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ICP7000 %Y 43% 1 132 55 2 1R & 5t e is X (38
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1.2 SEUGREN

AT ST 53 B br HED) 5T (GBWO7875 ) |y i1
A IR S BERF R . A A R Y B — LT
TEA I H B AL, >R A HON & SR L — I X,
AT A, F0 A 530 V, O, Forbr IR f BT Y ik
AR 35% T o K RO RE S B AR, i
200 H 5485 H o
1.3 FERLRR

AT R — M i R L R TR ALY
AR - EhR - IR — = AR YRR A R I A T
& MESE RIS, A SCR IR - AR - $hiR
- IR — B AR AT R . RPN .
HEBRFRIEL 0. 1000g S AE F 3R DU IR & M HE s, S
A 0.30mL #RERER , FEIA 15. OmL 156 B i 47 1 &
R - EhR - IR AR (R 5 3 1) f)m
JIA 0. 20mL 5 & 1R, 76 B ik | T 180°C ¥ il
60min, 5 THL 2 260°C , 4k 22 15 /i = 5 B I 58 4
50 PRSI TR 2R T BRAGIRE 2 180°C,
B 10mL ¥ 5 B2 1 AF & 238 52 (10min Z247)
SRIGIA 10. 0mL ZE 187K, 46 225 i 10min, ¥ 41 J5
H 10% '™ & 728 % 100mL % & b, 7
ICP - OES E AL . 25 11 55 56 5 FF b b P[]
SR
1.4 briEiaag R A0 ACH]

WER R B — 2 R R4 Bk B BRI A Ak o T
YRS T 100mL 25 50, A 20mL 2853 i B 1)
2SR, P 10% SRR R e B %0 Y L
T Tl bR v VA T 2R 20 H AL L LA B Y v T AL
#x1,

1 bRUEEIE RSP 2 BRI U R
Table 1 Mass concentrations of vanadium, iron, aluminum and

phosphorus for standard solution series

ZH WMEL fRE2 BRE3 fRifE4 ARifES

ot (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
\ 0 0.50 1.00 2.00 5.00 10.00
Fe 0 2.50 5.00 10.00 25.00 50.00
Al 0 2.50 5.00 10.00 25.00 50.00
P 0 0.50 1.00 2.00 5.00 10.00

2 AR5
2.1 BERMA RSP

ARSI R TR A R AR DU R AR R R 21 T
T, S0 T BRR , BB S5 X B R A AT A A
5
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R — NI — W AR M AN B 2R AF T, 32 8
BRI, AR BR RN AR T 3300 XUy, P-4
{EL, 0BT BU R IR XA i 2% LR 52

HI35% 2 Al AN BT R I 2% J0 3% A 45 2R
At 1 5 B A0 RO A8 1 0, 0 45 A 3 T
o SYBRERINA LRy 0. 30mL KDL E I, I % 45
RAGARUEEL LT, AN PR AR BRI AR
0.30mL I, B S iR A 2 99% LI L, Rl 4173 5¢
RN 5 B R ) A 2k 1 O, R 9 A 4
R, TR HE A T AR B MRS 8], FEARR T AR . B
PABRER 1 i HE A2 0. 30mL, ¢ 3 Ses n] i,
FHTCRR AR PR , T e AR i 38 3 5 . AL ] fig
S AR IR R I, B i e DK S A B R L AT
AW BE AL ZEAE A 2R T IR IR SRR Al B i,
TR . HINAGLER G , o T 6 R AT 58 4
PP DR Al PO 1 B A AR — AR THBR T
V&R AN PN C AR (35 & I
A JERERRIRE A il P B A HIL R AR 52 e 5 58 42 7H
B IR A5 IR R i FT 0 i, A A R A R B S 2 R
R, TR AR RCR Bt

A2 WA RORIE &5 R

Table 2  Effect of sulfuric acid addition on measurement results

GBI F I E (L (% )

iz v,0 Fe, O Al O P,0
j]u/\% 25 2Y3 2Y3 2Y5
iy CHREEL CBRIEM GBREEED (Rt
0.62% ) 1.31% ) 7.00% ) 0.153% )
0 0.25 0.97 5.01 0.096
0.10 0.46 1.18 6.19 0.135
0.20 0.55 1.25 6.74 0.139
0.30 0.62 1.32 6.96 0.155
0.40 0.61 1.31 6.94 0.152
0.50 0.62 1.30 7.06 0.151

