negative ionization process

Volatile HALOGENATES

detected with a sensitivity of 1
o po/sec, selectivity of 100,000:1 vs.
ranssate hydrocarbons, and linear
response exceeding a range of
10,000 in sample waight.

Unlike other halogen dstectors,
TID-3 response to Br is
significantly more than CI.
Detector gas may be Nitrogen or
Alr with no requirement for ultra
high purity. This detector is much
easier and less costly to operate
and maintain than an Electrolytic
Conductivity Detector.

L B T

Sample analyzed:

640 pg each: 1=CHCI, 2=CHCL.Br 3=CHCIBr, 4=CHBr,
47,000 pg each: B=benzene T=toluene

2,500,000 pg: M=methanol Solvent: water

selective detection with a DET innovation

0rganlcallx-Fueled Remote FID

A polarizer and ion collector
located several centimeters
downstream of a flame jet
detect long-lived ion species

 SISPIENGASOUNE

m that originate in a flame fueled
13000 pA fs. by H; - CH, - Air. lonization
from Hydrocarbon combustion

at the jet dissipates before
reaching the downstream

REMOTERD |5 collector.
" Detectivity of 1 pg/sec for Pb,
M Sn, P with a selectivity of
i Cakn. Bood 500,000:1 versus Carbon.
_/-\"L Sample:
B 12 ppm tetrabutyltin in

gasoline

DETector Engineering & Technology, inc.

486 North Wiget Lane, Walnut Creek, CA 94598 USA
ph: 925-937-4203, fx: 925-937-7581, www.det-gc.com
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CHEMICAL DETECTION by DET

featuring novel applications of the principles of
THERMIONIC SURFACE IONIZATION and FLAME IONIZATION

Selective Detection for GC

NPD - BEST N DETECTIVITY
(less than 70 femtograms N/sec)

The combination of an

Agilent 6890 NPD and g0 femtograms Nicotine
a DET TID-4 ceramic S
ion source (bead) TID-4 in 6890 NPD

provides staté-of-the-
art N-selectivity for
trace detection of drugs
of abuse, pesticides,
explosives, and
pollutants.

The 6890 NPD
hardware features a
concentric cylinder ion
source - collector
electrode geometry for
stream-lined gas flow
and efficient ion
collection. Similar DET
equipment is available
for HP5890, Varian 3400-3800, and SRI 8610 GC models.

2pAfs.

- Nicotine

= e
Pesticide Sample:

Selective Detection for GC

PHOSPHORUS COMPOUNDS
Very Big Signals with a New PTID

1-Mevinphos (P)
2-Trifluralin (N)
3-Simazine (N)
4-Methyl Parathion (NP)

NPD detects both P and
N. PTID detects only P
with signals 10 times
bigger than the NPD.

A Phosphorus Thermionic
lonization Detector (PTID)
combines surface ionization
principles with high flows of
Hydrogen and Air for P/C
selectivity of 100,000:1, P/N
selectivity of 100:1,
detectivity of 70 fg P/sec;
and a dynamic response
range more than 100,000.

NP pesticides 480 pg aach

1

N

h

PTID
1 nAfe.

;.__1_

NPD
0.04 nA T.8.

Tandem Thermionic Detection for GC

COCAINE - HEROIN

NPD and TiD-1 are two

ngm Cocaine{l)
different modes of
Neo ;1;4:—:: et o thermionic ionization.
3.00A B Ceramic TID-1 surface
3z pAfe. operates at 400-600°C in
a gas environment of
s Nitrogen or Air. TID-1 is

ﬂ(‘*"l

TID-1-Nlrogen
st Stage

280 A

non-destructive so it can
be combined in series
H with another detector like
the NPD.

Ceramic NPD surface
- operates at 600-800°C in
an ignited, dilute mix of
Hydrogen in Air.

Sample analyzed: NPD detects both Cocaine (C) and
Heroin {H). TID-1 detects Haroin and Heroin impurity (L)
Tandem combination gives simultaneous TID-1 and NPD
signals for each sample injection.

3Z pA f.a. u

-

- Femtogram GC Detection -
NITRO-COMPOUNDS like TNT,
2,4-Dinitrotoluene, DNPH-Aldehydes,
Methyl Parathion, 4-Nitrophenol, etc.

Unigue TID-1 surface
ionization provides better
selectivity than ECD and NPD,
and needs only Air or N, as the
detector gas with no
requirement for high purity.

TID-1 detection is an
inexpensive modification of
Agilent 6890 NPD equipment.
DET NPD/TID-1 equipment is
also available to fit HP 5690,
Varian 3400-3800, and SRI
8610 GC models.
EXPLOSIVES Sampla: NPD
has a big response to RDX
and 4-Nitrotoluene. TID-1
has a much larger response
to TNT.

NPD (TID-4)
S1ZpAts.

4-Nitrotolusne

28 ng

RDX
12

ng

TID-1-Nitrogen

s1ZpAfs.

TNT
0.29 ng

| S N

DETector Engineering & Technology, inc.
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Recent Advances in Thermionic lonization Detection
for Gas Chromatography

P.L. Patterson
Detector Engineering & Technology, Inc., 2212 Brampton Road, Walnut Creek, California 94598

Abstract

Thermionic ionization detectors are most widely used for
the specific detection of nitrogen-phosphorus compounds
in gas chromatography. The operating mechanism of these
detectors is a surface ionization process in which the key
parameters are the work function of the thermionic emis-
sion surface, the temperature of the thermionic surface,
and the composition of the gas environment in the imme-
diate vicinity of the thermionic surface. By aystematic
variations of each of these three key parameters, the
technique of thermionic ionization detection has been
graatly expanded to sncompass a number of different
modes of response, all of which use similar detector hard-
ware and slectronic components.

Introduction

Thermionic ionization detectors (TID) are best known in gas
chromatography (GC) for their application to the specific detec-
tion of nitrogen (N) or phosphorus (P) compounds. All modern
TIDs are essentially derivations of a basic design first described
by Kolb and Bischoff (1) in 1974. The main component in this
type of detector is an clectrically-heated thermionic emission
source in the form of a bead or cylinder which is usually composed
of an alkali-metal compound impregnating a glass or ceramic
matrix. In the TID, the thermionic source is positioned so that
sample compounds may impinge upon its surface, and any
ionization produced is measured by an adjacent collector elec-
trode. Kolb and Bischoff were the first to report that a thermionic
source comprised of a Rb-silicate glass bead produced very
specific NP responses when the bead was operated at high temp-
eratures in a gas environment of dilute H; in air.

Since the original work of Kolb and Bischoff, there have been
continuing developments in NP detectors, with much emphasis
on improved methods of construction and composition of the
thermionic emission sources. The most important development,
however, has been the recognition in recent years that the opera-
tion mechanism of a TID is a surface ionization process (2) rather
than the gas phase ionization process originally proposed by
Kolb et al. (1,3). Once it was clear that a surface ionization

W HROM 757 +61(03 9762 2034
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process was operative, it was possible to identify three key
operating parameters which control the ionization produced.
These parameters are: the electronic work function of the therm-
ionic emission surface which is determined by the chemical com-
position of the surface; the temperature of the thermionic sur-
face; and the chemical composition of the gas environment im-
mediately surrounding the thermionic surface.

The identification of these parameters has led 1o a clearer
understanding of the compiex chemistry active in NP detection,
and has provided an important guide for expanding the applica-
tions of thermionic ionization techniques. Through systematic
variations in each of the key parameters, many different modes
of detector response have been achieved (3-6). Hence, the tech-
nique of thermionic ionization detection now correctly refers
to a number of GC detector responses which are related through
the use of many common hardware and electronic components.
This article reviews the present state of development of the
members of this unique group of detectors.

Types of Thermionic Emission Sources

All commercially available TIDs use thermionic emission
sources formed according to one of the following four general
methods:

{A) homogeneous alkali-glass bead formed on a loop of bare
platinum wire (1);

(B) alkali salt activator coated on a ceramic cylinder core con-
taining an embedded heater coil (7);

(C) homogeneous alkali-ceramic bead formed on a coil of
nichrome heater wire (2,8,9);

(D) multiple layers of cylindrically-shaped ceramic coatings, with
a non-corrosive, electrically-conducting sub-layer of Ni-
ceramic completely covering a loop of nichrome wire, and
a surface layer comprised of alkali and/or other additives
in 2 ceramic matrix (5,10).

Thermionic sources representing all four categories cited
above have been used in NP detectors available from different
manufacturers. Generally, those sources formed from ceramic
materials provide greater flexibility for varving the chemical
composition of the source. This is because the ceramic com-
positions are formulated and coated from a slurry at room
temperature (9), whereas the glass compositions are formed in
Australian Distributors |
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a process that proceeds through a molten glass state (11).

