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Spectroscopy and Spectral Analysis
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WOt i . L b J5 i %k T B0 B0 AR SE O MR . HOR A
0B A DURURE P 22 0 R (R I A B, R L A 4
KR X BT PO e (XRE ST SR P 2t E G &
. (H XRF 6 J0RE BE A it o FAT . A B 5 45 8 TR
L8161 (ICP-OES) | 45 5 1~ 1 B 31 ¥ (ICP-MS) 45 32 i
Fe o 3 AR AR BEAS SO TS A T BT IR L ICP-
OES BA o th RARAR . EHAELF . A TRZFERE A,
TSI A PUSCRHAY AT BB A . PRI . PR, R B X
FEAETTR M PLEY AT E TR AT T 5T .l r 2 00 R LA i
ICP-OES 5 #EM 5§14 20 #7773

W5 H % AT PE Optima 7300V {0 B 8 A AMEFR LR %)
ICP-OES 33 52 $LIN 1063 T MAEAT T RGOS, #iE 7+
PWorH . TIWEL LTI, @57 T ICP-OES 3 % &2 7%
TSR LS A T R . SR TR D5 i 0 AT o0 M Y 5 L
BFIEAT T A DN B TIE

1 g ERsr
1.1 (Vg8
K2 H Perkin-Elmer 2Y @) Optima 7300V %! ICP-OES

XERE S HEAT RN (XA AR S RO 1.

% 1 PE Optima 7300V T1ES#

Table 1 Operating parameters of PE Optima 7300V
Ryl 28
ICP I & /W 1300
st RS (A /(L » min 1) 15
< (Ar) /(L » min 1) 0.5
FEAS IR (A /(L min™ ') 0.8
EHFFEE/(mL » min™ 1) 1.5
ML BE 2/ mm 15
W B 3 LTI
A e 11 R 7
SRS VR bl (|
EICRIS TR/ 3

L2 R FIFniR

FRUEE I AN BRI P O R BT ST B B

Millipore-Q & £ /K » FR5EIE T R & T 18. 2 MQ
cm,

TR . REALLE 2 0 1 ARIBURRRR BN AN I AR . RIEIS 2,
it 77 % o
1.3 Ak
1.3.1 #H:m:aTa®y ik

FRAEAE i TE ) - o b v 000 50 HBORE 6 B, TC W) 52 96 P B
w7 BIARAERE

[E AR AR i AR R 5 3% FRIBURE i 0. 050 0~0.100 0 g T4
R A 1000 0~1.200 0 g BFRELF . BEHEIS ST, L
A 950 CE g dr AR 15 min, BORAS ¥ . UK b e HE 3 4
PRI - R IR 100 mL PR, A 2026089 HCLIE W 40
mL. R SEHREHEAERN . WG &Sk E R . T

B — 5 B0 T ICP-OES Mg #E i h e B & & .
1.3.2 Haem &

1E ICP-OES s AR S48 T 5 43 5 DU 22 s v AR 7 WK
AL Rk . s BB BoRFER T VIER &3, R 1
P IS S OGS AR R T AT I E 3% S0 E = H R
20 WK, LACEE R 3 A5 oA 2 T o6F 1o 1 ik BB 4B O 7 vk I A
R, DA B 10 A5 I NI, Bl VkEEDy 0, 1,
2,5, 10 F1 20 mg « L' (AR A AT 00 A8 B 3l & il
TAEM 2. HLMHMHRE R R E 2,

F2 VEAEREMEFE, HXREMEHR
Table 2 Standard curve equation, correlation coefficient

and detection limit of vanadium

VLR IHR " /j?rf;ﬁ 1ij|§1§> / ﬁfujﬁ&l)
290. 88 0.999 99 0.005 2 0.052
310. 23 0.999 92 0.008 3 0. 083
309. 31 0.999 93 0.008 7 0. 087
292. 402 0.999 99 0.005 6 0. 056
311071 0.999 99 0. 005 4 0.054
270.093 0.999 94 0.019 4 0.194

2 #ZR5iHE

2.1 ICP-OESEMERAKIE L TFHAR

Optima 7300V W& & R B A 6 ZHMEFIEL, 50lh
290. 88, 310. 23, 309. 31, 292.402, 311.071 F1 270. 093 nm,
X F B ICP-OES Wl &2, B A SCHk H % 48 ik £ R —,
292.407, 310.23 1 311. 071 nm ¥ A HEHE, AT HEZL
FROCZE XIS TP, W03 3k FH 7S A4 7 % 4k i AT & B
5T,

2.1.1 A3 T 2 egiEk Tk

TNE T SRR WY Feo ALFI Ca 25 17 BT £, %5
T EBIAE TR X PN i LR B . S AT HE R
WHCH T V5 mge L', JEfF50E 50 mg » L' ARdERE, RA
IS AR T RO L A LR B AT 0 A PR AT =R, B
PR R B A FTE AN R 3 R .

