Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

History:
Unfortunately there is no single column

that can separate / analyse:

Hydrogen (> TCD problems )

Oxygen Nitrogen MS5A preferred 1

but Shincarbon OK > but marginal @1%
Methane

(6]0)

CO2 ( requires TP on MS5A TCD >1000ppM
FID-Methaniser > LOD 1ppM

Ethane

Water ( excess can deactivate MS5A )
Propane

Butane

Pentane

other VOCs may need back-flushing or
additional 3rd capillary Column (optional)

Over the years SRI Instruments
has devised several solutions to
this analytical problem, starting
with the MultipleGas#1
configuration and evolving to the
present MultipleGas#5
configuration.

Like the earlier MG GCs the
8610C chassis includes an
ambient to 400C programmable
column oven.

Inside the column oven are three
columns. There can be additional
columns, but the basic MG5
includes:

.5 meter Haysep-D precolumn 2

ALL compounded by the need for analysis
of Trace Gases < 10ppM
LOD of different GC Detectors

eg TCD, HID > FID-Methaniser

(and ECD limitations re ppB & radioactivity
license needed !
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

On the right side of the column ov-
en is located the Thermal Conduc-
tivity Detector ( TCD ) which de-
tects all the gases from 200ppm to
100% except hydrogen ( see de-
tailed explanation for this later ).

Most MG5 configurations will also
include a Flame lonization Detec-
tor ( FID ) usually also including a
Methanizer ( FIDmeth ) to enable
the FID to also detect CO and
CO2 from 1ppm to 50,000ppm.
The FID can only detect hydrocar-
bons like methane and ethane, but
when equipped with a methanizer,
CO and CO2 are reacted to me-
thane and thus detected at the
same sensitivity as methane.

On the left side of the column oven
is the valve oven, which contains
two 10port Valco valves and lots of
1/16” stainless steel tubing.

MG5Jan2016 Page 2

QKDM;-JIV & 5= +61(0)3 9762 2034 . Australian Distributors
ECHllﬂlagymm www.chromiech.nel.au

Website HEW : www.chromalytic.net.au E-mail : info@chromtech.net.au Tel: 03 8762 2034 ... in AUSTRALIA




Multiple Gas#5 GC configuration
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The Valco 10port gas sampling
valve ( GSV ) looks like this.
There is an electric motor inside
the GC which turns a Teflon seal
inside the valve at a specific time
during the analysis to change the
carrier gas flow path.

We put a map on the cover of the
valve oven so you can follow the
carrier gas flow path in both posi-
tions ( load and inject ). Itis im-
portant to understand the flow path
to troubleshoot and optimize the
analysis. It is also critical to under-
stand that the valve does not
‘open” or “close”. Rather, the car
rier flows in one path or the other,
but it always flows continuously.

The sample to be analyzed is load-
ed at the front of the valve oven.
The sample can flow from the
“sample IN” through the “loop” and
then out the “Sample OUT” contin-
uously, or it can be flushed with
new sample prior to starting an
analysis. Normally it takes a mini-
mum of 10ml of sample to flush
the loop. There is no restriction or
pressure to work against. You
could blow through from “In” to
“Out” with your mouth.
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Multiple Gas#5 GC configuration
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The carrier gas is connected to the
left side of the GC. The carrier
gas can be helium, hydrogen, ni-
trogen or argon. Inside the GC
there is a very precise pressure
regulator called an “ Electronic
Pressure Controller” ( EPC ) which
supplies the carrier gas at a stable
pressure to the valves and col-
umns.

Helium is the most common choice because it
gives the best overall results. However the sen-
sitivity is not as good for hydrogen as it is for the
other gases. This is because the TCD sensitivity
depends on the difference of the “thermal con-
ductivity” of the carrier gas relative to the sample
molecule. The “thermal conductivity” difference
between helium and hydrogen is very small

Hydrogen is sometimes used as carrier, but
when it is, there is no sensitivity for hydrogen at
all.

Nitrogen is sometimes used especially where it
is important to measure hydrogen. Naturally, if
nitrogen is used as carrier gas, there is no sensi-
tivity to measure nitrogen.

Argon is used where it is important to measure
hydrogen and also oxygen and nitrogen.

If an FIDmethanizer detector is al-
so installed, then hydrogen is also
connected on the left side of the
GC. Airis typically supplied from
the built-in air compressor, but can
also be supplied from an external
air cylinder. Both hydrogen and air
are required for the FID flame.
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Multiple Gas#5 GC configuration

Jan 2016 > Updated Oct-22

Time 0.05 Valve 1 Smeter Tmeter TCD FIDm
Valve 1 to INJECT HayD MS5A
Time 0.4 .Smeter Valve 1 1meter TCD | FIDm
Valve to LOAD HayD MS5A
Time 4.00 Vave2 [ 2meter
Valve 2 to INJECT Haysep D
Time 10.00 Valve 2 2meter
Valve 2 to LOAD (— Haysep D

The schematic above shows the 4 steps in the MG5 analysis after the sample has been loaded into the
loop of each valve.

