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Table 2 Calibration curve correlation coefficients, detection limits and limit of determination
JLE P /nm MK RER i PR/ Cpug-mL™) W N/ (ugmL™) W e 3 /%
Bl 310.230 0.9995 0.0076 0.025 0.002~2.50
73 259.940 0.9997 0.0093 0.031 0.003~1.00
& 257.610 0.9998 0.0065 0.022 0.002~1.00
1o 213.618 0.9996 0.0051 0.017 0.002~0.20
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Table 3 Determination results of CRMs
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Bl 1.76 1.78+0.03 1.6 1.1 1.93 1.91+0.04 1.0 1.0
B 0.691 0.695+0.017 2.7 0.6 0.445 0.442+0.016 1.8 1.7
Bl 0.063 0.062+0.002 2.1 1.6 0.047 0.046+0.002 2.4 2.2
Tk 0.014  0.013£0.001 3.2 7.7 0.006  0.006+0.001 3.9 0.0

2. FEARDTHCVRSEW B TP, dar T o - v B
8B TR R R S ) e Bk v bk
BRI TV, vTH TR 2R B BRIV
14 0.002%~2.50%- 0.003%~1.00%- 0.002%~
1.00% A1 0.002%~ 0.20% F 8L 2k I ¥ FE b o AT
VIR R MEREE . B R, mri AR A
BRpr gl . B B BRSO E ARSI TR,

53 X Hk

(1] 7796 5 25 AN S HL R I BE 5 (00, 0 7= 22 5 A,
2020(6):69-72.

DING M T. Research on utilization of vanadium extraction
from vanadium-bearing steel slag[J]. Multipurpose Utilization
of Mineral Resources, 2020(6):69-72.

(2] FHAREK, HSdh . TR A - A s s~ W e ol i vk 0 2
FR L L] R0 HT, 2014, 34(12):48-51.

TIAN C Q, SHAO K. Determination of vanadium in titanium
dioxide by graphite furnace atomic absorption spectrometry
with microwave digestion[J]. Metallurgical Analysis, 2014,
34(12):48-51.

[3] FREETE, KT, X S5O 06 AN 2 BRI M b
¥ =2 o3 (0], D6 92505, 2010, 27(1):296-299.

CHEN G Y, MI Z Y. Determination of major components in
slag by XRF[J].
Spectroscopy Laboratory, 2010, 27(1):296-299.

[4] s fglee. ] EDTA 2% & ik e i 4 v 4 (]
[k, 2016, 34(5):106-108.

HUANG M F. Determination of Mn ore in full iron by EDTA
complexometric titration[J]. China's Manganese Industry, 2016,
34(5):106-108.

[5] JRit. ABE DO BEVEI e R & G rh Bk L] 3 a0 i,
2019, 39(2):77-81.

ferrovanadium Chinese Journal of

SU Y. Determination of iron in vanadium-aluminum alloy by
phenanthroline spectrophotometry[J]. Metallurgical Analysis,
2019, 39(2):77-81.

(6] FFARIHE, ¥, ) 1L, 4% Rl e -X 5 2 96 1A
SE e B R TC R (1], 077 55 R, 2017(1):81-84.

WU L P, ZENG Y, LIU W, et al. Determination of major and
minor elements in high titanium slag by X-ray fluorescence
spectrometry  with
Multipurpose Utilization of Mineral Resources, 2017(1):81-84.

(7] SERE, T 5G4, R 5. SO T IO G REE I E B
SR AL L] R0 AT, 2015, 35(12):32-35.

DOU H Z, DING J X, WANG C Y, et al. Determination of

manganese in slag of nickel matrix material by flame atomic

samples of smelting process[J].

absorption spectrometry[J].
35(12):32-35.

[8] MRaL T, yRBE K. v AER B 43 D' 0t v I v ft v o
(1) Mn(I1)[J]. P95 _CRE2%4R, 2013, 7(9):3613-3618.

CHEN L L, ZHANG P Y. Detection Mn(Il) in electrolytic

manganese residues by potassium periodate spectrophotometric

Metallurgical Analysis, 2015,

method[J]. Chinese Journal of Environmental Engineering,

2013, 7(9):3613-3618.

(91 EMEHE, <= P 2. BRI 20 06 't FEVRIR A T B4 v A

AR (T]. 18 40T, 2019, 39(3):58-64.

WANG P H, JIN L A. Combined determination of phosphorus

and silicon dioxide in iron ore by molybdenum blue

spectrophotometry[J]. Metallurgical Analysis, 2019, 39(3):58-

64.

[10] Mo A, £33, XURK. I W BT 2 e A Bk v 1o
G [I]. BAKE G (k2 s, 2016, 52(10):1214-1217.

SHI Z Y, WANG Y, LIU L. FAAS determination of

phosphorus in steel[J]. Physical Testing and Chemical Analysis

Part B: Chemical Analysis, 2016, 52(10):1214-1217.

