














LTM System Installed on 7890A

Agilent Technologies



5inch Column Module
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Module to Retention Gap Connection




Fast Chromatography

sUsers typically choose columns that are longer than needed for
a given application

*Optimal oven program rates will be around 10 C/void time
«Consider column flow rates that are 2 to 3 times optimum
*\When translating a method from air-bath to LTM:

- consider changing both column ID and length

- use method translation software for guidance

*Rarely will practical LTM program rates exceed 400 C/min

Agilent Technologies




7/890A Oven Rates

Temperature Range 120V Oven Fast Ramps Insert **

(°C) (°C/min) > 200V, 15A > 200 V, 15A
50to 70 75 120 120

/70 to 115 45 95 120
115to0 175 40 65 110
175 to 300 30 45 80
300 to 450 20 35 65

** Requires G2646-60500
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Method Translate: Long to Short Column of Same
Diameter

Flow Rate Column ID 10M 5M aM
ml/min um (°C/min) (°C/min) (°C/min)
12 530 15 31 (2X) 40 (2.6X)
6 320 15 34 (2X) 44 (3X)
3 250 15 35 (2X) 45 (3X)
2 180 15 34 (2X) 50 (3X)

Agilent Technologies




Translation from 10M to 5M: D2887

Diameter maintained at 530u

+iw GC Method Translation

Criterion: * Tranglate Only ¢ Best Efficiency  Fast Analysis ¢ Mone |Speed gain: 10.9496

== Original Method Translated Method
Column
Length. m 10 [ 5
Internal Diameter. pm 530 [ 530
Film i» Unlock
Thickness, pm 2.65 05
Phase Ratio " 265.0
Carrier Gas | | Helium -
Enter one Setpoint
Head Presszure, psi - 1.5
Flow Hate, mln/min B 11.8364
Outlet ¥elocity, cmizec 95.82 94 27
Average Yelocity, cm/sec 86.70 89.56
Hold-up Time, min - 0192231 0093046
Outlet Prezsure [abzolute]. pEi 14.696 [ 14.696
Ambient Prezzure [absolute], psi 14.696 [ 14696
Dven Temperature |1—|amp Program :'v Ramp | Final Bamp | Final Final
Rate | Temp. | Time Rate | Temp. | Time
“Cémin “Cémin C mirn
Initial 40 0,000
Ramp 1 164244350 0457
S ample Information

_' Agilent Technologies



+iw GC Method Translation

" Fast Analpsizs 7 None

Translation to LTM: D2887 SimDis

530u to 320u column

|Speed gain: 7.16285

=Z|EH|=| 7 Original Method Translated Method
Column
Length, m 10 [ 4
Internal Diameter, pm 530 [ 320
Film i» Unlock
Thickness. pLm 3.00 " 1.00
Phase Hatio 4417 "  80.00
Camer Gas Helium [ Helium -

Enter one Setpoint
Head Pressure, psi -

Flow Rate, |an.Fmin - |

Outlet Yelocity., cmizec
Average Yelocity, cm/zec
Hold-up Time. min -

Outlet Pressure [absolute]. psi
Ambient Prezsure [absolute], psi

Oven Temperature |1-ramp Program vl

Initial

Ramp 1

1.500 2.581
h.7687 3.4830
46.08 75.54
43.81 69.29
0.380456 0.096209
14.696 [~ 14.696
14.696 [ 14696
RBamp | Final Ramp | Final Final
Rate | Temp. Rate | Temp. | Time
*Cmin T [ *Cmin C iy
35.00 3500 (0.000
15 350 107 443350 0.698

Sample Information |Hone -

_' Agilent Technologies




Translation to LTM: D2887 SimDis

530u to 250u column

/'« GC Method Translation x
Criterion: © Transiate Only: © Best Efficiency © Fast Analysis  None |Speed gain: 4. 23446
=2 = E N Original Method Translated Method
Column
Length, m 10 [ 5
Intermal Diameter, pLm 530 [ 250
Film f» Unlock
Thickness, pm 2.65 £ 1.00
Phase Ratio 50.00 " B2.50
Carrier Gas Helium hd | | Helium I
Enter one Setpoint
Head Fressure, psi - 2.500 9.651
Flow Rate. mLn/min ,,l 9.9789 4 7070
Outlet Yelocity, cmizec 79.50 167.85
Average Yelocity, cm/sec 7311 123.84
Hold-up Time, min - 0.227952 0.067291
Outlet Pressure [abzolute], psi 14696 [ 14.696
Ambient Preszure [absolute]. pzi 14 696 [ 14.696
Oven Temperature | 1-ramp Program :‘T Ramp | Final Ramp | Final | Final
Rate | Temp. Rate | Temp. | Time
“Crmin T i “Cdmin T ik
Initial 35.00 35.00 [0.000
Ramp 1 15 350 63.517 (350 1.181
Sample Information |Mone -
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Translation to LTM: D2887 SimDis