The detailed chemical compositions of thermionic emission
sources are usually regarded as confidential proprietary infor-
mation by the manufacturer. Since the first alkali-glass bead
reported by Kolb and Bischoff used Rb as the alkali compound,
there existed for many years a belief that Rb was an essential
component for optimum NP responses. However, in recent
years, NP detectors with state-of-the-art performance specifica-
tions have been reported in which Cs rather than Rb is used
as the alkali component (5). Also, another recent report (12)
has described an NP detector which uses a LaB,/Si0; bead and
no alkali additive. In accordance with a mechanism of surface
ionization prevailing in the TID, the most important character-
istic of the thermionic emission surface is its electronic work
function (i.e., the amount of energy required to emit a unit of
electrical charge from the surface). Alkali-metal compounds
have been especially successful additives because they lower the
work function of the glass or ceramic matrix, thereby facilitating
the emission of charged particles from the heated thermionic
surface. The mathematical relationships between work func-
tion, surface temperature, and thermionic emission current have
been discussed (2.12).

The development of multiple-layered, ceramic-coated therm-
ionic emission sources has allowed examination of coatings of
many different chemical compositions without the risk of
materials in the surface layer corroding the heater wire. In the
search for expanded applications for thermionic ionization
techniques, the basic task is to define a specific match of a therm-
jonic source type with an operating gas environment and a range
of operating source temperatures. To date, three different
chemical compositions of thermionic sources have been shown
(5,6) to have useful applications in differing modes of thermionic
detection. These source compositions are shown in Table [. Data
obtained using these three types of thermionic emission sources
are presented in the following sections.

Modes of Response

Schematic illustrations of four different versions of therm-
ionic ionization detection equipment are shown in Figures |
through 4. Common components in each version are as follows:
(A) an electrically-heated, thermionic/catalytic source con-
structed of multiple layers of ceramic coatings;

(B) a cylindrical collector electrode surrounding the cylindrically
shaped thermionic source;

(C) a source power supply that provides heating current to heat
the source to typical temperatures of 400° to 800°C, and
a bias voltage to polarize the source structure at a negative
voltage with respect 1o the collector;

Table I. Thermionic Source Surface Layers

Source type® Addlitive Work function
TID-1 High concentration Cs Low
TiD-2 Low concentration Cs/Sr Medium
CFiD Nickel High

*Nomencialure adopied from Pamarson (S).
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(D) an electrometer that measures negative ionization currents
arriving at the collector electrode.

The TID hardware usually mounts onto an FID-type detector
base that is resident on a2 GC, so that two different detector
gases may be supplied in addition to the GC effluent. Therefore,
changes in the modes of detector response that correspond to
the schematics of Figures 1 through 4 are accomplished by
changes in the type of thermionic source, changes in the com-
position of gases supplied to the detector, or by changes in the
operating temperature of the thermionic surface.

Most of the TIDs available commercially function by the col-
lection of negative ionization rather than positive ionization.
In the discussion that follows, it will be shown that the concepts
of negative ion chemistry provide a logical pattern for correlating
the responses of the different modes of thermionic detection.

TID-1-N;: Nitro/electronegative specific response

The simplest mode of thermionic detection is represented by
the schematic in Figure 1. In this mode, the low work function
thermionic source designated by the TID-1 nomenclature is
operated in a detector gas environment of N,, Because the detec-
tor gases are inert, sample compounds interact directly with the
TID-! surface, which is typically heated to temperatures in the
range of 400° to 600°C. The ionization process in this case is
direct transfer of negative charge from the TID-1 surface to

TID-1-N, [AIR]

R
THERMIONIC P
SOURCE o CURRENT
BoDY
SURFACE \ BIAS
\ 5 ' VOLTAGE
———i R T
_\ ."-_|'
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L
1n 2
——CQOLLECTOR
L4
i v \
1 L !
1 { |
I | |
| I i
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GAS 1
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{ } M=
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Figure 1. Schematic illustration of the detection configuration for the thermionic
ionization modes TID-1-Nz and TID-1-air. Detector gas 1=FID-H. inlet line;
detector gas 2=FID-air inlet line.
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the sample molecule. Consequently, this mode of response pro-
vides exceptionally high specificity and sensitivity to many com-
pounds containing the nitro (NO.) functional group (5,13), as
well as 1o certain other electronegative compounds (e.g., pen-
tachlorophenol, diazepam, and methaqualone). This mode of
detection is very sensitive to the detailed elecironegativity of
the sample’s molecular structure, as has been illustrated by the
observation that a larger signal is obtained for the 2,4-isomer
of dinitrotoluene in comparison to the 2,6-isomer (5). The
TID-1-N; mode is superior 1o a conventional NP detector or
an electron capture detector (ECD) for detection of trace level
nitro-compounds such as nitro-PAH, nitro-explosives, nitro-
pesticides (e.g., parathion, methyl parathion), nitro-drugs, nitro-
derivatives. For many nitro-compounds, the specificity vs.
hydrocarbons is an astonishing 10*, and detectivity is in the 0.1-
to 1.0-pg range (5).

TID-1-air: Halogen/nitro specific response

When the TID-1 thermionic source is operated in an oxygen-
containing gas environment rather than one of N,, specific
responses to halogenated compounds are enhanced while
responses Lo nitro-compounds are decreased somewhat (14). The
TID-1-air mode of detection is generally not as sensitive as an
ECD or Hall detector for chlorinated compounds, but it pro-
vides halogen specificity at higher concentrations where ECD
and Hall are saturated. Typical specificity is 10* and detectivity

is 0.1 to 1.0 ng. This is an especially simple mode of detection
for ethylene dibromide (EDB) in the headspace vapors of food
products.

TID-2-Ha/air: Nitrogen/phosphorus specific response

The schematic illustration of Figure 2 represents the situation
that prevails in an NP detection mode. For this mode, H; and
air gases are supplied to the detector, and a thermionic source
of moderate work function (i.e., TID-2) is operated hot enough
{600° to 800°C) to cause thermal/chemical decomposition of
the H: and O, gases. A critical parameter in this NP mode is
the restriction of the H; 10 low flows (e.g., 3 to 6 mi/min) which
are not sufficient to maintain a seif-sustaining flame at the sam-
ple conduit (i.e., jet structure) depicted in Figure 2. Instead,
a flame-like gaseous boundary layer is created in the immediate
vicinity of the hot thermionic source. Since this boundary layer
is very reactive chemically, sample compounds are decomposed
by the active gas phase chemistry, and electronegative products
of decomposition are selectively ionized by surface ionization
on the thermionic source. N or P compounds are ionized with
especially high specificity by this process. An essential condition
for the onset of NP detection is that the thermionic source must
be hot enough to ‘‘ignite’’ the boundary layer chemistry. Under
these conditions, a thermionic source of moderate work func-
tion provides the optimum compromise of sample response
signal vs. deter.‘torbackgrmmdsugml A low work function therm-
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Figure 2. Schematic illusiration of the detecton canfiguration tor the TID-2-Hafair
* or NP mode of thermionic ionization.
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Figure 3. Schematic illustration of the detection configuration for the catalytic
flame ionization detector (CFID) mode of response.
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ionic source (e.g., TID-1) operated under these conditions would
produce an overwhelmingly large background signal. Conversely,
a high work function thermionic source (e.g., catalytic flame
lonization detection) operated under these conditions would pro-
duce smaller NP signals and less specificity than the moderate
work function thermionic source. Typical performance specifi-
cations for NP detectors are detectivities in the range of 1 to
10 pg, and specificity with respect to hydrocarbons in the range
of 10 to 10°.

CFID: Universal response to all organics

Figure 3 depicts a mode of response achieved when the H;
flow to the detector is sufficient 10 produce a true self-sustaining
flame burning at the jet structure. This mode of operation has
been designated (5) catalytic flame ionization detection (CFID)
because of its close similarity to a conventional FID. The CFID
is essentially an FID which has been modified by inserting an
electri -ally-heated catalytic source comprised of a Ni-impreg-
nated ceramic into the center of the active flame region. In this
detection mode, the catalytic source structure serves the three-
fold function of flame ignitor, flame polarizer, and catalytic
combustion modifier/thermionic surface ionizer. In the CFID,
two types of ionization processes are active: gas phase ioniza-
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Figure 4. Schematic illustration of the detection configuration for the flame therm-
jonic iomization detector (FTID) mode of response.
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tion processes identical to those which occur in a conventional
FID, and surface ionization processes at the catalytic source
structure which especially enhance the ionization efficiency of
many heteroatom compounds (especially halogenated and phos-
phorus compounds).

Like a conventional FID, the magnitude of the gas phase
ionization is determined primarily by the magnitudes of H. and
air flows and the size of the jet orifice, so that additional elec-
trical heating of the CFID source has little effect on the gas
phase ionization. However, the magnitudes of ionization pro-
duced by surface processes at the CFID source is strongly depen-
dent on the electrical heating of the source. Hence, in many
cases, response factors for heteroatom compounds can be
enhanced to be comparable to hydrocarbons by a judicious
selection of source heating current. For this CFID mode of
detection, the thermionic/catalytic source of highest work func-
tion is most suitable because the flame heat would otherwise
cause an excessive thermionic emission background signal. The
CFID provides detectivities in the 10- to 100-pg range for most
organic compounds.

