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Abstract

Two-channel simulated distillation by gas chromatography (GC) for both hydrocarbons
and sulfur is described. The method utilizes a 7890A GC configured with a high-tem-
perature programmable temperature vaporizer (HT-PTV) inlet and a sulfur chemilumi-
nescence detector (SCD) mounted in series with a flame ionization detector (FID) by
use of a special mounting adapter. A simulated distillation (SimDis) software program
provides an easy-to-use solution for sulfur and hydrocarbon simulated distillation. The
data show that observed boiling point (BP) values agree with the ASTM D2887 con-
sensus BP values within the allowable differences. The system also demonstrates
very good repeatability for both hydrocarbon and sulfur SimDis. An example of a light

cycle oil (LCO) analyzed according to D2887 is also included.
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Introduction

Sulfur and hydrocarbon simulated distillation results provide
meaningful information to optimize refining processes and
ensure compliance with petroleum product specifications. A
previous application note [1] describes a 6890 GC based sys-
tem for hydrocarbon simulated distillation by ASTM D2887
[2]. Now with the highly selective Agilent Sulfur Chemilumin-
escence Detector (SCD), sulfur simulated distillation is possi-
ble. This 7890A GC based simulated distillation system con-
sists of acquiring and analyzing simultaneously the specific
detector data for hydrocarbon (FID) and sulfur (SCD).

Experimental

This two-channel SimDis application uses the Agilent 7890A
GC configured with a high-temperature programmable tem-
perature vaporizer (HT-PTV) inlet, and an SCD mounted onto
an FID using a special adapter. Detailed GC conditions used
are listed in Table 1.

Table 1. 7890A Gas Chromatographic Conditions (1) D2887, (2) D7213

HT-PTV inlet typical
temperature programs

(1) 225 to 350 °C (hold 15 min) at 200 °C/
min to 225 °C at 100 °C /min

(2) 50 to 420 °C (hold 15 min) at 200 °C /min
to 50 °C at 100 °C /min

Split ratio (1) 4:1 for diluted sample, 20:1 for nondiluted
sample
(2) 111

Injection volume (1) 0.1 pL
(2) 0.5to 1 pL

Column (1) HP-1 10 m x 530 mm x 0.88 pm (190952-021)
(2) DB-HT-SimDis 5 m x 530 mm x 0.15 pm

(145-1001)

(1) 13 mL/min, constant flow mode
(2) 16 mL/min, constant flow mode

Column flow (He)

SimDis Software

The processes of SimDis analysis include: blank analysis for
baseline subtraction, calibration for establishing the relation-
ship between boiling point and retention time (RT), validation
for verifying both the chromatographic conditions and calcula-
tions in the method, and sample analysis. The Agilent SimDis
software divides these functions under separate tabs that
make navigation and data processing straightforward. The
software is based on four modules: Browse, Setup, SimDis,
and Report. For example, the Setup module allows you to
configure the files to use for BP calibration, blank selection,
and QC reference. Partial integration with the GC Chem-
Station sequence makes automated data analysis possible.

Processing Two Signals

The software can process one or two channels of signal data
(FID and SCD for example) from GC ChemStation data files.
When working with dual channels, the SimDis software
requires that each channel be labeled by the detector type
rather than the defaults used by the GC ChemStation. Since
the SCD operates off the analog input board (AIB), its signal
begins with "AIB." For this reason, the post-run command
macro SCDnamer.mac must be run to rename the signal file.
The macro renames the AIB2B.ch channel as SCD1.ch. If the
channel name is not corrected, the software will switch the
FID and SCD channels during analysis, giving faulty results.
The macro code to do this is shown below. It assumes the
AIB is in the rear position (B).

|
| SCDNamer call this as a post run command when an SCD is
installed

l'it renames the dual channel AIB2B.ch to SCD1.ch to allow
simdis to

| properly calibrate
|

FID temperatures (1) 350 °C
(2) 400 °C
H, flow 40 mL/min
Air flow 400 mL/min
Make up (N,) 40mL/min
SCD
Burner temperature 800 °C
Vacuum of burner 324 torr
Vacuum of reaction cell 11.6 torr
H, 40 SCCM
Air 8.3 SCCM