530u to 250u column

+iw GC Method Translation »

Crterion: { Tranglate Only  Best Efficiency

= =NE S Original Method Translated Method
Column
Length, m 10 [ 5
Internal Diameter, pLm 530 [ 250
Film i* Unlock
Thickness, Lm 2.65 " 0.290
Phase Ratio 50.00 " 2500
Carnier Gas Helium [ “|Helium hd
Enter one Setpoint
Head Pressure, psi - 2500 4 598
Flow Rate. mln/min B 9.97819 2.0000
Outlet Yelocity, cm/zec 7350 f0.47
Average Yelocity, cmfsec 7311 6056
Hold-up Time. min - 0.227952 0.137596
Outlet Pressure [absolute], psi 14.696 [ 14.696
Ambient Pressure [absolute], psi 14696 [~ 14696
Oven Temperature | 1-ramp Program :‘v Ramp | Final Ramp | Final Final
Rate | Temp. Rate | Temp. | Time
“Cdmin C “Cémin C ik
Initial 35.00 35.00 [0.000
Hamp 1 15 350 124 251350 0.604
Sample Information |None - |
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C5-C40 Calibration Mix, Neat Injection

Inlet: S/IS @ 325 C, split 15:1, Liner 4mm tapered with glass wool

LTM Column: 5m x 0.53mm x 2.65um DB-1
LTM Module Temp Program: 40 C ( 0 sec) to 360 C (30 sec) @ 100 C/min

Pressure Program: 3.0 psi (0 min) to 10 psi (2.0 min) @ 3.5 psi/min, then
5.00 psi/min to 3.0 psi

FID:350C, 10 hz

Agilent Technologies




RGO Analysis: LTM System

[nnnopooonoo

FID1 A, Frent Signal (FALTM D2287WRGOMSIG 1000001 .00
FID1 A, Frent Signal (FALTM D2287WRGOMS G 1000002, 00
FID1 A, Frant Signal (FALTM D2357WRGOMVS G 1000003 [0
FID1 A, Frant Signal (FALTM D2227WR GOV G 1000004 [
FID1 A, Front Signal (FALTM D22E7WR G0N ]G 1000005 [0
FID1 A, Front Signal (FALTM D22E7WR G0N 1E 1000005 L)
FID1 A, Front Signal (FALTMW D22E7WR G0NV 1E 1000007 L)
FID1 A, Frant Signal (FALTM L2887 WR G OMS G 100000900
FID1 A, Frant Signal (FALTM D2E87WRGONS ]G 100000900
FIDT A, Frent Signal (FALTM D2287WRGOWS G 1000040, 00
FID1 A, Frant Signal (FALTM L2287 RGOS G 1000011 .00

Morm. —
SDDD—:
4000—:
SDDD—:
QDDD—:

1000 —

Inlet: S/S @ 325 C, split 15:1, Liner 4mm tapered with glass wool

LTM Column: 5m x 0.53mm x 2.65um DB-1
LTM Module Temp Program: 40 C ( 0 sec) to 360 C (30 sec) @ 100
C/min

Pressure Program: 3.0 psi (0 min) to 10 psi (2.0 min) @ 3.5 psi/min,
then
5.00 psi/min to 3.0 psi

FID: 350 C, 10 hz

Agilent Technologies




D2887 SimDis

5m x 0.32mm x 0.5um DB1

I LTM Module: 35 C to 350 C (30 s) @ 100 C/min

Multimode inlet: 325 C (0 min) to 355 C (2 min) @ 200 C/min

Pressure ramp: 8 psi (0 min) to 42 psi ( 1 min) @ 14 psi/min
; Split: 20to 1

7890A oven: 300 C

300

C5 to C40 Calibration

750 |

500 |

RGO
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RGO Results, 0.1ul Neat Injection

