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Abstract

A method for the determination of three elements—copper, aluminum and phosphorus in ferro-
niobium by inductively coupled plasma atomic emission spectrometry (ICP-AES) was studied. In
the experiment, the sample is decomposed by nitric acid and hydrofluoric acid. Sulphuric acid was
added to heat for smoking. Then citric acid was added. After constant volume, the sample was de-
termined under optimal spectral lines and proper working conditions. The determined result
shows that this method is simple, rapid and sensitive, with the detection limit between 0.004%
and 0.009%, and the linear range is wide. The deviations were less than that of the standard devia-
tions. Recovery rate was between 96% - 104%.
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BT T P R A4 T B T R 5HEEE (ICP-AES) AIRHI E 48k h = o &4 48 B 5. &
FUMR. SRRSR, MARRIAZER, FENATERER F. RAEEREEKRNRETE
XETNE. RRLERERE, ZHEMEE. BB, RE, BRURETE0.004%Z20.009% 2 (6, LiEJEEE
%, MHNIRERZESEDN, EWEEI6%~104%Z .

X217
ICP-AES, 4%k, Wi, =x&

1. 5I8

TR T PR TR 9 A IO, T B DRHI) SRRk, PR 4 B ARl 1 o SABURE M 2 [ K
Wtk, BOEELBAE[L), SRERECIRRE. FOAMEAE . MRV CHRES” L R I GE R
P, e KIRREREANM SRR . WIME . AT R A e 2]

DL, GRS S AR TE ARk A P b AT T WA B L FE RIS, YA U 5 MR A 2 4 LA B 7%
o SREMESEEME R L2 By, ST R B MISE, SRR, K, MR 23] (4. &
R £ S B TR ST R I (ICP-AES) BT 1 A AU ks 25 3 DA, AR 2 M L 8 5 5, L7
WEFE H 22 [1] [5]. ASCEESLA ICP-AES [ TRk v B . 40 S0 Z T k. b B3k
B, %R AR T £ TR A R T, AR S TE AL S AT SR SOV 2 T

2. SCIOERSY
2.1, FEMNHE/FIRT

P4300V HY 1 JBHE & 55 B T8 SR 1 R SO 8 e 4% (3 [E PE A7)
SRR (p 29 1.15 g/mL). WEER(p £ 1.42 g/mL). TRR(p £ 1.84 g/mL). HIkRHAEN" ¥ : 1.0 mg/mL,
FHBEAE BG40 45 J 4 WU VR BC ) AR BV . 300 /L. P FHAL A5 4 i 4k

2.2. (UBRILIESH
RETLESHNAL 1.
2.3. TRITHTIEL:
FICR T L WA 2.
24. EWFE

PREC— € B RE B TR, AN BKIEIE, PRI 5 mL SR 20 mL 7K, /MO hn— g B
B, AR RFE ST A EREMIRL + 1), 2RSS T REMNAFREF 2-3 min. HUR, ik,
BN 10 ml ASER(L + 1), — @ EFTERRRVA (300 g/L), INAGEARERS, ¥ a0, R A 100 ml A&, €4,
B RIS NS T, T A RINER . 0. BESREE. AR R A R R e
B Rl Uk 2 AR, B AR B A 5. B SR

O,
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3. BR5WTiE
3.1 FBEFERAIERE

ACAEMN 5 mL EHRIRE, 2NN T 3mL. 5mL & 8 mL iR, scubst R, MR E
N3 mL, FEEEA AR, ARSI S mL, FERCETaE M. AL E K2 IRKEE R,
N T HRERR, ZENAEEMERM 2~3 min, KL, MEBRIEANGEMAKRD, KZHESEMERNE
R, ik, ASCRAIA 10 mL BRER(L + 1). Bk 51N FEART- Pt i 80 RT DAIE i 1 i) b v ph 2 s
TN TRV RE R SR T B

3.2. BAFIRIESE

R FH U A R B T VA AR AR A i, D S B IR 3 ICP-AES I AL R G, NLIKGEL R A S
W, RIS BRI AR, SRR . INLE G R RO X — M. AR SO T =
EEFNERRYE . BUKMEEmIEE S, S5RWE 3. MARNFEZTIBRMER, WSKBTER, R H
FEE GRS HE . IR GRENSS, AREWL LI TR FFERIRAEMAREILE] 15 ml BlE R E RS
BOR, ORI ERIR e 5 R AR R YE R R AR E S &1, ASERCR AT 20 ml FreRiR. ki
FIN AT PIE 19 RBURT LA 3oL 15 1 o 14 8 28 00 N\ TR AR R AR T B o

Table 1. Optimal working conditions for ICP-AES
1 mEIESHK

T A HEETAME TSk IR LI e TS [
TyEE (W) A (L/min) i (L/min) i (L/min) (mm) (ms)
1200 15 0.8 0.2 12 200

Table 2. Analytical spectral lines of elements

7 2. LESIELE

JLFR Cu Al P

TEE AT 2R (nm) 327.393 394.401 213.617

Table 3. The selection of complex agent

3 3. BAFIRIERE

HET R A (m) WIORES
10 %
15 P
FPERIR 30%
20 B
25 e
20 PEERL
e 4% 30 REGR
40 VR
15 VEM
iz AN 20 T
25 T
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3.3. DHTLRHNIERE

