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KA pATILE; 44a4-4; ICP-AES; &A% ATk
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Determination of 16 impurity elements in nickel-platinum alloy with by ICP-AES

WANG Yuanyi, SUN Qi", LI Qiuying, WANG Yingjin, HE Jiao, FANG Haiyan, YANG Xiaotao
(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Sino-Platinum Metals Co. Ltd., Sino-Platinum Metals Testing Technology (Yunnan) Co. Ltd., Kunming 650106, China)

Abstract: In order to improve the accuracy of impurity content analysis in nickel-platinum alloys using
inductively coupled plasma atomic emission spectroscopy (ICP-AES), a comprehensive study of
interference effects was conducted for Ni-5Pt, Ni-15Pt, and Ni-60Pt alloys. The research focused on the
following aspects. For Pb and Sn, which are significantly affected by ICP-AES after matrix separation was
employed for their determination. For elements with interference, by adjusting the concentration ratio
between the matrix and the target element, the corresponding spectral lines were selected to achieve
accurate detection within a defined range of impurity concentrations. This approach ensured the method's
accuracy. Ultimately, the accuracy of the method was validated through the use of standard addition
recovery. The detection ranges for the method were as follows: (5~50) x10° for Ag and Au; (5~500) x10°
for Al, Co, Cr, Cu, Mg, Mn, Pd, Pb, Si, Sn, Ti, Zn and Zr; and (5~1000) x10° for Fe. This method can
meet the impurity analysis requirements for nickel-platinum target materials in market transactions.

Key words: analytical chemistry; nickel-platinum alloy; ICP-AES; impurity elements; matrix interference
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MEVEHE: (0.1~100) x10°. 2) #4154 (Q/GYB
119-2013)51, HHE &5 MEAE SR M S S E
ANKT 500%10°; 1% br A 4% 5 E 2 2 i 4 4
ICP-AES VENIE, WMIEmEIL 14 M(Ag. AlL Au.
Co. Cr. Cu. Fe. Mg. Mn. Pd. Si. Sn. Ti. Zr).

LI EEAAE SR AKRT 5x10° fIRE SR
i), ICP-AES £ B e IR TA H 2R B oK, 2
REESRRRE R, 7500 2 TR B o A A B P 3
KMHEsR0l, [FFEM T ICP-MS 446 Hi PR 1K,
MEHTIMICE, W Si. Fe KHAXELE M5
S (DRC) 7 A J Al F8 Jz 7 458 5K (KED) £ A 1 Bk
RIFT. FrLA, 7P2Rh gl BER E] 99.99 %LA bl e 44 i
i, 1%&#F ICP-MS E&fl; HlEHRMEET KT
50x 1076 (R A B, ICP-MS VEAE N H H A B,
ME R EE 5 Z A & R RS 5 Bris gy, 50
WEEAR 2, RAIFAH ICP-MS FIR 3, i R
YA BRAS KR G0 SRR TR o TR 1o oA 2 ) 182
W44 ICP-MS VElE Ag. Au HIFSRHFTE. Bk
i), ICP-AES VAR IB/DRRFE &, BT Pibl 2 BEAIK,
RV 3 e A ' T 2 A B U 5

I A K A8 (R 7 T B Y B AE
99.9%~99.95%, LIEAE] 99.99% LA FRIAiE . £%
b, ARSCEH ICP-AES iEE, R P ER, 17+
YS/T 937-2013 J:Ait E34 00 Ag. Au. Pd. Zr FII5E,
T304 R VR Sm I g, 8 HE A -0
TEBRE B4 99.9%~99.95% M 44 i 43 HT o« AS SCHREFE
S 7 ICP-AES 752 Ni-5Pt. Ni-15Pt. Ni-60Pt [
A4 J5 DN S S5 45

ARSI I B AR AR I SR SE R . T %
BTG R B R BELE 0.2~1 mg/L, MHEHITH
SN R, AE SR R 5 1R Y P AT D S
TR IEIE S, (RS EFEE IR,
BE ELEAERIN . [FIEE, 6T oR %05 & 0OFE Sl 5
I, AR G 2R PRI S A 5 A ) 5 A 2 LA
e AR B DX TR, S A AN AER, SRR AT R i)
RAE, EFRT AR R BRI,

