Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Install a capillary column in the oven of the SRI GC.
The ASTM method suggests a 12 meter .32mm id
narrow-bore column coupled with a 2.5 meter guard
column but permits the use of any column which ex-
hibits acceptable resolution of the glyceride analytes.
For ease of use, SRI prefers a 15 meter fused silica
lined metal capillary column commonly called a wide-
bore MXT column. The ideal column has a thin film

( .1-.25 microns thick ) and a temperature rating of
380C or higher)

This type of column is unbreakable ( unlike plain
fused silica columns ) and allows the injection syringe
to deposit the sample directly into the bore of the col-
umn itself. This is important because heated or split/
splitless injectors can discriminate against high boiling
analytes like triglycerides. The ASTM 6584 method
specifies cool-on-column injection like that found as
standard equipment on all SRI gas chromatographs
to avoid boiling point discrimination.

Restek fused silica lined stainless steel MXT
5.53mm id capillary column coiled to 3.5 inches

Chrompack HT5 .32mm id fused silca coupled

with 2.5 meter .53mm id guard column. A 1/16"

stainless steel union with graphite ferrules con-

nects the guard column to the analytical column.
he—— e ——

The 26 ga. Syringe needle fits inside the .53mm
column to accomplish a cool on-column injection
as specified in the method.
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Connect carrier gas, hydrogen and air to the
GC. Helium is recommended as carrier gas,
while the hydrogen and air are required for
the FID ( flame ionization detector ) which is
used to detect the sample molecules.

You can also use .he optional SRI H2-40 hydrogen
generator and “whisper quiet” built-in air compressor
to provide all necessary gases without bulky gas cyl-

inders

Note: Some pre-made calibration standards ( Su-
pelco 44918-U ) are 10 times less concentrated,
but the instructions specify adding 10 times more
volume resulting in the same mass injected.
Prepare your calibration standards. You will
need glycerin ( 500ppm ), butanetriol

(2000ppm ), monoolien ( 10000ppm ), tricaprin

( 8000ppm ), diolien ( 5000ppm ) and triolien
(5000ppm ) each dissolved in pyridine. You can
buy these starting materials( stock solutions ) You will need the starting _m_aterials plus MSTFA and
from Supelco( part# 44898-U ), Restek, or other Heptane. Some pyridine is also handy to
sources. You will also need a derivitization re- have on hand.

agent called MSTFA and Heptane ( a common
solvent ).

The ASTM 6584 method specifies that for the
highest calibration level ( level 5), 100ul of each
material (in pyridine ) is added to a 10 ml vial
along with 100ul of MSTFA. Allow 20 minutes for
the reaction to occur, then add heptane to bring
the final volume to 8ml.

The ASTM 6584 method describes making the

| - - \
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calibration standards at 5 different levels, so the s e e e ee——
level 1 calibration standard is prepared using
10ul of each starting material instead of 100ul,
but the procedure is otherwise the same.

A 100ul syringe is helpful for making the dilutions
along with vials, and pipets.
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

, E
Set up a temperature program in the
PeakSimple software ( which comes
free with every SRI GC ) starting at
40 degrees, holding there for 2 min-
utes, then ramping at 20 degrees
per minutes to 380 degrees, and
holding there for 11 minutes. The
ASTM 6584 method does not spe-
cifically recommend a temperature
program so long as the peaks are
well separated from each other and
from any interfering peaks.

Inject each of the 5 calibration stan-
dards, saving the data file under a
unigue name each time
(levellcal.chr, level2 cal.chr etc).

A typical level 5 calibration is shown to
the right.

Create a retention window for each of the
6 peaks by pointing to the peak with your
mouse, clicking on the right hand mouse

button and then left clicking on “add com-
ponent”
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_ You can modify the temperature program later if you
LT find your particular raw material ( soybean oil,

chicken fat etc ) works better with a faster or slower

Butanetriol 6708

Glycerol 5.900

ramp rate.

MuonoOlien 17 566

TricaprinintStd 21916

DiClien 24,200

TriOlien 27 875
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When you click the right hand mouse button a pop
up window appears on the screen
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Adjust the retention window ( the red - T e
horizontal line which appears ) sothat | =waEEs e e = R
it is centered on the peak. Adjust the -
width of the retention window so it is
just a little wider than the peak.

Grab the middle of the H-bar with your
mouse to move the window side to
side, or grab the vertical ends to nar-
row or widen the window.