STEP 1: Valve1 is turned to the INJECT position ( Relay G on ). The carrier gas pushes the sample
out of the valve loop onto the 5.meter Haysep D column. H2, 02, N2 CH4 and CO migrate through
the .5meter HayD column very quickly and land on the 1meter MS5A column.

STEP 2: Valve1 is turned back to the LOAD position ( Relay G off ). Carrier gas continues to push the
H2, 02, N2, CH4 and CO molecules through the MS5A column towards the detectors. Also carrier gas
backflushes any remaining molecules backwards through the .5meter HayD column out to vent ( not
through the detectors ). The molecules which remain on the .5meter column are CO2, Water, and C2
and higher hydrocarbons. These molecules would get stuck on the MS5A column if they were allowed
onto the MS5A column. However, they easily backflush out of the HayD.

STEP 3: Valve2 is turned to the INJECT position ( Relay F on ). The carrier gas pushes the molecules
in the loop of Valve2 onto the 2meter HayD column in the “forward” direction. H2, O2, N2 and CO elute
from the column very quickly as one peak, followed by the CH4 peak, the CO2, water and the hydro-
carbons from C2-C6.

STEP 4: At some point in the analysis Valve2 is returned to the LOAD position. This reverses ( back-
flushes ) the flow direction in the HayD column. Any peaks which have not yet exited the HayD column
now back out of the column and into the detector. If, for example the analysis had no peaks after CO2
( or you did not care about any peak after CO2 ), then you would backflush after the CO2 peak. Any
peaks remaining in the HayD column would come out in a “lump”.
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Multiple Gas#5 GC configuration
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M vahoo x'(/? Message: x/,' [ STANDARD MGS 2016°D| x Y} - - - . .
C' | [ file/#/C:/Users/Hugh/Downloads/STANDARD%20MG5%202016.PDF

STANDARD MG5 2016.PDF

- - - - MG5 2016
VALVE#1 "LOAD VALVE#2 "LOAD' OTE: INJECT THROUGH VALVEH2 IN
AND USE A SEPTUM NUT =
I =
o ]
oD ReFerence
_ TCD
a ‘ O
FID-M

VALVER1"INJECT" VALVE#2 "INJECT"

= MultipleGas#3Drawi...PDF

The diagram above shows a schematic of the “basic” MG#5 configuration with both valves in the INJECT
position. A similar diagram below shows the “basic” MG#5 plus an additional column and FPD/FID detec-
tor to measure sulfur gases like H2S, CO2, SO2, mercaptans, DMS etc.

M vahoo x'{/_? Message x’,v [ MG5+SULFURPDF x Y [ STANDARD MG5 2016.PD! X \\ =) E=H >
€ [ filey///C:/Users/Hugh/Downloads/MG5+SULFUR.PDF Q% 89 ® =

MGS5+SULFUR.PDF

NOTE: INJECT THROUGH VALVE#2 IN MG5+SULFUR
AND USE A SEPTUM NUT SO#151207D02

BUCK

00 REFERENCE

FID-FPD

wm—

" MG5+SULFURPDF 7| = MultipleGas#5Drawi...PDF T

¥ Show all downloads.. X
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

P Deaksimple - PeakSimple 0 |

File Edit View Acquisiton Help
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This is a typical chromatogram of gases at 1% in Nitrogen. The FIDmethanizer chromatogram is on the
top and the TCD on the bottom.

STEP 1: Valve1 is turned to the INJECT position ( Relay G on ). The carrier gas pushes the sample out
of the valve loop onto the 5.meter Haysep D column. H2, 02, N2 CH4 and CO migrate through

the .5meter HayD column very quickly and land on the 1meter MS5A column.

STEP 2: Valve1 is turned back to the LOAD position ( Relay G off ) at .4 minutes. Carrier gas continues
to push the H2, O2, N2, CH4 and CO molecules through the MS5A column towards the detectors. Also
carrier gas backflushes any remaining molecules backwards through the .5meter HayD column out to
vent ( not through the detectors ). The molecules which remain on the .5meter column are CO2, Water,
and C2 and higher hydrocarbons. These molecules would get stuck on the MS5A column if they were
allowed onto the MS5A column. However, they easily backflush out of the HayD.