M3 ATLIE L, HesE it V5 mg- L, F5T
£ 50mg- L, JREISEAEITR/V & Lkl 10 BF . Fe, Ca,
Mn, W, Mg, Si, Co, Na, Ba, Cd, Pb il Cu ZJC & W F1E
XV AEAS ARG T I S5 SRR AN K, BT R A SR AR R
FEAE T4V LN 1 ALSE 309. 31 nm i 2k 0 52 52 AR K, AH
iR 2% 3F —300% ; Mo Xt 290. 88 F1 292. 402 nm FEZE I 12 5%
MK, JEFAF 290. 88 nm REL, AHXTIRZE N —79.7%; Ti
BIAFTE S 3 311, 071 nm R4 VI E AT R 2285 9. 2%,
Ni ) 76 5 30 310.23 nm 3% 28 4b W & A6 XF % 2 35 2]
—11.38%, Cr WIIEAE S B 290. 88 nm 1% 28 I & A %5 22 34
F—9% L o I T HE—2B T i 8 A O R Vil gk ik
P, 47T Mo, Al, Cr. Nifl Tif 805, Dl
ZEPE VLR MR E L.
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Table 3 Effect of co-exist elements on the selection of spectral lines during vanadium measurement

A A GBI 3 VbR HE(E ARGEL T V@ fH/ (mg « L7 GELL/nm)

TR /(mg L7 /(mg -+ L7 290. 88 310. 23 309. 31 292. 402 311. 071 270. 093
Fe 50 5 5.192 5. 059 4.972 5.136 4. 950 5. 046
Al 50 5 5. 068 5. 064 —9.761 5. 061 5. 000 5.188
Ca 50 5 5. 075 5. 054 4. 965 5.008 4. 967 5. 132
Ti 50 5 4. 968 5. 139 5.112 5.103 5. 454 4. 940
Cr 50 5 4.539 4. 929 4. 905 5. 025 4. 767 4. 817
Mn 50 5 5. 197 4. 991 4.912 5.123 4.927 4. 882
w 50 5 5.127 4. 939 4. 873 5.099 4. 870 5. 059
Mg 50 5 5. 022 5. 058 5. 141 5.053 4.949 4.992
Si 50 5 5.001 5. 022 4.951 5. 160 4. 962 5. 083
Ni 50 5 5. 001 4. 431 4.903 5.109 4. 893 5. 051
Co 50 5 5. 105 5.121 4.987 5.011 4. 991 4. 958
Na 50 5 4. 999 5.132 4. 909 4. 983 4.979 5. 005
Mo 50 5 1.015 4.997 4. 953 4.525 5.011 4. 941
Ba 50 5 5. 062 4. 956 4. 938 5. 046 5. 002 5. 026
Cd 50 5 5. 042 4. 994 4. 962 5.02 5. 028 4. 986
Pb 50 5 4. 998 4.976 4. 948 4.974 5.02 4. 946
Cu 50 5 4.922 4.928 4. 896 4.892 4.976 4. 898

2.1.2  AasTALI E 6 %R

B Mo X V g s se W2, LI BH58T V4

A1, 5 K 20 mg e LU, #F & HPORTE & A Mo X Vil E
BRI, 25 R A 1R .

HE AT RE L, 2 VI E L 290. 88 nm AT, (a),
(b), () Mo Xf V H I 5E 45 52w e oy | %, RUAOR &
Mo/V BT B &, V I EMxfmE Ak, mY Vol
mge+L ', Mo 50mg-L""', VAMEMHMN—2.861 mg *
L7, AR 258 —386% . B A, Vi A 292. 402 nm
WF, B Mo & m 3G VI 45 SR A BT REAIK R 5k 2k
290. 88 nm #f I JFTJETF'E%JE@?/J\ B xR 2K —60%, V
kL 270. 093nm MRS VERE N 1T A5 mg« LT HE R
FasE, M2 V &Ik 20 mg « Lo TEF, 03 A0 X 2 22 3K 5
6.1%. 7 V N &ML . V 309.31, 310.23 A0
311. 071 nm AR E R m R e, HxiRZEELTL %
ZW.

