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Abstract: A method for determination of V, Cr, Fe, Ni, Cu, Zn, Mo Co, Pb, etc in different crude oils was
established by inductively coupled plasma-mass spectrometry assisted with organic solvent microwave digestion. The oil
sample was digested by microwave using HNO,-H, O, as oxidant after dispersing in organic solvent ( CH,Cl,). The
results showed that the detection limits of the method reached ng/L level for sixteen elements. The linear correlation of
the method was preferable with the correlation coefficient of better than 0.9995. The recoveries of the method were in
the range of 92% ~ 110% with the precision of less than 5. 0% RSD (n =3). The ratios of w(Ni)/w (V) and
w(Fe)/w(V) were distinct in different crude oil samples from oversea and domestic, and the index can be used to the
cluster analysis for differencing the crude oil samples.
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Agilent 23 7)) « F IR ICP - MS K345 45 , i
10 R A BT | g3 PR AR Bk 2 I
FER . UEE RF IR 1350 W, RFEEE 6. 80 mm, %
FEHE(N) fL42 1. 00 mm, FIBHE (Ni) fL42 0. 80 mm,
B TR 16. 0 L/min, Fi B 73 1. 00 L/min,
FHARHE 1. 12 L/min, £ TFHE#E 2 1. 00 mL/min, ¢
AT A, B T R BOR B SB35 B ]
30 ms, BdE R AL A UK 3 U, BUTINTR] 0. 1 s,

MARS % I TE A (36 [ CEM 42 +]) o

L104 7Y i, 7K (Fii+ Mettler — Toledo A H] ) o

Mili - Q H2l/K R 5E (HIFHA 18.2 MQ - em, [
Millipore 23] ) o
1.2 L5

ZICHRIR G HER W: 10 mg/L (3£ [H Agilent
NI
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Table 1  The procedure of microwave digestion

. HEP FHRETE  REE (R
o BKME/W G/ % Gr/min 0/C bgg/min
1 1600 100 3 100 3
2 1600 100 7 150 3
3 1600 100 5 170 3
4 1600 100 5 190 10

2 g
2.1 (iR R
L GE AR B A it A BT 125 32 B R Tk ARk
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Table 2 The linear equation and detection limit

TE SRR Ly/(peeL7Y|| % SR Ly/(pe-L7)
Vo y=0.7543x+0.0425  0.0093 As  y=0.1522x-0.0434  0.1550

Cr y=0.0847x+0.0183  0.0129 Mo y=0.0981x-0.0434  0.0031

Mn  y=0.9737x+0.1839  0.0156 Ag  y=0.280x-0.09176  0.0018

Fe  y=844.2x+76.07 0.2329 Sn y=0.6034x-0.7820  0.0069

Co  y=1.170x+0.7648 0.0265 Sb y=0.1527x+0.8179  0.1128

Ni y=0.2809x+0.0344  0.0043 Ba  y=0.0519x+0.0005  0.0138

Cu y=0.8095x+0.2344  0.0085 T y=0.5261x-0.1953  0.0025

In  y=0.2133xr+0.4028  0.0814 Pb  y=0.7511x-0.1454  0.0012

2.3 JilERS SRR

KA 10 mg/L 5 50 mg/L 220 ARHEMFE i, i
i 1.3 YRR AR Tk AT AR B, 5 AR S B v RO
FIZ&AETIE (n=3) ot 3 45 2R ] 0L, J5 i5 M 2
B, AMXTERZE (RE) <10% K545 BERCAE , AR A 1 fid
22(RSD) <5.0% .,
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Table 3 The analytical results of elements in standard oil sample

