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Detection Method for Elements of Vanadium, Manganese,
Phosphorus and Silicon in Vanadium - carbon Alloy
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Abstract: In the paper, the simultaneous determination for elements of vanadium, manganese, phosphorus and silicon
in vanadium — carbon alloy is carried out with inductively coupled plasma — atomic emission spectrometry (ICP — AES) ,
calibration curve is drawn with matrix matching method to eliminate the effects of matrix effects as well as instrument param-
eters are optimized. The precision experiment results showed that relative standard deviation (RSD, n = 11) for elements
of vanadium, manganese, phosphorous and silicon was 0.5% ~3.0% . The recovery rate experiment results showed that
recovery rate was 95% ~110% through adding standard solutions of different concentrations. The accuracy experiment re-
sults showed that the experimental results of each determination element were consistent with standard values, which could
meet the requirements of detection method so that rapid and accurate determination for elements of vanadium, manganese
phosphorus and silicon in vanadium - carbon alloy is realized.
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R ) B AR Ry TR e ARSI o PRLBFLAZR A L 5
e, —MAE 40% ~50% A 7335 ki 7 43 AT, 1
Bk A 4 A Ik, — e 3. 0% ~5.0%
ZIEo EZEbRE GB/T 8704. 5—2020 it B2 . £k £ 1%
FE TN E B B ) AL I Y R 35. 0% ~
85. 0% ||, [H K krifi GB/T 41497—2022 (4145 4/l
FE B R R RS R IE PR L X TP
) AL B R S L 42. 0% ~ 82.0% Z[], 41
AL FRHE Q/BGIH —03 —213 — 2008 { Hilia W 440
FE TR E B ) B N Y L 30.0% ~
80. 0% Z ], AN JE AU G L & e U T PREEK
A ARIE Q/BGIH - 02 - 211 - 2008 {8k Je 548
L B A ) TP AL R 0 E Vi LA 0.005% ~
0. 5% Z ], ANifh AU & AL & il b BREESR, T
PUHERRIE SRS &P TR . WIFRHN
I J5 32 i o PR 5 4 R VB B LT R A T
FE B TR AR AR M

1.1 Iy
RS R T Avio 220 Max B L JRGHE & 55 55 1
RS ETEAL (3215 PerkinEimer A w] ) , TAES %L
W1,
%1 ICP-AES THES%

1.2 SRHRF

FEAR E At 25 0 W (B K AR Y o0 )
1000 wg/mL; #EFRUE AW : 100 wg/mL, H kAR
T 28 VA0 TR TR T 8 5 W8 s M A 25 V5 T (IR A
PrJi o) 2 1 000 we/mL; B AR #E T A ¥
100 wg/mL 10 pg/mlL, H B8 5 A it 25 5 WA R i
B 4 bn HE A AW (E KA B b o) .
1 000 pg/mL; EARE TAER R : 100 g/ mL; FUA%
& (E AR EY B0y ) 01 000 wg/mL; HLAR
HE T ARV : 100 wg/mL, B PUbR HEGE 75 1A RGBT
BGERR.HIRIE AR (1 + 1+ 3); i 4l 2k
(GBWO1402 ~g) , 4i )% =99. 99% |
1.3 HaitE

FRIC0. 100 O g A 5B 100 mL 4 i) 75 5 i
HL A 20 mL YRS IR, 7EAR R HL P I A fi il
FON Ak R PP 2 8 T ROK B Ao R S A Wi
B g, i UOK s R I I A O 3 ~ 4 Ik, Uk
PUVE 6 ~7 WK, i U85 IS WU 45 T 100 mL 25 5
W REST R
1.4 RIIGRAESRECH

AR 535 2R FH AR DG T 2 e 1) 2R 90 A R T, O
oA HEN R o DU A Bl RE SN J5 , VS
H—RTE 80% ~90% (i /3 %0) , Bk, 7E e il &
IR U, R — I bR T A 1 mL An e