FTID: Nitrogen/halogen specific response

Figure 4 depicts a further detection mode in which the therm-
ionic source and collector electrode structure are positioned well
downstream of the active region of a self-sustaining flame. The
basic concept (6) of this flame thermionic ionization detection
(FTID) mode is 10 burn sample compounds in a self-sustaining
H./air flame at a flame jet, and to selectively re-ionize elec-
tronegative combustion products by means of the thermionic
ionization components located downstream. In the FTID, a
large physical separation between the flame and the thermionic
source/collector electrode provides minimal collection of ioniza-
tion produced in the flame, but excellent collection of ioniza-
tion produced at the heated surface of the thermionic source.
Ah auxiliary ion-suppress voltage can be applied to further pre-
vent ionization produced in the flame from reaching the ioniza-
tion collector. This mode of detection provides specific responses
to compounds containing N or halogen atoms with a specificity
of 10° and detectivity of 1.0 ng. The precombustion of samples
in the flame minimizes interferences from sample matrices
and provides more uniform responses independent of the
original molecular structure of the sample compound. Both the
low work function (TID-1) and moderate work function (TID-2)
thermionic sources have been used in this FTID configuration.
FTID-1 provides good responses to both nitrogen and halogen
compounds, whereas FTID-2 responds best for halogen com-
pounds with suppressed nitrogen response.

Remote FID: Organo-lead specific response

This mode of detection is a simple variation of the FTID in
which no electrical heating is supplied to the thermionic source,
and the ion-suppress voltage depicted in Figure 4 is not applied.
In this case, the thermionic source serves merely as a polarizer
to drive negative ions in the flame effluent to the TID cellector
electrode. The ionization sensed in this mode corresponds to
long-lived negative ions originally produced in the flame.
Because of the large separation between the flame and the TID
collector electrode, the bulk of the hydrocarbon ionization pro-
duced by the flame is dissipated (i.e., positive-negative ion
recombination or neutralization at a wall surface) before
reaching the TID collector. However, certain heteroatom com-
pounds appear to combust to negative ion products which are
especially stable and long-lived. The outstanding demonstration
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of this effect is the specific detection of lead compounds in
gasoline. Since the thermionic source is not electrically-heated
and is not used as a source of surface ionization, any type of
thermionic source may be employed in this mode.

Experimental

The applications data presented in this report were obtained
with equipment previously described (5,6,14). All the data were
obtained using a Model 3740 gas chromatograph (Varian Associ-
ates) equipped with either a TID/CFID detector assembly
(TID-1-N;, TID-1-air, TID-2-H;/air, and CFID modes) or an
FTID/TID detector assembly (FTID and remote FID modes)
(Detector Engineering and Technology). The TID-1, TID-2, and
CFID thermionic emission sources were alsc manufactured by
Detector Engineering and Technology, as was the Model 4000
detector current supply. Negative ionization signals from the
detector were measured using the differential electrometer
(Varian) in a negative polarity configuration.

The detector assemblies mounted onto the FID-base on the
GC, so that different detector gas environments were imple-
mented by plumbing in the appropriate gas through the two
gas lines that normally supply H, and air to an FID. Typical
gas flows supplied for different modes of detection are detailed
in Table 11.

All the data presented in this report were obtained using glass
columns, 6 ftx ' in.x2 mm i.d., packed with either 3%
SP-2250, 3% SP-2100, or 1% SP-1240 DA on 100/120 Supelco-
port (Supelco) or 80/ 100 Chromosorb 102. The GC carrier gas
in all cases was N; at a flow rate of 30 ml/min. For complex
samples like gasoline, the chromatographic separation was in-
tentionally very poor in order to produce a challenging detector
environment to demonstrate specificity of response in the
simultaneous presence of many overlapping compounds.

Sample mixtures that were analyzed included a TSD test sam-
ple (ng levels of azobenzene, methyl parathion, and malathion)
(Varian); Base-Neutral 1 sample (Supeico); pheneol mix (Supelco);
DCMA PCB mixiure (Supelco); and nitroaromatic mixture
(Supelco) diluted in reagent-grade benzene. Gasoline, cologne,
and diesel fuel samples were analyzed by direct injection of 0.5
to 1.0 pl amounts onto the column. Other samples chromato-
graphed were a 1% v/v each mixture of acetone and carbon
tetrachloride in water; and an 11% v/v each mixture of meth-
ylene chloride, n-C,, benzene, i-C,, toluene, n-C,, p-Xylene,
n-Cie, and n-C,;.

Table Il. Typical Gas Flows Supplied for
Each Mode of Detection

Mode Gaz 1 Gas 2
TID-1-Ng 10 mb/min Nz 60 ml/min Ny
TID-1-air 10 mmin air 60 mU/min air
TID-2-Hy/air 3 mi/min Hz 60 mUmin air
CFID 25 mi/min H; 200 mi/min air
ETID 20 mi/min Hz 200 mU'min air
Remote FID 20 mimin He 200 mi/min air

e

Applications®

Specially formulated test samples are often employed to
demonstrate the specificity and sensitivity of NP detectors. The
data in Figure 5 corresp: :d to such a test sample comprised
of 2.2 ng each of azobenzene (N) and methyl parathion (N,P),
4.4 ng of malathion (P), and 4400 ng of n-C,; in a solvent of
iso-octane. The data illustrate clearly the substantial differences
in response between two different modes of thermionic detec-
tion, and the very high specificity of the TID-1-N, mode for
sensing the NO. group in methyl parathion. The ionization
signals in both chromatograms are very large, indicating detec-
tivities in the pg and sub-pg range.

Figure 6 shows another comparison of the TID-1-N; mode
vs. the NP mode of detection for a sample consisting of 15 pg
amounts of the 2,4 and 2,6-isomers of dinitrotoluene in a
relatively jmpure, reagent grade benzene solvent. For many
nitro-compounds, the TID-1-N, mode provides substantial im-
provements in specificity and sensitivity in comparison to an
NP mode. However, the NP mode (i.e., TID-2-H,/air) provides
more universal detection for all N-compounds. In Figure 6, the
differing magnitudes of TID-1-N, signals for the two dinitro-
toluene isomers also demonstrate that the TID-1-N, signals are
very sensitive to the detailed electronegative character of the
sample’s molecular structure.

Figure 7 shows the differing responses of six modes of therm-
ionic detection in the analysis of base neutral compounds of
concern as water pollutants. The CFID provides universal
response to all compounds in this sample with a relatively uni-
form sensitivity of 0.01 coul/gC. The TID-1-N; mode of opera-

6 and 14.
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Figure 5. Chromatograms showing two modes of response to a test sample
containing a large conceniration of a hydrocarbon (C) and trace levels of
azobenzene (AZ0), methyl parathion (MP), and malathion (MAL). Both chro-
matograms were recorded at the same sensitivity of 128 x 10~ amps/mV.
Column: SP-2250, isothermal at 210°C.
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tion provides very specific responses only to a nitro-compound
(2,6-dinitrotoluene) and a chlorinated compound (3,3 'dichioro-
benzidene). The lack of significant TID-1-N; response to nitro-
benzene, bis(2-chloroethylyether, bis(2-chloroisopropyljether,
or 4-bromophenyl-phenyl-ether demonstrates that the TID-1-N;
response depends on how the electronegative functionalities are
bound up in the molecular structure of the sample compound.
When the detector gas environment of the TID-1 source is
changed from N, to Q,, the TID-1-O. mode provides enhanced
relative responses to the chlorinated compounds and a diminished
relative response to the nitro-compound. The TID-1-O; mode
continues to provide good discrimination in favor of chlorinated
compounds with respect to hydrocarbons, while exhibiting some
low level responses to phthalate compounds. The TID-2-H,/air
mode responds to all the N-compounds, with some small inter-
ferences from chlorinated compounds. The FTLD-1 mode uses
a TID-1 source and provides responses to all the nitrogen and
halogen compounds in the sample. The FTID-2 mode uses a
TID-2 source which produces responses to the halogenated com-
pounds but suppressed responses to nitrogen compounds in
comparison to FTID-1. This set of six chromatograms provides
a good illustration of how the detector response can be varied
through simple changes in the composition of the detector gas
environment.

Figure 8 shows chromatograms of a sample mixture consisting
of 75 ng each of 2-chlorophenol, 2-nitrophenol, phenol, 2,4-di-
methlyphenol, and 2,4 dichlorophenol; 225 ng each of 2,4,6-tri-
chlorophenol, and 2,4-dinitrophenol; and 375 ng each of 4-
chloro-m-cresol, 4,6-dinitro-o-cresol, pentachlorophenol, and
4-nitrophenol. The CFID provides a relatively uniform response
of 0.004 coul/gC for all these compounds. (Note: The flame
tip orifice for these CFID data was 0.062 in. instead of 0.031
in., which is normally used. The smaller orifice usually provides
improved sensitivities of approximately 0.01 coul/gC.)

