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Highly sensitive determination of antimony and selenium in crude oils

by oxygen-bomb combustion/ICP-MS

. . *
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It is important to determine trace amounts of antimony and selenium in crude oil,

since they are known to be catalyst poisons in the refinery processes.

The decomposition

of crude oil by an oxygen-bomb combustion method was studied in order to determine
antimony and selenium by ICP-MS. By a decomposition procedure, organic antimo-
nious and selenious compounds were completely converted into the corresponding inorga-
nic species, which were absorbed by a 0.01 M nitric acid and 1% hydrogen peroxide solu-
tion. The detection limit of the proposed method was 1 ngg™ ' for both elements. This
method was applied to the determination of trace amounts of antimony and selenium in

various crude oils.
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BRICE>THERUTCBET 2 HEPFERINTEY

TyFEY, 2LYOLS sBMESBOTEEICIEEN
TEZV. 227, RMOBIAEICEER AR ¥ XBRBESE
FEAEHEV, Ihé ICP-MS #2#laabuerEREER
FBIZOWTHREF L., I UK AERICEORENZ 5
BEDORMFDT v FEV L VOEERERD .
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2.1 ® X

TV FE VEERK 11000 pg SN em ™3} &+ L
v EEHEJRAR 11000 ug Se (IV) em ™} & R T W i A ot
JRMR (FeMisREd) %R U 1.

PY 7 2= V7 v FE VAR (100ngSbg™") 13 b
D72z V7 vFEY (Aldrich ) 27+ e Fa 7
T UITE» UTHBLU .

V7 =)t VIR (100 ng Se g_l) 3y 7=
LV (Aldrich ) 27 v Fu 73 Y IZAM LT
FABL 1.

TS - B R AL K RO - BRASEE 0.71 cm® 1T 30% 18
R bk 7K 33.3 cm® ZIN% TKT 1000 cm® & L 72,

Z O DRI T X TH RS EZ Y, Xokigf +
VHOKEEB UL L OEEHL .

22 #& it

B A v NRBEREE . SERBEME cA4 BB E-K
PR v "BEREE DK Y NS A2V
ICP-MS #&: FE 75TV 74 ANY AT L XH
PMS-200 Bl & FL 7.

2.3 BHEOS8HETRIRE

AR 300cm® O Y NPIZHEINKE LT 0.0l M B
B-1% BELKEAK 10cm® 2EAT 5. GEMURB
MiCJfih 1.0g 2BV - 721%, 52318 E TRakH
Zo Vg ERBICEMIE A, R URDIEBADHT
BF% 304 MPa 5559510 -<KVEFEAT S, K
IZHEIAR Y REBREFHIAR Y REEy PL, AAKLTR
BERESRT 5. BRBho7 vy FE2y 2Ly Dbs
I RTEBLEDE 2 ORI ICHEEI NS, k<
PLIZALRE, FYRHROATAEZW-< Dk, AR
METF7arE—h—ilBY. MEL CBEELAEEZE
WHL, BE%.2 LGe® BEFTBIETS. Ch# 25
cm® ARAT 2B, KTCERT S, ZOBEKEDOD
TrvFEVEXL Y% ICP-MS ¥E % WL T Table 1
KRS TERT 5.

KAGAKU

Table 1
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Instrument operating conditions

ICP mass spectrometer

Yokogawa Analytical Systems

Model PMS-200

RF power 1.2 kW
Ar flow rate
Coolant gas 14 dm® min ™!

1.0 dm® min~!
0.8 dm® min ™!

0.5 cm® min ™" (pumped)