STEP 3: Valve2 is turned to the INJECT position ( Relay F on ). The carrier gas pushes the molecules in
the loop of Valve2 onto the 2meter HayD column in the “forward” direction. H2, 02, N2 and CO elute
from the column very quickly as one peak, followed by the CH4 peak, the CO2, Water and the hydrocar-
bons from C2-C6.

STEP 4: At some point in the analysis Valve2 is returned to the LOAD position. This reverses ( back-
flushes ) the flow direction in the HayD column. Any peaks which have not yet exited the HayD column
now back out of the column and into the detector. If, for example the analysis had no peaks after CO2
( or you did not care about any peak after CO2 ), then you would backflush after the CO2 peak. Any
peaks remaining in the HayD column would come out in a “lump”.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

The screen at right shows the oven
temperature program used.

STEPS 1 and 2 occur while the col-
umn oven is at 50C. After 1 minute,
the column temperature increases to
90C and stays there until after STEP
3. Then the column temperature in-
creases to 270C.

At some point while the column tem-
perature increases, STEP 4 occurs,
backflushing any un-eluted mole-
cules.

The channel 1 Event table is shown
at right.

At time 0.05 Relay G turns on. This
intitiates STEP 1.

At time 0.4, Relay G turns off.

At time 4.00 Relay F turns on initiat-
ing STEP 3.

At time 8.0 Relay F turns off back-
flushing the Haysep D column to the
detectors.

The exact times may change if the
carrier flow rate changes or if a dif-
ferent carrier gas is used. The back-
flush time ( STEP 4 ) especially may
change depending on what mole-
cules are in the sample.
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Channel 1 temperature control Ié]
C:\peakd44-64bithM G5 tem
Init temp Hold Ramp Final temp
50.00 1.000 20.000 30.00
90.00 3.000 0.000 90.00
90.00 0.000 30.000 270.00
| | |283.50
0.00 Temperature
program
Add... | Change... | Fema: r
Load... | Save.. | Clear | Frint |
——
o =+
= 5
Channel 1 events Ié] 3
C:hpeakd44-B4bitMGEFID . evt
Time Event
0.000 ZEROD
0.050 G ON [Walvel]
0.400 G OFF [Valvel)
4.000 F O [valve2)
8,000 F OFF [valve?) Channel 1 Event
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

B Peaksimple - PeakSimple -_— S |
File Edit View Acquisition Help
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The sample above ( helium carrier at 15psi ) shows 1% each methane, CO, CO2,
ethane, ethylene and acetylene with a little oxygen, and nitrogen balance. Note that
the area of the methane, and CO peaks are about the same on the FIDm, and similar
but not identical on the TCD.

This shows that the methanizer is working 100% since every molecule of CO is con-
verted to one molecule of methane.

It also shows that the Valve 1 timing ( Relay G off at .4 minutes ) is correct.

Methane and CO have different thermal conductivities so on the TCD the peak areas
are slightly different from each other.

Note that on a HaysepD column, ethylene and acetylene co-elute. A different flavor
of Haysep ( Haysep N for example ) can be substituted to separate these two mole-
cules.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

¥ Peaksimple - PeakSimple. SN
File Edit View Acquisition Help
DEHd@ &% EE |12 34586 #|F18283%4
RUN1 [FID-CHANNEL 1 [50.00 deg [2:83 min 240544mV.
512,000 [ C\peak444-6ADMMGEFID03 chiDEFAULT.CON [STAND BY 0.630 mv
3 Channel 1 events % F\ .3 minutes
o <
P C:\peakd44-B4bitMGEFID. svt | aQ Re|ay G Off
Z Time Event T
: £
£ U000 ZERD
o 0.050 G ON (Valvel] a2 =
fro 0300 G OFF [Valvel) b =
& o) 4000 F ON [Valvez] I :
S 8000 F OFF [Valve2) I} iE
8 —_— g g
2 8 s
NO methane 57 Results =5
eak Componenl Reelention Brea .
p Methane-FIDmMGEA 0000 0.0000
COFIDmMSEA 3201 20166700
AIR+CO-FIDrHay0 4676 18527335
Methane-FIDmHayD 4s88  1827.2375
CO2-FIDmMSES 5475 16374000
o b C2H2+C2HAFIDmHayDr 6316 £7442310
Add, T EthaneFIDmHayD B9 36271290
water blank| Channel 2TCD [o45Pal Q 4J Oxygen-TCD-MSEA 0725 73.0155 |
32.000 | c\peak444-64bMMGSTCD03.chDEFAULT.L N = 5 uwtuhuw TTCE%"\&SS?;\ égég 22510 gggg |
oa ave. ethane-TCD-
CO-TCD MSSA 3208 244070
| | AIR-CO-TCDHapD 4578 2432913
I Methane-TCD-HayD 493 184123
= L T |co2TcoMsse 5460 247065
= | | CH24CHETEDHayD 6300 57732
2 | | Ethare-TCD Hayh 608 262460
o 226836213
= 2 g
@ © o
g P
£ a3 g
G = ba = H
2 g 4
o E
S 3 Chanret [+ Updats | Sove. | Integation_ | Fomat |
o
¥ Recognized pesks orly
\WV e e Calbrate. . | Calbrate all. } Copy ‘
I
\V Copy results log ‘ Clear results log J Show resu\lslog..‘ Add o resubs \agJ
5000
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Compare the same sample but with Relay G off at .3 minutes instead
of .4 minutes as in the previous page. The methane peak has disap-
peared because the time that Relay G turned off was too early, so the
methane peak did not make it onto the MS5A column and was back-