(=1

Double click on the retention window '

or right click then select Edit Compo- L= o

nent. This brings up the Component

Details screen shown at right. s

Component details

Give each peak a different peak number.
P P Peak number. |l

Fill in the peak’s name. Peak name: | TricaprinintStd

For the tricaprin and butanetriol internal &1 2100 R 22 20 [EEEEERed ) .00 |
standard peaks ONLY, _enter th_e (_:oncen- Internal standard:é-é_lzl-lj-l:l.-ljlj-lé U nits: IF'F'""' :
tration in the stock solution. This is how e :
PeakSimple knows the concentration of =il e ()
the internal standards.

Ref peak:i ]

In caze of mulbs Meazure peak

. ) ) each peak zeparately (%) Brea
Enter the units you prefer to calibrate in

(ppm or percent). Note: one million =hanlisacsanny e
ppmzloo%’ 100,000ppm:lo%’ 8 Show last peak anly

10,000ppm=1%, 1000ppm=.1%, =) Show largest peak. only -—.ﬁ.larms...
lOOppm=.Ol%, 10ppm=.001%, () Show tatal of all peaks

1ppm=.0001%.

Fultiplication factor; ;EI_EIEIEI ] Lalculate area as

Select the largest peak only radio button me-siee

so PeakSimple finds the largest peak in ok | [ Cancel ]

the window as tricaprin, not a small noise

peak L
Don't fill in any of the other fields in this screen at

this time
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Do the same thing for the other internal stan-
dard peak, Butanetriol.

Peak. nurber: E
Make sure to use a different peak number. o

Enter the concentration in the stock solution
(1000ppm)

Then do the same thing for the 4 remaining
peaks, Glycerin ( the free glycerin ), mono-
lien, diolien and triolien.

Use a different number for each peak.

Glycerol is the same thing as glycerin, you
can use either name.

Do NOT enter a number in the Internal Stan-
dard box, because this peak is NOT an inter-
nal standard peak.

Enter the peak number of the Butanetriol in-
ternal standard. This is how PeakSimple
knows to use Butanetriol as the internal stan-
dard for Glycerol.

Do the same thing for the monolien, diolien
and triolien peaks EXCEPT use the peak
number of tricaprin since tricaprin is the inter,
nal standard for mono, di and triolien.

Component details

Feak name: | Butanetnl:ul

Start: | 649 | End

Internal standard peak: . 1]

| caze of multiple pealk.s
() Show each peak separately

() Shows first peak only
) Show last peak only
(%) Show largest peak only
() Showe total of all peaks

Multiplication factar: 0.000 _i

"5.99

Mnternm Standardi:l-n_dn—n_ﬂ-" Uitz | |:I|:IIT| i

A ef

(%) Area
") Height

Alarmz...

]

- Expected: | EIEIEI

peak:; EI

teazure peak

Calculate area as
time-zlice

[

Cancel ]

Companent details

Peak. nurmber: ﬂ

Peak name: | Glycernl

[nternal standard:é__ﬂ_.gl_lzllzl_ |

Internal standard peak:
aze of mulbliple

=

b |ast pealk: only
(%) Show largest peak. only
) Show total of all peaks

Multiplication factar: I.EI_EIEIEI ]

Sta/577_| End (506 |

[ ritg: . ppm

2_] Fef peak:|0

b eazure peak

(%) Area
1 Height

Blarms...

O

Erpected: . Q.00

Calculate area az
time-zlice

l l

ak,

[ Cancel ]
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Create three additional
retention windows

i PreakSimple - DRI

Fe Ed Vs Sogasion Hels

Ddd & " EEL 12 32568 iz

called Total MonoGlyc-

kil 5 st [FID Channed 1

[20.E2 min
1

erides, Total DiGlyc-
erides, and Total
Triglycerides. These
windows should be
wider than the
monoolien, diolien and
triolien and should over-
lap the individual cali-
bration compounds.
The function of the To-
tal Mono, Di and Tri
windows will be to sum
up all the mono, di and
tri glycerides to arrive at

= Wanallien 17 565

I
415 513| EIF ea ka0 L T iwer i 1-5 ENDEFRIL] G

TricapemintSid 21 816

Triliben 27 506

sl Diz 25 083
TaledTns 25858
T Tris 2933

 TotallTres 27 283

|

an answer for total
bound glycerin.