2.1.3 A araum e 69 e

FET VAralh 1 RS VE L, RE TSR
ALXE VI B sz, 255K E 2 s,

B 2 ATLUE H BR 309. 31 nm %R 40, HAB L &K
BALBY AT Va0 s 5 28 7= 28 52 ,n%ﬁ)\ﬁém B
2Vl E L 309. 31 anT ALXE VI A2 25 5 52 0 A5
HEE, B VIEMEREE Al & n 2L e ﬂct?} B
FEf L&A 1 mg- L ‘E’JAI VR %flmg-l !
L] ﬁjﬁ{ﬁfj 0.722 mg « L™, 5 mg « LW {E K 4. 681
mg * s RSP AL BN E] 50 mg - L, VA

,n%rf 1 mg e« L VI PHAE y —8. 319 mg « L1, XS
FZik—931.9%; 5 mg « L VAR {E 2 —5. 091 mg « L1,
AR 2255 —201. 82 %,

2.1.4 4K, BB VRIZ A

mg « L~

FET VAR 1R S5 mg e LoV, FESROR R =
Ti, Cr, NiXf VIEMEm, WK 2 M) iR, 24 Ti/V
it b R F 5, TiXf V311. 07 nm 3% £k (0 %€ %2 m g 25 Cr
Sof VI A 5 M 3R R 290. 88 1 270. 93 nm jE4k, Ni X}V

BI5ZM A 310. 23 nm LR, Y Ni/V &L KT 525

A ssm VR E .

zz 4 Al, Mo X V 52 %28 1952 , B Mo, Ti, Cr, Ni
XV E R R B AR R RO R . X REXN EWICR S
VB E i O FEE, 255 I 3,

floiE AL BYAEAE RI 2% V309, 31 nm 3487 A= 5200, M
e El*JrEP%‘B/\ﬁ:éE Al T, BHk, &g
309. 31nm J#4E . & 4L ECE P A Mo JR77E (I f%  Mo) ,
AR >>300 nm (9 = i 26 . Ti o J2 7 4 BRI A AR
TLRZ — R FPRE B D . 2 Ti/V>5.98 FXHICER
311. 07nm 54 & R M % K, 17 Cr R Ni 4L 70 2 0 & 1
SE R T B B Y e BE (Cr/V >10. 33, Ni/V>13.56), ff—
S AR BRI I JRURL B W, R R AT N TR R iR R
g P Gl R Cr/V > 1000 #E 47 ICP ] & B, A wf 3% ]
270.093 F1 290. 88 nm %R, 454 DL b5 K 4R e 1
HEPUsCE R Timy, RIS N RE M) 311. 07 nm &£k,
& TiBFa] 2% A 310. 23 nm 754k,
2.2 HRBTEMERENR

AR ESLE AL G (V. 0, 4 17. 5% A Tl e, K|
HLE R Mo Ml Ni, & Al Tif1 Cr, Pk E e Vi
2R 310. 23 nm, KU VLR & ®&ITH N V.0, i, i
B9 WM R X RS A 2 &5 R L AR 4. 38 5 oy ik R
AR AR 224 0. 103 0, A6 A i 254 0. 59 % . FHH 5 ik
14 HE % LT

J3 I E B U . R AR A PR R S
T YR AL R X AR B RR SRR 10 A, T E S IR



2286 Stk

T

5540 &

—
=04
on
£
=
3
g -1 —=— 290.88 nm
g —e— 31023 nm
g —4—309.31 nm
> 24  —v—292.402nm

—&— 311.071 nm
—<4—270.093 nm

T T T T T

0 10 20 30 40 50
Mo concentration/(mg-L™")

—

E>
1

—&— 290.88 nm
—*—310.23 nm
—4&—309.31 nm
—¥— 292402 nm
—4—311.071 nm
—<4—270.093 nm

V measured/(mg-L™")
¥ w

l -
T T T T T
0 10 20 30 40 50
Mo concentration/(mg-L™)
(c)
214
20
=
£ 19-
% —=—290.88 nm
5 g4 —*—31023mm
g —A—309.31 nm
g —¥—292.402 nm
> 179 ——311.0711m
—<4—270.093 nm
161
0 10 20 30 40 50

Mo concentration/(mg-L™)

B 1 Mo Xf ICP-OES il F §l 7R B Bt A< 6] 1 £k Y %2 I
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mg « LA} Mo %} VIllE M ; (¢): C(V)HN 20 mg » L'} Mo
Xf VR B

Fig. 1

(a): The effect of Mo on the determination of vanadium when V con-

The effect of Mo on the determination of vanadium

centration at 1 mg ¢ L; (b): The effect of Mo on the determination of
vanadium when V concentration at 5 mg « L; (c¢): The effect of Mo

on the determination of vanadium when V concentration at 20 mg * L

x4 BEEXR

Table 4 Precision experiment

V205 FrEdi  RSD
FHME/ % BN N

FE i 24 V,0s W8/ %

17.626, 17.398, 17.462
FRUELEFE 17. 579, 17.547, 17. 604
17.515, 17.302, 17.508

17.505 0.103 9 0.59

BOF£(E . ARE & PUR R PR AE ST R AR, BEFRAS R 19 335 4%
MR . SR 5 8 R RE HoIn A — 8 RV s o I RO S
/=R (= RS S e W v e SR W 1 T 3
93. 4% ~103. 12022 [f] s 2 J5 36 7T 1 2 A [ & 40 ot vp 4L &
TR AT . SEIREE R T A

