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Abstract

Fast Multi-element SimDis for Petroleum Analyses using an Atomic Emission Detector

The advent of element specific detectors in the 1990’s introduced new capabilities for the analysis and monitoring of
petroleum processes. A Gas Chromatograph with an Atomic Emission Detector (GC-AED) is capable of directly
measuring more than twenty elements and can simultaneously monitor Carbon, Sulfur, and Nitrogen at ppm levels.

New designs in GC inlet and chromatograph - detector interface have expanded the scope of the multi-element
capabilities. A low-mass split/splitless temperature programmable inlet and a temperature programmable GC-AED
interface permit high temperature analysis up to 450°C in less than twenty minutes.

The Simulated Distillation analysis (SimDis) of petroleum streams is the singular most important method in the analysis
of refinery processes. SimDis provides information for cut point control, stream processability and ultimately process
mass balance. This information allows refiners to optimize product yields and their operating margins.

Multi-element SimDis can now be performed on the entire distillable range of petroleum feedstocks (from naphthas to
residua) with the new GC-AED configuration. Multi-element SimDis analysis requires new considerations in signal
processing and data treatment. The direct measurement of elemental yield must be equivalent to other total element
analyses and also accurately represent the elemental distribution in the sample.

A discussion of the Multi-Element SimDis in D2887,D2887-EX and D6253 analogues with example applications for
gasolines, diesels, vacuum gas oils, residua and whole crudes are presented.
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The jas Atomic Emission Detector

Detects more than 20 elements:
C,S,N,H,O,Ni,V,Fe,Cl,Pb,Mn,P...

High Temperature Operation:
Split/Splitless Programmable Inlet
Temp. Programmable Transfer Line
(Both to 500°C)

Large Linear Dynamic Range
Low Level Sulfur Detection

PPM and PPB Detection Limits for
many elements




jas UNIS Injector

A Low Mass Programmable Split/Splitless Injector

Reproducible injections with fast cycle time
Unique jas inlet liner design

Specifications

. Max Temperature 500°C

. Max Ramp Rate for PTV Mode 720°C/min
. Min Temp -160°C (Liquid Nitrogen)
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jas UNIS Injector Design

¢ Septum Purge

¢ Split Outle ¢ Carrier Gas

¢ Cooling Agent

Heating Cartridge
Coiled Wire
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Temperature Programmable
Transfer Line

Thermally Isolated (No Cold Spots!)

Improved integration of GC column and
AED gas flows
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Technologies for Multi-Element SimDis Analysis

AED

SCD

FPD

PFPD

XRF

Sulfur
MDL(ppm)

Low ppm/ppb

Low ppm/ppb

200 ppb

20 ppb

10-50 ppm

Elements

8 ppm

15 ppm

20 ppm

10 ppm

10-50 ppm

Linear
Range

10°

104

103

103

104

Advantages
Limitations

Dynamic Range
Cost

Sulfur Specific
Response
Factor Drift

Low cost
non-linear
response

High sensitvity
MDL is Matrix
Dependent

Measures Total Sulfur
Measure Total Sulfur
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Optimized-Low Sulfur Mode

4.5 | | | | | | | | |

4 AED S181 .
35 i
3f Sulfur Signal -

25} 8 ppm Total Sulfur -

2L .
15}F =

1 -

0.5 -

0 I1 _ | | | | | | |

0 1 2 3 4 5 6 7 8 9 10
Retention Time (min.)




Joint
analytical

systems

Jas,

Sulfur Linearity
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Linearity of Total Sulfur in Diesel Samples

AED Sulfur Response (Diesel samples)
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Sulfur Speciation
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Sulfur Repeatability
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File Options Help
Browse] Setup  SimDis lRepor‘t] Automation] Licensing]

Load Settings From Default Sample  Use This Sample Az Default

el ECaI I'I"Elute TBP gSum EBlank ﬁ au &Unfilt &Zoom

|WHILCO (AED10012.0) |
WM LCO
Channel WMI LEO [0Sul Injection)
[Sulfur 181 -] JAS - 29,08,2003 1809147 -- WMICRUDEM

Zihias Auqust 03-AEDVWMIHITMEVAED 1001 8.0 (AED DATA FILE)
Response va. Tempersture

|Subtract Elank ﬂ IBF- 429 73 °F — Sulfur 121 (Elute Area: 7.27E4) [Fpp- 93260 °F

[~ Apply Changes To All Channels

Blank Offzet |F0.57T ¢80

Criginal: 1.01042

Current: 1.01042

Interpolated Maszk ﬂ _________

Went Start Time:|0.16 i‘min. .........
Went End Time: [0.37 i‘min' _________
Mask Walue:

[v apply Changes To All Channels

|No Filtering ﬂ

Response (Counts)

[ Automatic (ASTM)

Start Time:  |0.01 i‘min.
End Time:  [18.33 i‘min.