~51. 314
L A I 4
14108

[ Buolesral &0 - Mhoris

4 start

Enter the peak number for tricaprin since we
are still using tricaprin as the internal stan-
dard for the Total windows.

Select the radio button labeled Show total of
all peaks.

Enter the factor specified in the ASTM 658
method. Monoglycerides=.2591
Diglycerides=.1488 Triglycerides=.1044

This factor accounts for the percentage of the
molecule which is bound glycerin.

T

Australia utors :

i PaakZarphe - CORML

Component details

Peak number; |50

Peak name: | TatalMaonos |

Stat: 16.27 | End: [19.34 | Ezpected: |0.00

tandard:| 0.000 Urits: | ppm |
Internal standar k: :4__| Bef peak:!_[l |

In caze of multiple peaks teazure peak

() Area
1 Height

) Show each peak separately
) Show first peak. only

{73 Show last peak anly

() Show largest peak only

(%) Show total of all peaks

Alarms...

H Calculate area az
time-zlice

Cancel
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Navigate to the Component _ . cow
screen for Channel 1. CwEd S BEL 214508 hhit
2 Pl T P e TR T I
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The Component screen
should look like the one to the
right except that the names
of the calibration curves for
each component will not

T T P e ——

yet have been entered. Bidiasr et
Notice that the peak num- Peak MName - ad, Lalibration
ber is followed by a number 112] Glpcenol 5.770 E.060 Glyerin, cal
. 2 Butaretrial G453 E.993 Butanetriol.ca
in parentheses. S0[4] Totalonos 16270 19340 Momolien.cal
* 4] MonoOlien 17.387 17.887 b omalien. cal
i 4% Tricaprinlnt5t 21.795 22072 Tricaprin.cal
_The_: number_ln parent_heses 51[4] TotalDis 22913 26055 Diolien. cal
indicates which peak is the 54 Dillien 24057 24557  Dilien.cal
internal standard. So E2(4] TatalTriz 25.561 30.100 Triolien. cal
Monolien which is peak#3 B[4] Trillien 27842 28682 Triolien.cal
uses tricaprin ( peak#4 ) as
its internal standard. Glyc-
erol which is peak#1 uses
butanetriol ( peak#2 ) as its
internal standard.
Save the Component ta- :
ble so you don’t have to [ Add... ] [ Change... ] [ Femove ] [ Calibrate. .. ]
enter this information
over again. | Load. | | Save. | [ Cea | [ Fint |
lick this button ko Save the current component
[: PeaksSimple directary, To ensure that this comp
launched, click on the Savesdll icon in the main
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Now that all the components have prmET

Fip B Vs Copssien Hio

been identified they can be cali- Dwdd @5 BEL 1214668 St -
brated. Point to each of the 6 R [T e
peaks plus 3 Totals peaks and go

through the following sequence for g

each peak in turn.

i Tricaprmd rf534 31

Point to the peak and click on the

s Toda e i 17 555

right hand mouse button.
This brings up a menu from which RS -
you select “calibrate component” R gE:
( calibrate glycerol for example ). [ 0 I
e 1 é . _ sk j-—l i"_"_ —
Since no calibration curve i it r— i

currently exists, PeakSimple

asks if you want to copy a Load template calibration file

template curve. Thisis a : o : :

. h librat This component has no calibration detailz yet loaded. Peak:
_Convenlence when calibrat- whould pou like to load a calibration fle now? Time; 26.852
ing many peaks, but for now Area  84.010
i ez
JUSt say NO\ Calibratian file to use: ®1

Mo iTEMP'L.fi‘-.TE.E.-'-‘-.L @

The next screen asks for the calibration level.
Select level 1.

G Add level
[T - i Fiana Cf ¥
1. 00000 (1l ] 1 (1l ] [LNE
W | (Do i T
1
1
1
1
1

Fom fok_]  [CCancel

ahesghl ok
11 prewinis

This takes you to a blank calibration
curve screen.

s alin
{1 2 prewioes ™

— (] v bt hescmnding oacder ed e
vlooon | ooomx Lar! calbastut PLO ({101 ——

EBEZIL

e
[ me ]
EFER Clow

[ F= |
==
;DI’WII’II
[ cm |

= .1
Ot T T (]
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Performing ASTM
BioDiesel using

6584 free and total glycerin in
an SRI Gas Chromatograph

and PeakSimple software

For Glycerin, the 5 point curve cor-
responds to 50, 150, 250, 350 and
500ppm injected. Enter these num-

bers in the Injected column of the 5./500,0000 | (1000.0000/6.0000
spreadsheet . o0000 _Bh 0000 fe

In the Area/Height column enter the
area reported for the Glycerin peak
for each of the five levels. Take this
data from the printout for each of
the calibration runs previously per-
formed.