Auxiliary gas
Carrier gas
Solution uptake rate

Dwell time 100 ms
Integration time 10s
Mass number
Sb 121
Se 82
3 MREEE

31 RINEDETE
BIRESBREICB O TR OBENERICEETH
5, WK AR LIZflE LT vEoEE IR, EHF
SYVIEEEY 7R Y A-TEEBOKIAR %, XEE 538
B-3 v RKBKEZAOTHY, tLVDERBICBVT
B 503KkERVTVS. EBERES ICP-MS TS
Ba, BKRIEZTES R I HEBRRCEENEIE LN
HZLONPEFE LN, T YFE Y OREUNERIZ DN T I35
BMEBLEHELTN) 722 VT v FEVERAN, £
DT M Fu 7 vBEHRERBE L TRE L. o
BBRO—EE% 23 OREIK->THMEL, TVFE
v ERRPEARICHEL 2%, Z0BRE2AIE L THINE
zEHUK. Z0R% Table 2 12773, 001 M &
B, 001 M HEERT 1% BELAKEZEIH» 720 FNEIR
RERUIZA, 001 M WHEEE-1% BE KR RIUE % F
WIS TEVENESB LIS NS - 12,
L YIZDOVTRY 7z vk Ly ZRVWTREESZR
W DRRET # 1T > 1. Z D#ER% Table 3 ITRY. &
DFETHT v FEV EFKKIC 0.0l M HEE-1% A
EARZBRPR TEOENERU 72, DL EORIL 0.01
M THRE-1% BREILKZRPEZHOWE, Ty FEY
ERVYORBERMVAETH S LERLTWVS, K
INBEBIZOWVT Y 5~40cm® @ THRET L1225, 0T
NHENRICEEZESZ L >120T, L% 10em® &
Ut

3.2 MBRGOMEN

MR Y NRESRE T ORBE L REREII OV TR
U, £9, AYREHATIBEENOEEIZOWV
T 2.03~3.35MPa £ COBBETZOENEZELEET
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Table 2 Recoveries of antimony with some absor-
bents in the oxygen bomb

Sb/ng

Recov-

Absorbent Add’__ed“) Found® Cryb)’ %

Pure water 125 8612 69+t2
0.01 M HCI 125 102£3 8412
0.01 M HNO3 125 10614 83+t3
0.01 M H,S0, 125 953 7612
0.01 M NaOH 125 65%2 52+2
1% H,0, 125 111E£5 89+4
0.01 M HCI-1%H,0, 125 116 %4 9313
0.01 M HNO3-1%H,0, 125 123+5 98+4

a) Added as (CgHs)3Sb, b) Mean * average de-
viation(n=2)

Table 3 Recoveries of selenium with some absor-
bents in the oxygen bomb

Se/ng
Absorbent elieg)o Y:/_
Added” Found” Yy
0.01 M HCI-1 % Hy0, 125 112+4 90+t3
0.01 M HNO3-1%H,0, 125 123%5 98 +4

a) Added as (CgHs)2Sez, b) Mean * average de-
viation(n=2)

Table 4 Oxygen bomb combustion conditions

Automatic bomb calorimeter Shimazdu CA-4

Sample taken 10g
Oy pressure 3.04 MPa
Combusition time 20 min
Absorbent 10 cm®

(0.01 M HNO3-1% H,0,)

ERERZFH 7. 2.74 MPa DL ETI3E 100% D EEEK
sEINIcDT, BATHIHEHAL L L TIE 3.04 MPa
LU, REHRIEIC OV TIX 05~2.0g ¥ TOHEAT
B £TV, OB TIXEIE 100% ORINENSEH
N5 ENTmotz. —F, BEHRIEY 2.0g FEEIC
THERBES AL E>THENSERL, RV ROMEIK
MEPELDHDT, 1.0g & Uk, BENUIREEREZ
Table 4 IZFE EBHTRTY.

33 HREXTEOEE
BWRICENF I oA, v, 7)Y LARUE

Abundance, %
Se 74

0.87
76 9.02
77 7.58
78 23.52
80 49.82
82 9.19

[ L S _A/\/,\ = Qﬂﬂ PR IAAiC..\.Q.Z}AA . ‘?'/I\QL VAT
85

2000,

Intensity

) AL |

65 70 75 80

90 95

Mass number (m/z)