Results in C
RUN IBP 10% 20% 30% 40% 50% 60% 70% 80% 90% FBP
1 114 174 223 259 289 312 331 354 378 408 475
2 114 174 222 258 288 312 331 353 378 408 476
3 114 174 223 259 289 312 332 354 378 408 476
4 114 174 222 258 288 312 331 354 378 408 477
5 114 174 223 259 289 313 332 354 378 408 478
6 114 174 223 259 289 312 331 354 378 408 478
7 114 174 223 259 289 313 332 354 378 409 479
8 114 174 223 259 289 313 332 354 378 409 481
9 114 175 224 259 289 313 332 354 379 409 481
10 114 174 223 259 289 312 332 354 378 409 483
11 114 174 224 259 289 313 332 354 379 409 486
Average 114 174 223 259 289 312 332 354 378 408 479

Agilent Technologies




LTM: D2887 Carryover test

0.1ul RGO diluted in CS2 (20 to 1)

FID1 A, Front Signal (DECISCARECASC 2008-12-15 15-53-48\5 131000040, [0
FID1 A, Front Signal (DECISCARECASC 2008-12-15 15-53-48\5 131000011, [0
FID1 A, Front Signal (DECISCARECASC 2008-12-15 15-53-48\5 131000042, [0
FID1 A, Front Signal (DECISCARECASC 2008-12-15 15-53-48\5 131000013, [0
FID1 A, Front Signal (DECASCARECASC 2008-12-15 15-53-48\5 131000014, [0
FID1 A, Front Signal (DECASCAREC1SC 2008-12-15 15-53-48\5 131000015, [0

Morm. -

700
B0 —

00—

00—
00—

100 —

MMI: 350 C, 20:1 split
LTM: 40 C (0 min) to 350 C (0.5 min) @ 120 C/mi
7890A oven: 340 C

15
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Dispense Parameters Used for CSz
250 ul syringe

Commards Frogram step setpoints
Initialize: tower :
From injectar: |Ea|:|=; V| Draw speed: | 1500 pl / min
Heat
Load Frorm turret positiorn: |'W'ash A1 w | Dispense speed: 2000 !/ min
beli sarr!ple
Move vial To turret position; |5ample 1 w | Wi
Pumps
Fieturn All . .
WeaiL:rn Waolurne: % zyringe i gap: | Use method valu % spr vl

Wwazhes )
Swringe offzet; |Use method walu | in . Tmm
Comment: | C52 Addition Append [rzert

Sampler program steps

anm i -
bove wial from back turret postion #1 to miser
kdix at 2000 rpm 5 timesz for 10 seconds
ke wial from misker to front sample vial

. Agilent Technologies




Prep of Calibration, RGO, and Solvent Blank

ASTM D2887

Sampler pru:ugram steps

; v . 3 vialls| o
D|3|:uenae F"EEI |J.|_ fru:um wal Wash .é-.3 tu:u wal Sample 1 an the E!an:k tu:uwer
Mowe vial from back turret poszition #1 to front zample vial offset by -3 wial(z)
Movwe wial fram front zample vial offzet by -1 viallz) to back turet pogition #3
Mawe wial fram frant sample vial offset by O wiallz] to back turet pozition $2
Load 150 pl from wial ' ash A7 with O pl airgap

Load 50 pl from wvial Sample 3 with 0 pl airgap

Load O pl fram wial W'aste A7 with O pl airgap

Load 150 pl from wial ' ash AT with O pl airgap

Load O pl from wial Sample 2 witk O pl airgap

Mowe wial from front zample vial offzet by -3 wial(z] to heater

Heat wial at 80 degrees C for 300 seconds

Mowe wial fram heater to back turret position #1

Load 5 pl from wial Sample 1 with O pl airgap

Load O pl fram vial Sample 2 with 0 pl airgap

Load 150 pl from wial \Wagh A2 with O pl airgap

Weait for 1 minutes

Load 0 pl fram wial Waste &3 with 0 pl airgap

Digpenze 180 pL from vial ' ash A3 to vial Waste A1 on the Back tower
Wash swinge in Back tower, drawing from W ash A2 digpenzing into ‘Waste B1 3 times
Mo wial from back turret pogition #7 to front sample vial offzet by -3 vial(z)

e wial from back turet pogition #2 to front zample vial offzet by O vial(z)]

e wial from front zample wial offset by -2 wialz] to back turret position #1

Digpenze 20 pL from vial Sample 1 to vial Sample 3 o the Back tower

M wial from back turet pogition 83 to front sample wvial offset by -1 wiallz)

b ove wial from back turet position $1 to front zample vial offset by -2 wial(z]

td ove wial from front zample wvial offzet by 1 wial(=) to back turret position #1