1 SER

1.1 AR5

ICP-AES( 3 Perkin Elmer /A @ Optima
5300DV Bl sE 26 AR TIEE 1.3 kW #HE
0.55 L/min; W& & 940 FJ7 15 mm: RiE
1.50 mL/min; 253 7R E 15 L/min; FBS AR

& 0.2 L/min; M7 A 9%k s AR50 TE] 5 s
HIR. WM. ZKB ARG LL, 2IER 5.00
mg/mL7),  SZI6 F K N — Al 7K .
1.2 PR
SIS BT JC R AR E A £ (1000 pg/ mL)33N
SR v 2 4 i X R G ) B0 S 1) A IE b A i A T
W o TCER BRI £ W B A0 B2 I 1) B 1 ) 22
WA TRIIRE LR 1.

R 1 EREEBRRERE
Tab.1 Mass concentration of standard extreme deviation solution

5 AN B4 cH

/(mg/L)

= Au. Pb.  Ag. Al. Co. Cr. Cu, Fe Si
Pd. Sn Mg. Mn. Ti. Zn. Zr
Std-1 ~ 0.050 0.050 0.10 0.10
Std-2 0.10 0.10 0.20 1.00
Std-3 1.00 1.00 2.00 5.00
Std-4 5.00 5.00 10.00 10.00
Std-5  10.00 10.00 20.00 /

1.3 SR
1.3.1 AR S e AR

BUFE AL T VKBS R IE 10 min, P 7K BE,
BT o MR IEAS [R5 70 25 R0 7 8y R B i A
E B

M5E Ag. Al. Au. Co. Cr. Cu. Fe. Mg.
Mn. Pd. Si. Ti. Zn. Zr J6Z&(Fk Pb. Sn), &&
FE(5~10)x 10 I}, FREGEFEE 0.2 g (K52 0.1 mg,
), BRI 10 mL; & E/E(10~100)x10° B,
MEUAFE R 025 g, EHAM 25 mL; =&AL
(100~500)x10¢ i}, FRELIAFEE 0.2 g, 54 100 mL.

WI5E Pb. Sn JG 3 IR AL SLITTE 7 S I B A
I, BEAEG~50)<100 1, FREGAFEE 0.5, &
TARFL 25 mL; & EALE(50~500)x 100 i, FREUAEE
&=02g EARMI25mL.
1.3.2 B

J5i% 1) MISERR Pby Sn IICER . “FATHRELHI 4
AEE 50 mL BEAH, A 1:1 FiRER(1 mL 4
f+1.5 mL $R), o FARTIL, (REINAE R
A, WEIRER, HBAMNERES, FHKEREE
ZIFE, IR, SRR

J51%: 2) W% Pbs Sno “FATFRELM 430K 2 100
mL Betre, A 6 mL 5%, 2 mL MR, 5 L3
ML, A E S, BEIEER, A SmL
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WEE 5.000 mg/mL WIELIEIRTY,  FH 7K BEZR 1 0L A
MEE S IETRAIAFRYZ) 40 mL. #iiHE FEME/KZ 20
mL7, #EZ 1 h L), Adide EiEaRrEiE-h
g, A 1:9 FUKIEDEREAREE 2 IRIER BRI T
AN, FEVEIEAR YRR 2 R, R E
GET ). RN 5 mL 1:1 EhERIE PR EE, 5
R, REMAG, A B 5 2 2
TR IEAR B E SR DT, IEARRIEE R 25 mL
AR A 14 SRR IEVE 4 REDTE T
Wifk, WHZRER, HKMEZZIE, B, 233
RIS
1.3.3 il5E

B [l s (15256, 7E ICP-AES f%ik e %
ENE. IHHEE TR E.

2 ZR5H®R

2.1 BRI

ARG BT AR KR i (B 4 22/ MA RS
SR PE AT IR B AN ST 5EM , ToiR T G ) 2%
Pl e EY), WM TPAFTER Pd. Au, Pb.