Fig. 1 Mass spectrum of a crude oil (Kafuji) de-
comporition solution

P ppm LT, BHREEHEN 0.1% LANT, B
WEN%LANIVTHERT D, N6 OHTFILROREIC
DWTRRE LK. NF YDA, FRYY LARTEIZ
1000 fE5 CHEASx -1, R, BERORE
IZOVWTHIDULRVORETIZIFEAEFENEDH
Nahot, =y VIEERER Y NPTRET S, A
KIZFAWS =y 7 ViR 2mg) O—EPBBRT 5129
2Ry 7 ABIZL B A A VEBREANORENBRSIN
DT, 2'Sh, 38e DA & VEREIIREFIT = v S LD
BEEERITLE. LA L, '2Sh, 8%Se £t lmgcm_3 *x
TDZ T VEEBREX N ENSh o1z, X, ¥
DAHRAR Y RPTCRETEEE, TrFEVR LV E
PEEST Z L ENEZHNBD, 74 FILEEOFRBAI
X 100ppb LRV TULHFELTHELT, 20X ER
FHohB ol

3.4 RAEEMBORTE

T VFE VIOV TRRRICIEFELIME m/z 121 (FFE
H 57.95%) & 123 (42.75%) O 2 BESTFEETS. -
DOEEHHICBVWTEIHEST LR T VIV 5D
FAXVILEBEEBRIIEAE RV EPALONATY
B0, 2T, TYFEVIIOWCHRMEKEELDS
Wom/z 121 2RIEEBREED 2. L v IdEAMEK
m/z 74, 76, 71, 78, 80, 82 ® 6 WHEMTFHAL, T
i m/z 80 B bE. Fig. 1| IERBOEEANY
MULAERLIEEDTHBH, m/z80 & PAr-*Ar 557
A% OFBEBRIZITERBRENP LR TS5 09
ot X, m/z 78 HREKKIZ BAr-*Ar T4 £ v D
HEEDLLRZT. FITCTVNITVNTAFVOEER
T RNVTERNREL m/282 #RNA I EICUT.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

668 BUNSEKI KAGAKU Vol. 46 (1997)

Table 6 Determination of antimony and selenium in crude oils’

1

Sample Origin (country) Sb/ng g~ Se/ng g™
Taikei China 36t3 45+4
Kafuji Divided zone 10t1 7x1
Marbann United Arab Emirates 8x1 12+2
Arabian Light Saudi Arabia 5%1 10£1
Iranian Heavy Iran 18+2 24%2

" meant average deviation (n=>5)

Table 5 Results of recovery test®

Element  Added”/ng Found”/ng Recovery, %
0 10%1 —
Sb 50 58+3 96
100 1034 93
0 7£1 —
Se 50 56+3 98
100 1114 104

a} Sample taken: Kafuji crude oil, ca. 1.0g, b) Add-
ed as (Ce¢Hs)sSb or (CeHs)oSez, ¢} Mean Tt average
deviation (n=2)

4 FEFRBOIH

4.1 [EYRE

HT7IVRMICT v FEY E LY OB & RINE,
2:3 OMRRAEICHE > CRINEDRE 2T >72. £ DR
B % Table 5 KARY. TvFEVELL VI IFTHE
TEHENEMSBL N FHEE 1g ZHVHED
KEOEBTRIEZT Y FEY, £ vHIT Ingg™!
(§/N=3) TH-1:.

4.2 EHHOR
EoRLZAZRENFEE 5 BHEPOT Vv FEVE
tLVOEBEAERDIFER%. Table 6 12783, LI E
OHRIXEVRHPOBYEBDOT v FEV L VD
EBNTRETHDH I EAERLTVS.
BOOILZOWFRICH L VFEREEESZTWIZEZN
IMIN=PNE 2R 2 S Ncb e C AN < U

1994 % 10 H, BEADLESR
B 43 ERIIBWT—RE
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FMAPICEENLT v FEV L L Y IAIEROKRNRRLEOMESE 2o, ThH0EH
BOWBREETHH. BMEN Y NRESRESL ICP-MS B2HAEbE 126 OEREEREIC
SVTHE U, BR2BER Y NN TRESREL, BREOT v FEV LR L VAR TRTERET ~
FEVERLLVIEERT S, NS 2 RIPUKICHEL 2%, BINEROT v FEY &L Vid ICP-MS
TERTAH. ERBPEZ2AVTKOLERTRE, 7vFEVELLYHIT Ingg ' THoTo. KEEE

RERS 5 BEORMOSHICHEA U 2.
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