Initial BP: 429,73 °F

Final BP: 932,69 °F

1,000 1400 1,200

Temperature (°F)

Slices: 5500 Bins: 5500 Bin Time! 200 ms  Elute Area: 7.27E4

BP Distribution Measurements

1,300

1,400

1,500




File Options Help

Browse ]Setup ] SimDisl Repor‘t] Autormation | Licensing

Recent - Refresh

= OWMIHITME
AED100O0
AEDA1000
AEDA1000
AED1000
AEDI000
AED1000
+ AED100O0

AEFA AN

+

+

<

16 Sample(s)

SalventCS2eMeClz (AED100...
CalibPwass (AEDL10004.0)
CalibrationPWeass (AED1000...
RGO #2 (AED10006.D)

RGO #2 (AED10007.0)

Merey §50-1050 (AED1000E. ..,
arab Me QC (AED10009.0Y
Russian Crude (AED10010.0)
Arab %It Crude (AED10011.D)
CalibrationPWeass (AED1001.,..
Russian Crude (AEDL10013.0)
Russian Crude (AED10014.D) |:
Russian Crude (4ED10015.00 |4
WMI LCO (AED10016.00)
CalibrationPWeass (AED1001...

4

Channels
[ carban 193
[¥ carbon 179
[ sulfur 181

M Nitrogen 174

Slices: 5500 Bins: 5500

WML LCO
WMI LSO ((05ul Injection)
Jas -- 29.08,20032 12:09:47 -- WMICRUDE.M

Zi%ias Auqust 03-AECVWMIHITMEVAED10018.D (AED DATA FILE)

— Carbon 193 (Elute Area: 2,1ET)

W 25,000
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Bin Tirne: 200 ms

SimDis Browse Pane




File Options Help

Browse] Setup  SimDis lRepor‘t] Automation] Licensing]

Load Settings From Default Sample  Use This Sample Az Default

Sample fca Fewe FEr Eam Bk PoRaw deunic | (3 Zoom

|Russian Crude (AED10013.0) | : T
Russian Crude

Channel Fussian Crude

| sulfur 181 |

|Subtract Blank ﬂ
[~ Apply Changes To All Channels

Blank Offset |-4.598 ]

5,500
Criginal: 099515 B,000
Current: 0.99318

2,500

5,000
R

4500
Mo Filtering -
| J ~. 4,000
iz
=
g
[~ Automatic (ASTM) L 3,500
o
S -1 @
Start Tire: (013 I‘mln. §_3|j|j|j
End Time:  [18.33  — min. g
I‘mln i
2,500
Initial BP: 53.04 °F 2,000
Final BP: 1456.87 oOF
1,500
1,000
500
0
Slices: 5500

JAS -- 29.02,2002 15 32:42 -- WMICRUDE.M
Zihias Augqust 03-AEDVWMIHITMEVAED 1001 2.D (AED DATA FILE)

Response va. Tempersture

% — Sulfur 181 (Elute Area: 1,.33E5)
k P A e
1} 100 200 300 400 500 600 700 g00 900 1,000 1,100 1,200 1,300 1,400 1,500

Temperature (°F1

Bins: 5500 Bin Time! 200 ms  Elute Areat 1,335ES

SimDis Parameters-Blank Subtraction




File Options Help
Browse] Setup  SimDis lRepor‘t] Automation] Licensing]

Load Settings From Default Sample  Use This Sample Az Default

el E Cal T Elute T BF gSum EBlank ﬁﬁaw &Unfilt [ﬁ Z00m

|Russian Crude (AED10013.0) | : T
Russian Crude

Channel Fussian Crude
|Su|fur 181 ﬂ JAS -- 29,08,2003 15:132:142 -- WMICRUDE.M
Zihias Auqust 03-AEDVWMIHITMEVAED 1001 3.0 (AED DATA FILE)

Response va. Tempersture

|Subtract Blank ﬂ |BF BB.49 °F — Sulfur 121 (Elute Ares: 1.08ES) FEP: 1460 70 °F

[~ Apply Changes To All Channels
Blank Offzet |-4.598 ] 1904 -+
145 2 0.
140 4

Criginal: 099515 1351
130 4

< t 0.99318
urren 125 ]

120 4
115 4
140 4

-

. 1
Went Start Time:| 0,07 :‘ in.

= min 100 4
Went End Time: |0,34 i‘min.
Mask Walue:

[v apply Changes To All Channels

|No Filtering ﬂ

Response (Counts)

[ Automatic (ASTM)

Start Time:  |0.13 i‘min.
End Time:  [18.33 i‘min.