flushed off the pre-column ( .5meter HayD ) to vent.

If you change carrier gas types ( argon instead of helium ), carrier flow
rates, column types ( MS13X instead of MS5A ), or column lengths, you
will have to determine the correct timing by trial and error.
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Multiple Gas#5 GC configuration
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9 Pesksimple - PskSimpl | o |

File Edit View Acquisition Help
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RUN1 | FID-CHANMEL 1 [50.00 deg

[3.61 min 216.767mV.
512.000 | c\peak444-64DIMGSFID04.chi/DEFAULT.CON

|STAND BY 0.937 mV.

&
i
o}

a
=
E
=]
frad
&
£
@
=
o

C2H2+C2H‘{AFIDmAHayD 6.333

CO-FIDmM-MS5A 3.2
CO2-FIDm-MS!

-128.000

Pt R rEE~

water blank| Channel 2 TCD [0.45PsI [
2.000 [ c\peakdd4-G4bitMG5TCDO4 chriDEFAULT CON [STAND BY 0.484 mV'
E = @ f-n =1
= = = = 3
=1 L] & 55 =
= b o < e
< << < o <<
o w3 w3 = rs)
1] 2] 2] @ i1
= = = T =
o [ a a o a
i O o o © (5]
o i U E = 5
< & 2 Q & 8
] B = © z o
= = = =
8 e = 2 E: =
o L
e =4
o
T
oo 5 i
water
-0.500
afrfa

Here we show what
1% hydrogen looks like *
with helium carrier gas
at 15psi and the same
temperature program
and event table.

Fls oY EEER EPEEs

KR

Note how much small-
er the 1% hydrogen peak is than the 1% methane peak.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

B Peaksimple - PeakSimpl e o |

File Edit View Acquisition Help
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This is natural gas. Notice there is no CO, but plenty of butanes and
pentanes. There is also a water peak on the TCD.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

9 Pesksimple - PeskSimple) =i x|
File Edit View Acquisition F
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This is room air which has 2ppm of me-
thane, 400ppm of CO2 and 10,000ppm
of water.

Methane peak

e EEE s ol
o*3

5

Notice the 2ppm methane peak is easily :
detectable on the FIDmethanzier, and
the 400ppm CO2 peak easily detectable \ i N
on the TCD. —

[Zl2]®

The room air in this case also apparent-
ly had some CO.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

B9 Peaksimple - PeakSimple [=E =]
File Edit View Acquisition Help
D@ & % EEL 123456 % 2152835
i s RUN1 [FID-CHANNEL 1 [50.00 deg |
64,000 [ C\peakd44 BABRNGEFIDD chiDEFAULT CON [STAND BY -0.047 mv
S 3 A
B &)
=
In z z Equal areas for
Z z
M e &l] = g methane and CO
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fa CO-FIDmMSES 7E16 11ER3EN0 | || 5 &
Q o ] e —
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o sk 44 BALAMGEF D st L |
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Tirne Event -
By waler blank [ Channel 2 TCD 0.45 PSI | o R0
256000 | c\peakd44-64bIMGETCOZ1 chilDEFAULT CON | D080 B ON [Valvel)
kd . 0.800 G OFF [Valvel)
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Baseline G off
disturbance 5
@
ok
<
&
2
8 =) = B
2 =
2
£
= Add..l Ehg| HemeJ Db‘
=
load | 5 | o | i |
ok | st |
64.000
404

If hydrogen measurement is a priority its is
best to use Argon carrier gas instead of heli-
um. Because there is an un-avoidable
baseline disturbance when Relay G turns off
and backflushes the pre-column, it may
make sense to use a 6 foot MS5A column
instead of the 3 foot MS5A column. The €’
column makes the Hydrogen peak come out
a little later giving the baseline a chance to
stabilize before the H2 peak begins.