This should result in a relatively
straight line calibration curve usi
a single line best fit .

The Butanetriol curve is only a sin-
gle point since the Butanetriol inter-
nal standard is always present at
the same amount ( 1000ppm ) re-
gardless of whether you inject a
levell,2,3,4,5 standard or the un-
known Biodiesel itself.

You can average up to 3 injections
by clicking the “use 2 previous ar-
eas also” button.

Don'’t forget to save the curves us-
ing a unique name for each one
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Bl 7-5.chrfDEFAULT.COM

Calibration - channel 1 f

Injected  Areasheight Lz PreviousHz W Reszult CF
1./50.0000 | [100.0000 00000 oooon 1| 100.0000 2.000
2.|150.0000 | |300.0000 |0 | [1 | 3000000 2.000
2. 250.0000 | |500.0000 |0 .00 ! (1 | 500.0000 2,000
4./350.0000 | (700.0000 |0 0000 | 1| 7000000 2000

i (1 | 1000.0000 2,000
L
{ ! [aomon 1|
ow lizt in descending order
flooooo | |oooo0 | Lestealibrated: Wed Jul 25 15.10:13 0.000
1050.00
AREA
N
1r
50.00
Nals e AMOUNT INJECTED 525.00

Glyzol cal

Statigtics...

Use
() Curent
arza/height anly

(31 previous
area alzo

() 2 previous
areas alzo

tethod...

Load...
Save...
Clear
Prirt

Coopy to all other
components

Copy

Cloze

> -

Calibration - channel 1 f Butanetriol

Injected  Areasheight Previous# Previousts w
1.(1000.000C| (5838325 |590.0000 |S570.0000 (1 |
ooooo 0oooo |1

CF
0.5a1

Fesult
5812775

0000

in dezcending arder

[T 5haow list

i

’ 0.0a0
E10.34 I

SREA

-29.06

-50.00

1050.00
[ Loo/Loo

AMOUNT INJECTED
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

Once all the peaks are cali-

brated, the component table Channel 1 components

should look like the one to the biadiesel opt
I’Ight. NOtICIG that tl’(;e TOtIal ) Peak Mame Start End Calibration
Mono, Total Di, and Total Tri (1@ Glycerdl 5770 GOS0 Glycerncal
components use the same 2* Butanetiol 5.493 6.933  Butanetriol.ca
calibration curves as the indi- Totaltdonos 16.270 19.340 tMomolien. cal
. . T 3 ; 17.387 17.887 b omalien. cal
vidual MOI’]IO, Di and Triolien 4 Trcaprnint 21.795 Tricapnn.cal
peaks. This makes sense be- 51(4] TotalDis Dilien.cal
cause these compounds are o4] Dilien : Dialien. cal
. 0 26.691 27.191 Glycol.cal
chosen in the ASTM 6584 52(4] TotalTiis 27419 30100 Tridlien.cal
method to be representative of Bi# Trilien 27842 29682  Triclien.cal

the range of glyceride com-
pounds which may be found in
actual samples.

[ Add... ] [ Change... ] [ Remove ] [Ealibrate... ]

[ Load... ] [ Save... ] I Clear I [ Frint ]

[ Click this button ko Clear { erase ) the current
this component table was previously saved, it

Navigate to the Results B Results
screen and verify that the ~ Jrsneepen R R
. lvcero ; X K X ppm A
results look like the screen to | gyaneti £.708 5338325 10000000  1000.0000 ppm 4!
the riaht. for a |eve| 5 Ca”_ TDtaIquos 17.566 1631.6295  10000.0000 2591.0000 ppm 7!
bratiogn stgndard ) Notice that | it EE  en sl e T
ricaprinin ] ; 000 L0865 ey T
H DiDlien 24.200 E18.2795 60000000 5000.0000  ppm 41
the internal standard r_.eSUIt TotalDis 25,983 E21.8742  B000.0000 744.0000 ppm 365!
for the Total Mono, Di and Tridlien 27.975 £77.5303  5000.0000 5000.0000 ppm g
.. . TotalTn 28.933 7841382 5000 5220000 2471
Tris adJUSted by the factor e 79 ‘ 33357.0000 ok
(,2591, .1488 and .1044 re-
spectively )
Channel; V. [ Update ] [ Save... l [ Integration. .. l [ Farmat... l
Recognized peaks only - .
Pl et I Cloge ] l Calibrate... l ll:ahbrate aII...l l Copy l
also
[ Copy results log ] [ Clear results lag ] [Shnw results Iog...] [.-’-'«dd to results Iog]
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph

