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Basic Configuration

The configuration

Split/splitless inlet, hydrogen carrier gas

PCM module

Valve driver and timing board (7890A)

Three way modulation valve

Capillary Flow Technology modulator device

Two columns: 30m x 0.25mm non-polar, 5m x 0.25mm polar (typical)
FID at 200 Hz

7683 Auto Injector

Data processing software

CG Image, LLC, Lincoln NE 68505
Zoex Corporation, Pasadena, TX 77505
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Basic System Layout
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Agilent’s flow modulator : Differential Flow
Concept by John V. Seeley, Oakland University

Split/Splitless

Flush Flow
direction

J { Column 1 (25— 30 M)

Collection
channel

Modulation

Valve
Collect Flow
direction Column 2 (5M)

-—@ FID

Flow Modulator
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Load or Collect Step

H;.d
M

odulation
Valve

Collect Flow
direction

Split/Splitless
Inlet

0.8 ml/min

e

t Column 1 (25 - 30 M)

Collection
channel

Column 2 (5M)

FID

Flow Modulator approx. 21 ml/min
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Inject Step

Split/Splitless
Inlet

0.8 ml/min

Inject Flow
direction

H2
Collection
channel

t Column 1 (25 - 30 M)

Modulation
Valve

Column 2 (5M)

FID

Flow Modulator Approx. 21 mi/min
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Capillary Flow Technology- Design
... aproprietary Agilent Technology

Photolithographic chemical milling for low dead volume

Diffusion bond two halves to form a single flow plate

Small, thin profile provides fast thermal response

Projection welded connections for leak tight fittings

Deactivation of all internal surfaces for inertness
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Flow Modulation Device
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Modulation Device Installed

Lines from modulation
valve

10/26/2007 2:5&D
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Micro Modulation Valve
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ChemStation Screen for Setting Modulation Times

Inject time is calculated from [mod period — sample time]

B Agilent GC Method : Instrument 1

7890GC at [P Address: X @ ﬁ k\:hj M_j @ J\J X @ _ﬂ
130.30.253 242 Serial Humber: i k — % 4 1.2 ..

CN10730036
Firrmware Rewigion: &.01.07.RC5

SEHCTR C ey 1.0k Yalve | Tupe On/0F| Position Load Time [min] Inject Time [min]
GC Conkection State: Online 3 Other [T [N [EF [EF
1:46:17 PM —
2 Mane [Z [N M2, M2,
GC RurState: [dis aLS
Fin State: Idle 3 Mane [Z | Nda M2, M2,
4 Mone [Z WA M A% H A,
GC Ready State: Ready
5 Mone [ Nda M AL M AR,
E Mone [ Nda M AL M AR,
7 Mone [ N4 M A& M AR
a Hone I TH/A EF=s I A4,
—GLC « GC Yalve q
Walve [dle Stat tadulation Delay Maodulation Period Sample Time
©on ID.D2D mir I'I.EDD B0 I'I 400 zec p

[a]4 Cancel Apply Help

- Agilent Technologies

November 2007




Peak Area Check: Modulated (sum) vs. Un-

modulated
Cl1 Modulation

o
: Inlet: 0.8 ml/mi tant fl
5 niet: L. In, constant 1iow
.
Load: 1.45 s PCM: 20 ml/mi fl
i . mi/min, constant tiow
I t: 0.10
nject: 0.10 s
FID1 A, Front Signal (OCT 22 PILOTAS131000001.0)
T T . T T Hom. |
136 138 14 142 144 g
— * Cl1
# Time Area Height Width  Area% Symmetry e
7 6,31 3z 15 0.0267 0024 | 1106 b
F] 641 55 247 1.0283 0414 | 108 b
El 7435 GEN 18071 0035 | 37.966 | 1333 500
10| 7en 57.2 245 0.0305 0423 | 1017 b
1 5,709 B5.6 72 0,030 0485 | 0571 w00
12 | 11708 S — 588 00314 1045 | 1022 B M
[EN R (N E 10,0238 0545 | 1061 1
14 | 15614 EliEX) 1245 0.0268 2245 | 1062 300 .
5 | 19143 1568 65 0.0257 7,160 11 1 i
16 | 2n7es a1 332 1.0288 053 | 1087 ]
17 | zzae 1602 7.2 0.0322 1,185 11 200
8 |z 505 46 0.0302 059 | 0529 b
[EAESED 35 151 0.0304 0263 | 081 100-] »
o]
R T T T T T T T
1266 1262 137 1272 1274 1276 13278 min
Ki| (] I
File i #t Time Area Height Width  AreaX Symmety
GC-File [ 51G1000001.0 48 ] 11713 B5 4483 127163 | 0121 | 0997 -
File Path | CA\CHEM3Z\T\DATAYICT 29 PILOTY 43 | 11738 512 12488 1387E-3_ | 0alh | 0905
AreaS Should ag ree Date | 23-0ct07, 083214 50 ] 11764 25 374 1220463 | 0082 | 1167
— Cawpls [BF 51| 1a6E VAR 128 1383163 | 0004 | 1739
to With i n 4(y Sarnple Info| B-3 plate, inlet 22.5, PCH fonward press 20.0 peig L 1. ——1-840! ’ 18.4 \ 2839 2.3588E-3 0.067 0.791 _I
0 4510, B3 | 1ar7 |EEED 5714 1296963 | 0169 | 104
Barcode 56| 13753 \izo/ 1839 2552263 | 0048 | 0942
Operator 55 | 16588 b 774 T 27EEE-3 | 0005 | 1027
Method | PILOTEUILDT M 56 | 15613 4139 5421 2502463 | 0152 | 0801
57 | 16639 679 2056 1351663 | 0609 | 08942
56 | 15665 13613 1095 0,207 49355 | 311E3
53| 1aed 13 78 1308263 | 0006 | 1092
=1} 10128 aa Ea7 1 NA1RF.Y A nTEE -
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Overlay of Nine Modulated Runs: C10