RFE;/W 1%?;% VIR (50 mg/mL) , BE il A — 2 4B B A 2R 51 B v %
MR (r - min) 15 Mo VAR RO B AL R , 152 5 32 by 9\ A i 22 il
PG 5] TR B R SRR (SO ~ S6) £
IR (L - min” . e
8RR/ (L - min™") 0.30 e S
=R/ C 25.0+0.5
£2 RIUREREANGE B TR S BT %
JLE S0 S1 S2 S3 S4 S5 S6
Si 0 0.1 0.5 1.0 1.5 2.0 3.0
Mn 0 0.5 1.0 1.5 2.0 2.5 3.0
P 0 0.01 0.1 0.5 1.0 1.5 2.0
A% 0 0.1 0.5 1.0 2.0 3.0 5.0
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2.1 HmAMIR

PR G h & A RETT R, TR R R I AN fig
T ERIR . A D7 I e R | Bl R AT U 1 8
FESE o S HIARER 0. 100 O g A%yt , AN [ BE 1Y

IRBRHEA TS, WA 3.

2 3 AT LU 6 F SR IR AN A R 1A &% T LUKE
Rfdh 58 42 1 A, HL 4R B2 RIS B2 1 LE 1 D 10 mL
HCI - 10 mL HNO, -30 mL H,0 B, U BT,
WA T3 1 R L AT 5 0 A%



54 1

AL SRl s IR N SIVEN (L] Rl RPN

89

R3 AEIERE AR AR RRR

2 BE L EE TRIG
5 mL HCI -5 mL HNO; -20 mL H,0 AT A )
10 mL HCI - 10 mL HNO; —30 mL H,0 IR 5o

10 mL HCI - 10 mL HNO; -60 mL H,0

FEMIR A E A, A TR

2.2 RUNENIESHE

2.2.1 FHE
TIN5 B i 248 5 3 A M bL A — /e I R2

N T BT B ICR I 4 R R iR L, PR EF

ot 25 0 AN AL, B 4% I8 R IR 5 b1 HE VR WO B
100 wg/mL JJ#AE 800 ~ 1 500 W i il AT 5256
T PR S S AR L M E S5 SR LR 4

R4 TRITHEIHMEEELHIRIT

Si Mn A% P
IR : - : - - o .
TR0 {5 1 TR S (EL 3 TR 5 i {5 1 LR R fFMELL
800 95235.6 719.76 56 325.2 15.53 112 536.5 235.64 264.2 9.56
1 000 112 364.2 744.28 60 021.5 15.44 125 663.8 256.44 255.7 10.58
1 300 122 536.5 772.54 62 363.1 15.79 133 253.5 279.58 280.6 11.74
1 500 121 336.5 771.36 65 235.2 15.88 126 356.4 250. 64 266.7 10. 86

MF 4 0] LR W, TR B M L E T RN
1 500 W ey, HR = A e R BFED %N 1300 W
A M e fe i , 1 300 W LA i 2R A T R34,
BCA T AT R D)5 56 4% 1 300 W,
2.2.2 FHEXREF

FAL A HAE R RS ASOR I,

FEREHT ICP — AES BEAT S0 #r I, 06 86 4538 1 25 fl A
TR,

N TR AL i X TS R AR R AR, £
R A AL, R R A5 U R  AR ME TR WO B
100 pg/mL fEZ AL} 0.5 ~ 1.0 L/min [R5 HTE
Ay, RS B S (5L, MBS R AR S

RS TRZUBREXEMRLBIRM

ik Si Mn v P

/(Lemin™h)  jggappr (354 TR fHMELL TR (354 LR (354
0.5 79 845. 4 470.34 22 654. 1 4.34 1963.2 3.87 258.6 28.30
0.6 79 041.7 449.38 23 145.9 4.40 1952.4 3.66 245.8 28.60
0.7 79 545.7 454.59 23 115.1 4.77 1936.4 3.73 268.2 28.30
0.8 79 454.4 451.47 23 484. 1 4.51 19421 3.68 255.6 27.05
0.9 79 475.4 444.99 24 699.5 4.48 1969.2 3.72 257.2 31.50
1.0 79 974.3 444.79 24 002.6 4.67 1954.6 3.69 236.8 29.40
S ATLUE I, 6 RS E N EEN R A

