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2.2 GC 8%

GC B¥&E 1. HHEHFEE:250C, 2 Hl:250 ml/
min, #HEE:1C, B8 . HP-1(25 m X 0.32 mm X
0.17 pm) , K HE HH 1 ml/min, 8 :35C(2 min)
10°C /min 180°C(1 min);GC &L 2. HHEBRE .
250°C, 4> % : 108 ml/min, FHFEE . 2. 5 pl, G4 . HP-
1(25 mx0.32 mmX0.17 pm) , EF B :EF 3 ml/
min, FR:80CHEBR;GC SR E 3: HHEHRE:

350°C, 4> #i:108 ml/min, FHE B .1 pl, B HP-1
(25 mX0.32 mm X0.17 pm), & : 11psi 0. 75 psi/
min 23. 6 psi 1. 4 psi/min 41. 4 psi, & :40C (2 min)
15°C /min 320°C (6 min);GC S E 4. FHBEE.
400C, 4 : 105 ml/min, #H & .5 pl, B H . SGE
HT-1(6 m X 0.53 mm X0. 17 um), & & : 4psi 0. 5psi/
min 26psi, & B :50C(2 min) 15°C/min 350°C8C/
min430°C (4 min),

2.3 AED ¥ GED

%1 AED$SH
Table 1 AED parameters
AvPBREE® 0 AED fﬁi&%ﬁi S
S (U Block/Xler Line Cavity Block o fnﬁgﬁ L c,#, 77H Cl B % ] N/ ,,,Ni _ 77V o ‘Egmi
1 200C 220C ¥ /nm 495. 724 486.133 480.192 181.379 174.200 301.200 292.402 302. 064
: 250°C 250
; ¢ RS O: O: O, 0;+H; O:+H, O,+H; 0,+H; O;+H;
3 320°C 350°C
q 100 400C BB E 50 50 50 50 50 180 180 180
2.4 RASHEERS REHE SRAERSEABREN RN, HRREE

Sk He K (99.999%),H, K(99.99%),0, ¥
(99.99%).N, K (99.99%); B 5 : ASTM Reference
Gas Oil Sample (& #F RGO),Cs~Croo E MR, IF 1+
TR T OREE,HER EE NCERIMM, N ZE
RN, TR, IR S, BT N AT AL B O
JRM
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BAMOEEROERESHEFXBETHEX. 4%
BEAE Xt B A A 77 A b AR A R B, T A R AT
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HE, MHEE%EZ 28N BEAEBERS . HER
3R ENIRERSERRE A EBREFEHGR/D, %
BEMK C~CLIEMEE 7 Co @il LR BN &
EEABEL THELE D, BES TR
BB, AT ERREXHHEE LR EB 3K, 8
ARG EY, UIRRF R .
3.2 HuERNFKEMEREE

7E AED # H TR BT K 486. 133 nm # 5 [
RELEN, BEXMEKERESENYNL TEH
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Fig.1 Study on the boiling point of sampling distortion in splitter injector at various liners
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Hydrogen Correction Factor Vs.H

H Correction Factor
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Fig. 2 Non-linear response of hydrogen element at 486. 1331 nm

L EEF THRELRGT . H TR MEN S EEL
P, 7E {5 S 1500 A7 LT BEE H TR S B/,
B IF B o 3 K. 1500 BQ7 A b4 IE B U & 3
FEE L 0. WErEH KRE 2 lRFATENLR
B LK H RS Ve R B I R
BEHZET H cRBRERASARNEREMBK
BRI R B A HE, R AEREDRENE H
TR LK ERVLHN.
3.3 BAREMEMWERFSHORT
SMEEENZBETEREKBEAGYEERER
EH RS ABRFERL, AEAENRENE SR
HFREXRANREWESN, EAREGELSE,
AED C T %38 15 40 0 BJ 7] 8 57 96 5 /0% B A (] 7% B A
EMZ, LA 3.

SIMDIS CALIBRATION
130a7

1200
11ee

-
JERPTY "4
z
g 8
g eee
5 o~
g 700
n-C20
[3:1] n-C18

see n—Cl4

1 20 25 P

RETENTION TIME. men

MR BT NENERRE MERF .GCEHE L,
AED HES¥8 1,AED i35 &P CiXk.
B3 IR R /R B AR IE # 2

Fig.3 Correction curves of boiling point/retention time
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obtained by simulated distillation
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Table 2 Accuracy of the boiling point determined by

simulated distillation

Y ... 7A"S—
LWL & ARKELEN R
TnCeHi 126 126~127  126~127
n-CioHzz 174 174~175 174
n-C12Hzs 216 216~217 216~217
n-C14Hso 254 254 254
n-CysHaq 287 287~288 287~ 288
n-CygHss 316 315~317 316
n-CzoHg2 344 344 344
n-Cz4Hso 391 391 /
n-CzgHsa 431 431~432 /
n-CazHee 466 4665~467 /
n-CssH7e 496 497 /
n-CyoHsz 522 523 /

AT/ ERREPASZALY,. MELRY: GCEHA 3, AED R
EAES 3, AED XiESHE+H C,HTX.

