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FEE . HouRAREM, ZARNE, SRR T Ak X ARAR, REMELE, BT HMNSHMHET A EEMBEF
BT AR KA 3% (ICP — AES) M 48 5 P4 48 B 45,45, 8 Ni 221.6 nm Al 396. 1 nm P 178.2 nm,
Mg 285.2 nm.Ca 393.3 nm 4 RI4VE A 4% 48 BF 8 450 M & 8 EARE W & P I AN SR AR F 2 095K, H R
HARF IR, ik F A 98.0% ~100.5% , 4% 48 B B A5 E A DT 1% % R4 5] 40.0054
0.0028 .0.0060.0.0030.0.0013 pg/mL, 5 R % ICP - AES ik bbik, Kk RAER G, BRI, FEA Tl
PP R I 6 PR AR AT G A 4 R AL ke AL AR — 5 AT AR R £ T 1% (n=6)
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Determination of Ni, Al, P, Mg and Ca in Nickel Ores by Inductively Coupled
Plasma-Atomic Emission Spectrometry

ZHANG Chao, LI Xiang
(Tianjin Geological Academy, Sinosteel Corporation, Tianjin 300181, China)

Abstract; The simultaneous determination of Ni, Al, P, Mg, and Ca in nickel ores by inductively coupled plasma
atomic emission spectrometry (ICP-AES) has been developed and is described in this paper. The sample was dissolved
in nitric acid with hydrofluoric acid as {lux. Perchloric acid was added and heated in order to remove hydrofluoric acid.
After dissolving the salts with hydrochloric, Ni, Al, P, Mg and Ca were determined by ICP-AES. The selected spectral
lines for Ni, Al, P, Mg and Ca were 221.6 nm, 396.1 nm, 178.2 nm, 285.2 nm and 393.3 nm, respectively. The
matrix effect was corrected by adding the same amount of Fe as the measured sample into the standard curve. The
recoveries were 98.00% —100.50% . The precisions of Ni, Al, P, Mg and Ca were all less than 1% and the detection
limits were 0. 0054 wg/mL, 0. 0028 pg/mL, 0. 0060 wg/mL, 0. 0030 pwg/mL and 0. 0013 pg/mL, respectively.
Compared with other methods, this method increased sensitivity and decreased the detection limit. It was applied to the
determination of nickel ores from Indonesia, and the measured results were consistent with the standard values and RSD
was below 1% (n=6).
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IR, BRI AE , FEHS R T ™ LR PEVE
7, TR AR PRI AR S AV i
WG S5 B IR K ek (ICP — AES) aJ [a] IRl 7 2
FhOCE HAWRE Wk BE LMLV I T , A2 T80 3 2055 i
T PEANIRIE A LA B T4, HF ELAE TS A #EA
i e P e AR PR G 23 AR RS S 4B
SFFBEA T LUH BR L 90, 1 B 28 Sk A
Z . IAEZ R AR IR 06 S EORIEHE, L5
FEmHE T LA e 2

ASCR A HE (HNO, (HCIO, S0 fif i, I FLit i 58
B AR IR ARSI B4R, i T
AP ER E VBE B0 ICP - AES DR M7 ik K
VAT 7 35 S fa B DR, A P A 1 BR AR, 9 i
DR F2EH DR AR BUS T ARG AL 2 R AR

TS

1 5855
1.1 48 B TARAcME

ICAP 6300 7143 B i3 B R 4 55 B8 AR R Bl
HEAY (3£ [ Thermo 24 H]) « i AL fir i A 2K ( CID ) 45 il
i, Meinhard C B &R 55 {6 4%, Cyclone JEJi %5 = . X
ar LAE SR F 2 i o 22 1150 W, #< % J) 0. 21
MPa, GBS i 0.5 L/min, /3 HrZE # 50 r/min, fH
SyFTE] 30 s, 3 EDU & BE 12 mm,

Ja 8l ICP — AES S A3 )5 28 iz % 30 min, DL fiff
XA FE M EEE o

A (2l 99.999% )
1.2 2200

Ni A5 E ¥ (100 pg/mL) , AL $5 #E 7% i (1000
pg/mL) , P AR (20 weg/mL) , Mg AREZA I (1000
pg/mL) , Ca FRUEAE (100 wg/mL) .

HF ( = 40% , & f1 43 %%) . HCIO, . HNO, (22. 90
mol/L) \HCI(36% ~38% ARFG340) 34 R4t

PR RET R Ry S 56 28 IN TR BC ] o

S IO £ B TR (RFHA =18 MQ) - em)
1.3 SEusJ5ik

FRHC0.2000 g A 5 T4 — 4 b, FH/KIRIE , 22
PR A 10 mL HF 2.5 mL HNO, .2 mL HCIO, , F
TR F I AAZE T, Y2 20, 0 12 mL HCL, hngh, 1200 3%
W ZIEH  BHREB A 100 mL 258, FKE B
B0 RS 4y EL 10 mL % 100mL 28 &,
JENA 4 mL HCL, KR B2 215 IR A1 R0,
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2 giR5ike
2.1 FEW IRNIRI SR