- wy/(pg+ g™ ")
JigE — RE/%  RSD/%
FRifE(E WP 51(E
. 10.00 10.21 2.10 2.53
50.00 50.93 1.86 3.86
) 10.00 10.92 9.20 4.06
g 50.00 50.95 1.90 3.72
" 10.00 10.71 7.10 3.75
! 50.00 50.38 0.76 2.98
. 10.00 10.67 6.70 4.21
! 50.00 50.99 1.98 4.09
) 10.00 10.87 8.70 2.89
" 50.00 49.30 1.40 3.02
, 10.00 9.90 1.00 1.76
" 50.00 49.87 0.26 1.97
y 10.00 10.68 6.80 2.50
0 50.00 50.32 0.64 2.3
\ 10.00 10.56 5.60 2.26
d 50.00 50.21 0.42 1.89
S 10,00 10.71 7.10 3.01
" 50.00 50. 14 0.28 2.04
, 10.00 10.25 2.50 2.14
4 50.00 49.73 0.54 1.96
o 10.00 10.95 9.50 4.58
50.00 50.21 0.42 3.13
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%14 ZE R AR A VLI A B TH AR — AR A SR IR ORI E 2R R e S R TR %30 %
I3 RE L AR 2R ,K%%ﬁfé,ﬁ;ﬁiﬁiﬁ{’ﬁﬁﬁﬁ&% RRBE &S [EAMEIFRS R IE
s HUES TR EA SN0 % ERed , e 54 )8 Ni., Table 5 The analytical results of elements in oversea crude oils
V } Fe %ﬁ%’fﬁ’a\ﬁﬁ%ﬁ%m%iﬁ%mi&ﬁﬁ?ﬁ - wy/(pg - kg™")
. . JUAR N
MW SEEHE LT AE I NilV & Fe JTTER DR WIS RIS RHEAE MRS FE RIS DIENO
WA BB N/ (V) f5 L ST T S
= o r . . . . . .
w(Fe)/w(V) W AR IC & T E A0 B, & A0 5 Mn 266.5  18.4 187 69.8  1669.0  783.1
w(Ni)/w(V) R w(Fe)/w (V) HAHBAR B 2 S8 K Fe 202200 1064.0 7373.0  13080.0 276900.0 3382.0
- Co 406.9 2.1 160.9  1413.0  16430.0  1146.0
(W2 6) . Ni 9093.0 1219.0  12990.0 25890.0 150800.0 26180.0
Cu 7221 2549  307.8  1148.0 6287.0  1565.0
r s NN . Zn 20330 60.2 183.2  110.7  9006.0  107.3
N AR v v M- 1 4 I:—‘:—
# 4 ity Keriitgy Lah AL ME As 29.5 4.6 4.3 132.5  297.1 123.0
Table 4 The analytical results of elements in crude oils from oil Mo 469.2  107.0 634.2 870.9  1301.0  891.5
fields in Bohai and Nanhai Ag 4.6 23.2 6.8 466.2 51.3 186. 1
— Sn 3.2 153.6  166.3  869.8  5080.0  847.6
- wy/(pg kg™ Sh 2645.0  453.8  S47.4 20020  3486.0  8316.0
B L —4A N 11 -4B M 12-4A JERM 12 4B 14N ik Ba 21.776.2 .7 4881 98 3587
v o s s o T m 6l.1  27.9 27.5 4373 687.5 5072
: : : : : : Pb 686.4  81.4 30.7  1213.0  836.1  385.8
G 206.7 818.2 675.4 624.5  4798.0  600.7 =
L wy/(pg - kg™)
Mo 336.6 296.5 654.8 228.2 081 275 E - —— - -
GRL(L) ZHRL(2) ki NV V45T ir
Fe  25240.0  21720.0 231594.7 277715.2  62630.0 24850.0 SA(1) SHC) LAY DR B RREK
. 1890 12 05,1 27 w86 047 V. 4313.0 4045.0  6042.0  61530.0 2190.6 195600.0
o : : : : : : Cr 218.2 425.6 310.4 709.2  377.1  943.4
Ni 1304.0 1654.0 7134.0 6820.0 18550.0 27030.0 Mn 9.6 4.1 362.3 19.0 3.0 104.7