0.7 ~0.8 L/min A% A9 5 1 LU, MR AL 5
AR TR 0.9 ~ 1.0 L/min A 52 A9 5 1 EL
DRI 3R T 2otk BE AR, S R B R, T LA L
JLRIELR R, AR R AE0. 9 L/minthi A7 £
WFRIRETE. ZRBB I8, EHR0. 9 L/ min i 5 AL &R IR

2.3 BN

PUBRG S AIL R, O T 25 Bk A0 ik At
W HLIIHTAE R LN, 5 AN R R 0 RO v ek
(AH 24 R i 2k o 0 B0RY 40% . 50% . 60% |
70% 80% 90% ) XF 4L\ il W | Ak v HE T YR o
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R, MEL R I 6,
RO HXREGEBELSEN

A% 1 mL(50 mg/mL) .
2.4 RKEMZLZEERPEAESKHIR

L5 BRI (FT o0 % XEE B LR A RSN PREE R T E , DA
- W fE i B VBT R BTG R B O R AR AR () |, T RV
€ i B — NN N y
Si Mn P v JERMPAAR (y) AR £, i+ it Ze e vk ml 1
40 0.668 2.424 3.506 0.862 TR SAHOC R BB E 25 1 11, LA LT kil
50 0.662 2.416 3.482 0.856 ~
S L 43 L Sk & 410 f
» OO 2 AR O ubRe (R 3 A Rt B, Kt R 10 fi P
70 0.644  2.208  3.256  0.834 FE R AR AR T K8,
80 0.615 2.266 3.204 0.826 RT HEBRHAXEXERAAESHXRY
90 0.603 2.252 3.112 0.817 —— - ——
M etk P
Si y = 0.000 249 512x +0. 016 13 0.999 97
) y = AN e +
36 FTLLE Hh, B PRICRE ST B O A Mn y = 0.000 008 773 7x +0.002 445  0.999 45
; ;0] 52 &5 Tk & R 1 G417
Bl W LI S 2 SRR, R IR RE VR (B LA v 4 = 0.000 005 151 1x +0.0005802 0,999 92
o 2 ] % S S
AT T4 b T IBRIE IR 193, 5 . ool om0
0 >R FH FEAA DT PC 35 24 ol A o il 28, B0 7 T ) 6 6
W R A R 5 HEE B A 53R A 3T i 4k 2
*8 KUHREEEMR %
Mo 25 RO SD for B FE R
0.000 47,0. 000 42,0. 000 55,0. 000 42,0. 000 51,0. 000 37,
Si 0.000 052 4 0.000 16 0.001 6
0.000 42,0. 000 47,0.000 49,0.000 51 ,0.000 44
0.000 18,0. 000 16,0.000 17,0. 000 21,0. 000 25,0. 000 18,
Mn 0.000 025 8 0.000 077 0.000 77
0.000 16,0.000 17,0.000 18,0.000 18,0.000 19
0.001 0,0.001 1,0.001 0,0.001 1,0.001 2,0.001 1,0.001 1,
v 0.000 070 0.000 21 0.002 1
0.001 2,0.001 0,0.001 1,0.001 1
0.000 8,0.000 6,0.000 4,0.000 7,0.000 5,0.000 7,0.000 6,
P 0.000 145 0.000 43 0.004 3

0.000 3,0.000 7,0.000 6,0.000 6

T 8 Al LA A #E PR AT R
GIBRUER AR C R E r $97E.0.999 2 D) |, BA RAF
A Hh PR e R T AL 2R

2.5 HBEEXR

R PLAR 15 4 1R, (] ICP — AES 20 &

fiE i B PLUCER 11 IESE R IR 9.