Oven programs (1) 35 °C (hold 0.5 min) to 350 °C at
20 °C/min, hold 10 min

(2) 40 to 420 °C at 20 °C/min , hold 6 min

Data acquisition rate 5 Hz typical

NAME SCDNamer

! This macro renames the SCD files named as AIB2B.ch to
SCD1.ch

if filestat(mode,dadatapathS+dadatafileS+"\AIB2B.CH")=1
rename dadatapathS+dadatafileS+"\AIB2B.ch",dadata-
pathS+dadatafileS+"\SCD1.ch"

print "File Renamed"

else

print "No AIB2B File found"

endif

RETURN

ENDMACRO



Results and Discussion

Calibration

A calibration mixture containing a series of known n-alkanes
can be used for establishing the relationship between BP and
RT. C5 to C40 is used for ASTM D2887, and Polywax 500 dis-
solved in toluene is used to calibrate ASTM D7213 [3]. Since
both are too viscous or waxy at ambient temperature to sam-
ple with a syringe, they need to be heated manually to
approximately 80 °C before injection. RT repeatability is key
for consistent correlation of BP and RT. Figure 1 and Figure 2

show overlays of consecutive runs of C5 to C40 and Polywax
500, respectively. Tables 2 and 3 show repeatability for both
RT and area.

Polywax 500 Sample Preparation

Place approximately 80 mg of Polywax 500 in a 2-mL vial. Add
about 1.5 mL toluene followed by the addition of a suitable
mixture of n-paraffins from C5 to C18 (Agilent SimDis calibra-
tion No.2). The final concentration should be approximately
one part of (C5—C18) to 20 parts of toluene. Initially heat the
solution to 80 °C to dissolve the Polywax 500.
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Figure 1. Overlay of five consecutive runs of C5 to C40 calibration mix, vial heated to 80 °C for 3 min prior to injection. GC conditions are listed in Table 1, items (1).
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Figure 2. Overlay of four consecutive runs of Polywax 500 plus C5—C18. GC conditions are listed in Table 1, items (2).

3



Table 2. Repeatability for C5to C40, n = 10 Table3. Repeatability of Polywax 500 Plus C5 to C18, n = 10
Retention Time Area Retention Time Area
Average STDEV RSD% Average STDEV RSD% Average STDEV RSD% Average STDEV RSD%
C5 0.275 0.000 0.06 19870 126 0.64 C14 2769 0.002 0.07 49126 953 1.94
C6 0.388 0.000 0.09 14020 83 0.60 C15  3.278 0.002 0.05 24337 469 1.93
c7 0.673 0.001 0.17 16527 108 0.65 C16  3.847 0.002 0.05 49304 948 1.92
C8 1.192 0.002 0.16 18693 81 0.43 C17 431 0.002 0.05 24597 470 1.91
C9 1.874 0.002 0.12 20383 107 0.53 C18  4.753 0.001 0.03 11374 218 1.92
C10  2.622 0.003 0.10 43561 280 0.64 C20 5.596 0.001 0.01 952 17 1.80
C11 3.338 0.002 0.07 22730 158 0.69 C22 6424 0.001 0.01 1635 30 1.81
C12  4.068 0.002 0.05 94289 714 0.76 C26  7.904 0.001 0.01 3615 62 1.71
C14 5327 0.002 0.03 48149 393 0.82 C32 9.783 0.001 0.01 6856 105 1.53
C15 5.902 0.002 0.03 24268 199 0.82 C36 10.858 0.001 0.01 8418 137 1.63
C16  6.477 0.001 0.02 49175 408 0.83 C40 11.823 0.001 0.01 8432 128 1.52
C17  6.991 0.001 0.02 24448 201 0.82 C44  12.690 0.002 0.01 7037 137 1.95
C18  7.485 0.000 0.00 10552 84 0.80 C48 13.480 0.001 0.01 5288 104 1.98
C20 8424  0.001 0.01 6187 53 0.86 €52 14.208  0.001 0.01 3677 67 1.83
C24 10.083 0.000 0.00 4293 17 0.40 C60 15.512 0.001 0.01 1353 19 1.40
C28 11512 0.001 0.01 4288 45 1.06 C70 16.931 0.002 0.01 273 5 1.92
C32 12.762 0.002 0.01 3988 66 1.66
C36 13874  0.001 0.01 3407 66 1.94 is used as the QC external reference for calibration of
C40 14874  0.002 0.01 3238 69 214 response factors for the SCD channel. This is needed for cal-
culation of total sulfur in the sample. Figure 3 shows the
0C Reference graphic pane from the SimDis software for of the QC refer-

ence.

A QC reference sample is the basis for quantifying total sulfur

and allows the direct entry of response factors for calculation
based on total area and user-entered concentrations of sulfur.

In this application, a diesel sample (SDF-1X-4, AccuStandard,
Inc., New Haven, CT) with a sulfur concentration of 100 pg/g
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To meet the requirements of ASTM D2887, the reference gas

oil (RGO) sample analysis must be performed to verify both
the chromatographic performance and the calculation algo-
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rithms involved in this test method. Figure 4 shows the chro- analysis. The data show that observed BP values agree with

matograms of RGO for both the hydrocarbon and sulfur chan- the ASTM D2887 consensus BP values within the allowable
nels. Tables 4 and 5 show the results for six runs of RGO differences and with good repeatability.
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Figure 4, Chromatograms of RGO for hydrocarbon and sulfur channels. GC conditions are listed in Table 1, items (1).