Cu 364.0 655.2 342.9 444.7 1625.0  9571.0 Fe  10590.0 10300.0  8521.0  20960.0 7340.0 8737.0
In 250.1 226.0 781.7 218.8 5.7 5215.0 Co 565.7 247.7 833.1 5.7 BS54l
N 0.3 i3 0.6 <5 54 o) Ni13900.0  9756.0  12460.0  18610.0 152.5  74340.0
as : : : : : : Ca 3273 129.8 3531.0  1352.0 181.4  195.7
Mo 99.6 75.1 10.2 9.3 150.0 5.7 Zn 267.4 2090.0 1896.0 241.1  238.5  184.1
Ag 34.5 10.6 15.7 1.2 70.7 17.0 As 66.3 43.4 69.9 7.4 5.0 7.7
Sn 136.3 103.2 16L.6 % o a1 Mo 45.4 15.3 547.0 938.4  28.0  540.2
sh 825.4 798.3 1031.0 699.4 1106.0  2007.0 Ag 6.0 S8 236.9 6.1 23 3.8
: : AN Nl : : Sn 245.3 300.6 839.6 596.6  175.4  240.3
Ba 985.6 507.3 1028.9 129.7 248.3 1335.0 Sh 2.1 405.3 2365.0 285. 1 730.6 311.7
m 2.5 18.6 35.4 15.7 40.8 51.3 Ba 50.4 29.6 280.9 3.4 63.5 97.4
Pb 136.3 103.2 161.6 59.2 138.0  695.4 T 27.0 54.2 292.1 6L.8  29.5 2.0
— Ph 51.2 93.8 365.4 8.1  79.3 79.8
. wy/ (png - kg™)
JTER - - -
B ER WM BB BB ) 5 e Eey (V) L
v 1253.0  962.4  598.6  594.2  791.7  964.2 e BRaliRn ! w (ND /2w (V) 55 w(Fe) /w0 (V) BEfit
Cr 388, 1 1497.0 269.9 1718.0  1142.0 612.0 Table 6 The ratios of w(Ni)/w(V) and w(Fe)/w(V)
Mn 788.8  271.3 195.6  140.7  477.4  748.4 of different crude oils
F 27300.0 22520.0 13640.0 27040.0 37320.0 21000.0 i
ce 1275.0 12570 856.3  288.2  708.3  306.2 A wlN)  w(fe) || EAH w(N) (e
0 : : : : : : B w(V) w(V) i w(V) w(V)
Ni 39750.0  20160.0 13830.0 5151.0 12990.0 16160.0 _ _
Cu 1238.0  682.5  299.8  995.7  919.0  198.5 1L -4N- 1464 49.43 W% 0.95 2.1
W 11 -4B 3.40 44.65 BT 2 0.90 0.79
Zn 1827.0  8767.0 10840.0 5847.0  18030.0 358.9 11 —4A 318 6Lss | mECLE) 821 1S
As 42.3 46.8 2.8 6.4 9.2 30.9 FM12-1A 1570 59.33 Rha 033  0.18
Mo 99. 1 110.9 51.3 23.3 102.8  74.5 WM I12-1B 1494 42.24 Fm 2.18 4.00
Ag 1395.0 85.0 5.0 1.6 3.5 5.8 RK 3218 29.59 || WIZRDJENO  8.10 1.05
Sn 249.6 4716 166.6 2483 479.9  383.4 o L7221 S 322 246
Sh 1881.0  2468.0  2120.0  2288.0  2962.0  846.8 B 2095 23.40 ‘“f‘fﬁ(z) 2.41 2.5
SR 23.10  22.79 || #REILAT 2.06 1.41
Ba 740.4  268.8  513.9 64. 1 507.1  554.0 sl 8.67 4550 || pasE 0.3 034
T 50.4 66.4 49.5 47.0 64.6 59.6 i 16.41 47.14 E)E 0.07 3.35
Pb 469.6 732.5 387.5 293.3 769.2  75.7 15 16.76  21.78 JEJRZ /R 0.38 0. 04
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The analytical results of cluster analysis of different crude oils
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