The CFID data provide a good illustration of a principal dif-
ference in the responses of a CFID vs. a conventional FID. It
is well known that conventional FIDs provide relatively uniform

TID-2-H,/AIR Tl D-I—Nz
_ 2,4
DINITROTOLUENES
1 X 4 X
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Figure 6. Chromatograms comparing the respanses of the TID-1-Nz mode and
the TID-2-Ha/air (NP) mode to traces of dinitrotoluenes. Column: SP-2100, 160°

to 200°C at 10°/min.
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response to many hydrocarbon compounds. However, when
heteroatoms, such as O, Cl, or P, are present in the sample com-
pounds, the FID response is frequently significantly lower than
its response to hydrocarbons. In contrast, the CFID appears
to yield more uniform response to all organic compounds ir-
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Figure 7. Chromatograms showing six different modes of detector response
{0 @ sample of base neutral compounds. In increasing order of retention time,
the components of the sample are bis{2-chloroethyl)ether: bis(2-chioroisopro-
pyl)ether: mitrabenzene; acenaphthylene; dimethyiphthaiate; 2.6-dinitrotoluene;
4-bromophenyl-phenyl ether: di-n-butylphthalate; bis(2-ethylhexyl)phthalate: 3.
3'-dichlarabenzidine; and benzo(d)fluoranthene. Coiumn: SP-2250; 100°C. held
for 4 min, then 100° to 270°C at 16%/min.
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Figure 8. Chromatograms showing different modes of detector response to phenol
sample containing 2-chiorophenol: 2-nitraphenal; phenol; 2.4-dimethyiphenal;
2.4-dichiorophenol; 2.4, 6-trichlorophenol; 4-chioro-m-cresal; 2, 4-dinitrophenol:
4.6-dinitro-o-cresol; pentachiorophenol; and 4-nitrophenal in order of increas-
ing retention time. Column: SP-1240, 100° to 210°C at 8%/min.

respective of whether they are hydrocarbon or heteroatom com-
pounds. This is the result of the additional ionization process
that occurs at the surface of the catalytic CFID source.

As anticipated, the TID-1-N; mode in Figure 8 provides high
specificity and sensitivity to certain nitro- and polychlorinated-
phenols. The responses to pentachlorophenol and 4-nitrophenol
are more than 100 times larger than the CFID responses to these
compounds. Comparing the responses of 4-nitrophenol and
2-nitrophenol again illustrates a significantly greater TID-1-N;
respense for the isomer with the nitro group located at the 4-
position in the molecule.

In the third chromatogram in Figure 8, the low work func-
tion thermionic source (TID-1) was operated in a detector gas
environment comprised of approximately equal flows of N; and
air. This illustrates that the composition of the gas environment
is an additional parameter which can be used to suppress the
response to certain compounds while enhancing the response
to others.

The bottom chromatogram in Figure 8 shows the analysis of
the phenol sample for the case where both detector gases 1 and
2 are air. Responses are now obtained for all the chlorinated
and nitro-phenols, with the dinitro-compounds continuing to
give the dominant responses. The responses to 2-nitrophenol
and 4-nitrophenol are now comparable, in contrast to the
TID-1-N, response in which there was significant preference for
the nitro group in the 4-location vs. the 2-location.

Figure 9 demonstrates the high specificity for lead alkyls in
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Figure 9. Chromategrams illustrating the specific detection of lead alkyls in
gasoline using the remote FID. Data correspond to samples randomly obtained
from local gasoline stations. Column: SP-2100, 50° to 230°C at 15°/min.
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gasoline provided by the remote FID mode of detection.
Previously, GC/atomic absorption spectroscopy (AAS) in-
strumentation has been described for the specific detection of
lead alkyls in gasoline or other samples (15). By comparison
with AAS, the remote FID provides excellent sensitivity and
specificity, and is considerably simpler and less expensive to
operate. The data shown in Figure 9 were obtained by direct
injections of 0.8-ul amounts of the gasolines onto a temperature-
programmed, packed column.

The remote FID mode of detection has some configuration
similarities to a hydrogen atmosphere flame ionization detec-
tor (HAFID), which has also been reported to provide specific
detection of lead alkyls in gasoline (16). Both the remote FID
and HAFID use a collector electrode well removed from the
flame jet structure. However, the signals in the remote FID are
largest with an oxygen-rich flame, whereas the HAFID requires
a hydrogen-rich atmosphere doped with silane.

Gasoline is a readily available, complex mixture of organic
compounds which is especially well suited to demonstrating the
different responses obtained in the family of thermionic detec-
tion modes. Figure 10 shows multiple modes of analysis of a
sample of regular gasoline. The chromatographic separation was
performed on a packed column to purposely create the demand-
ing situation in which many overlapping compounds are pre-
sent in the detector volume at the same time. This situation is
shown to be the case by the CFID response. When the same
gasoline sample is chromatographed using the remote FID
mode, selective responses are obtained only for the five lead
alkyls. The remote FID data in Figure 10 were obtained with
an FTID detector assembly and a TID-2 source mounted on
a Model 3700 GC (Varian). The detector conditions were H; =30,
air = 200 ml/min; zero heating current to the TID-2 source; and
flame ion-suppress voltage disconnected. The FTID-2 data in
Figure 10 correspond to the following changed detector condi-
tions; H; =30, air = 80 ml/min; source heating current=3.2 A;
and ion-suppress voltage on. This change in conditions produced
an FTID-2 response which was selective for the halogenated lead
scavengers, ethylene dichloride (EDC) and ethylene dibromide
(EDB). Figure 10 shows that selective responses to EDB and
tetraethyllead (TEL) are also obtained in the TID-1-air mode,
while the TID-1-N; mode provides responses to all the lead alkyls
and lead scavengers. Note the large TID-1-N; response to TEL
in comparison to tetramethyllead (TML), thereby illustrating
a greater electronegative character for the TEL molecular struc-
ture vs. TML. Note also that precombustion of all samples in
the flame of the remote FID mode provides a more uniform
response for all lead alkyls irrespective of their original
molecular structures.

Figure 11 illustrates six different detector responses in the
analysis of diesel fuel containing a trace nitro-compound addi-
tive. It is clear from the CFID chromatogram that there are
many unresolved component peaks in this packed column anali-
ysis. A primary objective of this particular set of analyses was
to define the besi method of measuring the amount of the nitro-
compound added to such samples. The TID-1-N: mode clearly
gives the best specificity and excellent sensitivity 10 the nitro-
additive. The other specific modes of detection illustrate selec-
tive enhancement of other segments of this complex sample in
addition to the nitro-additive. For example, the cluster of peaks
at late retention times in the TID-2-H,/air chromatogram un-
doubtedly corresponds to other N-compounds in the sample.
The two FTID-1 chromatograms illustrate that the H.-air mixture
ratio is a further means of significantly altering the FTID re-
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MULTI-MODE ANALYSES
oF
REGULAR GASOLINE
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-
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| =
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Figure 10. Chromatograms showing multiple modes of detector response 1o
a sample of regular leaded gasoline. Column and program same as in Figure 9.
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sponse. The mixture of 20 ml/min H,, 100 ml/min air represents
an oxygen-rich flame, while the mixture of 35 mi/min H,, 70
ml/min air is a hydrogen-rich flame. Generally, stoichiometric
or oxygen-rich flames are the most useful for the FTID.
Figurs 12 shows multiple mode analyses of a commercial
brand of cologne. These sets of chromatograms illustrate the
advantageous use of the specific detection modes to enhance
responses for trace fragrance components in colognes. The
TID-1-N, mode is especially useful because it is non-destructive.
Therefore, TID-1-N; emits exhaust gases that are characterized

by distinctly different fragrances that change with time as the
various segments of the chromatogram elute. For the cologne
shown, as well as for other brands that have been examined,
the set of chromatograms obtained from the different modes
of thermionic detection provide a characteristic fingerprint that
distinguishes one brand from another.

All the modes of detection described in this article measure
negative ionization currents. The magnitudes of these currents
are very dependent on the electronegative character of the
chemical species adjacent to the heated thermionic source.

NITRO ADDITIVE[*] IN DIESEL FUEL

TI D'-'I-Nz

32 x 10711

VL bbb

TID**?"HZI'AIR

M

TID-1—-AIR

32 x 107!

Hy 35

FTID-1
AlIR 70

64 X 10-12

Figure 11 Chromatograms showing different detector responses 10 a sample
of diesel fue! containing a trace nitro-compound additive identified by the astensk.
Column SP-2100, 90° to 270°C at 10°/min.

