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Abstract: Tahe crude oil is catalogued into heavy crude oil with high density and viscosity, which contains much Ni
and V. The present work studied the existence of Ni and V in Tahe crude oil by SARA, separation of asphaltene, extrac-
tion and column chromatography. Experimental results indicate that, in Tahe crude oil, 94.28% of nickel and 92.14% of
vanadium are concentrated in the asphaltene and resins, but 11.35% of nickel and 27.65% of vanadium exist as metal-
loporphyrins, the rest exist as non-porphyrins. Meanwhile, most of vanadyl porphyrin are of the etioporphyrin (ETIO)
type, with remaining fractions attributed to deoxophylloerythroetioporphyrin (DPEP) and benzo types. In addition, in
the asphaltene, 40.91% of nickel and 43.85% of vanadium are concentrated in Al that contains molecules having con-
densed aromatic and naphthenic rings. It is proposed that A1 and A2 molecules form the asphaltene colloids in crude oil,
where Al is the colloidal core. Resins and aromatics as well as saturates entrapped asphaltenes in turn and formed
gel-sol crude oil, which makes Ni and V difficult to remove in asphaltenes.

K eywords: Nickel; Vanadium; Tahe Crude Oil; SARA; Asphaltenes

BRAPAEIE R h P FERTSH T

I—YL & A7, 8 B2 EHFES TRE?

VBT RACEE RS, SRAESE, g R
MERBE T RF R T R N TR E S LR b, L
P E A ISR A F], B
Email: "longli2007@yahoo.com.cn

Wk A 20124F 12 A 8 H: BEIAM: 20124 12 H 28 H: FHAM: 201341 H7H

OB SRR R R R, R, RREEE, HER NI MV MEEZ . ACRHUA S HTE.
DI B 8590, VA TR RE L DA SR i oy BV S5 7L 7 38 IRy b Ni RV A FERAS . SEaR s R, 35
JE M 94.28%(wt.) 1) Ni Al 92.14%(wt.)[1) V #EEH T AR B, i85 S5 A A 11.35%(wt.) 1) Ni Al
27.65%(wt.) i V & LL& SRR TS AEAE I, FER NG DL 2 S5 AN S AAE R, i 4h - T ook

TR T S IR g R v OIRIER E ZE DL ETIO-VO f#4E, HiX/& DPEP-VO 1 Rhodo-VO. 54k, B M
U 40.91%(wt.) ) Ni F1 43.85%(wt.) [ V T 75 &M KA A1 A5, A Ni AV EFT A2 Hod,
IEHEWT A2 Lo B3 Al TR RIS BUBSIRYD, TR 95 & SR ARG A I B 75 TR IR R 1 i -
FR T AS BB S, AR T U5 5 TURAZ ) Ni A1V e LA IR o

XA B Pl B, WAL E R

TEWIEE

Copyright © 2013 Hanspub 57



AL B A AR A 2

Tk

1. 5]

Fmh S a2 &R, UL Gl
AN B A S 2 R e . W TR,
JR T Ni AV 55 S J8 2 0] S B n = A P
Msem, oI R, S0 A
o, BRRAEA R RE . B i g A
MIE M, Ni f1V SRR S, TR K.
i, SRR NI RV ARFERZS 0 7050 i o Ni
NV IBLBR A & AR, 6 B i 25 A TR
WA HEEE L

Treibs®'F 1934 4RI T I3 o (1 42 g nh bk &
. A ISR K R, 75 1986 4, Baker il Louda
S EH T AR & B A . T AR T
FUBE A - v W3 (Uv-vis) 5 i (MS) AT ZE A X
FeW SRS 41 T (EXAFS) %6 T BURAE 1R A Ni Al
V AR, Hrb, BRI LA - TR
WAL B R AT R T B A5 ) 2% P s S v AR AR AL b
AT T %552, WA B ETIO AL RIS B i &
HURZ DPEP ! V IRk, FEXT RS ALIK VIR ik
Byu AT T HERRINE . 1RSSO XAFS MR 7L
TR R AR SR E B, 0 HERRBRERAE S
W EAAEE S AT T3k