6 and 3’ MS5A
columns
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

B9 Peaksimple - PeakSimple . - = |
File Edit View Acquisition Help

D@ & EELk|12345¢% 1828324
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& o © Gradient  Par:[D
)
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\
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¥ Feversepolariy [ Absorbancemode | [ Output via channel [2 =
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B R

Cancel Save resuls fls overy [7 ssc o e

— (=} [ =]
&) o = 5 W=
e 4 ]; b =24

8 & ; el 2 =
% [=) o ao

& = 2 —r =
z s 9 g

= s i B

& 5 x =

5 =
T 2 z =
(A & G

P BoWwOEOMEMN .S

1572016 |

When using Argon or Nitrogen carrier gas the peaks come out upside
down. In the channel 2 Details screen, click the box labelled “Reverse
Polarity” so the peaks will come out in the positive direction.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

B9 Peaksimple - PeakSimple - = |

File Edit View Acquisiton Help

D@ & = B8Eki1/23456 g1828384

b RUN1[FID-CHANNEL 1 [5000 deg [6.95 min 22 330mV
£4.000 | C\peaka44 BALTNGEN D20 chiDEF AULT CON [STAND BY 0182 mv
fa 5
2
I -
<
@
2 Methane peak 8 : - 5
=] &= =
Pi mostly gone g i = z
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& e 2
= 58 g
M = i &
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-16.000
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N
<
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=
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Add | o | e \ Desoib \
s =T
v lod. | save. | Cea | Pi |
i3 shit.. |
54.000 \
4 r4 LARRS
0.000 12.000

12:37 PM I
1/5/2006 | |

? BEo W PEROENK AR

The exact time for Relay G off ( backflush pre-column ) will be different
using Argon vs Helium. By trial and error move the Relay G off time earli-
er and earlier until you see the methane peak disappear.

Compare this analysis to the same analysis on page 13.

Both methane and CO are present in the sample at 1% and have similar
area count in the page 13 analysis with Relay G off set to .8 minutes.

In the analysis above the Relay G off time is .7 minutes which was early
enough to backflush the methane peak ( which was still on the pre-
column ), yet allow the CO peak to make it through onto the MS5A col-
umn.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

FlHEsew R EEES

W Peaksimple - PeakSimple e g |= =
File Edit View Acquisition Help
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The chromatogram above shows the full analysis including the C2 peaks.
Note that the Relay F on time ( inject onto the Haysep dolumn ) had to be
delayed until 9 minutes to allow the CO to elute from the 6’MS5A column
before making the injection onto the Haysep column.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

Stop-flow sole-

NORMALLY OPEN. MGS5 TCD/FID-METH + FID

PUT IN ASHTRAY. noid for valve 2 SO#160407D02
5 ! - LEAVE THIS TEE OUTSIDE
FPER HUGH/GREG
SOL
TCD REFERENCE
—— s TCD
f 18"
.

Liquid injection
here

MNOTE: INJECT THROUGH VALVE#Z IN
AND USE A SEPTUM NUT

Starting in March of 2016 all MG5 configurations were slightly modified:

1) The Haysep D column ( and sometimes a capillary column ) are connected to the
injector port to make it easy to perform a liquid injection or small volume gas injec-
tion without using the gas sampling valves, and without having to reconnect col-
umns inside the column oven. The low volume or liquid injection can only be
made into the Haysep column, not the Molesieve.

2) A solenoid valve can interrupt the carrier gas to the Haysep valve and column.
This allows both valves to inject at the same time if that is critical to the analysis
( the normal MG5 valve sequence injects valve 1 immediately, and valve 2 some
minutes later ). When injecting both valves simultaneously, the solenoid is closed
( Relay A ON usually ) just after the valve injection to stop-flow the peaks in the
Haysep D column until the MoleSieve peaks have eluted. An example of this is
shown later in this document.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

Stop-flow sole- MG5 TCD/FID-METH + FID
PUTINASHTRAY. noid for valve 2 SO#160407D02

E— -— LEAVE THIS TEE QUTSIDE
PER HUGH/GREG

TCD REFERENCE

- TCD

i 18"
\, HAYESEP-D |

RESTRICTOR
10N LIWISE 15P8)
HELIUN

FID-M

FID

MEGABORE O STICK

Liquid injection
here

NOTE: INJECT THROUGH VALVE#2 IN E

AND USE A SEPTUM NUT

This drawing shows a capillary column and extra FID detector connected at a “tee”
fitting so a liquid injection ( or low volume gas injection ) splits onto the capillary and
the Haysep column.