2.2 Srrikdenidit

ICP — OES £ 1] [a] i 1 4% 22 S5 e AR 35 4 4 A 700
SEER IR A R G I 2 ~ 3 ARk
PEATINAE , £55 75 1B A B otk B TR D0 S A e e,
2 15 T 9T 2 4 B 40 L 292, 4020m,
4 259.940nm, $5396. 152nm, ##§ 213. 618 nm,
2.3 Lfithge i kA

i BRBEE A AR S0 8 bR UE TR W R 51
PLII BT T 2R B BE R AL AR , TR LR PR bR, 22

Ml AR L, X2 EBOESEIE 11k, LA 3 s
MR 22T RS TR IR B (3s) o & Fr TR AnifE
MR LMARGS , FHOC R AL T 0. 9999, K IuHE K
R 17 ~51mg/kg (£ 3) o IH SR L —1L 4
AL B, E B & iV, 058 0. 500% ~
3.097% ,Fe,0,45.82% ~12.72% ,Al,0,}6.79%
~9.10% ,P,05 0. 18% ~3.81% "', WAy ks
HH BRI A BT A R A LR R B R T
R 2K .

3 Lk

Table 3 Working curves and detection limits of the method

GrpT R T X kR
JTE  (pg/ml) AR (mg/kg)
V. 0.5~10 y=5109.178x-0.879  0.9999 17
Fe  2.5~50 y=875.967x+50.641 0.9999 35
Al 2.5~50  y=136.287x+2.706  0.9999 51
P 0.5~10 y=143.706x+0.978  0.9999 44

2.4 JHILHERERNGEIL

K AT 1850 o0 b ) Jot ( GBWOT7875 )
PEAT SR, PRI LL A d 45 IR 1.3 455 IR AL BEAE
af, PERRAESGE 25 0F R REATINRE , 71300 45 R 19
PAE AR X B 22 AAH X A5 fE i 22 (RSD, n = 11) ¢
MESER (3 4) W], P BRI 2 P9 S R o
ZFAE—AEANHE FETE TR Y, 0 B R I S 3 {EL S
WEAE 2 2218 2 7% AN Bl B 9 [ A, X 32 22 O
-4.6% ~2.7% , X brifEfw 2% (RSD, n = 11) 7£
1.7% ~5.1% Z[al o A3 b ™ 7= 5 36 = i 1 ot
B (DZ/T 0130—2006) , 75 ¥4 HER -S54
LT A L R A R L BR R B SF DT
ORI ER

4 JFIEUERE ARG

Table 4  Accuracy and precision tests of the method

GBW07875 FRUEM WM xR RSD
Sy H (%) (%) (%) (%)
V, 05 0.62+0.03  0.60 -3.2 2.0
Fe, 0, 1.31+0.07  1.30 -0.8 1.9
AL O, 7.00£0.16  7.19 2.7 5.1
P, 0s 0.153 £0.005 0.146 -4.6 1.7

2.5 Jjibxtiescss
TEA S I 3 FEAILBE IR 10 A4S H ol 48 o i 1 —
LV BRLAT AR X0 B 1 R i, SR AR SCHE ST 69 75 350
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TEPL R A BRI E A5 R A 5 YA I E
SRR Ho A T IR i BUR
PUBOIEIE 1, PR AR R S 1, FRoR RS R
SOLREWL, Wik W AR B BETE AT I E . ik S

S TN

SERPTR ARSI 3k 5 A7 i e 45 R S A —
B, M SRS AR SO L A SO ik B A
2 JUER [l I E PR PIEHA , R A3 ROk 4 P 3 s , T 5

Table 5 Comparison of analytical methods
f=i! V, O 5 B (% ) Fe, O3 E(H (% ) Al O3 I 5E (% ) PO MEME (%)
G5 | ASOHE BRRPIROCEE | SO EBREREIEELL | ASONE R SOREE | RSOk BEHIIDREE
1 0.332 0.327 7.12 7.17 8.57 8.72 1.39 1.43
2 0.686 0.689 13.2 13.1 3.51 3.39 0.606 0.604
3 0.274 0.279 8.73 8.84 13.0 12.8 1.51 1.46
4 1.36 1.35 6.49 6.40 6.31 6.34 0.763 0.767
5 1.59 1.60 7.19 7.28 5.46 5.60 0.782 0.782
6 0.623 0.628 5.45 5.54 9.19 9.06 0.419 0.415
7 0.450 0.454 8.25 8.32 7.78 7.91 0.290 0.295
8 0.853 0.839 9.64 9.55 8.60 8.83 0.353 0.350
9 0.721 0.728 5.79 5.71 10.9 10.7 0.878 0.882
10 0.875 0.866 7.96 7.94 8.61 8.50 0.546 0.551
3 é:llil:i«/l': and prospecting area selection of sedimentary vanadium