Initial BP: 66,49 0F

Final BP: 1460.70 °F

700 | 1400 1,200 1,400 1,500

Temperature (°F)

1,300

Slices: 5500 Bins: 5500 Bin Time! 200 ms  Elute Areat 1.079ES

SimDis Parameters-Solvent Masking




File Options Help
Browse] Setup  SimDis lRepor‘t] Automation] Licensing]

Load Settings From Default Sample  Use This Sample Az Default

el E Cal T Elute T EF gSum EBlank ﬁﬁaw ;:ﬁUnFilt [ﬁ Zoom

|WMI Resid Metals (AEDO0DL0.D) |

nMI Resid Metals
channel WMI Resid Metals (33,4 %6 Soln of 680ppm % 11 0ppm Mil- $low Injection Septa SB Quartz liner with Glass Wool 403014301 3 Std, O2/HZ conditions Owen Ramp 30%C/min S:1 Split 0.15ul Injection
|Nicke| 201 ﬂ DAG -- 20.05,2004 19537144 -- HT-METWV.M

Zi'%Jaz May Datah200304AVAEDOOO1 0.0 (AED DATA FILE)
Response va. Tempersture

|N0ne ﬂ — Prefiltar — Mickel 301 (Elute Arsa: 9.43E3)
[~ Apply Changes To All Channels

Original: 0.994639

Current: 0.9946%

|None ﬂ

|Sa-.-itzkl,l-Go|al,- ﬂ

Past Points: ,T::I
Future Paints: ’T::I
Derivative: IQ—Z:I
Polynomial Order: ’0_::|

[V Automatic (ASTM)

Start Time: :‘min.
End Time: :‘min.

Initial BP: 47,20 OF

Final BP: 1269,27 OF

Temperature (°F1

Slices: 4801  Binst 4501 Bin Time! 200 ms  Elute Area: 9454

SimDis Parameters-Filter




SimDis Engineering Report

The Engineering Report presents
the temperature at which a given
yield% off occurs.

Total Carbon 133:
Total Sulfur 181z

Elernental Sim Dis Repaort

This is used by Engineers and
Planners to optimize plant
performance and assure product

Percentage Yield
BHESHEELAS NI YL

e n o w

WHI SimDis Report Calibration: C:YHPCHEMYLAD:

Mutli-Element Simulated Distillation Engineering Report
FS9608-2
FS9B08-2 147%S \rbet 1:20 Split 100:30:200:100:500 4.5 min 20*/min 200* Oven 20:30:360:5 min Injection 0.01ul He 24mifmin, H 29psi, O
55psi Mkup 100mITef Line 350 Gavity 350 Solvant Vent 04352 min Rerun
Ch — 20.08.2003 20:68:29 — ASTM-NSV.M
CAHRCHEM\NDATAYasdatalWMI2008C12.0) (AED DATA FILE)

Percentage Yield Table

IBRP: #.5%
5.00%
10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%
55.00%
60.00%
65.00%
70.00%
75.00%
BG.00%
B5.00%
50.00%
§95.00%
EBP: 99.5%

Carbon 193
Pemp .

249.
385.
427,
449,
462,
478.
488,
502,
515.
525,
540.
550.
565.
578.
591.
609.
626.
646.
&670.
F07.
FE9.

100001, DVAEDZA

L9F)

10/11/04 2:09:09 PM
WeMeaasuredt, Inc.

Blank: C:\HPCHEM\1{DATA\jasdlata\WMI2008 64202802010
Qc Ref: C:AHPCHEMUIN\DATAYjasdata\WMIZ008C,3.0

Sulfur 181
Temp. (OF)

459,
509,
540.
550.
568.
575.
579.
585.
594.
601.
608 .
613,
620,
628.
638.
647.
659,
673,
691,
720.
770,
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SimDis Signature Report

The Signature Report
presents the
chromatographic trace versus
a boiling point (temperature)
axis providing a
compositional view of the
sample

Mutli-Element Simulated Distillation Signature Report
F39594-1
FS9584-1 052% \nkat 1:20 Split 100:30:200:100:500 20%min 200" Oven 20:30:350:5 min Injaction 0.05u He 12mlfmin, H 290si, O 55psi Mkup
100mITef Line 350 Cavily 350 NO Saolvent Vant 0.43-52 min Rerun

Ch — 20.08.2003 20:32:21 — ASTM-NSV.M
CAHPCHEM\T\DATAYasda IsWMIZODECH D (AED DATA FILE}

T T T T T T T T
-400 =200 o 200 400 &00 so0 1,000
Temperature {°F)

Carbon 193 (Elute Area: 7.83E6)

-400 -200 o 200 A00 600 BOD 1,000
Temperature {#F})

Sulfur 181 (Elute Area: -2.97E3}

WMI SimDis Report Calibration: C:YHPCHEMAIYDATANj WH DAAED2A.CH
. . Blank: C:\HPCHEM\1\DATA\jasdatalWMI2Z00BEY202E0201.0

10/11/04 2:10:06 P Qe Ref: CIAHPCHEMVTIDATA  asdata\WMI 2008C\3.0

WeMeasurelt, Inc.