In this configuration neither Valve 1 or Valve 2 is actuated at the beginning of the
analysis. Valve 2 may optionally be rotated to the Inject position to backflush the
Haysep column after the capillary peaks have eluted. See next page.
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

When a capillary column is configured
along with the Haysep column it can
be connected at one of two places.
Here it is shown connected to a “tee”
fitting where one leg of the tee is the
capillary column, the second leg is the
Haysep column and the third leg is
connected to the on-column injection
port using a small adapter.

Tee where Hay-
sep D and capil-
lary column
meet.

vsnu

)
£SL68EY #12USS
VRLZ-E810L #10
\ Wwnoos quuego WO
VLXN

WO ISR MM

Pl

Liquid injection
or low volume
gas injection

When making a low volume gas injec- here

tion you do not need to use the gas
sampling valves at all, unless you
want to backflush the Haysep column
after the capillary column peaks have
eluted.

Here is a chromatogram of C1-C6 hy-
drocarbons injected via a gas tight sy-
ringe and backflushed at 6 minutes

after all the peaks had eluted from the
capillary column. g e — —

File Edit View Acq Help
DEEd & Ela|[1/2 3455 #8883

RUN 1 [FID-CHANNEL T 50,00 deg
64,000 [ C1peaka44-64DIREprOTUTBIT05 ChiDEFAULT CON [STAND BY 0089 mV.

If you need to quantitate the :

backflush, the gas sampling Backflush at 6
valve loop must have a carri- minutes after the
er gas purge to avoid inject- ERrlEn [pEels

R

ing peaks which might be in "
the loop. See the diagramto |
understand. s m——

Methane and Ethane
on the Hayep Column
then C3+ backflush

BIEE]

BoWODEOES % a0
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

NORMALLY OPEN. MGS TCD/FID-METH + FID
PUT IN ASHTRAY. i SO#160407D02

e ]

SOL

LEAVE THIS TEE OUTSIDE
PER. HUGH/GREG

TEO REFERENCE

- TCD

e,

Escron FID-M
HELUIUM
-
— HAYESEP-D
& , \R‘*»' * /
MEGABORE ON STICK FID
{ Gas injection
sanPLE splits here
NOTE: INJECT THROUGH VALVE#Z IN
AND USE A SEPTUM NUT L]

1) This drawing shows a capillary column set up for gas injection from the gas sam-
pling valves onto both the Haysep and capillary column.

ol

Backflush at 10
minutes after the
capillary peaks

DENEE 31

C1-C6 on the
capillary column

Methane and Ethane
on the Hayep Column
then C3+ backflush

MG5Jan2016 Page 21
B P Australian Distributors
. HRO M xs= 6103 97622034 | Aumreian Beeetor
T _ Ec., r ro o Pty Ltd www.chromiech.nel.ou

Website NEW : wwwow.chromalytic.net.au E-mail : infoflchromtech.net.au Tel: 03 8762 2034 .. . in AUSTRALIA |




Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

There are some applica- = s

tions where the time de-
lay between injecting the
sample in Valve1 and
Valve2 is important and
un-desirable.

The top chromatogram
shows the normal MG5
valve sequence/event
table. The sample was
1000ppm C1-C6 aliphat-
ic hydrocarbons. V1 in-
jects at .1minutes. V2
injects at 4 minutes.

This chromatogram
shows the same sample
but with Valve 1 and 2
injected simultaneously.
Relay A is turned ON at
the same time

( .1minute ) which stops
the carrier gas flow in the
Haysep and capillary col-
umns. This creates
some extra “ghost”
peaks but does not sub-
stantially affect the anal-
ysis. The stop-flow sole-
noid is turned OFF ( re-

establishing the flow ) at 4minutes.

— =@ =]
Help
DEE@ S %BEL|12/345%5 §182838%
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4.000[c

Tpeakdd4-64DMIGETCDBE CiDEFAULT CON

2] 2]
| e

Normal event
table

2390m ||

OO 0N

B Peaisimple - Peaisimple =8 R
File Edt View Acquision Help
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RUN1 [FID-CHANNEL T [5000deg 539 min 753145mV]
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“Ghost” peaks.
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GON alvel)
FON Vabve2)
AN (topFiow)
G OFF Valvet)
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Event table for
simultaneous
injection of
V1&V2.

STAND BY-0050 mv.

MG5Jan2016

=l

e —

U IR OM 757 +61(0)39762 2034

- ECH »o/looy ey

BoWOEOEB 0N

321PM
4/26/2016

Page 22

Australian Distributors
Importers & ManUTscurers

www.chromifech.nel.ou

Website HEW : www.chromalytic.net.au E-mail : info@chromtech.net.au Tel: 03 8762 2034 ... in AUSTRALIA




Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

A number of improvements have been
made to the popular MultipleGas#5 GC
configuration.