W ash swinge in Back tower, drawing from % ash B3 digpenzing into ‘Waste B2 3 times
Dizpense 150 pl from vial % ash A3 b wial Sample 1 on the Back bawer

Mo vial from back turret pozition #1 to front zample wial offzet by 1 vial(z)

Wazh gpringe in Back tower, drawing from 'wash A1 dizpenzing into waste A1 2 times
YWazh gpninge in Front bawer, drawing from 'Wash A1 dizpenzing into Waste A1 2 times

Agllent Technologies




LTM Module Connections for High Temperature

; Replace standard with
ultimate union and siltite ferrules

Agilent Technologies




Basic Procedure: PW500

D7213 and D7398

Sample Prep Program

Place approximately 0.008 grams of polywax 500 in a 2 ml vial and seal
Add 125 ul of a C20/toluene solution to the polywax vial

Add 1.25 ml of toluene to the Polywax-C20 vial

Mix the vial

Heat the vial at 80 C for 4 min

Return vial to tray

Injector Program

Heat vial again for 2 min. then inject

Agilent Technologies




PW 500: LTM System

Column: 5M x 0.53mm x 0.15um DB-HT SimDis

LTM Temp Program: 40 C (0 sec) to 400 C (30 sec) @ 50 C/min
7890A Oven: 325 Isothermal

7890A Pressure Program: 2.5 psi (0 min) to 9.5 psi (1.0 min) @ 1 psi/min
Injection: 2 ul of PW500 in toluene

Multi mode Inlet: 210 C (0 min) to 400 C (2 min) @ 300 C/min

Agilent Technologies



PW 500 plus C5-C18: LTM System

|

Initialize the Back tower

td v wial fram front zample vial to back turret pogition #1

b o vial fram trap wial #2 to back. turret pozition #2

Digpense BOOE from vial Wash &1 ba vial Sample 1 on the Back bower
Dizpenze 5% from vial Sample 2 ta vial Sample 1 on the Back tower
bl v wial fram back turret position #71 to miker

b ave vial from back turret pogition B2 ta tray vial #2

fdiw at 2000 rpm & times for 20 zeconds

b v vial from miver to heater

Heat wial at B0 degrees C for 300 geconds

b ave vial fram beater to tray wial #1

Agilent Technologies




PW500 Calibration Curve: LTM

Response

Boiling Point Calibration
Wsoo

rif -- 19-Mov-08, 14:02:15 -- BIODIESELSIMD 1.M
Ci\ChemstationDataBackup-11-26-0841\DATAVBIODIESELSIMD1NST RUNE 2008-11-19 13-46-43351G1000001.D (GC DATA FILE)

90,000,000 § -

65,000,000
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75,000,000 -
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£0,000,000 4

55,000,000 f -

50,000,000 4

45,000,000 -
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35,000,000
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Straight Run Gas Oil: LTM System

Overlay of 11 runs LTM Temp Program: 40 C (0 sec) to 400 C (30 sec) @ 50 C/min

7890A Oven: 325 Isothermal
7890A Pressure Program: 2.5 psi (0 min) to 9.5 psi (1.0 min) @ 1 psi/min
Multimode Inlet: 210 C (0 min) to 400 C (2 min) @ 300 C/min

nnoooooooo

FIDT A,
FID A,
FIDT A,
FID A,
FIDT A,
FID A,
FID A,
FID A,
FIDT A,
FIC1 A,
FIDT A,

Front Signal (LTM HTSIMDIS NOWITERST RUNBE 2003-11-17 18-31-2005 11000001, [
Front Signal (LT HTSIMDIS HOWATEVST RUNB 2008-11-17 16-31-2005 131000002 L)
Front Signal (LTM HTSIMDIS HOWITERST RUNE 2002-11-17 18-21-200S 11000003 [
Front Signal (LT HTSIMDIS HOWATEVST RUNB 2008-11-17 16-31-2005 131000004, L)
Front Signal (LTM HTSIMDIS HOWTERST RUNE 2002-11-17 168-21-200S 11000005, [
Front Signal (LT HTSIMDIS HOWATEVST RUNB 2008-11-17 16-31-2005 131000005 . L)
Front Signal (LT HTSIMDIS HOWITERVST RUNBE 2002-11-17 16-21-200S 11000007 [
Frant Signal (LT HTSIMDIS HOWATELVST RUNB 2008-11-17 16-31-2005 1341000003 L)
Front Signal (LT HTSIMDIS HOWITEVST RUNBE 2002-11-17 16-21-2005 11000002, [
Front Signal (LThi HTSIMDIS HOWATEVS T RUNB 2008-11-17 48-231-20051&1000090.00
Front Signal (LT HTSIMDIS HOWITEVST RUNB 2002-11-17 16-21-200S 131000011, [0

Marm.

