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Table 1 Program of microwave digestion
P2 IR FH L 8] PR A B ]
Step Power/W Heating time/min Hold time/min
1 300 10 5
2 600 10 20
3 0 10
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1.5.2.4.3.0mL 1000 pg/mL % bR RS &AW 0.
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Table 2 The mass concentration of each element

in standard solution series pg/ mL

Elj:im Al Mn P As Cu Ni
S1 0 0 0 0 0 0 0
S2 120 120 0.30 0.30 0.050 0.30 0.30
S3 90 90 3.0 3.0 3.0 3.0 3.0
S4 60 60 15 6.0 6.0 6.0 6.0
S5 30 30 24 9.0 9.0 9.0 9.0
S6 3.0 3.0 30 12 12 12 12
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Fig. 1 XRD diffraction diagram of vanadium iron alloy
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Fig. 2 Vanadium ferric acid soluble residue

XRD diffraction pattern
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Table 3 Acid condition test for microwave digestion
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Table 4 Orthonormal experiment results of acid consumption

5 i 72 1 2 R UL T ik R
No Nitric acid dosage/mL  Hydrochloric acid dosage/mL Hydrofluoric acid dosage/mL Dispelling effect
1 4.0 2.0 1.0 AR UK R A
2 4.0 4.0 2.0 i TR 58 1
3 4.0 6.0 3.0 A i R R I
4 6.0 2.0 3.0 A R AR
5 6.0 4.0 2.0 TH 5 Jo AR i
6 6.0 6.0 1.0 i GUR R
7 8.0 2.0 3.0 i R AR
8 8.0 4.0 1.0 U SN
9 8.0 6.0 2.0 5 5 JC AR i
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Table 5 Power condition test for microwave digestion
Power/W 400 500 600 700
25 I e N
Ejjinfiial S pik 5 i3
y Mk MO ORI TR

phenomena

2.3.2 fRUKEMEEE

FREL 0. 3000 g HLERRE R, 8 03 45 1. 3.1 ik 4
T 2 DI 600 W T . % % i 0 A% 45 15 1F ) e 442k
R 9 OO0 0 e Y AN DL B R L 6, 4

F W R RN 600 W, {5 35 B 8] 76 20 min & L
RE T AR R A R B B TR A
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R 6 600W T RERM E &K MK

Table 6 Power condition test for microwave digestion
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Table 7 Spectral line of each element nm
JLZ Element Si Al Mn P As Cu Ni
P Wavelength 251.611 394.401 257.610 178.284 189.042 324.754 231.604

B T B 1 SR80 B 50
2.5 RAEEZM R

e MR AN B 19 AR 4% 178 o A o 3 9 2R 9 it 47
5 o LA 03 B0 Joi e B R A s e S R R DA

AR 2 A IR . LR Y LA O AR BORT £
[ 75 e WL 8. ik i Y S5 A% F R XA IR
B E 11 U, LA 11 U 5E 45 2R b ofiE s 22 1) 3 4%
PERH R 25 2R L3R 8,

RS KEMEKMNEMTEE. EAXRBMEMEEMEAFEURFERHR

Table 8 Linear range, correlation coefficient, linear regression equation of the calibration curve,

detection limit of the method

JLHR e 2R 2R Il )4 75 LIPS 6 1 BR
Element Spectral line/nm  Linear range w/ % Linear regression equation Correlation coefficient Detection limit w/ %
Si 251.611 0.10~4.0 y=2403.6x+1716.6 0.9999 0.0009
Al 394.401 0.10~4.0 y=9750.2x+11714 0.9997 0.0010
Mn 257.610 0.010~1.0 y=8217x —256.99 0.9995 0.0013
P 178.284 0.010~0.40 y=167.78x—4.1358 0.9996 0.0001
As 189.042 0.0017~0.40 y=953.912+108.81 0.9999 0.0002
Cu 324.754 0.010~0.40 y=33492x —2767.9 0.9997 0.000 2
Ni 231.604 0.010~0.40 y=6918.9x —861.63 0.999 6 0.0003

3 HFmoH
i 5267 0 O G A L o R (R )

Wl 2. EURONORM-ZRM 591-1; EURONORM-
CRM 577-D)H ik 47 VA6 VB A AR VB FF T i %
BRI, a5 R 9,

R9 ASKMEERTE RGBS A ROIEER

Table 9 Determination results of silicon, aluminum, manganese, phosphorus, arsenic, copper and nickel in

ferrovanadium standard samples

ZRM 591-1 CRM 577-1
E U\%{H I 7E {8 é?ﬁ AR A Al 22 F, i}\ftl“?:TlH I 5E 1E .#{H AR X A o A 22
Element Certified Found Difference RSD Element Certified Found Difference RSD
w/% w/% w/% n=8)/% w/ % w/% w/% (n=8)/%
Si 0.847 0.845 0.002 1.5 Si 1.79 1.77 0.02 1.6
Al 3.19 3.19 0.00 0.80 Al 0.414 0.413 0.001 1.0
Mn 0.307 0.309 0.002 2.4 Mn 0.158 0.159 0.001 2.6
P 0.0299 0.0295 0.0004 3.1 P 0.035 0.035 0.000 2.8
As 0.0022 0.002 4 0.0002 4.0 As
Cu 0.0596 0.0600 0.0004 2.6 Cu 0.054 0.055 0.001 3.0
Ni 0.0141 0.0140 0.0001 1.7 Ni 0.053 0.055 0.002 1.5
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Determination of 7 impurity elements in ferrovanadium
alloy by inductively coupled plasma atomic emission
spectrometry with microwave digestion

HUO Hong-ying

(State Key Laboratory for Vanadium &. Titanium Testing, Panzhihua University, Panzhihua 617000, China)

Abstract: The phases in ferrovanadium before and after acid dissolution were analyzed and compared by X-
ray diffraction. It was found that the main composition of residues after acid dissolution was silicon-alumi-
num oxide. Therefore, the sample could be treated with mixed acid by microwave digestion technology to
increase the reaction temperature at high pressure. In this study, the sample was dissolved with nitric acid-
hydrochloric acid-hydrofluoric acid mixture and treated by microwave digestion with tow-step temperature
rising. Si 251.611nm, Al 394.401nm, Mn 257.610nm, P 178. 284nm, As 189.042nm, Cu 324. 754nm
and Ni 231. 604 nm were selected as the analytical line. The calibration curve was prepared by matrix matc-
hing method to eliminate the influence of matrix effect. The simultaneous determination of silicon, alumi-
num, manganese, phosphorus, arsenic, copper and nickel impurities in ferrovanadium by inductively cou-
pled plasma atomic emission spectrometry (ICP-AES) with microwave digestion was established. The line-
ar correlation coefficients () of calibration curves for testing elements were all higher than 0. 9995. The
detection limits of elements in this method were in range of 0. 0001%-0. 0013 % (mass fraction). The pro-
posed method was applied for the determination of silicon, aluminum, manganese, phosphorus, arsenic,
copper and nickel in two ferrovanadium standard samples. The relative standard deviations (RSD, n=28) of
determination results were less than 4% ., and the found results were consistent with the certified values.

Key words: microwave digestion; inductively coupled plasma atomic emission spectrometry (ICP-AES);

ferrovanadium; impurity element