AR ST IEAS BT =5 I B B e , >R /D o
BRER N EURIR — SRR — IR — = MR IR IR RN
R i, L ARAR N A, R BRI 4R A DR TR B AU
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S A IR I3 S AT v A R S A
FERRRE SR 0. 1g, YRERER A 4 0. 3mL i, 75
BT R RIRE] 99% LA b o %7 B AVEAR ST R 18,
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it , R A LR T I BT R B Bt T 8l S+ o

AR B S GE N AR RO EA L, BA
2202 R I 5 P A A 000 Sk B e 5 5 e v A
P, AL 20, D 3 0 s 5 AR - R
— fMR — R AR DU TR YA 0 AH EL , oA T BRI i 4 A
st 14 1 TR e B ot A I v R e A 25 R B A
X o H AR 1 R R VS AL AR TR A R
(S TR 2 B 0 i P A RE , T LA 8 [R] B 22 A
SR P B RE A R T I A, AR B R A
JB B AR B A v
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Determination of Vanadium, Iron, Aluminum and Phosphorus in Stone
Coal Vanadium Ore by ICP - OES with Open Acid Dissolution

DOU Xiangli, ZHANG Wangqiang , HEI Wenlong, YIN Taogang
(Lanzhou Testing and Quality Supervision Center for Geological and Mineral Products, Ministry of Land and
Resources, Lanzhou 730050, China)

HIGHLIGHTS

(1) A method for the determination of main components in stone coal vanadium ore by inductively coupled plasma
atomic emission spectrometry was provided without burning carbon and dissolving samples in five acid mixed
systems.

(2) When the sample weight was 0. Ig and the amount of concentrated sulfuric acid was 0. 30mL, the digestion
rate of the sample was more than 99% .

(3) The results of this method are basically consistent with those of traditional methods such as spectrophotometry

and titration, with higher sensitivity and precision.

ABSTRACT

BACKGROUND: The exploration, research and utilization of stone coal vanadium ore resources need accurate
composition determination, while there is no standard method for the determination of its main components such as
vanadium, iron, aluminum and phosphorus. At the same time, every analysis method currently used has its own
shortcomings. When the sample of stone coal vanadium ore is treated by alkali fusion and determined by
ICP — OES, the high concentration of soluble salt will lead to high background and interference with the
determination. The acid dissolution method can avoid the above problems, but when the conventional four acid
system composed of HF + HCI + HNO; + HCIO, is used to digest the sample, the components to be tested in the
sample cannot be completely released, so the sample needs to be burned at high temperature to remove carbon,
making the process is cumbersome.

OBJECTIVES: In order to establish a method for the determination of the main components in stone coal
vanadium ore samples by ICP — OES using five acid systems to digest samples.

METHODS; A mixed acid system of H,SO, + HF + HCI + HNO, + HCIO, with electric hot plate heating and
hydrochloric acid extraction were used to digest the samples. The contents of vanadium, iron, aluminum and
phosphorus in stone coal vanadium were determined by ICP — OES.

RESULTS: Using the strong oxidizing property of sulfuric acid to oxidize a large amount of carbon in the sample
into carbon dioxide, eliminated the process of burning carbon removal, eliminated the adsorption and wrapping of
carbon — containing substances on the sample, and significantly enhanced the digestion effect. When the sample
weight was 0. 1g and the concentration of sulfuric acid was 0.30mL, the digestion rate of the sample reached more
than 99% . The detection limit was 17 — 51mg/kg, relative standard deviation (n =11) was between 1. 7% -
5.1% , and relative error was —4.6% -2.7%.

CONCLUSIONS ; The method has the advantages of low background, high efficiency and accuracy, and can meet

the detection requirements of stone coal and vanadium ore samples.

KEY WORDS:: acid dissolution; sulfuric acid; inductively coupled plasma — optical emission spectrometry; stone

coal vanadium; vanadium; iron; aluminium; phosphorus
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