3.4.2 BAEEREKEHESALARHRE

T RE N AR EREA WA TE: —
RATRZEMAEXNSBER S TRETES, =
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RETERBERHR. X 3IWHR,UGC-AED 7
EWE ASTM RGO FrEER B R S RBIEZHA
EEFHNERLE, ARUENHEEZEAEL 1C:&
AR EEERE, BE KW ZE K 534 CEEKI/D
BEAKWEN S23CHEHERFEME, RHTE
FR B A R SE 2 R E FF B SEWE SR dEEAE
PR 108 CTEAREMATLE T BRMIE 48 5% ~80%
B 7E AR HE B T B R Z BB E R, B 80X LA BB,
WA HIREETEE. SRR REZRERTRE
BHERESHAREAEBERNET, RELR
PREETRERER/N SHNE, BREKAFLE.
HFXMEELRETEEY, TUAKE, E8ELEE
FHEARS, FAEIAESBB RN 3%~5%H
B A RBRIMAETRNENE, B EXERIEN
ASTM RGO #H Z U BB E S Ko EE, £
HMEEFEERRAE D, B4MELIRBRNTE
EHMMEEN ASTM RGO trE Z T REHEREA
HEMBEIESE R, U GC-AED FENMEN TESRY
PrAEfE — 2.
F3 GC-AED B FBAEEESREMENRER

Table 3 Comparison of determined values of simulated

distillation with standard values

B E A% ASTM RGO #rPHE BB/ C

SR L Gew
/% GC-AED ¥ (n=5)

"~ IBP 106 108 108 108 108  106~122
10 176 170 170 169 170 165~173
20 23 223 223 223 223 217~225
30 262 261 261 261 261 254~-262
40 201 290 290 290 290 283~291
50 315 315 315 315 315 307~317
60 336 336 336 336 336 327~337
70 358 358 358 358 358 349~359
80 382 382 382 382 382 371~381
90 413 413 413 413 413 399~-409
95 438 438 437 437 437 419~431
FBP 53¢ 531 528 526 525 462~ 488

MEHMH: GCBH M 3. AED BEFSHA 3, AED NS ¥s,

3.5 LEREGSH
BsBEX—FmEMC,H,S,N,Ni,V,Fe £
REREMEHA, HETR, ZEMBRSHEYC,
H,S u#4h, R EHRBEEN NLV TEobsib &9,
AN, Fe mH., ZEMMETRENZBOEEYS
MEEFEHE,CH,S TEN SN EEREHBEMN
JRE, NI,V ST & ih kb & 97 09 43 # B2 22 B B 45 1E
Sh, Xl Y SR OHEY — 554 HHERL
LY — AU M ECLR, RETH
KRE N ZEMTETLTENCEFRRE~7T=F

Time/m1n
WsE &4 GC B 3. AED HE S5 3, AED Ll B HE
Bl 4 BT EFEMMEER ASTM RGO SRR R 1
ERRBEHURMAR
Fig.4 Chromatogram of multi-element simulated
distillation from ASTM reference gas oil standard

sample added chlorobenzol and nitrobenzol
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Table 4 The results of multi-element simulated
distillation of ASTM reference gas oil standard

sample added chlorobenzol and nitrobenzol

Simulated Distillation, Percent Composition of Each Fraction

OFF/% T T C/% H/% Cl/% S/% N/%
IPB 230 110 881 11.9 0.00 0.040 0.000
10 331 166 84.7 13.9 1.26 0.068 0.000
20 420 216 85.2 14.0 0.00 0.214 0.650
30 489 254  85.6 14.0 0.00 0.449  0.000
40 548 287 85.6 13.5 0.00 0.898 0.000
50 589 309 85.3 13.8 0.00 0.920 0.000
60 628 331 85.3 13.6 0.00 1.10  0.000
70 668 353 851 13.5 0.00 1.46  0.000
80 710 377 85.0 13.6 0.00 1.36  0.000
90 764 407  85.1 13.7 0.00 1.36  0.000
95 806 430 850 13.5 0.00 1.50 0.000
FBP 903 484 85.1 13.3 0.00 1.67  0.000

TOTAL 85.19 13.68 0.13 0.943 0.065

ELUTED

STANDARD 85.34 13.69 0.135 0.965 0.0658

VALUES

WE %A GC B4 3, AED HEBH4E 3. AED XS HE.

BB XS AHMEB I TR S REAREIH
SHRORR; R /LM REE-MEHRAETE
FRASBERANERZ R THBNES - MEY
BtP C,H JUR I BEIR B, 300 FRAE 4 3 ) R ML AR
B2 & S S BOL AR RL R e R A, 0 2 B4 4 A A
HE AT E W R C/H BER W B E  18
RAEDEBHABEMEN BT TENE M L%
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Table 5 The results 1 of multi-element simufated distiflation of crude oil