There are two on-column injectors pro-
vided so small volume injections may be
made into either the 6’ Haysep D col-
umn or the MS5A column with the 18”
Haysep D pre-column. Small volume
injections are useful when there is not
enough sample ( 10ml ) to flush the
sample loops.

The MS5A column has been standard-
ized at 4.5 feet where before it was ei-
ther 3 or 6 foot.

The methanizer catalyst tube has been
enlarged so there is about 10X more
catalyst then previously. The Large Ca-
pacity Methanizer is much more re-
sistant to sulfur poisoning.

There are now two carrier gas controls
instead of the previous single Carrier
EPC. The independent carrier control
allow columns of different lengths to be
installed without affecting the other col-
umns in the system.

If for example a 2 foot long MS5A were
installed in place of the 4.5’ column, the
single EPC control would have resulted
in a much faster carrier gas flow rate
through the MS5A and a slower than
optimum flow rate through the 6’ Hay-
sep D.

With the independent controls, the flow
through each column can be optimized.
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Multiple Gas#5 GC configuration

d0ct-22

Tyically ( but not necessarily ) the two
carrier gases would be the same type of
gas ( argon, nitrogen, helium or hydro-
gen ). The gas shown here is connect-
ed to a tee which feeds both carrier gas
inlets on the GC left side.

The air EPC has been removed in favor
of adding the 2nd carrier gas EPC

( same cost ).

The air EPC was not really necessary
especially since the FID air flow never
changed, and the built-in air compressor
delivers a very steady pressure.

If required the air EPC can be added
back for the cost of an EPC module.

The built-in air compressor is routed
through a particle filter then then out
through a bulkhead fitting on the left.

An empty piece of tube called a
‘jlumper” then connects back to another
bulkhead fitting, which then goes to the
FID through a restrictor tube. The re-
strictor tube is made so 12 psi of air
pressure results in a flow of 250ml/
minute to the FID flame.

This allows the substitution of another

Jan 2016 > Update

air supply ( house air ) at 12psi

if desired. Jumper

tube
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Multiple Gas#5 GC configuration
Jan 2016 > Updated 0ct-22

These drawings MG5 UPDATE 08/24/22
show the plumbing "

configuration and the | s pem—
air supply for the FID TS e SO Sl I o]
| —

TCD

— FID-M

HGTE: ILIEET THROLIGH VALVESZ I
| AND UBE R S TUM T

MG5 AIR PLUMBING UPDATE
NO AIR EPC PER GREG.
{NO FOR FPD DETECTOR)

AR
TOP DECK
UNICN 118" BRASS

AlR
RESTRICTOR
DOUBLE THE LENGTH

FILTER
COPPER COPPER
TUBING
BRASS UNION
A0 TUBING
AR BULKHEAD
REDUCER
1ax 16"
I
|
|
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Multiple Gas#5 GC configuration
Jan 2016 > Updated Oct-22

Many Compromises for a more Universal MG+ > still with some fimitations !
TCD ~200ppM LOD to 50% ( @1cc sample loop& split 1:1)
ALL GC OEMs are as vague AS! for complex multi detector / injector “ variations “

Generally SRI Prices are 2/3 of simple equivalent “other” OEMs models )
> hut RFQ required ! & specifically !)

other MG#§ limitations / “issues”

In practice the HaySep-D is needed for CO2 separation but is somewhat limited for higher MS
VOCs by column bleed and/or flow sensitivity drift of the TCD during temp programming to propane(?)
EtOH, MEK for example at 180C max unless you use ultra pure He and/or Oxytraps.
The HS-D can be replaced with capillary column for more detailed resolution of high MW or polar
components but CO2 is then sacrificed !
- Calibration of these is assisted by the on-column liquid injection porr fitted standard on the MG#5
- The set up is somewhat convoluted and users need to understand the logic and peculiarities of the GC
set-up re “Timed Events” of PeakSimple and multiple peaks etc !

Definitely NOT a “DO-AII . . . Do everything” | concept & NOT For GC BEGINNERS !

For H2 an extended design of the MG#5 may become too complex mechanically / re GC internal space
etc adds to the overall price > a separate GC(s) using Argon carrier gas is recommended

For high concentrations of H2 a simplified GC / is suggested using a CCD Detector ( 500ppM LOD) with 1
cc sample size for H2, CO, H20, methane and C2 > but probably NOT CO2 or Air ( Ar/ O2/ N2 )

> much lower cost !