SEH T SRR RN 10 mL HF 2.5 mL
HNO, .1 mL H,SO, 73 fift & it s (HJE &K Bl T H,S0, 1)
ORI EE R R, TR SO5 M0 B 25 52 Wk Bk, 5 R A 4
Ko FRRBEBEZRAKUINA 10 mL HF 2.5 mL HNO, |
2 mL HCIO, #F47 555, BRI 58 & B, A Ik
Ko
2.2 rhrdkniigst

DAREZR A5 bl , A2 sl 3206 T4 S,
PEREIRMIC R T2t 0 KRR S B0 WL 5 3 Wk
W TC 2SR I B3 T 0 A SeRg s O, Ni e %
FeR B Ni 221.6 nm; 1 T Mg J& TR ot R, N
Bij b 0 B B R U B 4, BT LA AT B
Mg 279. 5 nmFl Mg 280. 2 nm P 4% R L, &£t T
Mg 285.2 nm;ME#BEESE P 178.2 nm, H AL A P
Fr AR, BT DAE R R AT TS LR 178.2 nm , 1fij 178.2
nm J& TR T 190 nm (PRI SE5MEL, Sy T Bj IEFFTE O,
X A U s T e S T 2l A R4 D % 30
min, [fif P 177.4 nm 7& CID #5025 i 2>, R vk
2 i Al FTSZEIE R Al 309. 2 nm; Jij i Ca (Y54
#FE Ca 396. 8 nm,
2.3 AT HEER

SRR 25 B I T 2R 1 S B A — R 1T
H XS 43 B 70 3 R S B () 14 8% 55 40 2 [m] B A A
[ AR R AR IR AR b BBk
i, B AU 10 mL 0. 60 mg/mL ZRARUE I T 5
PRVCHL, wT 7 Bk 6K T P 19 5%, 3R 45 5850 W 2
EE iR
2.4 brifEhsk

¥ 1 43I Ni (Al P Mg Ca Fe bRUEEH, FH
IR 2 2 B TR A1 S A TG M , 22 il b o it 2
BICRE MGANERNE IR AR B R WL 2,

Bl ROk
Table 1 Mixed standard solution series
PRI pw/(pg +mL™")

2k Ni Al P Mg Ca
Std 0 0.00 0.00 0.00 0.00 0.00
Std 1 1.00 20. 00 0.10 20. 00 1.00
Std 2 2.00 40.00 0.20 40.00 2.00
Std 3 4.00 60. 00 0.30 60. 00 3.00
Std 4 6.00 80.00 0.40 80.00 4.00
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Table 2 Linear regression equation, correlation coefficient, linear

range of every element

TR LAE R MeFE A 0y %
Ni y =4156.07x -0.37 0.9999 0.25~3.00
Al y=2675.57x-18.53 0.9999 0.125~1.00
P y=3549.3x +1.978452 0.9999 0.0025 ~0.02
Mg y =12854. 56x +230.23 1.0000 5.00 ~20.00
Ca y =462387.26x +1645.7 0.9998 0.25 ~2.00

2.5 JilkKBR

PATIAE 11 UCHRME i 2 25 13 3 0 s v i 22 119 3
A7 B0 L B AE D B LR Bt B AT 60
VB B B9 G R 2 5] 0 0. 0054 wg/mL, 0. 0028
pg/mL, 0. 0060 pg/mL, 0. 0030 pg/mL, 0. 0013
peg/mL,
2.6 JiikInMCR RIS #E

PRSI J7 R BT b (10 — 100T - 90) 347 6
UCFATINE , RN BEAT A T8 2 14 [l SO 3 A %5 B2 il
By, ik B RAE 98. 0% ~ 100. 5% , AHXS s 1 fi 22
(RSD) /N T 1% o 45RILFE 2,

2 JiikmICR AR

Table 2 Recovery and precision tests of the method

wy/ % hr 3% o
Wi % . ARy N R
Wil AR WEEN  R% (1=6)
Ni 1.78 1.00 3.54 98. 9 0.23
Al 2.26 1.00 3.24 98.0 0.39
P 0.0103 0.01 0.0201 98.0 0.38
Mg 22.00 20.00 42.10 100.5 0.02
Ca 0.65 1.00 1.64 99.0 0.18

3 PR BT

FRSLITT I IR TR 2 B A 2 1F T X R
FEAR (10 —40T —25 10 — 60T — 11) T 42 5 3 ¥, Il
FEME G AR EERAR —B (£ 3) .

®3 KT
Table 3  Analytical results of Ni, Al, P, Mg and Ca in samples

wy/ %
AW RERL 10 -40T -25 A RERL 10 -60T - 11
WETR
ek Atk ek Atk
Ni 1.70 1.70 1.72 1.71
Al 0.77 0.76 1.86 1.86
P 0.0036 0.0038 0.0037 0.0038
Mg 21.34 21.35 22.22 22.22
Ca 0.33 0.32 0.55 0.57
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