1750

1500

1250

1000

750

S00

250

=]




HVGO: LTM System

Column: 5M x 0.53mm x 0.15um DB-HT SimDis

LTM Temp Program: 40 C (0 sec) to 400 C (30 sec) @ 50 C/min

7890A Oven: 325 Isothermal

7890A Pressure Program: 2.5 psi (0 min) to 9.5 psi (1.0 min) @ 1 psi/min
Multimode Inlet: 210 C (0 min) to 400 C (2 min) @ 300 C/min

Simulated Distillation Engineering Report
HYG0O 0.21g

50 cfrnin
tf - 14-Mow-08, 16:10:44 -- HT SIMDIS LTMSB.M

CAChem3I2VDATALTM PWE00 NOVI2\PWE00000041.D (GC DATA FILE)

Simulated Distilation Report
Percentage Yield

Percentage Yield Table

.. Front Signa

Temp. (Deg. O}
IBP: 0.5% 327.00
5.00% 411.00
10 00% 431.00
15.00% 443.00
z0.00% 454.00
Z5.00% 463.00
20 00% 472.00
35.00% 480.00
40.00% 487.00
: 45.00% 434.00
50.00% 501.00
O 1 2 3 4 5 6 7 8 55.00% 507.00
£0_00% 514.00
£5.00% 521.00
70.00% 528.00
75.00% 535.00
20.00% 544.00
25.00% 553.00
30.00% 565.00
95.00% 581.00
FEP: 99.5% 620.00
Total ... Fromt Sigma: tno I
320 400 4350 a00 o350 60D
Temperature (°C)
—FID1 &, Front Sigrial
Agilent SimDis Report Calibration: C:AChem32VDATALTM PYWEOD NOY12\PWE00000035. DYFIDT A ch
T1A742008 10:42:05 AM Blank: C:AChem32VA\DATAWLTM PYWSOD NOY12WPW500000033.D
Agilent Technologies Mo Qc Reference

SimDis Properties: custom properties

. Agilent Technologies
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D7398 Biodiesel SimDis Conditions

Inlet: G3511 MMI, 220 C (0 min) to 400 C (2 min) @ 300 C/min then 300 C/min to 220 C
*Custom 5 inch LTM Column: 5m x 0.53mm x 0.15um Prosteel
sConnection retention gaps: 0.7m deactivated Prosteel on inlet and outlet
*7890A Oven: 325 C isothermal, FID 400 C
*Column pressure program: 2.5 psi (0O min) to 9.5 psi (1 min) @ 1 psi/min to

2.5 psi @ 3 psi/min
eInjection: 0.1 ul, split ratio: 10 to 1 "

B20 Soy Biodiesel

0 0.5 1 15

25 3 3.5 4 45

Agilent Technologies




LTM

SimDis IBP/FBP Pane

BEZO

Paul -- 13-Aug-08, 17:15:01 -- DT395_BIOM

F\Tripp LTM biodieze\BIODIESELA\BIODIESEL 2008-08-13 14-38-03\0548

Responze vs. Reterdion Time

e
=
~

FEF: 437 .23 *C

— FID1A, Front Signal (Elute fea

IBF: 163.05 “C
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Need More Productivity-Try Simultaneous Dual-
Tower Injection: 7693A Towers

FID1 A, Front Signal (DOAGILENT...M_CAL+SAMFLED80825_CALRVM_2ZND RUN 2008-08-29 13-30-58"080825_F_009.0)

pi

800 =
500 =
400
300
200
1003

D_:

T i y i y T z y i y T z y i y T z y i y T z y i y T
0.5 1 1.5 2 25 3 mn

FID2 B, Badk Signal {D\AGILENT.. VM_CAL+SAMPLEWD80825_CALRVM_2ND RUN 2008-D8-25 12-20-58'080822_B_009.0)

ph -
2000

8000 -

4000 -

2000

T i y i y T z y i y T z y i y T z y i y T z y i y T
0.5 1 1.5 2 25 3 mn

sDual Injection Towers, Dual Inlets, Dual Columns, Dual Detectors in One GC

Generate 2 or 1 data files as needed!

