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Outline

* Why pre-column backflush

« System configuration with CFT (Capillary Flow
Technology)

e Typical method setup
* Performance

e Application examples




Pre-column Backflush

* Eliminate bake out times at end of runs

 Dirty samples

 Late eluting compounds of no analytical interest
* Need to protect column from high bolilers

e Interest in maximizing lab throughput and minimizing
cost of operations

« Compatible with GC and GC/MSD systems
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Basic System Configuration
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Purged Union with Columns Installed
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Advantages of Pre-column Backflush

» Backflush is carried out while analysis is occurring on the
analytical column

» Midpoint pressure control allows analytical column to run at
desired flow while pre-column is backflushed

» Use of an uncoated pre-column allows transfer of components
(in this application up to C12 — C13) at a relatively low
temperature (i.e. 35 C) and faster backflushing of the heavier
components

» Sample matrix has little influence

= \WWide choice of pre-column and analytical column dimensions
and phase ratios possible to meet specific application needs
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System Setup and Operation

* A pre-column, typically a deactivated retention gap of 2 meter length is
used.

* The inlet of the pre-column is defined as the MMI (multimode inlet) and the
outlet as a Aux module channel

* The analytical column (100m x 0.20mm x 0.5um HP1 for crude oil analysis)
uses an Aux channel (no restrictor) as inlet and FID as outlet

At the specified runtime the inlet pressure is dropped to reverse flow in the
pre-column while the Aux maintains forward flow in the analytical column

At backflush runtime, the MMI’'s temperature is ramped to 425 C to clear out
the inlet. It is held at this temp to end of run

* Single taper liner with glass wool is used

* Pressure zeros should be set on the GC for the inlet and Aux channel
before use
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Backflush: Column Settings for Polywax Carbon
Number Specific Backflushing

PW 500
e = () 3 [}
NI PR X9 2
Drezcription
Pre-column agilent RG-1: 450 *C: 1 m % 530 pm = 0 ~ Control Mode ¥ On
Lrin f:' = inallt N
> T |in: Back PTV Inlet He Fllge: 12 ml /i {L”“!;;PEE. min
£ Pressure 1.5971 psi = . =
: P Out: Ambient Prezsure
Analviical fwverage Velocity 93.24F cmdzec S mx 530 pm x 0.5 pm
naly ICaa p 2 A Holdup Time 0.089359 min
C0|umn _IHI‘ F “r h:EI ..............................................
Front 55 Inlet He Fate " alue | Hold Time Fiun Time
Aus EPC 2 He rnlArnir per mik Ll i iy
Au EPC 3 He P (Iritial] 1] 28,333
*
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Backflush with Purged Tee: Polywax 500

Sample: C5-C18 plus PW500
C36, 14 min

C26, 10 min C42, 16 min

FID A, Front Signal (LANEWSIGZ000014, [
FID A, Front Signal (JANEWSIE2000015. 00
FIE1 A, Front Signal (JANEWSIE2000015, [
FIE A, Front Signal (JANEWSIGE2000023 . [0

'

L

Gulf Coast Conference, 2010

Agilent Technologies



Peak Shapes on Retention Gaps: C12 Only

C12

- 2M x 0.32mm 10M x 0.32mm -
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Setup for Pre-column and Analytical Column

Pre-column —

Analytical —

Page 11
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aLS Inlets Columns Oven Detectors Events Signals Configuration Backflush Counters Readiness
# Selection Control Mode On
JEw 2 0RG: 450 °C: 2 mw 320 pm w0 pm - — -
1| Ir Back PTV Inlet He ) Flow 2 mL/min (Iritial): ) min
. - He @ 35 °C Owen
Dut '&'H ! -.____ 100 m % 250 % 0.5 um O FPressue 42.878 psi Dut: Ambient Pressure
- ICHmE EImE 52 Average Velocity 25.751 cmdsec 100 m » 250 prn x 0.5 p
Holdup Time E.4721 min
Fate YWalue Hold Time Fiun Time
L/ min per min Lk min mir

b [lnitial I 0 42.25
*
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Pre-column Backflush of C5-C18 Mix After C14