File Options Help

Browse] Tetup ] sSimDis Report Automation] Licensing]

v 02 Chart Text ]
11 Sampleis) ,
T\ Blank (AEDO00OL % - - ‘IE sy tab |Custom Cut Paint ﬂ
1157B Diesel (AED00002.0) ;TD"” T Egu(temp) ! A
1157 Diesel (AEDODOOZ.D) —I5an a0
11578 Diesel (AEDODDO4.00) : =N] a00
Blank {AEDO0005.D) JFlsoo v
[#] calibration { AEDO000&.D) | 4 |
Paraffins w = (AEDOOOQT.D) L Loa ‘ Save ‘ Clear |
£ >

Diesel
v 8 2 Z:\WMIOZ25DYAEDOOO0L.D (AED DATA FILE)
Channels

Simulated Distillation Report
Carbon 179 .

[#] sulfur 181
[#] Mitrogen 174
Diesel

JA% -- 25.0Z2.2004 15:02:44 -- 02Z21.M

Calibration: Z:\TMIOZZ4\AEDOOOOG.DYAEDZA.CH
Elank: Z:\WMIOZZ5DVAEDOOOOS.D
Mo (c Reference

Total Carbon 179: {no RF)
Total 3ulfur 151: {no RF)
Total Nitrogen 174: {no RF)

Custonm Cut Point Table

Teuwp. (Deg. F) Carbon 179 Sulfur 151 Hitrogen 174
70.00 to 110,00 0.1% 5.58% 0.0%
110.00 to 580.00 68.9% 12.0% 100.0%
580.00 to &80.00 23.3% 52.8% 0.0%
680,00 to 500,00 7.9% 28.6% 0.0%
g00.00 to + 0.0% 0.9% 0.0%

SimDis Report- C

ustom Cutp

oint




AED SimDis Cut Point Report

The Cut Point Report
presents the yield off for
selected Boiling Ranges

For example: for a
hydrotreated diesel the
elemental yield % of the
distribution for selected
Boiling Ranges can be
found

Hydrotreated Diesel 36 ppm

Total Carbon 179: 100.000 %
Total Sulfur 181: 36.000 ppm

Custom Cut Point Table

Temp. (°F) Carbon 179
180.00 to 600.00 75.5%
600.00 to 800.00 24.5%
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Sulfur 181
17.7%
82.3%




AED SimDis Cut Point Report

Cut Point Report

Hydrotreated Diesel

C:\HPCHEM\1\DATA\WMI0225D\AED00001.D (AED DATA FILE)

Multi-Element Simulated Distillation Report

10/13/2004 12:49:25 PM

Total Carbon 179: 100.00 %
Total Sulfur 181: 36.00 ppm
Custom Cut Point Table

Temp. (°F) Carbon 179

70.00 to 110.00 0.0%
110.00 to 580.00 68.9%
580.00 to 600.00 6.4%
600.00 to 680.00 17.0%
680.00 to 800.00 8.0%
800.00 to + 0.0%

Sulfur 181

5.0%
23.2%
6.1%
40.3%

24.5%
0.7%

0.6

0.5

0.4

0.3

0.2

0.1

15

0.5

Joint

analytical
systems
1 1 1 1 1 1 1 1 1
1 Lo b 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
1 1 1 1 1 1 1 1 1
H2S Thiphenes DBT | MeDBTs ]
&
BenzoThiophenes
Shadde o det 4 i " 1 oy 1
100 200 300 400 500 600 700 800 900 1000




Jas Multi-Element AED SimDis

3x Higher Analysis Throughput (C100 in less than 18 min)

jas Hi-Temp analysis is 3 times faster than other commercial systems
High Analytical Precision

No Inlet carry over or memory effects

UNIS Inlet upper temperature limit of 500°C is essentially self-cleaning
(reduces number of bake-out runs to restore baseline)

Detect more than 20 elements with one detector
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C,S,N,O,H,V,Ni,Fe,
Br,CI,F,I,

B,Ge,P,Si
As,Sn,Pb,Mn,As,Hg,Se,
C13,N15,H3

etc.
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Thank You for Your Attention