Agilent Technologies



Carbon and Sulfur SImDis: SCD in Series with FID

» Series arrangement reduces SCD sensitivity to about 1/6 of SCD only —
more than adequate for SimDis

« SCD selectivity over carbon is greater than 10°

o Calibration straightforward since SCD has
compound independent sulfur response

L TM system is used for maximum throughput

Agilent Technologies




Light cycle oil carbon and sulfur SimDis: LTM

File _Options  Help ... Front 3igna...D, 3CD Signa
Browse | Setup | SimDis | Report | Automation || Licensing TEII:I.I:' . |:D EI;]' . |: :| TEII:I.I:' . |:D EI;]' . |: :|
501 IEP: 0.5% 139.00 318.00

CAEVSouliorGC solutior\SIMDIS DEADATAILLYS. 14 FAST.S\SIMDIS TULVS 2008 0710 16-05-3640z 5.00% 207.00 325.00

N — (0, Bl el G 2:2€E9) 10.00% 222.00 333.00

Soonpm0 ) i L R i ] N 15.00% 229.00 334.00

~ - - - - - - - - - 20.00% 235.00 334.00

£ 25 25, 00% 243,00 335.00

& 2000000 30.00% 249.00 337.00

2.1 a0 35.00% 255.00 338.00
R 40.00% 262.00 343.00

: : : : : ! , : : : 45.00% 269,00 347.00

R 50.00% 276.00 349.00

E ime (Winutes) 55.00% 263.00 350.00
— FID1A, Front Signal (Elue Area: 4.08€3) 60. 00% 293.00 352.00

e ' ' ' ' ' ' 65, 00% 301.00 354,00
e 70.00% 308. 00 356. 00

g sy 75.00% 317.00 355.00
O 80.00% 326.00 362.00

g e0nen 85.00% 336.00 365.00

2 90000 a0. 00% 347.00 370.00
R : : : : : : : : : 95, 00% 362.00 375.00

Do 02 n.:4 n.:s D.:B 1: 1.:2 1.:4 15 1.:3 2' FEP: 33.5% 411.00 403.00

Time (hdinutes)

.Simultaneous SimDis analysis for hydrocarbon and sulfur

... Agilent Technologies
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Overall LTM Cycle Time

Given a temperature program: 40 C (0 min) to 400 C (0.5 min) @ 50 C/min

LTM

P

< 9.7 min cycle time >

7.2 min 0.5 min 2.00 min

7890A (220V, oven insert)

< 14.2 min cycle time

55 min+ 1.0 min

* Typical cool down from 300 C to 40 C for 5 inch module: 0.6 minutes

Agilent Technologies




Summary: Simulated Distillation Solutions

» Multiple Configurations are possible
7890A/FID or 7890A/FID-SCD
7890A/LTM/FID or 7890A/LTM/FID-SCD: 3.5 min D2887, 10 min D7213

» Multimode Inlet provides ease of use and flexibility to handle wide BP range
samples

* New 7693A Auto Injector and Tray provide automated calibration and
sample prep

* Increased productivity, less solvent use, safer lab procedures, less variability

« Simulated Distillation Software is partially integrated into the
GC ChemStation and can process dual signals (i.e. FID & SCD)

Agilent Technologies



Recent Agilent Publications on LTM Technology

“Fast Hydrocarbon and Sulfur Simulated Distillation Using the Agilent Low Thermal Mass (LTM)
System on the 7890A GC and 355 Sulfur Chemiluminescence Detector”, Chun Xiao Wang ,
Roger Firor, and Paul Tripp. Publication 5990-3174EN.

“Automated Preparation of Simulated Distillation Samples for ASTM Methods D2887, D7213,
D7398 and D6352 using a Dual Tower 7693A and Tray System”, Roger L. Firor. Publication
5990-3778EN.

“Boiling Point Range of Fatty Acid Methyl Esters Using the 7890A Gas Chromatograph, Low
Thermal Mass (LTM) System, and 7693A Tower and Tray”, Roger L. Firor. Publication 5990-
3868EN.

“Ultra-Fast Total Petroleum Hydrocarbons (TPH) Analysis with Agilent Low Thermal Mass (LTM)
GC and Simultaneous Dual-Tower Injection”, Wei Luan and Mike Szelewski. Publication 5990-
3201EN.
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