1 m x 0.32 mm retention gap, 100 m x 0.25 mm x 0.50 um DB-PETRO

FID1 &, Front Signal (JUNE12CADEF_GC 2009-08-11 17-38-4500180101 .07
FID &, Front Signal (JUNE41Z2CADEF_C 2002-08-11 17-28-45001B80102.0)
FID1 A, Front Signal (JUME12CADEF_&C 2002-05-11 17-22-45%001B0102.0)
FIC A, Front Signal (JUME1ZCADEF_&C 2002-05-11 17-32-454001B0104.0)
FID1 A, Front Signal (JUNEA1ZCADEF_GC 2009-06-11 17-35-4500180105.0)
FID1 A, Front Signal (JUNE41ZCADEF_GC 2009-08-11 17-22-45\001B80106.0)
FID A, Front Signal (JUNE412CADEF_GC 2008-08-11 17-38-45001B80107 .0
FID &, Front Signal (JUNE41Z2CADEF_C 2009-08-11 17-22-45\001B80102.0)
FIC1 A, Front Signal (JUME1ZCADEF_&C 2002-05-11 17-22-454001B0102.0)
FIL1 A, Front Signal (JUME1ZCADEF_C 2002-05-11 17-22-45%00180110.0)
FID1 A, Front Signal (JUNE1ZCADEF_GC 2009-068-11 17-35-4500180111.0)
FID1 &, Front Signal (JUNE12CADEF_GC 2009-08-11 17-38-4500180112.0)

fnnoooooooo

pA

00 - Retention time STD’s < 0.0019 min C12

GO0 —

- Cl4

200 —

T
20 40 G0 a0 00 min
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Four Crudes From Different Regions: Backflush
after C12

Pre-column: 1.5 m x 0.32 mm deactivated RG, Analytical column: 100 m x 0.25 mm x 0.50u DB-PETRO

nt Signal (FEB27UANZ 1000093 0) [ Signal (FEB27UANZ1000084.0)

14 Sign.al (FEBZ7ANZ 1000085 5) | FioT A, nal (FEB27
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12 runs of Crude Oil Overlay: Pre-column
Backflush After C12

FID1 A, Front Signal (WA DEF_GC 2009-06-11 13-02-200009 BOA01.0)
FID1 A&, Front Signal (hA 1 1DEF_GC 2002-05-11 13-02-200001 BOA0Z.0)
FID1 A, Front Signal (WA DEF_GC 2009-056-11 13-02-200009 BOA02. D)
FID A, Front Signal (A ADEF_GC 2002-05-11 13-02-2200049 BO404. D)
FID1 A, Front Signal (MAYADEF_GC 2009-05-11 12-02-200009 BO40S. D)
FID A, Front Signal (A DEF_GC 2002-058-11 13-02-2200049 BOA0E. D)
FID1 A, Front Signal (MAYADEF_GC 2009-05-11 12-02-200009 BOA0T . D)
FID1 A, Front Signal (A DEF_GC 2009-05-11 13-02-2000049 BOA02. D)
FID1 A, Front Signal (MAY1DEF_GC 2009-05-11 13-02-204009 BO0402. D)
FID A, Front Signal (A DEF_GC 2009-058-14 13-02-2000049 B4 10,00
FID1 A, Front Signal (MAYADEF_GC 2009-05-11 13-02-200009 804 11.D)
FID A, Front Signal (A DEF_GC 2009-05-11 13-02-200009 B0 12.0)

No residual high-boiling material remains in the system run to run

m X 0.32 mm RG

rnnnoooooooo

120 —

100 —

a0

G0 —

20—

T T T
20 40 {=1u] an 100 120 140 160 min
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Backflush with Coated Pre-columns

» Pre-columns with thin coating (i.e. 0.10 um films) can be used
» Provides finer control of compounds that are backflushed
» Backflush times will be much longer typically

» Backflush of heavy compounds remaining on the pre-column
will take longer

= Better inertness

Gulf Coast Conference, 2010
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Backflush of C5-C40 Mix After C11