CHANEL NO, 3

TID=-1=-AIR
512 » 10°M!
9
TID=2-Hy AIR )
256 x 10710
7

FTID -1 ]

128 = 1071}

A u[___

Figure 12. Chromatograms showing multiple modes of detector response to
a brand of cologne randomly obtained. Calumn: 5P-2100. 100° to 270°C at

16°/min.
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Figure 13 illustrates how the response to a group of polychlor-
inated bipheny! (PCB) compounds changes with precombus-
tion of the compounds. The data obtained with a TID-2 source
in an air environment exhibit large differences in response be-
tween the different PCB compounds, similar to the known
characteristics of an ECD. The FTID-2 data show that the
precombustion of the PCBs yield negative ionization currents,
which are larger in magnitude as well as more uniform per Cl
atom. In this case of PCBs, precombustion improves the detect-
ability by producing chemical species more electronegative than
the original compounds. For other compound types, precom-
bustion sometimes causes the opposite effect of producing com-
bustion products which are not as electronegative as the original
compound.

The data in Figure 14 provide an illustration of the relative
electronegativity of phenol compounds before (TID-1-air) and
after (FTID-1) combustion, The FTID-1 mode of operation can

Figure 13. Chromatograms illustrating detector responses obtained before
(TID-2-a#r) and after (FTID-2) combustion of polychlorinated biphenyl compounds.
PCB peak identifications; 1=1000 ng 2-chiore-, 2=1000 ng 3,3"-dichioro-,
3=100 ng 2.4,5-tnichloro-, 4=100 ng 2,2',4,4"-tetrachloro-, 5=100ng 2.3'.4.5",
B-pentachloro-, =100 ng 2.2’ 3,3 6.,6"-hexachiorobiphenyl. Column: SP-2250,

Joumnal of Chromatographic Science, Vol. 24, February 1986

be easily converted to the TID-1-air mode by simply turning
off the H; fuel to the FTID flame. Figure 14 shows that the
FTID-1 mode produces a much more uniform response for all
the chloro- and nitrophenols of this sample, but the absolute
magnitudes of FTID response for the dinitrophenopls, pen-
tachlorophenol, and 4-nitrophenol are substantially lower than
the TID-1-air response to these compounds.

Figure 15 illustrates the use of the TID-1-air mode to detect
EDB in food products. A simple headspace technique was used
for the data. One of the advantages of the TID-1-air mode is
that it is insensitive to the large air component in the injection
headspace vapors. Hence, all chromatographic peaks that are
obtained may be attributed to vapors emanating from the food
product itself. In addition to EDB, this cake mix sample pro-
vided other large TID-l1-air signals, thereby suggesting the
presence of other halogenated or electronegative constituents
that may be of interest in such products. With a better optimiza-
tion of GC column for the EDB separation, this simple tech-
nique should be capable of EDB detection in the 1 to 10 ppb
range of concentration in the food product.

Figure 16 illustrates that one difference between a CFID and
an FID is that the CFID will provide significant responses to
halogenated compounds. Figure 17 further shows that the CFID
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Figure 14. Chromatograms illustrating deteclor responses obtained before
(TID-1-air) and after (FTID-1) combustion of phenol compounds. Sample, col-
umn, and program were the same as in Figure 8.

200° to 270°C at 10°/min.
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response to halogenated compounds can be selectively enhanced
by increasing the source heating current, while the CFID
responses to hydrocarbons remain unchanged. Consequently,
by judiciously adjusting the source heating current, the CFID
response to halogenated and some other heteroatom compounds
can be tuned to yield about the same response factor as obtained
for hydrocarbons.

Summary

The preceding data have demonstrated that thermionic ioniza-
tion techniques and equipment have applications in gas
chromatography that go well beyond the usual NP detection,
such as that of TID-2-H./air. To achieve the best possible signal-
to-noise ratio and specificity for each mode of detection, the
specific chemical composition of the thermionic emission source
needs to be matched with the temperature and gas phase en-
vironment in which the source is operated.

From their extensive use in NP detection, thermionic ioniza-
tion detectors are known to often exhibit decreasing sensitivity
with increasing operating time as a result of depletion of the
thermionic source activity. Consequently, the thermionic source
usually needs to be replaced at periodic intervals. Of the dif-
ferent modes of detection described in this report, the NP mode
is the most demanding with regard to the operating life of the
thermionic source. Generally, in modes of detection (e.g.,
TID-1-N,) where the operating temperature is lower and the gas
environment is less reactive, the thermionic sources maintain
their responses over longer periods of time. For all modes of
detection, a practical guideline for achieving the longest possi-
ble source lifetime is to operate the thermionic source just hot
enough to achieve the response required.

a0 a
CAKE MIX
WITH APPROX.
1
CAKE MIX Uf;:::“
YAPORS
4 MIN I
EDB
AMBIENT
AR ONLY
I
1 i

i«

INJECT T

Fiqure 15. Exampie of TID-1-air appiication to determine EDB in cake mix, Sample:
headspace vapors from 0.7 gm Duncan Hines Deluxe Yellow Cake Mix in a sealed
2-mi vial. Sampling pracedure: heat sealed sample vial to 120°C. extract 200
ul headspace vapor with gas-tight syringe: inject into GC and start column oven
temperature program. Column: SP-2100, 40° to 110°C at 10°/min.
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The developments of thermionic techniques in GC have also
spawned applications of the technology in liquid chromatog-
raphy detection (17), thin layer chromatography (18), and mass
spectrometry ion sources (19). Since there remain (o be studied
many different combinations of thermionic source composi-
tions, thermionic source temperatures, and gas environment
compositions, it is probable that the technology will continue
to evolve in coming years.
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Figure 16. Comparison of CFID and FID responses to a water sample contain-
ing acetone and carbon tetrachlonde. Column: Chromosorb 102, isothermal
120°C.
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Figure 17. Comparison of CFID responses to sample of methylene chlonde and

vanous hydrocarbaons at two different magnitudes of heating current to the

cataiytic source. Column: SP-2100, 40° to 180°C at 10°/min.
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DETECTORS
Photo lonization Detector - PID

H H
T Overview
G—0
 docad \\\\C—H The Photo lonization Detector (PID) responds to all molecules whose ionization
N 7 potential is below 10.6¢V, including aromatics and molecules with carbon double
C—C, bonds. The PID is nondestructive, so the sample can be routed through the PID
H/ \H and on to other detsctors. It is often used in series with the FID and/ or DELCD.
- PID detection limits for aromatics are in the ppb range; purge and trap concentration
of the sample can lower detection limits to the pptrange. Because ofits selective

sensitivity, use of the PID is mandated in several EPA methods. The PID detector consists of a 10.6 electron
volt (eV) UV lamp mounted on a thermostatted, low-volume (100uL), flow-through cell. The temperatureis
adjustable from ambient to 250°C. Three detector gain levels (LOW, MEDIUM and HIGH) are provided for
a wide range of sample concentrations. The PID lampis held in place by a spring-loaded plate, so that the
lamp may be quickly removed for cleaning and replaced without any special tools. The PID canrun on air
carrier for gasless operation, or for stream monitoring applications where the entire stream of sample is directed

through the detector (no column is used).

110 RID
stand-alons deteclor

PiD in series
withg DELCD
andanFiDon
an SRI8610C
chassis

Sapf_ng—loaded High voltage band in black plastic
retaining plate hoodt overialih snotls fig

100yl detector cell
{the areain the
center of the
Teflon™ seal ring)

Heater block

ENC connector o ampilifier

Collector electrode
support union

Coilestor electrode

Ampiifier gain switch
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DETECTORS

10.6eV PID Lamp
(SRI Part # 8670-1242)

Photo Ionization Detector - PID

Theory of Operation

Partial PID Assembly -
Exploded View

The SRI PID design uses a 10.6eV lamp
with 2 high voltage power supply. Samplel
carrier gas flows from the analytical column into
the PID sample inlet, whers it is streamed
through a 100uL flow-through cell. When
sampie molecules flow into the cell, they are
bombarded by the UV light beam. Molecules
with an ionization potential lower than 10.6eV
release an ion when struck by the uliraviolet
photons. These ions are attracted to 2 collector
electrode, then sent to the amplifier to produce
an analog signal, which is acquired by the
PeakSimple data system.

Unlike other PID designs that heat the entire
Jamp, only the lamp window of the SRIPID is
heated. Thisresults in a longer lamp life for
SRI PID detectors.

Simplified PID Operaticonal Diagram

column back to the PID sample gas

Tefion™  Spring-loaded
100uLPID seal retaining plate
Ferrule detector cell \ o
Sampledaden  Analytcal r ' -
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NOTE: The end of the
column must be visible in
the detector cell when the
PID lamp is removed from
the retaining plate. it should
be approximately tmm from
the lamp window when the
PlD lamp is in place.