2
0_
- —=— 290.88 nm
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& 2 Al 3t ICP-OES Ul 7 $1 B 7 B i £k B9 5
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(b): C(V)2 5 mg « LTTIS ALXS Vil E (9 5 1)
Fig. 2 The effect of Al on the determination of vanadium
(a): The effect of Al on the determination of vanadium when V con-
centration at 1 mg « L; (b): The effect of Al on the determination of

vanadium when V concentration at 5 mg + L

0
-200
-400-
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S 6004 © Mo292402nm
A Ti311.07 nm
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Mass ratio of element to V
3 MEEMNRESFHRLR/VRELBAEER
Fig. 3 Relationship between the standard deviation of measure-
ment results and the mass ratio of corresponding ele-

ment to V
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Table 5 Recovery experiment

v
FE it 24 B V4 /nm B o3 BT 4 Tz & e B E N
/(mg+ L1 /(mg+ L1 /(mg+ L1 /%
Lk REB- 310. 23 0.915 1. 000 1. 907 99. 2
5 LB i 310. 23 2.126 2. 000 4.187 103. 1
g HDS i 4k % 311. 07 7.643 10. 000 16. 982 93.4
BT 311.07 8. 247 10. 000 17. 644 94. 0
AR B 310. 23 1. 267 2. 000 3. 245 98.9

2.3 WESHMAEILE

R B UE T 9 0 E A M R R AT M, DL ICP-OES S 3k
5 12 ST 22 A V8 A 5 4 00 U0 R U R R S R TR VS i
ZER LI 6, K 6 RUIBFN IR R 2397 4. 340 LI,
T ol 7 5 0 T 5 45 R LA A — B

R6 ICPAIEZMMBIRZHEEMNESER
Table 6 Determination results of vanadium by ICP

spectrometry and titration method

ICP-OES #: i BRIV K e R O 1

i 2 B Vil AEXR Vil ARSI

/% /% /% %/ %

Fhr e 9.812 0. 04 9.796 —0.12

LBk RE B 0.908 —1.30 0. 945 2.72

AT 0. 832 2.72 0.791 —2.35

HE HDS fi#fb5w  3.767 0.19 3.923 4. 34
34 it

Bix 2 ou R IR A B F PUSCR R LAY E AR T . OB R
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Abstract Vanadium is an important scarce resource and strategic metal, and often coexists with a variety of complex metals in
the form of secondary mineral phases in nature. The effect of co-exist elements on the selection of spectral lines in the determina-
tion of vanadium with Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-OES) was studied in this article. The
selected PE Optima 7300V instrument was operated under the conditions of incident power 1 300 W, observation height 15 mm

and atomization gas flow rate 0. 65 L min ',

The results show that Al, Mo, Ti, Cr and Ni have significant effects on the
determination of vanadium under six recommended spectral lines, and the relationship between the relative error of measurement
results and the mass ratio of the corresponding element to V waslinear. The presence of trace Al leads to drastic changes when V
309. 31 nm spectral lines was adopted. The relative error of V 290. 88 and V 292. 402 nm spectral lines were increased to more
than £5% as the Mo/V mass ratio increased to 0. 89 and 5. 98, separately. The Mo measurement results were unstable when V
270. 093 nm spectral lines was adopted. but nothing regular. The relative error of V 311. 07, 290. 88, 270. 093 and 310. 23 nm
spectral lines were increased to more than +5% as the Ti/V mass ratio increased to 5. 98, Cr/V mass ratio increased to 10. 33,
13. 6., and Ni/V mass ratio increased to 13. 56, respectively. Considering the above effects and spectral stability, V 311. 07 nm
spectral lines can be adopted when there has no titanium in vanadium-containing raw materials, and V 310. 23 nm can be used
when there has titanium contained. Under the optimum analytical conditions of the spectrometer, the method was used for the
determination of vanadium in typical vanadium-containing raw materials such as vanadium-titanium magnetite, stone coal and
vanadium-containing catalysts with the detection limit of 0. 054 mg « L™ ' at 310. 23 nm, 0. 194 mg + L™ " at 311. 07 nm, recover-
ies between 93.4% and 103. 1% , and relative standard deviation of 0. 59%. By comparing with the results of ammonium ferrous
sulfate titration method, the results were basically consistent with the relative error of less than 44.34%. In conclusion, the
method was simple and efficient, with high precision and accuracy, which can be used for research and routine production of

vanadium determination in raw materials containing vanadium.
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