Table 4. Hydrocarbon SimDis Results for Reference Gas Oil (Six runs shown.)

ASTM D2887 Values

Allowable
OFF % BP, °C Difference 1 2 3 4 5 6 Average Difference RSD%
IBP 115 7.6 114 114 114 114 114 114 114 1 0.00
10% 176 4.1 174 174 174 174 174 174 174 2 0.00
20% 224 4.9 223 223 223 223 223 223 223 1 0.00
30% 259 47 258 258 258 258 258 258 258 1 0.00
40% 289 43 287 287 287 287 287 287 287 2 0.00
50% 312 4.3 3N 31 3N 3N 3N 3N 31 1 0.00
60% 332 4.3 330 330 330 330 330 330 330 2 0.00
70% 354 43 352 352 351 352 352 352 352 2 0.12
80% 378 4.3 376 376 376 376 376 376 376 2 0.00
90% 407 4.3 405 405 405 405 405 405 405 2 0.00
FBP 475 11.8 a7 a7 an an an an a7 4 0.00



Table 5. Sulfur SimDis Results for Reference Gas 0il, BP in °C
OFF%
1 2 3 4 5 6 Average STDEV RSD%
IBP 168 169 169 167 165 169 168 1.60 0.95
10% 265 265 265 265 265 265 265 0.00 0.00
20% 293 293 293 293 293 293 293 0.00 0.00
30% 314 314 314 314 314 314 314 0.00 0.00
40% 329 330 330 330 330 330 330 0.41 0.12
50% 344 344 344 344 344 345 344 0.41 0.12
60% 359 359 359 360 360 360 360 0.55 0.15
70% 376 376 377 377 377 377 377 0.52 0.14
80% 396 396 396 397 397 398 397 0.82 0.21
85% 408 408 408 409 409 409 409 0.55 0.13
90% 422 422 423 423 424 424 423 0.89 0.21
FBP 495 495 495 499 499 501 497 2.66 0.53
Light Cycle 0il Analysis
To illustrate repeatability, chromatographic overlays are
shown in Figures 5a and 5b for an LCO sample. Tables 6 and 7
list the results for hydrocarbon and sulfur SimDis, respective-
ly. The average total sulfur content calculated is 248 ppm
with 3.5% RSD.
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Figure 5a.  Carbon SimDis of LCO. Five-run overlay.
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Figure 5b.  Sulfur SimDis of LCO. Five-run overlay.
Table 6. Carbon SimDis Results for LCO, BP in °C
OFF%
1 2 3 4 5 Average SD RSD%
IBP 141 140 140 140 139 140 0.71 0.51
10% 221 221 221 221 221 221 0.00 0.00
20% 233 233 233 233 234 233 0.45 0.19
30% 247 247 247 247 247 247 0.00 0.00
40% 260 260 261 260 261 260 0.55 0.21
50% 274 275 275 275 275 275 0.45 0.16
60% 291 292 292 292 292 292 0.45 0.15
70% 306 307 307 307 307 307 0.45 0.15
80% 324 324 324 324 324 324 0.00 0.00
90% 344 344 344 344 344 344 0.00 0.00
FBP 391 391 391 391 392 391 0.45 0.11
Table 7. Sulfur SimDis Results for LCO, BP in °C
OFF%
1 2 3 4 5 Average SD RSD%
IBP 314 314 314 314 314 314 0.00 0.00
10% 328 329 328 328 328 328 0.45 0.14
20% 329 329 329 329 329 329 0.00 0.00
30% 329 329 329 329 329 329 0.00 0.00
40% 332 332 332 332 332 332 0.00 0.00
50% 342 342 342 342 342 342 0.00 0.00
60% 345 345 345 345 345 345 0.00 0.00
70% 347 347 346 346 347 347 0.55 0.16
80% 351 351 350 350 351 351 0.55 0.16
90% 359 359 357 359 358 358 0.89 0.25
FBP 375 375 3n 374 3n 373 2.05 0.55
Sulfur, ppm 254 250 240 238 258 248 8.62 3.48



Conclusions

This new SimDis procedure utilizes a 7890A GC configured with the HT-PTV inlet,
and an SCD mounted in series with an FID. The Agilent SimDis software is capable
of processing both FID and SCD data channels, providing a solution for hydrocarbon
and sulfur simulated distillation.

Sulfur simulation distillation has been demonstrated using the Agilent 355 sulfur
chemiluminescence detector. With a selectivity over carbon of approximately 108,
reliable boiling point distributions of sulfur in petroleum fractions can be obtained.
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