FEAR P A R R B0 £ By, IR 60 /L 4R 30 o/L BFRTEEIEWR, 7R R TCERBKALHET
i, WGP Fn R IOERE T, DS Z b 2 i T R W R AR TR 1 b k. P
FAl 235 AR I 58 — R ALk, 1%+ Cu, HIT Nb [ R Lk 2 322.548 nm, 1 Cu [J58 — Rk
N 324.754 nm, FHFHRERH Nb (198 BT 60%/4 47, 2X Cu T, MM S — Rz 327.393 nm,
MisE 25 50 4 2,

3.4. FHAE

WD G TR IETT A BT SRR . SRR TTRCIEA TP R IS5 [6] [7]. ASCR A
TLRCIETE R 2R oT R SR FDGE T SR BRI, SO EAMT IR 15
Wi P A 1) A1 A 4 g 20 P A5 A2 oA pi 28 TV R R R AR R TRR 35 B S A A VA VR DR R — BTV B o e Bkl
PeFIERIL A S5 — (e 60 o/L M1 30 g/L oAy, FEART-PLRITH BRI 22 £ R PG B Am AT it B AE TR &
HEVE VIR S B R MR AR A HE I 22 0 53 APAI TG I BT RN S0 BR Th RE, A2 BTk
W R 0 )3 2 o BLAR [P 1 SR ANBR, BRI W0 S 2RO SR R T IUAO6IRM . 2R
v DU T P AT L

3.5. BAEHIZAYLRT

FREX 0.0939 g T4 AL —Hé M1 0.0300 g FEAELE LAy, B TEHAMHIA, Z0nlmA—E &rwE. M
HBRUEVE I, F1SEI ITVE R AR E R IR . FESEIR 26T, ME AR T P & A5 e 3R I 1 25 i
PAGI BT T 2 IR BE R AN, B A B A NAAAR, i) & R I oG 3R R HE B 2. [R] I & 377 2% VAR 10
W, ME L5 Rbr iR Z N 3 RHE AT PR . RIS 45 R, 27V BRI, AR G 27 I Y Rl Y
HRIFMZEEXR, W4,

36 WEESE

o S B 7E B g e I B 26 1F, SHERARARHERT i (GSB03-2202-2008 41 YSBC18606-08 H A 4N fiff
BN AR & e KA E , EEIE G4 R4 5. % 6. HIE 5 M 6 mIAL %5 AR bR vE
T i RIS RORS 2 B2 B0, BRI A2 2 7 7 T O 7

3.7. IN¥REILER

PSR v ROk e N EAE, IIAARE =B S S-S BN T, SHTRREERREE, N
EERNET.

e 7 g, NG ES RARERE T B B R e, SEAERRE T R AR T T

Table 4. The calibration curves of determining elements

T 4. BEENTREROEREZ

TLHR LTI 4 H R (wit%) MRS r Lt VS L (wit9%)
P I =1518X - 0.54 0.004 0.9996 0.01~1.00
Cu | =557.4X +0.95 0.009 0.9997 0.005~1.50
Al I=179X +0.19 0.004 0.9996 0.10~10.00

®
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Table 5. The statistics results of the standard sample (GSB03-2202-2008 the ferroalloy factory of Jinlin)
52 5. SRSk ARERE MR (GSB03-2202-2008 & 4K) B4 it

TLER IELH IRV €V il el ez ¥ E RSD
Cu 0.023 0.0229 0.0034 0.010 4.98
Al 0.89 13 0.889 0.05 0.05 1.95
P 0.085 0.0855 0.008 0.008 3.37

Table 6. The statistics results of the standard sample (YSBC18606-2008 The Research Institute of Chongging Steel Ltd.)
52 6. $esktnERE S (YSBC18606-08 2 W NAM BT ¥ S it

TLR NEE B E MEFIE % RV RSD

Al 1.35 1.351 0.069 0.080 1.66
13

P 0.159 0.157 0.014 0.014 2.87

Table 7. Determination results of recoveries

7. mAREER

LR N N e [ (%)
0.085 0.050 0.140 103.70
P 0.0425 0.050 0.0908 98.16
0.159 0.050 0.201 96.17
0.023 0.050 0.0722 98.90
© 0.0115 0.010 0.220 102.33
0.89 1.062 1.981 101.50
Al 0.445 0531 0.979 100.31
135 1.062 2.409 99.72

3.8. FHTHEELE

ARSI AL J5 R AL 300 58 = o K B F R s 18] R B TR AR AN ICP-AES vE3EAT T L. P
AR R A R R, e e i . S & s A% amEREsmn s, AN
B[] B0 4 /B, T ICP-AES 000 0.5 /N ABRVEFFE b LS, A2k B e+ 4 B8 B R
IR Z, 1 ICP-AES yAHE/E N+ i, ArARAR>. Bz, R ICP-AES iE e g =0 %
BT PP TE) AR 282, ERE e .
4. #hig

BT IENBRER AL SRR IR FEES AT T8, e T RERIEFEAAERIN &4
o FRPEMTAER R, WA, BRERIE. PO, T, et /B, WEEM RBUEN R,
FESTARUE IR Z 80N, BIURIE 96%~104%2 7], 458, TTHT HE49H.
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