Simulated Distillation, Cumulative Percent Composition

ELF/% F <  C/n H/% S/% N/% Ni/% V/% Fe/%
IBP 325 163 0.44 006  0.001 0.0000 0.0000 0.0000 0.0000
10 402 206 8.75 1.23 0.028 0.000 0 0.000 0 0. 000 0 0. 000 0
20 497 258 17.5 2.45 0. 057 0.000 0 0.000 1 0.000 0 0. 000 0
30 577 303 26.2 3.64 0.151 0.000 0 0. 000 2 0. 000 0 0. 000 0
40 652 345 34.9 4.84 0. 283 0.000 0 0. 000 2 0.0000 0.000 0
50 734 390 43.5 6. 04 0. 476 0. 000 0 0. 000 3 0.000 0 0. 000 0
60 821 438 52.1 7.24 0. 665 0.000 0 0.000 3 0.000 0 0. 000 0
70 916 491 60. 7 8.43 0. 879 0.000 0 0.000 3 0.000 0 0. 000 0
80 1034 557 69.2 9.61 1. 15 0.000 O 0.000 3 0.000 0 0.000 0
90 1181 639 77. 8 10. 8 1.47 0.000 0 0. 000 7 0.001 3 0. 000 O
FBP 1 344 729 85.7 11.8 1.90 0.000 0O 0.001 5 0.006 0 0.000 0
TOTAL ELUTED 86. 15 11.91 1.935 0.000 0 0.001 5 0.006 0 0. 000 0
F6 ENAENRBUBERERK 2
Table 6 The results 2 of multi-element simulated distillation of crude oil
Simulated Distillation, Percent Composition of Each Fraction
OFF/% ¥ C C/% H/% S/% N/% Ni/% V/% Fe/ %
© IBP 326 163 86.9 12.8 0.272  0.0000 0.0000 0.0004 0.0004
10 405 207 87.5 12.3 0.227 0.000 0 0.000 0 0.000 0 0. 000 O
20 498 259 87.2 12.3 0. 441 0.000 0 0.000 0 0.000 0 0. 000 0
30 577 303 86.9 12.1 1.02 0.000 0 0.000 ¢ 0.000 0 0.000 0
40 653 345 86.5 11.7 1.75 0.000 O 0.000 0 0.000 0 0.000 0
50 735 391 86.1 12.1 1. 86 0.0000 0.000 0 0.000 0 0.000 0
60 821 438 86.1 11.9 1.98 0.000 0 0.000 0 0.000 0 0. 000 0
70 917 492 85.8 11.9 2-35 0.000 0 0. 000 0 0.000 0 0. 000 0
80 1035 557 85. 4 11.7 2.90 0.000 0 0.000 0 0.000 0 0.0000
90 1182 639 84.9 11.4 3. 65 0.000 0 0.004 5 0.057 5 0.000 0
FBP 1 344 729 82.7 11. 6 5. 66 0.000 0 0.001 0 0.025 6 0.000 0
TOTAL ELUTED 86.16 11.90 1. 938 0.000 0 0.000 7 0.005 8 0.000 0

X7 STEENFEBBEREER3
Table 7 The results 3 of multi-element simulated

distillation of crude oil

0 10 ] 30
Time/min
WE L. GC B 4, AED HE BB 4, AED Xl SHR.
Hs FEHMANEZTEERREOE

Fig. 5 Chromatogram of multi-element simulated

distillation from crude oil

T R AR o LB B , W7 LASE T R X e th oy

OFF/% T C H/C Mole Ratio Unsaturation/ %
“10 40z zos 167 273
20 497 258 1. 67 313
30 S77 303 1.62 392
40 652 345 1.66 417
50 734 390 1.65 480
60 821 438 1. 66 539
70 916 491 1.65 652
80 1034 557 1. 64 829
90 1181 639 1.61 1173
100 1 344 729 1.62 1672
TOTAL ELUTED 1.65 674

SSHEMARER. X080E SR EEEH R
M—FEX H M B F, U REE KO AP EA
T2 Y R B S AE R RIR RS AR BT BEAT B
AR BRI BE R B A BRI
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The Application Research of Multi-element Simulated Distillation by Gas
Chromatography-Atomic Emission Detection in Geology

LIANG Bing'? WANG Yong-li' LI Chen?

1(Laboratory of Gas Geochemisty, Lanzhou Institute of Geology, CAS, Lanzhou 730000)
2(Lanzhou Institute of Chemical Physics, CAS, Lanzhou 730000)

Abstract The study of multi-element simulated distillation for C, H, S, N, Ni, V and Fe in crude o1l by gas
chromatography-atomic emission detection was introduced. The distortion of various boiling point samples
for injector insert of different shapes was examined, the effects of non-linear response and correction of H
element on accurate detection of simulated distillation were also discussed. The correction curve of boiling
point of n-alkane ranged from »-C,, 10 n-Cq were established, the calibration factor of each element was
obtained. The result indicates that the measuring error of boiling point for n-alkane was than 1 (. the
simulated distillation data of standard samples were in good agreement with the standard values. The results
show that characters of multi-element simulated distillation of crude oil which have abundant information
were obvious, the characters have comparable data of benchmark, all kinds of petroleum can be elucidared n
detail, their source and kind can be confirmed too, therefore, the new means that can distinguish the
comparable mode between oil and oil, oil and source was obtained.

Key words multi-element simulated distillation, gas chromatography-atomic emission detection