and PeakSimple software

Now that the system
is calibrated, prepare
an actual BioDiesel
sample by placing
100ul of BioDiesel,
100ul of Tricaprin in
pyridine, 100ul of Bu-
tanetriol in pyridine,
and 100ul of MSTFA
in a vial. Allow 20
minutes for the reac-
tion then dilute to 8ml
with heptane.

I
Inject 1ul to generate

a chromatogram simi-
lar to the one at the
right

Zoom in to the region
surrounding the
mono, di and triolien.
Stretch the total
mono, di and tri com-
ponent window so it
includes the small
peaks surrounding the
monoolien, diolien
and triolien. The
ASTM 6584 method
does not precisely de-
fine which peaks to
include or exclude, so
there is some judge-
ment required on the
part of the operator.

i PreakSimple - DRI

Fe Ed Vs Sogasion Hels
=l ® & % BEL 1/2 245G B ARy Ay
a5 st [FID G haraed 1 | [0 mn
el ] T e e T o (T rml.‘-l]i'.m'FHE_FIJ.ILT (a7 ] |
g
. ) #
; &
5 i tm
Y 3 & siE
=] 2 ) = ga W 2
Y = g2 ¥ 4 RE— ezl T
BE i 3 & g sHa| | E &
| m g ' A EE b g5 i o R
| ] E z B = = =
| o l»f -3 B = = 5
b = | Ex = T OE £ e F
The main biodiesel esters are the very large peaks
in this region of the chromatogram
-12E [0
i | A
000

-+ sﬁ [ Buolesral &0 - Mhoris

i PaakZarphe - CORML

#4 PreskSimple - DOMT
Fla Elt Ven Sopedon Help

ODedd & "“"EEL 12 342568 Nz

eval & st [FID G haraned 1

I
40 777 [ b T E on k: Torweat Toal 107 CHRDEFRILT G0

[17.72 min [Warm ik
1

The peaks surrounding the monoolien are
assumed to be other monoglycerides

Ponndien 17 550

1 Di0ben 24,101

[BlelF_

iz o ¥ iie 23 708

=== TotalWhiras 16050
—— Totalonos 20106

o Trtabdonea 16 283

PonoCiien 17633

I-“:=:'-T-cllﬂlh'l-:lr\-cn-.- 21.028

f;—:
l.___\__\_‘

| Totalones 15558
IR

[ Toindkanoe 17,250
e

[
e

£

L LA ]

14.733

+d Etart

[ BicDeesed & - Phorie
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Performing ASTM 6584 free and total glycerin in
BioDiesel using an SRI Gas Chromatograph
and PeakSimple software

The Re-
sults Comporent Retention Area External Internal | Unite | Width 507
screen Glyceral 5.900 217.1280 187 4023 2943225 ppm 4!

. Butanetriol B.700 71,7403 B36.7241 1000.0000  ppm 4!
now dis- TatalMaonos 15.283 2694.7415 16515.6459 3565.3478  ppm !
plays the baonaollien 17.568 13604480 90937031 7796184 ppm a!
calculated Tricaprinlnt5td 21.908 1116.5860  9598.0530 2000.0000  ppm 4]
results for TotalDiz 23.208 1157.9356 84908288 1054.4911  ppm 7!

; Dillien 24191 AE6.3430 47417713 39522752 ppm 4!
the Bio- TatalTris 25.491 43005072 285127246 24811087 ppm 5!
diesel Trillien 28.000 1618.0280 115406329 99525397  ppm 101
sample. 13423 4625 89717 4921 ATATI.F033 D
The result
for Glyc-
erol is the ;
free glyc- E
erin and :
the sum of B
the Total C
Mono, To- 8
tal Di and :
Total Tris  [.£ ! ] |K
are the Channel; |1 vl [ Update ] [ Save.. ] [ Integration. .. ] [ Format... ] ¢
bound _ g
glycerin Recognized peaks only [ T ] [ s ] [E i : i ]
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