(1] 8 1. Fim i fff- v SRR 75 55 18 4K st 7 R b O i ik


https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1000-6532.2017.01.018
https://doi.org/10.3969/j.issn.1000-6532.2017.01.018
https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1004-8138.2010.01.070
https://doi.org/10.3969/j.issn.1000-6532.2017.01.018
https://doi.org/10.3969/j.issn.1000-6532.2017.01.018

+210 -

s o3l

2022 4

ME T 7 M s R 1] 18440, 2018, 38(2):65-70.
HUO H Y. Determination of 7 impurity elements in
ferrovanadium alloy by inductively coupled plasma atomic
emission  spectrometry with  microwave
Metallurgical Analysis, 2018, 38(2):65-70.

[12] XA 2R, 253, FNBk, A5 HLIBORR & 45 B TR Ak
() I 00 5 W A S TP 18 Rl 2 BT R (00, 0 M B A AR
2020, 36(1):149-153.

DENG C D, LI J, SUN L, et al. Simultaneous determination of

18 impurity elements in hafnium sponge by inductively coupled

digestion[J].

plasma optical emission spectrometry[J]. Journal of Analytical
Science, 2020, 36(1):149-153.

[13] 6 1a) B, B ¥, YL, &6 ol v - i R & 25 B 11K
J5 5 5 S DY R I S 5 A B B R v B R R A L]
45T, 2019, 39(5):49-56.

ZHENG X M, YE L L, JIANG J, et al. Determination of lead,
copper, iron, cadmium, chromium and arsenic in zinc material
containing chromium carbide by microwave digestion-
inductively coupled plasma atomic emission spectrometry[J].
Metallurgical Analysis, 2019, 39(5):49-56.

[14] B FLIEORR 5 55 B A S 1 SR Dl i 0l v R AR
B, B B B B BRI (ke
), 2018, 54(1):49-54.

CHENG Y. ICP-AES determination of chromium, cobalt,
nickel, gallium, scandium and zirconium in the high titanium
vanadium slag[J]. Physical Testing and Chemical Analysis Part
B: Chemical Analysis, 2018, 54(1):49-54.

[15] {555, RENHR, SOS7 0. IRVE A . IR ot i RS &

SRR RS G I A AT RS DL sR S R,
2012(6):60-62.

FENG Y, WU L K, HUANG L W. Determination of Tungsten
in the Rock Minerals by Decomposition of Samples Using Acid
Dissolution and Inductively Coupled Plasma Mass
Spectrometry  Using  Acidic  Medium[J].
Utilization of Mineral Resources, 2012(6):60-62.
[16] E5H. HUBHE &S5 8 AR5 7 RSl e s il
< bR BT Bk A R AR R ). B BT <, 2019,
36(6):453-459.

WANG G C. Determination of Sc. Zr. Fe. Ca. Cu. Mn.
Ni and Cr in aluminum-scandium-zirconium alloy by ICP-
OES[J]. Cemented Carbide, 2019, 36(6):453-459.

[17] ZEMR . HUBRR 5 55 B8 3R S 7 R S il vl s AL gk
fEV BR BEAIER S i (D] ERAGAT S0 (16 % 4 i), 2017,
53(12):1460-1463.

LI X Y. Determination of silicon, manganese, phosphorus and

Multipurpose

aluminum in ferrovanadium by inductively coupled plasma
atomic emission spectrometry[J]. Physical Testing and
Chemical Analysis Part B:Chemical Analysis, 2017,
53(12):1460-1463.

(18] =7 Wir, kAR ST, B, 4. ARSI 5 45 3 TR st 1 K
SO U R I e B A TR 7 R oo & DL R & i, 2016,
36(3):64-68.

GUAN N X, ZHANG G F, CAO K W, et al. Determination of
seven elements in aluminum bronze by inductively coupled
plasma atomic emission spectrometry[J].

Analysis, 2016, 36(3):64-68.

Metallurgical

Determination of Vanadium, Iron, Manganese and Phosphorus Contents in
Ferrovanadium Slag by Alkali Fusion-Inductively Coupled Plasma Atomic
Emission Spectrometry

Liu Qiongxian, Yang Ruiyao, Yang Manzhou, Zhang Gaoqing, Wang Lufeng
(Vanadium and Titanium College, Panzhihua University, Panzhihua, Sichuan, China)

Abstract: The ferrovanadium slag sample was fused with sodium carbonate-boric acid at high temperature,
then acidified with hydrochloric. Vanadium 310.230 nm, iron 259.940 nm, manganese 257.610 nm and
phosphorus 213.618 nm were selected as the analytical lines. The matrix matching method was used to
eliminate the influence of matrix effect, the determination method of vanadium, iron, manganese and
phosphorus contents in ferrovanadium slag by alkali fusion-inductively coupled plasma atomic emission
spectrometry was established. The results showed that the linear correlation coefficients of calibration curves
were all higher than 0.999, the limit of detection for vanadium, iron, manganese and phosphorus was
0.0076 pg/mL, 0.0093 ug/mL, 0.0065 pug/mL and 0.0051 pg/mL, respectively. Two ferrovanadium slag
certified reference materials were determined according to the experimental method, the relative standard
deviations(RSD, n=8) were less than 3.9 %.

Keywords: Inductively coupled plasma atomic emission spectrometry; Ferrovanadium slag; Vanadium;
Iron; Manganese; Phosphorus; Alkali fusion
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