Overlay of 12 runs, 2 m x 0.32 mm x 0.10 um pre-column

[ FID1 A, Front Signal (SEP T2RDEF_GC 2010-09-28 07-57-2800160101.0)
[ FIB4 A, Front Signal (SEP TZEADEF_GC 2010-00-28 07-67-284001 BO102.1) <
[ FID1 A, Front Signal (SEF TZEADEF_GC 2010-08-28 07-57-284001B0103.1
[ FIB4 A, Front Signal (SEPT2EADEF_GC 2010-08-28 07-57-284001 BO104.1)
[ FID A, Front Signal (SEP T2HDEF_GC 2040-09-28 07-57-284001B0105.0)
[ FIb1 A, Front Signal (SEP T2EDEF_GC 2010-08-28 07-57-284001 BO106.1)
[ FID1 A, Front Signal (SER T2EADEF_GC 2010-00-28 07-57-284001 B0107 1)
[ FID A, Front Signal (SEP T2EDEF_GC 2010-08-28 07-57-28001B0103.1)
T FID1 A, Front Signal (SEP T2EADEF_GC 2010-02-28 07-57-284001B0109.0) |
T FIDM A, Front Signal (SEP T2HDEF_GC 2010-09-28 07-57-2800160110.07) |
T FID1 A, Front Signal (SEP TZEADEF_GC 2010-00-28 07-67-284001B0111.0)
= FID1 A, Front Signal (SEF TZEADEF_GC 2010-09-28 07-57-28001B0112.0)
Horm. — I
i 5
500
500
400 -
- E mos
| @
a 7
300 )
200 -
100
: - |
T T T T T T T T
5 10 15 20 25 30 25 40 min
[ |
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Overlay of Souide Crude Oil
C10 Retention time STDEV = 0.0010, % STDEV =0.315

fnnnoooooooo

FID A,
FIL1 A,
FID A,
FID1 A,
FID A,
FID1 A,
FID1 A,
FID1 A,
FIC1 A,
FID A,
FID1 A,
FID A,

Front Signal (SEPT20ADEF_GC 2010-09-30 09-55-4-0%004 BO104. 00
Front Signal (SEP TSR EF_&C 2010-09-30 09-55-4-1%001 BO102Z . [
Frant Signal (SEFT3OADEF_GC 2010-02-30 09-55-410041 BO0103 .00
Front Signal (SEPT3MDEF_GC 2010-09-30 09-55-4-1001 BO104, [
Frant Signal (SEPT2OADEF_GC 2010-09-20 09-55-41001 BO105. L0
Front Signal (SEPT2OMDEF_GC 2010-09-30 09-55-4-1%001 BO106, 0
Front Signal (SEPT2OADEF_GC 2010-09-20 09-55-44%0041 BO107 L)
Front Signal (SEPT20ADEF_GC 2010-09-30 09-55-40%001 BO10Z .0
Front Signal (SEFT2OMREF_&C 20110-02-20 09-55-44%009 BO109, [
Frant Signal (SEFPT3OADEF_GC 2010-02-30 09-55-41001 8011007
Front Signal (SEPT3MDEF_GC 2010-09-30 09-55-4-1001 8011100
Frant Signal (SEPT2OADEF_GC 2010-09-20 09-55-41001B0112 .00

50

=0

20

10

Narm.

C10

min
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Crude Oil Backflush with Coated 2 m x 0.32 mm x 0.10 um

DB-1 Pre-column conditions: Pre-column flow 1.6 ml/min, Analytical column flow 2.0
ml/min

MMI: 250 C(0.5 min) to 425 C @ 200 C/min

Oven Program: 35 C (4 min) to 200 C (1 min) @ 2.0 C/min

FID1 A, Front Signal (AP RILTASIGZ000S5. D)

) C10

Backflush time: 4 min
122_; Cc11

Backflush time: 8 min
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2mx0.32mm x 0.10 um Pre-column: Blue
Backflush at 14 min, Red — Backflush at 16 min

FIC1 A, Front Signal (JULY 1 LA000054, [0
ront Signal (JUL b 000065, [
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Zoom on C11 Plus Hydrocarbons

Stable baseline shows that column is clean after each run

\nnnnoooooooo

FIDT A,
FID1 A,
FID1 A,
FID1 A,
FID1 A,
FID1 A,
FIDT A,
FIL1 A,
FIL1 A,
FIC1 A,
FIC 1 A,
FIC1 A,

Fronmt Signal (SEPT2OMDEF_GC 2010-09-20 09-55-41W01BO0101.D)
Front Signal (SEPT2OMDEF_GC 2010-08-20 09-55-4 1001 BO102. D)
Front Signal (SEPT2O0DEF_GC 2010-09-20 09-55-4 1001 BO103.D)
Front Signal (SEPT200DEF_GC 2010-09-20 09-55-4 1001 BO104. D)
Fronmt Signal (SEPT2O0DEF_GC 2010-09-20 09-55-4 1001 BO105.0)
Fromt Signal (SEPT2O0DEF_GC 2010-09-20 09-55-3 1001 BO106. D)
Front Signal (SEFTZOMDEF_&C 2010-09-20 09-55-4 100180107 D)
Front Signal (SEFTZOMDEF_&C 2010-09-20 09-55-4 10018010207
Front Signal (SEFTZOADEF_&C 2010-09-20 09-55-4 101801090
Front Signal (SEFT2OADEF_C 2010-09-20 09-55-4100180110.0)
Front Signal (SEFT2OADEF_GC 2010-09-20 09-55-4100180111.0)
Front Signal (SEFT20ADEF_&C 2010-09-20 09-55-41001B0112.0)