High voltage band inside
the black piastic hood
(must make contact with
the lamp ancde for PID
operaticn; do not adjust
unless the main GC power
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DETECTORS
Photo lonizaticn Detector - PiD

izue Em rmgrmsam Helo

Expected Performance

5 : "-s‘.:'-: S ol PID Moise Run
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|

PID NOESE RUN
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PID gain: LOW
PiDtemp: 150°C
PID current 70
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PID noise averages less than 50pV from peak to peak
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PIiD

Sample: 1L 100ppm
BTEX plus

Column: 15m MXT-VOL
Carmier: Helium @ 10
mls/min

PID gain: LOW

PID temp: 150°C

PID current: 70

Temperature programy

iniial Hoid Ramp Final
40°C 200 1500 240°C
240eC 10.00 0.00 240°C

Resuits:
Component  Retention Area
Benzene 2418 313.0540

gL 3.068 2315120
Toluene 4.800 306.2120
PCE 5.433 218.8230

Ethyl Benzene 6.700 286.0800
Crino Xylene 7.383 298.9190
Bromoform  7.850 __ 558460

Total 1711.3560
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DETECTORS
Photo lonization Detector - PiD

General Operating Procedure

The capillary column enters the PID cell from inside the column oven through the bulkhead fitting in the
insulated oven wall. The column may be installed with the lamp in place. Insert the capillary column info the
PID detector inlet until the column stops at the lamp window inside the PID cell, then pull itback about imm
from the lamp window. Tighten the 1/8” nut with the graphite ferrule at the PID mlet to secure the column in
place. Thecoliector electrode is positioned at the factory and should not touch the column under normal

circumstances.

i. Always ensure that the black plastic hood is in place on the lamp prior to operating the PID detector, The
hood contains the high voltage band which is maintained ata high potential; never atiemptto adjust the PID
high voltage band unless the main GC power is turned off.

5 TurnON the GC. Turn ON the PID lamp current The violet light is visibie here when the lampis on

with the flip switch on the GC’s front control panel.

3. Set the PID current to 70 (= 0.70ma) with the
trimpot setpoint on the top edge of the GC’s front
control panel. Use the flat blade screwdriver
provided with your GC to adjust the trimpot. The
lamp should emit a violet-colored fight visible down
the center of the tube

BETESTLE -

PID -éiase-uptcpview -

|

4. Confirm that the lamp is operating at or near

0.70ma by pressing the PID detector ACTUAL

display button on the front control panel. The sensitivity of the lamp increases proportionally to the current
applied, but operation at higher currents reduces lamp life. The PID operating current range is 70-125. A
setting of 70 should provide the user with sufficient sensitivity and lamp durability. Most PID applications can
be performed using LOW gain.

5. Set the PID temperature to 150°C.

6. Once the detector has reached temperature and the signal appears stable, sample may be introduced.

NOTE: Lamps are & consumable part of the PID detector. It isrecommended to have a spare lamp available
ifcritical enalyses are being performed at remote field sites. Spare and replacement 10.6eV PID lamps are
available under SRI part number 8670-1242. Teflon seals arc available under SRI part number 8670-1244.
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DETECTORS
Photo lonization Detector - PID

Troubleshooting and Maintenance
Cleaning the PID Lamp

The PiD lamp window
Over time, during normal operation, 2 film of contaminants will condense on the
PID lamp window. Typically, this film is a result of stationary phase column bleed. To
minimize contaminant condensation and thus lamp window cleaning, avoid heating the
column any higher than absoluiely necessary. Contaminant condensation can block
the photons, reducing lamp emissions and sensitivity. Therefore, the PID lamp window
must be cleaned when an apprecizble change in sensitivity has been observed by the
operator. Because the response change resulting from cleaning the lamp window

usually requires detector recalibration, frequent cleaning is not recommended,

1. Tumn the PID current OFF with the switch on the GC’s front control panel. Turn the GC OFF and let the
PID detector assembly cool enough to touch it without getting bumed.

2. Disconnect the high-voltage band from the lamp anode by removing
the black piastic hood.

3. Grasp the spring-loaded retainer plate with the fingers of one hand
and push or pull it toward the PID lamp; it deoesn’t take much force to
move the plate enough for lamp removal. Slide the PID lamp up and out
of the PID detector assembly.

4. Clean the lamp window using a mild abrasive cleanser like Bon Ami
or Comet. Wet your finger, and make a paste with a small amount of
cleanser. Scrub the lamp window clean in a circular motion with your finger.

5. Rinse the lamp window clean with water. Dry the famp with a paper towel.

The collector electrode
protrudes into the cell

6. Inspect the Teflon™ seal for cuts or nicks. A damaged seal will not affectthe
PID response, but it may provide a leak site that will reduce the amount of
sample delivered to any subsequent detector.

7. With the lamp removed, the collector electrode is visible where it protrudes
into the cell. Check the collector elecirode for any visible residues, films,
discolorations, etc. Ifpresent, they may impede the flow ofions from the sample :
molecules to the collector electrode. To clean the collector electroce, gently use Teflon™ seal
a small file to remove any residues from its tip. Blow theresidue
off the collector electrode and surrounding areas.

Make sure the lemp window is centered
~overthe Teflon seal and snug againstit

8. Open the spring-loaded retainer plate and replace the PID
lamp snug zgainst the seal. The lamp window has a shightly larger
diameter than the seal; try to center it against the seal. Replace
the high voltage band / black plastic lamp hood.

9. Recalibrate the PID detector before returning it to service.
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DETECTORS
Electron Capture Detector - ECD

OVERVIEW

The Electron Capture Detector (ECD) is selective to electronegative compounds, especially chlorinated,
fluorinated, or brominated molecules. Itis sensitive to some of these compounds in the parts per trillion (ppt)
range. The ECD detector requires nitrogen or argon/ 5% methane (P5) to operate. The ECD detector is
mounted immediately adjacent to the right rear column oven wall on your SRI GC chassis. Two BNCcables
connect the anode and cathode, respectively, to the ECD amplifier. The ECD detector consists of a stainless
steel cylinder containing 5 millicuries of radioactive Nickel 63 in an oven enclosure that is thermostatically
controllable from ambient temperature to 375°C. Since the detector contains only S millicuries of Nickel-63,
the ECD is covered by a “General License” requiring a periodic wipe test and the filing of & form with your
state’s Department of Health. The documentation necessary to authorize your possession of a radioactvie
source is inchuded in the ECD manual from Valeo, the manufacturers. This documentation transfers possession
of the ECD directly to you from Valco; SRI provides the ECD installation service and the GC. There are four
important documents to look for: 1) Certification of Sealed Source, 2) Conditions for Acceptance of a Generally
Licensed Device, 3) Test Specifications, and 4) Record of Source

Transfer. Valco may print your address on the multiple copies of
the Record of Source Transfer, which are to be completed by

you and filed with the appropriate state and local authonties.
The other documents remain with the ECD detector, and
are necessary ic prove avthorized possession of the ECD.

Parts kit
containing
test resistor

4 it

VRSO NETRUMEN G O i
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complete the Record of T N i
Source Transfer and forward it o \; S S S
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DETECTORS
Electron Capture Detector - ECD

Theory of Operation

The radicactive Nickel 63 sealed inside the ECD detector emits electrons (beta particles) which collide
with and ionize the make-up gas molecules (either nitrogen or P3). This reaction forms a stable cloud of free
electrons in the ECD detector cell. The ECD electronics work to maintain a constant current equal to the
standing current through the electron cloud by applying a periodic pulse to the anode and cathode. The
standing current value is selected by the operator; the standing current value sets the pulse raie through the
ECD cell. A standing current value of 300 meaas that the detector electronics will maintain 2 constant current
of 0.3 nanoamperes through the ECD cell by periodically pulsing. If the current drops below the set standing
current value, the number of pulses per second increases to maintain the standing current.

ECD Detector Operational Diagram

Sampleaden
cariergas Makeupgas Standing
inlet iniet i current (equa}
! i | ! and opposite fo
b o
Y ¢/ £CD call | L the cell current)
L : |
Electron cloud | 3 e ! I
\\‘.-{" ANODE " © >——<s
; ol ~ |
Nickel 83 foll integrating amplifier
—§ CATHODE 1.
-__..._-:.‘.‘..'.::.:::'.f::.-_-..'_f.:....k.._......f —> (Gas cutlet
| [ Voltage-controlied
& | variable frequency &——
b ~. Frequency/voliage Anaiog voltage output] | pulser
Oficet contil— > PN > to PeakSimple data
system |
When electronegative compounds enter the ECD
cell from the column, they immediately combine with Exampie Puise Trains
some of the free electrons, temporarily reducing the _ ; _
number remaining in the electron cloud. When the : i
electron population is decreased, the puise rate is sl P |

Detecior electronics pulse to maintain the
standing current

increased to mainiain a constant current equal to the
standing current. The pulse rate is converted to an
analog output, which is acquired by the PeakSimple
data system. Unlike other detectors which measure an

|
|
]

L
[
|

increase in signal response, the ECD detectar cloctromics The pulse rate is increased in the prasence of
measure the pulse rate needed to maintain the standing electronegative compounds
cumment.
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DETECTORS
Electron Capture Detector - ECD

ECD Neoise Run
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DETECTORS
Electron Capture Detector - ECD

. General Operating Procedure

The following suggestions are specific to your SRI ECD-equipped GC. Consult the Vaico ECD detector
manual for carrier gas purity requirements, carrier gas sysiem configuration, and other general ECD detector
information. Keep in mind that the electronics shematics in the Valco manual do not apply to your ECD-

equipped SRI GC.