9 YBmEEREPE S BV TENETESE %
e e IR T SD RSD
0.973,0.956,0.964 ,0.958,0.963,0.981,0. 944 ,0.959,0. 982,
Si 0.965 0.012 4 1.29
0.981,0.957
1.962,1.985,1.977,1.962,1.983,1.975,1.996,1.952,1.964 ,
Mn 1.971 0.013 5 0.68
1.974,1.956
\% 4.12,4.36,4.22 4.18,4.29,4.17 ,4.38 ,4.33 ,4.26 4.27 4.29 4.26 0.081 8 1.91
0.877,0.865,0.824,0.852,0. 863 ,0.833,0. 845,0. 821,0. 839,
P 0.849 0.018 6 2.19

0.855,0.869

M9 ATLUE PR & 4 HH iR i e LA 0
KK RSD 15 0. 68% ~2. 19% Z[8], I ALK

Bz RSD<5% SR .
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2.6 HEWHELE
e [ 5 R o ) BB 2k 27 ( YSBC 28637 -
2011 ) fid e , T 10 il 1 5 o, o R FR B 1Y)
JRWHEATRE i B I I A5 R L2 10,
10 BB ITEHERETR (TN %

MFE 10 BT LAE H, e SR =2 223/ F
0.005% , i )L R
2.7 fAREYSEE

VPR [ K bR oE 9 LR 27 (YSBC 28637 -
2011) ffIa , FERRRE 10 A% 7 8 I A B LA

WETE K W7 (. FRUE( %1 VIR, TEATRRE I B0 IR B Wl A VL s o
Si 1.886 1.890 ~0.004 VW, (8 ICP — AES 7 i if 05 VLT R S A,
Mn 0.365 0.362 0.003 MEZE R 11,

v 4.733 4.732 0.001 M 1L FATLVE G e E SR EZ 2235/ T
p 0.088 0.090 ~0.002 0.006% , M HETE 99. 5% ~110% Z 1], I /L 2K .
F 11 EREREY BRONERE B 3KI6 %

WE TR TSR W FRUESE B AR D5 A FH [l 3
Si 10 pg/mL A 10 mL 1.890 1.990 1.984 0.006 99.70
Mn 100 pg/mL A 15 mL 0.362 1.862 1.864 ~0.002 100. 11
v 10 pg/mL A 10 mlL, 4.732 4.832 4.828 0.004 99.92
P 100 pg/mlL LA 8 mL 0.090 0.890 0.894 ~0.004 100. 45

3 #RiE 2 % X W

0 3 22 W) AR i I R A T vk A R
R FR, RERRLAR & B PURRAR HED) ST A TR 2 v
B BE SR IE , U RE 45 R 2 R 2R o AR5 ik T S B
JHT RO 5 25 1 1 R S (SOPR 500 SRR 15 <8
HRE B ILOTER SR e TARR I RE al
AT A B 4545 o (R R oK

(1] %R MR, 8 L, F. AEMBAR T 69 4F
AT, 474k ,2001,36(6) 44 —47.

(2] R F. & BABEF B T LA 0 # %k m & 4k
P18 A& [J]. B2 4 #7,2011,31(11):
48 -53.

(3] M#a, ZEF, 3480, 5. WABLEE T
R T E SR E 2T RAE
[J]. 84 %5#7,2014,34(11) .37 -41.

(3% 86 W)
3 #RiIE

SR TR — PRI PR I A 9 8 0 5 s A
Y1.2% fi 1R 0 w4 I 5 i L A AL S R R + R
MR + b A S R TR R ) B D E A e, 52
BT AR ALY i b m A S A S
TRRFEYH R ML La B RS Ce H AN
T, N A T A B A28 g L EE
BT PR T B AR S o

2 £ X M

(1] RAF,FH RKELWPHLEEDEZTDY
mE[J]. ZRBEAR,1994(2) 37 -41.

(2] RBZ WMYBEHLGSB LM F %
[J]. %4 547,1990,10(1) :56 - 57.

(3] SERAAEI>H -FixEAMM]. .27
A3 AR b Ak, 1990.