- Agilent Technologies
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Combining Pre-column Backflush with GCxGC

* Investigate possibility of analyzing heavy crudes with
comprehensive gas chromatography

* Apply chemometrics to identify source or contamination
* Process 50 Hz raw data files
* Analyze four different crudes

e Column set

e First Dimension: 30 m X 0.25 mm x 0.10 um DB-5HT
e Second Dimension : 5 m x 0.25 mm x 0.15 um DB-17HT

Gulf Coast Confi

‘7%~ Agilent Technologies



Flow Modulator Diagram: Backflush

MMI: ramped flow, Aux: Controls Column 1 in
) . —1  AUX
negative ramp at backflush time constant flow
MMI
G3186B PCM: Pressure control mode,
I column in constant flow
Restrictor/ Pre-column Column 1
PCM Micro Valve
_| Modulator

Column 2 FID

21-25 ml/min typical

Gulf Coast Conference, 2010
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RT Stability and Effect on Modulated Area: C13

Analysis of modulated C13

[ FID1 A FID1A, Front Signal (SEPT30WAUGTS 2010-08-30 15-11-35201B0102.0)
[ FIDH A FID1A, Front Signal (SEPT30WAUGTS 2010-09-30 15-11-35120180103.09
[ FIDH & FID1A, Front Signal (SEPT30WAUGTS 2010-09-30 15-11-351201B0104.0)
0 FID1 A FIDIA, Front Signal (SEPT30WAUGTS 2010-08-30 15+11-35120180105.0)
0 FID1 A& FID1A, Front Signal (SEPT30%UG 1S 2010-08-30 15-11-3520180108.0
[ FID1 A FID1A, Front Signal (SEPT30%UG 1S 2010-08-30 15-11-3520180107.0
[ FID1 A FID1A, Front Signal (SEPT20%UG 1S 2010-09-30 15-11-3530180108.0
0 FID1 A FID1A, Front Signal (SEPT20%UG 1S 2010-09-30 15-11-35G0180108.0
= FID1 A FIB1A, Front Signal (SEPT30WUG 18 2010-09-30 15-11-35@0180110.0
= FID1 A, FIB1A, Front Signal (SEF TS0AUG 18 2010-08-30 15-11-3520180111.0)
= FID1 A, FIB1A, Front Signal (SEF TS0AUG 18 2010-08-30 15-11-3520180112.0)
PA|
250
200
1 1 FID1 A, FID1A, Frent Signal (SEPT30WAUG 1S 2010-00-30 16-11-35201B0102.0)
1 [ FID A, FID1A, Frant Signal (SEPT30WALIGTS 2010-09-30 15-11-35201B0103 D)
150 -| [ FIDA &, FID14, Front Signal (SEPTI0WALIGE 2010-08-30 15-11-35\201B0104.0)
I 1 FID A, FIDYA, Frant Signal (SEPT30WAUG 1S 2010-00-30 16-11-35201B0105.0)
4 [ FID1 &, FID1A, Front Signal (SEPTI0WAUGE 2010-09-30 15-11-35\201B0106.0)
b 1 FID A, FID1A, Front Signal (SEPT30WAUG 1S 2010-00-30 16-11-356201B0407 .0)
g FID &, FIDTA, Front Signal (SEPTI0WAUG1E 2010-09-30 15-11-351201B0108.0)
00| 1 4, FID14, Front Signal (SEPT30WAUGS 2010-09-30 15-11-3520160109.5)
g = F 14, Frant Signal (SEPT30WUG1E 2010-08-20 15-11-35120180110.0)
4 = ront Signal (SEFTIMALIGE 2010-08-30 15-11-35201B0111.0)
4 = ignal (SEPT30WUIGTE 2010-08-20 15-11-351201B0112.0)
4 Py
50| g
T T T T T T T 1
15.58 156 15.62 15.64 1666 1568 187 1572 250

Single pulse

100

T T T T T T T T T
15,695 15,6975 157 15,7026 16.705 16,7075 15.71 15,7126 16,715 167175 min
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Crude Oil GCxGC: Pre- column Backflush