. s s = 1 { DETECTOR . !
i. Cap offthe carrier inlet to the ECD cell (in the column oven). | PARAMETERS |
y 4 ‘s & 3 & © 8 @
2. Connect the makeup gas and let it flow through and purge the ECD cell. ©c o006 0 0 @
Makeup flow is 40-100mL; typically 60mL. e & 8 3 ® 8 O
. . 1 ; " 5 @ 3 ® & ¢ @
3. Heat the ECD detector to 150°C to verify that the baseline noise and offset Wi e i e
arenormal. 150°C is hot enough to evaporate off water but low enough to avoid Re e
oxidation of the nickel foil which can occur athigh temperatures in the presence s 58w L
of oxygen. Once you have verified the ECD’s operation at this temperature, you el | £
may heat it to higher temperatures. et i A
!mwnm# ) on [fow
4. Turn on the ECD standing current (the BCD cutrent ON/ OFF switch 13 %%"‘""ﬁ" ' : 8 : g
located on the front control panel of the GC, under “DETECTOR e R
ey ia ; . . ECD standing current
PARAMETERS™). Asa ruleofthumb, an ECD detector requires encughnitrogen ONJOEF switch

makeup flow (40-100mL/min) to significantly dilute the carrier in order i help
keep detector noise down; the ECD can tolerate a 6:1 ratio of nitrogen to helium.
With the carrier and makeup gas connected and flowing, check the
offset from zero. The millivoltreading should be between 100 and

INJECTOR-DETECTOR-COLUMN OVEN
' 500mV. Ifthe signal offset is less than 100mV. the standing cusrent

TEMPERATURES

s © g S o P O 4 . L4 i ; 5 . . . .
o sie sieieim Biaie N needs to be increased. Ifthe signal offset is higher than 500mV, the
o o e o s = wlale o standing current needs to be decreased. Once the signal is relatively
e g B e e quiet and stable, set the temperature to whatever is appropriate for
e g et o »g your analysis by adjusting the trimpot setpoint with the flat blade
ToboE s aeis PN screwdriver provided.
. £ 1 ( 5. When the ECD detector cell reaches temperature, let the system

stand until you get a stablemilliVolt reading. Once the system exhibits
4 stable baseline, reconnect the column. Observe the signal in the
presence of the carrier flow. Ifitis significantly bigher, it indicates
contamination introduced on the carrier flow. Ifthe milliVolt reading is still relatively stable in the presence of
carrier flow, then sample may be injected. Avoid samples with high concenirations of electronegative
compounds; they may effect ECD operation for some time thereafter, as they could take toc long to dissipate.

ECD cell temperature display

6. You may need to adjust the ECD standing current using its frimpot setpoint. The trimpot setpoints are
located on the top edge of the front contro] panel, directly above the display push-buttons for each controlled
zone. Remember, increasing the standing current increases the ECD’s sensitivity and raises the baseline offset.
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DETECTORS
Electron Capture Detector - ECD

ECD Troubleshooting

If you are experiencing baseline offset and noise problems withyour ECD detector, try the following two
diagnostic tests:

1. Verify that the ECD amplifier electronics are working properly by removing the detector from the circuit and
inserting a 1000MOhm test resistor in its place. The parts kit in the tackle box included with your GC under
the red lid contains a 1000MOhm resistor for this test. Turn the ECD current off. The anode and catbode
connections are BNC connectors located on the GC chassis near the base of the ECD detector housing.
Disconnect these two BNC connectors from the detector electronics, and install the i 00MOhm test resistor
as 2 jumper between the center conductor in the anode BNC jack and the center conductor in the cathode
BNC jack. Zero the data system signal. Turn the ECD current back on, and check the signal offset (observe
the mV reading in the upperright area of the PeakSimple chromatogram window. With the testresistor in the
detector’s place, the signal offset should be 120-150mV with the standing current at 300. Ifthe signal oifset
is pegged up r down (5000mV or 1500mV, respectively), there is a problem with your ECD detector
electronics. Try turning off the GC power for at least 30 seconds, with the test resistor siill in place, then turning
it back on to see if the signal offset still indicates a problem. Ifthe signal offset is at zero with the test resistor
in place, check to make sure that you are Jooking at the correct detector channel. If you are observing a signal
offset of zero in the ECD detector channel, call technical support.

The ECD anode and cathode

are connected to the ECD ECD slectronics test

amplifier via BNC cables Anode and cathode
: o BNC conneciors

"

eIy

HAHNTARY
(o

Ry

2. Operate the ECD on make-up gas only by disconnecting the column from the ECD. With the standing
current still set 2t 300, observe the signal offset and noise. Ifit drops, then the problem is being introduced into
the GC and ECD by the carrier gas through the columnx.

Tip: In most situations, the ECD will be used o defect sample components that are reactive with metal. Use
glass, fused silica, or fused silica lined metal capillary columns to help avoid reactive sites and ghost peaks.
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DETECTORS

Overview

The Dry Electrolytic Conductivity detector, or DELCD, is selective
to chlorinated and brominated molecules. It differs from the traditional
wet ELCD in that it does not use a solvent electrolyte, and the reaction
products are detected in the gaseous phase. The SRIDELCD is available
alone or in combination with the FID detector. On its own, the detection
limits of the DELCD are in the low ppb range. In combination with the
FID, its detection limits are in the low ppm range. The FID/DELCD
combination enables the operator to reliably identify hydrocarbon peaks
detected by the FID as halogenated or not. Because the DELCD operates
at 1000°C, it can tolerate the water-saturated FID effluent, measuring the
chlorine and bromine content simultaneously with the FID measurement
of the hydrocarbon content. All hydrocarbons are converted by the FID

flame to CO, and H,O priorto reaching the DELCD, thus preventing
contamination of the DEL.CD by large hydrocarbon peaks.

/
DELCD on an 8610C GC

FID | DELCD Combgo Detector
DELCD - A Ia carte

FID DELCD
i i 1
FID collector
electrode .
FID flameport 3 DELCD reaction
Close-up of the same assemb&ipo l "% "”w-\ chamber insulation

DELCD deiector

FID heater ! ; pr
block : = wires (3)
: DELCD
FID ignitor g ety
assembly
terminal
*  FID collector
e %;— terminal and
DELCD Y DELCD collector —— gain swiich
heater & thermocoupls
i Hydrogen
terminal  leads s:pply DELCD collector
& thermocouple

: FiDignitor /7 DELCD collector

; icads
AlrsupRlY g pEleD & thermocouple

heater terminal and

terminal gain switch
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DETECTORS

Theory of Operation

The DELCD consists of a small ceramic tube—
the DELCD reactor—heated to 1000°C. Inside the
reactor, a platinum thermocouple measures the
detector temperature, and a nichrome collector
electrode measures the conductivity of the gases
flowing through the DELCD. The detector response
is dependent upon its temperature. Therefore, the
control circuit rust maintain the temperature, within a
fraction of a degree, at 1000°C.

When combined with the FID detector, the
DELCD is mounted on the FID exhaust. Column
effluent enters the FID flame where hydrocarbons are
ionized and combusted. Electrons freed in the
ionization process are collected by the FID collector
electrode, which has an internal diameter of Imm
{0.040™). Due to its small LD., the collector electrode
acts as arestrictor, splitting the FID exhaust gases 5o
that it takes about half of the flow, and the remainder
is directed to the DELCD. The FID exhaust gases
consist of un-combusted hydrogen and oxygen,
nitrogen, and water and carbon dioxide from the
combustion of hydrocarbons. The reaction of chlorine

Dry Electrolytic Conductivity Detector - DELCD

or bromine and hydrogen forms HCl and HBr, and
the reaction of chlorine or bromine and oxygen forms
C1O, and BrO,,. The DELCD detects the oxidized
species of chlorine and bromine, such as C1O, and
BrO,. Itdoes not detect the acids HCI or HBr like
the conventional wet ELCD. In the hydrogen rich
effluent from the FID flame, the chlorine and bromine
preferentially react with hydrogen (or the hydrogen in
water) to make HCI-HBr. Given equal availability of
hydrogen and oxygen molecules, 2 chlorine atom is
100 times more likely to react with the hydrogen than
the oxygen. Therefore, the FID/DELCD combination
is 100 times less sensitive than the DELCD operated
with the FID off. The SRI FID/DELCD is operable
as 2 combination detector, as an FID only, oras a
DELCD only.

A DELCD only detector receives the sample laden
carrier gas directly from the column or from 2 non-
destructive detector outlet, like the PID. Itis mounted
on the heater block on the column oven wall so that
the column effluent is maintained at a temperature
consistent with the analysis. This type ofhigh sensitivity
DELCD uses helium or nitrogen carrier gas and air
make-up gas.