- columns to be decided on MolSieve for CO from pollutred Ambient Air) and CCD Not suitable for
capillary columns CO2 probably non-reponsive in CCD and no need to separate CO2 on HS-D;
backflushing of the CCD may still be required and can suffer from over 5A

On-Line auto analysis of gases AND complex VOCs is fraught with difficulties particularly related to >
“Headspace Gases Analysis” ( re sample size available from the process AND re LODs and the need
for more sophisticated

GC Detectors (eg ECD, HID with adequate Gas Purification to improve “trace gas” analysis ! )

NO Equivocation here ! . . . Just stark reality |
Yes there are some answers here ! > but . . . more complex, more expensive > ASK! > RFQ !

Justification maybe » NEW MG6 ( in future ? OR to Order!)

- Gas Purification > SS diaphram regulators ( NO EPCs ) > & essential !

- HID ( SRl or Vici-Valco miniPDD ) ONLY

- 1cc Auto Gas Sample Injector; Silcosteel Loop

- Gas Splitter Manual Injection System ( for high sample concentrations,>~0.1%)

- ShinCarbon HT 3 to 5m 0.75mm Silcosteel Column + 1.5metre MS5A as a back-up “spare” !
- Vacuum Pump Interface ( for added ease of sampling)

BENEFITS

Quantitative H2, compromised O2/N2 1%027?)

Split for > 1%

Improved trace gases > <1ppM on HID

Shincarbon limited to approx C2 HCs, or for CO2 programmed MS5A >200degC)

- ALL HIDs are limited to ~1%Max (1CC) inc NEW BID ( Shimadzu ) & LDETEK ; ASDevices requiring a
Gas splitter and/or a TCD ( > ~100ppM permanent gases) or FID-Methaniser ( for CO/CO2 LOD ~1ppM)
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Multiple Gas#5 GC configuration
Jan 2016 > Updated Oct-22

Plenty of compromises ! > ASK CT for recommendations !

HID & Methaniser > DON'T assume linearity at high(er) concentrations ( >1000ppM?)

CO2 Calibration - Do NOT rely on ambient Air for any sample dilutions

- Ambient can be 400ppM but up to 1000ppM > Indoors

Humid Air samples can be up to 7% water even if NOT measured and correction of results are required or
Sample Drying

- a NAFION Drier (SRI /+MS5A) needs equilibration time and at best 1-2% water is residual still ! )
STANDARD GCs Can NOT be assumed to be “Gas-Tight” All tend to diffuse ambient Air into the GC system (
through O-rings,regulator, diaphhrams, flow meters, septa even against +ve gas pressure

Process control GC and Trace Gas Analysers ALL ar custome designed specififically

DON’T ASSUME

- ANY “marketing” chromatograms ARE DONE ON OEM STANDARD GCs without due consideration

- Gas SUPPLIES High Purity are bulk-tested ONLY Can be UNREIABLE

- Always use an Oxytrap preferably a GETTER” Purifier mounted closed to the GC as possible

- ANY Manifold Purifiers are NEXT TO USELESS without an Indicating OXY-Trap verification next to GC
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Gas Sampling Valve Types used in SRI
GCs May 2019 > UPDATE 2022-CT

A variety of different gas sampling valves and elec-
tric actuators are used in SRI GCs.

In some cases, the manufacturers ( Valco and
AFP ) have changed designs and stoppped making
the older type actuator but the valve head remains
the same.

The Valco Standard is no longer available, but we
have some stock of spares including a similar di-
mension actuator that runs on 24 volts DC.

The Valco EUT actuator is found on SRI GC from
2019 and later.

The AFP MEA ( micro electric actuator ) is also in-
stalled on SRI GCs from 2018 and later.

To date there have been 3 versions of the MEA ac-
tuator.

INFQ - > differences between valves > OEMs used
@022 whether just due to COVID 19 shortage of
“chips” being used /

or Improvements made ( rotor material & wear ?)

This photo shows the AFP version 1 actuator.
The board is green in color and runs on 24volts DC.
The 24volt power connector is here.

“Modern” OEM Valves re Trace Gas

Analysis) require and some OEMs DO
offer Helium Purge on valves orRotors

to minimise ingress of ambient AIR for - O |
asocrt
ASK>CT!
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Gas Sampling Valve Types used in SRI
GCs May 2019 > UPDATE 2022-CT

This is the AFP version 2 MEA.

The 24volt power connector is here.

l!’ !l!ll ;0. o "77

3 = ‘
This is the AFP version 3 MEA. - i

The 15 volt DC power connector is here.

MI O "l

AFP MEA version3 runs on 15 volts not 24volts

i

The AFP version 3 MEA also has a serial number
etched in the metal bracket making it easy to identi-

fy.
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	Many Compromises for a more Universal MG#5 > still with some iimitations !
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