BF at 30 min, Oven programmed to 390 C

R . . Gulf Coast Conference, 2010
~-4.& Agilent Technologies
Page 24 T



Principal Component Analysis: 2D view

Four crudes

1.000-

0.000

Factor2 (E +04)

-1.000-

: :
-2.000 0.000

i
2,000

Factor1 (E +04)
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Principal Component Analysis: 3D view

< ca
%% 1615 g
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Summary

* The CFT purged union offers a high performance alternative to traditional
valved pre-column backflush systems

 Relies on precise EPC midpoint pressure control
» Backflush is concurrent while analytical column runs at constant flow
» Excellent thermal control since all parts are in the oven

* Heavy petroleum including crude oils can be routinely analyzed with
complete protection of the high resolution capillary column

» The specific carbon number where backflush beginning can be easily
controlled and fine tuned

* Pre-column backflush is compatible with GCxGC
» Coated pre-columns can be used for fine tuning

 Chemometrics can be applied to identify oils

Gulf Coast Conference, 2010
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Capillary Flow Technology (CFT) Based Pre-
fractionator: Pre-column Backflush System

* In oven CFT device is used in a relatively simple hardware configuration
e CFT “purged union”

* The multimode inlet is used to assist with backflushing heavy material from
the inlet. Inlet is programmed to 425 C after backflush is started

* Run time backflush is easily programmed from the ChemStation

 Analytical column flow controlled from an Aux module

1 Key Application: Front-end detailed analysis (DHA) of crude olls

Gulf Coast Conference, 2010
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Flow Calculator Parameters

100M Column 2 OM RG 1.5M RG

Column Parameters Column Parameters Column Parameters
S [T b b | | Nl [
Length [m] ) KD engtniml | v Length (m] j [«»]
_ N i o) | ey [n 20 S oo [oam
i.d. [mm) L I‘I’I — IL'LI i.d. [mm] j I‘I'I
G [ LT S T i |
Temp [C) ) T | = [«]v] Temp (C) _l"' 2
[ [«]»]

Carrier Gas Farameters

" Carrier Gas Parameters PIESLTJ[E; 'j' |an.a7 Carrier Gas Parameters
LI T T T T O T T S R O T Y O B B | 309 I T R R T B A T B S B B R B ]
Pressure j I lgauge] El PIES!STJF; 1 |3D' .
[gauge] m Outlet Flow | e e 0.52 [gauge] - m
[mL#rair] |
Tutlet Flaw N IT ZI]

[n'lL."ll'ﬂir'l] rx Dutlet Flow |\'| N EIS'I|
' WEMAOE | e i 8 I
—I m \"'E|DCit_|,| I-Ji B4 [mL-"lmm] _l

rerage g [fa0 fems| <o BEEe [ 63
Outlet | v 4555 elocity _
[zms] Ej Pressure j — - [cm.s] rJi Ej
PDUHEt R |‘|4_?‘ (Absolute] L] T |45_55
TEsSUIe | — 1 Abm " Vacuum % Other Help Fressure }
[Abzolute] = ILI_'I e [&bzolute) - I_I_I‘ D
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2mx0.32mm x 0.10 um Pre-column: 12 Run
Overlay of Crude Oill

fnnnooooooon

FID1 A, Front Signal (DEF_GC 2009-08-24 16-16-57001B0101 .0
FIL1 A, Front Signal (EF_&C 2008-02-24 18-16-57001 BO102.[1)
FID1 A, Front Signal (DEF_GC 20089-08-24 16-16-57001B0103 .00
FIL1 A, Front Signal (EF_GC 2008-02-24 16-16-57001 BO104.0)
FID1 A, Front Signal (DEF_&C 2009-02-24 18-16-57001 BO105. 00
FID1 A, Front Signal (DEF_GC 2009-08-24 16-16-57001 B0 1060
FIE1 A, Front Signal (EF_&C 2008-02-24 18-16-57001 BO107 .1
FID1 A, Front Signal (DEF_GC 2009-02-24 16-16-57001B0108 .00
FID1 A, Front Signal (EF_GC 2008-02-24 16-16-57001 BO1093.[1)
FID1 A, Front Signal (DEF_GC 2008-02-24 18-16-57001BO110.00
FID1 A, Front Signal (DEF_GC 20089-08-24 16-16-5700180111.0)
FIL1 A, Front Signal (EF_&C 2002-02-24 16-16-57001BO112.0)

70

&0

50

=0

20

10

Narm,

|| ls. |. b Lll

T
100

Agilent Technologies

|
120
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