FID collector
elecirode

FID/DELCD
Combination
Detector

FID amplifier
lead

Tefion™ ferrule :
Vespel™ fermule _It

Column

DELCD ceramic

elecirode probe

DELCD
thermecoupie /
cathade DELCD

heater
Exhaust

Platinum

Air | ;

supply 1{%. FID ignitor
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wires
Collector
assembly
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DELCD insulation
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and hester filament leads
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Dry Electre&yﬁc Conductivity Detector - DELCD

Expecfed Performance

DETECTORS

DELCD Noise Run

T & EBE 1 2 34%
- p i Column: 156m MXT-VOL
e S Carrier: helium @ 10mL/min
DELCD gain: LOW
DELCD heater block temp: 150°C
DELCD reactor setpoint: 280
!
E | Temperature program:
& ! Initial Hold Ramp Final
8rc 2000 0.00 8&0C
DELCD Noise averages less than 100uV from
peak to peak
-G.Uﬂﬁﬂ
13008

FED / DELCD Combo Test Run B

Sampie: 1uL 100ppm BTEX Pius
Column: 15m MXT-VOL
Carrier: helium @ 10mbL/min

Temperature program:

Initial Hold Ramp Final
40°C 2.00 1500 240°C
DELCD gain: LOW

DEL CD hester block temp: 150°C
DELCD reactor setpaoint: 260

DELGD Results:

Component Retention Area

TCE 3.483 463.5080

PCE 5.416 532.2900

Bromoform  7.018 7598.6650
Total 1755.4630

FID gain: HIGH

FID temp: 150°C
FiD ignitor: -400

FID Resulis:
Component  Retention Area
Solvent 0.600 144406.8420
Benzene 2850 1074.0740
TCE 3.500 378.3505
Toluene 4766 1109.858C
PCE 5.416 364.5700
Ethyl Benzene 6.316 1103.6370
Ortho Xyiene 6800 1135.6855
Bromoform 7.016 220.3325
Total 149793.3505
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DETECTORS
Dry Electrolytic Conductivity Detector - DELCD

General Operating Procedure
The FID/DELCD combination detector can be operated in the Combo Mode, the High Sensitivity

Mode (DELCD only), or the FID only mode.

Combo Mode
In the Combo Mode, the DELCD is operated after the FID; the FID signal is usually connected to

Channel 1 on the PeakSimple data system, while the DELCD signal is on channel 2 or 3. Each detector
amplifier is factory labeled with the data channel to which it is connected. The DELCD response in this mode
is useable from 1 to 1000 nanograms with a slightly quadratic calibration curve. EPA and other regulations
allow the use of detectors with non-linear response if the operator calibrates with sufficient data points to
accurately model the detector response curve. Therefore, the DELCD may require a 6 point calibration where
5 point calibration is normally required.

1. Set the hydrogen and air flows for normal FID operation: set the hydrogen flow to 25mL/min and the air
flow to 250mL/min. The pressure required for each flow is printed on the right hand side of the GC chassis.
(NOTE: Ifyou’re using a built-in air compressor, low levels of halogenated compounds in ambient air—even
levels below 1ppm—can cause the DELCD to lose sensitivity, and fluctuations in the level of organics in
ambient air may cause additional baseline noise. To avoid this, use clean, dry tank air.)

2. Set the DELCD temperature setpoint to 260 by adjusting the appropriate trimpot on the top edge of the
GC’s front control panel. The number 260 represents 1000°C; the DELCD will heat to about 254 and

stabilize. The end of the ceramic tube will glow bright red due to the high temperature.

3. In this mode, the FID amplifier is normally operated on HIGH gain or, if the peaks are more than 20
seconds wide at the base, on HIGH FILTERED gain for a more quiet baseline.

4. The DELCD amplifier is normally operated on LOW gain.

High Sensitivity Mode

The DELCD can be operated alone in the high sensitivity mode by eliminating hydrogen. With hydrogen
eliminated, oxygen in the air will react with the chlorinated and brominated moleculesat 1000°C to form CIO,
and BrO,,, which are detected by the DELCD. Water must also be eliminated; at the high temperatures inside
the DELCD, hydrogen disassociates from the H,O molecule and becomes available as areactant to form HCI
and HBr, which the DELCD will not detect. The DELCD response curve is quadratic in the high sensitivity
mode as in the FID/DELCD combo mode, but sensitivity is increased by 100 to 1000 times. In this mode, the
DELCD can perform much like an ECD, except that the DELCD is more selective for halogens and blind to
oxygen. When possible, quantitate by the internal standard method, using a chlorinated/brominated compound
for the internal standard peak. Although the DELCD will not be damaged by large quantities of ¢ hlorine/
bromine, there is a short term loss of sensitivity for about an hour following the injection of 1pL of pure
methylene chloride, for example.
1. Remove the hydrogen supply by turning it OFF, then disconnecting it at the GC’s inlet bulkhead on the left
hand side of the instrurnent.

2. Reduce the air flow to the DELCD to 25mL/min by turning the the air pressure trimpot setpoint down to 1
or2psi. An additional 24” restrictor made of 0.001” L.D. tubing would be useful for fine pressure adjustment.

3. Ifyou’re using a capillary column, push the column through the FID jet until it just enters the ceramic tubing
of the DELCD. This will improve peak shape as the column effluent will be discharged into the flowing
airstream and immediately swept into the DELCD detector volume by the air make-up gas. (When switching
back to the FID/DELCD combo mode, remember to pull the column back into the FID jet.)

4. The FID collector electrode allows some gas to escape from the FID combustion area, which is undesirable
for the high sensitivity mode. Remove the FID collector electrode and replace it with a 1/4” cap fitting.
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DETECTORS

Dry Electrolytic Conductivity Detector - DELCD
TS #

General Operating Procedure continued

FID/DELCD - FID Only

1. Remove the DELCD heater wires from the push terminals. Remove the three DELCD collector and
thermocouple wires (yellow, white and red) from the scew terminals.

2. Disconnect the DELCD detector assembly from the FID exhaust by using a wrench to loosen the 1/4”
Swagelok fitting securing the two detector parts together.

3. Use a cap nut to seal the DELCD connection on the FID flameport.

4. Set the FID amplifier gain switch to HIGH for most hydrocarbon applications. If peaks of interest go off the
scale (greater than 5000mV), set the gain to MEDIUM. When peaks of interest are 20 seconds wide or more
at the base and extra noise immunity is desired, set the gain switch to HIGH (filtered). This setting broadens

the peaks slightly.

5. Set the FID hydrogen flow to 25mL/min, and the FID air supply flow to 250mL/min. The approximate
pressures required are printed in the gas flow chart on the right-hand side of the GC.

6. Ignite the FID by holding up the ignitor switch for a couple of seconds until you hear a small POP. The
ignitor switch is located on the front panel of your SR1 GC under the “DETECTOR PARAMETERS” heading

(it s labelled vertically: “FLAME IGNITE”).

7. Verify that the FID flame is lit by holding the shiny side of a chromed wrench directly in front of the collector
outlet. If condensation becomes visible on the wrench surface, the flame is lit.

DELCD Only

1. Set the helium carrier gas flow to 10mL/min and the air make-up flow to 25mL/min. Clean, dry tank air
helps to obtain the best achievable DELCD sensitivity and signal stability.

2. Setthe DELCD reactor temperature setpoint to 260 (= 1000°C) by adjusting the trimpot on the top edge
of the GC’s front control panel. The DELCD will heat to about 254 and stabilize. The ceramic tube will glow

bright red from the heat.

3. By adjusting the appropriate trimpot, set the thermostatted DELCD heater block temperature to 25°C
higher than the “Final” lemperature you have cntered in the temperaturc program.

4. The DELCD amplifier is normally operated on LOW or MEDIUM gain.
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DETECTORS
Dry Electrolytic Conductivity Detector - DELCD

Troubleshooting and Maintenance

Installing the Spare DELCD Cell

Each SRI DELCD detector is shipped with a spare DELCD cell. Because the DELCD heater operates
close to 1000°C, it will burn out and fail eventually. Follow the instructions below to remove the old cell and

install the new one.

1. With the GC power OFF, remove the DELCD heater wires (2) from the push terminals and the DELCD

thermocouple and collector wires (3) from the screw terminals.

2. Remove the DELCD cell by using a wrench to loosen the 1/4” fitting that secures it on the FID exhaust port
or on the heater block. You may have to hold the insulation aside to freely access the fitting; it is soft and may

be compressed by hand.

3. Position the new cell on the fitting with the label facing up, as the DELCDs are shown on the Overview
page. Be sure to push the DELCD cell all the way into the FID.

4. Secure the new DELCD cell into place by tightening with a wrench the fitting that holds it onto the FID
exhaust or the heater block.

5. Carefully lower the red lid to make sure that it does not touch the DELCD cell; the cell will crack if the 1id
hits it. There should be at least 0.5 of clearance between the red lid and the edge of the DELCD cell.

6. Sensitivity may improve for the first 24 hours of operating time with the new cell installed.
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