1 FIR1 A Front Signal (OCT 25\0EF_GC 2007-10-25 14-53-05v101FO110.00

[ FIk1 A, Front Signal (OCT 25\DEF_GC 2007-10-25 14-53-050101 FO109 .00

1 FIb1 A, Front Signal (OCT 2G\DEF_GC 2007-10-25 14-52-054101FO108.00

1 FIR1 A, Front Signal (OCT 25%DEF_GC 2007-10-25 14-50-05v1 0 FO107 [0

[ FIR1 A Front Signal (OCT 25\0EF_GC 2007-10-25 14-53-05v101 FO106 .0

[ FIk1 A, Front Signal (OCT 25\DEF_GC 2007-10-25 14-59-050101 FO105. 00

3 FIb1 A, Front Signal (OCT 2G\DEF_GC 2007-10-25 14-52-054101F0104.00

1 FIR1 A, Front Signal (OCT 25\DEF_GC 2007-10-25 14-50-05v1 0 FO1032 . [0

—— FI1 A Front Signal (OCT 25\0EF_GC 2007-10-25 14-53-05v101 FO102 .00
Horm.
1200 —
1000 —
200 -
GO0 —|
400 —
200 —

] I - A
o
T T T T T T
11.5 1.6 1.7 11.8 119 min
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Overlay of One Modulation of C14

FID1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-42- 1905310000050
FID1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-42- 1905310000060
FID1 A, Front Signal (OCT 24 PILOTWDEF_GC 2007-10-20 14-48- 1905131000007 .07
FI1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-48- 1905310000090
FID1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-42- 1905310000090
FID1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-42- 19053 1000010.0)
FI1 A, Front Signal (OCT 24 PILOTADEF_GC 2007-10-20 14-42- 190513 1000011.0)

Naorm. -

G000 — ﬁ

High demands are placed on

| the system from auto injector,

= |EPC flow control, and modulation

| [Timing to achieve this repeatability.

1400 —

1000 —
200 —

G500 —|

T T T T T T T T T
19 1675 1917 191725 19175 191778 1918 19,1825 19.185 191875 min

- Agilent Technologies

November 2007




Heavy Gasoline

60m x 0.25mm x 0.10um DB5-ms
5m x 0.25mm x 0.10 Wax

40 C (1 min) to 250 C (5min) @3.5 C/min

H.833 1075 (12417 3683 149000 B2 V383 (BA2S [9RET 1408 2250 paS0y 4B DROVE E7SIT pRAGS gRRO0 p1042 m2OR3  dafig '4"'i'u" BT2A0 pedar pBaT3
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Kerosene

60m x 0.25mm x 0.10um DB5-ms
5m x 0.25mm x 0.10 Wax

40 C (1 min) to 270 C (5min) @3.5 C/min

B25 PEsg7 R1A0s pras0 Pase pasm p 77 POASS ROR00 (1047 9E75 PATET BROOZ P70 BB4R7 BOTII MOGTS MeMT  ER4ss 4700
||1||||||||||| i : - R AR WL e SRR
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Biodiesel: Coconut Oil FAMEs in B20 Blend

20 vol% CME In diesel fuel

- WL g,

25 5 75 10 125 15 175
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System Layout for GCxGC FID/MSD

Auto-sampler H W M

1st column dulate A A
Switching valve

QQQQ ™~ = PCM FID 2" column
. s/s inlet l

nn

Flow modulator MSD
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TIC of Gasoline Sample

GC Image 2D plot showing Mass spectrum
Approximately 28 scans/second: 5975C MSD

L e P | T 17 el
0.0 00,0 ls50.0

mfz values
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Summary: flow modulation GC x GC

* Reliable Setup: Based on capillary-flow- technology, easy to setup, high performance

chromatography, and reliable.

* Run Time: Chromatographic runs are than half the time of thermal systems

 High temperature operation: Operation to 350 C expands applications

* No Cryogen Reqguired: Flow modulation means no tanks of Liquid N, or CO,

 7890A Enabled GC x GC: Capillary- flow-technology ready, synchronized periodic events

ensure precise modulation, control from 7890A logic board

e Comparable resolution without N2: Cap Flow Technology allows low dead volume and

precise flow control, resulting in minimum peak broadening even without cryo-focusing . Peak

widths on the second column are typically 60 to 100 ms at half maximum.

e Sensitivity: Approaches that obtained by thermally modulated systems

‘7%~ Agilent Technologies

November 2007



Typical Pressures at 50 C

Inject Flow
direction

Pressure supplied
By PCM: 20.0 psi

Modulation
Valve

Pressure at head of
Column 2: 19.7 psi

|

o |

Split/Splitless
Inlet

0.8 ml/min

" Column head
pressure: 23.5 psi

{ Column 1 (2530 M)

Collection

channel Pressure drop

across channel: < 0.1 psi

A

Column 2 (5M)

FID

H # ;

Flow Modulator Approx 21 ml/min
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