E 1937 4, Crobett £ H 1 W BB i AH € 18592,
BUAERE T80 B ) 40 85, 403G 7 B2 A A
B HER. REANT., BFXFE, FERA s
A LUK AR SO ) o AR . R R
MPET, B SARA WU, He, WiE & —
T ERNE S TREY, BRI ST ERA.
AR A0 5 7 1 0 1 4L 23 ) SCRIR[91F 72 22 W N Al v
Z LUK MR AL A DT S AFAE 5 Bl (1 R
B E R RS E . Acevedo 25 PNP 144 J5 i
HRYET R NPy, B AL AT A2, 3B IRR
T AL A2 HAr A BOE S, LA N TV EER A 5
W 3 A

AL CAES ] JE N SO %, B DU 2 43 o by
W AR B TR DA A iy B AR TV,
HRTIT Ni AV 7RSS S 3 2526 29 v 4 40 A7 A 4 A
RHEF BRI, AMBREREm TR Ni /v
O BRI B AR A o

58

2. SCEOER S
2.1, JFEH. R ES

S BT FH JER JHh S 2 T S

HE S AER(100~200 H, 500°C FHE 6 h), fikiE
+(150°C MHE 3 h); IEBEKE. R, oK ORE. &5
STREmY . &Rk, HEE BTl

K FH 25 E Thermo Elemental 24w IRIS 1000 %44
BT RS RE A s B TR R N RT VO A R
K 2£ [ Varian A ] Cary500 T 40 - o] W46 6%
TIN5 B4R JE NG AV ISR R AR £

2.2. ZEHAMKE R

FREGHFE: 2.00 g~3.00 g, FH 20 ml 50477 56 &V i,
BN 5.00 g~6.00 g FEFEEL, BEFEHE], & ERENE
Koe)a, R ABT TR HIEAtE T+
R AR, REE TR RS, M 160 ml ¥ 57
W, BIEWARRTE, FERAEE, B
T, GBI AE) .

2.3, SERLE Niv VAN

FERAS 1 x 40 em HIEHTAEH A INAER(150°C+
13 h), mSE, IS ARRRAE A [F R <5 e ik
ARPAEAT PP PRV TSR AU AR A
B 1 PoR. BIERIN 6 MASIERIAE, B’
ol O
2.4, ERANAE R E T E

¥ 6 SRRk —E BB R P RA R, JELL
Table 1. Solvent system of column chromatography separation for

concentrate of porphyrin

® 1 EEESBEEEINCREMIRRIGR

No. Solvent V/ml
1 V(c):V(m) =9:1 100
2 V(c):V(m)="7:3 100
3 V(c):V(m) = 1:1 100
4 V(c):V(m) = 1:4 100
5 Dichloromethane 100
6 Chloroform 100

C: Cyclohexane; m: Dichloromethane.
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Figure 1. Schematics of separation of SARA
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Figure 2. Scheme for asphaltene separation in fraction A1 and A2*2
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Table 2. Results of por phyrins from tahe crude oil extracted by acetonitrile
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Figure 3. UV spectroscopy of Ni and V porphyrins
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Figure 4. Mass spectra of vanadium por phyrins
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Table 3. Determination of Ni and V in SARA fractionsand A1 and A2 fractions
F3.Ni fV EFRASPHIH

Ni
Component
Ni content/(ug-g ") Ni distribution/% V content/(ug-g ") V distribution/%
Crude oil 31.98 100 240.00 100
Saturates 0 0 0 0
Aromatics 16.72 5.73 114.94 7.86
Resins 88.82 15.51 471.49 16.43
Asphaltenes 303.88 78.77 1463.14 75.71
Al 375.30 40.91 1937.05 43.85
A2 257.86 55.69 1163.52 52.19
Table 4. Organic elemental analysisof C, H, and N in SARA fractionsand A1l and A2 fractions
R4 FORESHC, H, NTRIH
Component C/% H/% N/% H/C N/C
Crude oil 85.87 11.01 0.30 1.54 0.006
Saturates 86.76 12.84 0.00 1.78 0.000
Aromatics 86.12 9.50 1.18 1.32 0.023
Resins 79.31 8.87 0.93 1.34 0.020
Asphaltenes 85.77 7.47 0.84 1.05 0.017
Al 85.18 6.84 0.93 0.96 0.019
A2 84.26 7.06 1.23 1.01 0.025
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