K2 BEATHRERL

Tab.2 Interference of nickel matrix on impurities

Sn. Zn. Cu. Si%%. %tF Ni-5Pt, RISGERA»HKZE,
BRI, MBI R R g, 5%
fRef K, HEHEA AR, kT
P 1 735 e B T3t R A e 36 R -0 B i

ZRIEXTE, A 11 MIERARAmL HR
+1.5mL #hR), RERLETAIPEIAAE, HARIF&R/DE
BARFR 10 mL B3 04T, HLERBEAS S 44 5 1)
HERII S
22 FHHAR
221 BHEAHRAFCRATI

YRGS FREE, 0.2 g RS 10 mL I, £t
A P f N AR F 20 mg/L. B Al B A4 iR
G IR, TE 10 mL FEE A 204 10
mg/L WIERIE, 15 P BRI B P A SR8 oy
BIFEA 0.104 0.50. 1.00. 5.00 mg/L V& A TCEFR
ALV, AT PAT IR, BE RIS M — Al gr
AR FKRBZEZIE, 1R, eI
B TAEZAE S, F ICP-AES W%, HEANICER
TR LObREICR . s TSRS TR 20 K2
GERRM, IRGHRTUZEEA TN, K
CIBGRURT WAy iY==l 2 (T E. L8 R U708 77

BNy DN ERE it iR FHtE
0.10 mg/L (~5x106) LT, WEMER: Zn Bt E

o 0.50 mg/L (~25%x10%) Co. Cr HRMTH; HARITCERTLTI, WE

.U m;
£ Au(267.595. 242.795). Al396.153 LT, HATRY™E T
1.0 mg/L (~50x10)
(R, EERAL 35%~80%

0.50 mg/L (50x10°%) T, I E R
1.0 mg/L (~100x10-) Co. Cr HRMTH:; HARITTERTLTI, WE

10.0 mg/L

1. C0228.616. Cr284.325 BT, HAh Co. Cr L TH/™HE;
2. Mg. Mn BN 80%~86%, 1 HME FETI

5.0 mg/L (~500x106)

222 ARG R UTRA T

LA SCHRBIBIT 78 2 1 20 mg/L () 4igH 3644 %t 22
MR E P (REFE Cov Zr)E TR N Au.
Pb. Sn, XIHRIGCEILEM. #M7 PtXF Cos Zr 5
ik, I TR .
223 FRlTER 8] )52

FECR Z TN, RAEMNTRS
HAh A c R ILAER, BA TN A fe R I H

SRUOCI, h5E 5 XTI, AR AL B4
PRUEFIBOR S IE, TR OLUNER 3 frdil. 4iRE
B, AR, HASTIR KT 1 mg/L i, J: A
BN AGERAR T E— DT I &R 2T
PRTCIE ARG, THRBA BN iz
2 BTG IR BEAN KT 1 mg/L, i H R B
PR e AR, TR A
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K3 FUTRZAKTHRIER

Tab.3 Interference of between elements to be measured

jaé}vﬁﬂﬁ* - —
Atk BHARKER
1 mg/L 0 mg/L -
0 mg/L 1 mg/L -
1 mg/L 5 mg/ Fe Xt Ag328 33T (/) ; Fe XF Al396. Cu324. Mg285. Co. Cr BT (/)
4 mg/L 1 mg/L Au208.209. Pd(324.270; 363.470). Ag. Pb. Sn HET I
4 mg/L 5mg/L  Au208.209. Zn. Pb. Sn ™ EF#; Al. Cd. Co~ Crv Fe. Mn. Ni341.476 H1E 5™ 5 FPr(dH])

*%: A4l Au. Pb. Pd. Sn; B4 Ag. Al. Co. Cr. Cu. Fe. Mg. Mn. Ti. Zn. Zr.

2.3 fRPRTTIE
23.1 YLD B

% Pb. Sn MFHLAE, SRR YTIETSEI
70 Pb. Sn LR SHEIEMR. HIEIEMA. LG
SERFTFICERN B REE IS A I
HUTEAEK, FTHICE Ag. Aus Cus NiER
By TG AR B 2% 85 7 B TRV M R VB N I8
VeBR B, HFRITZE Pb. Sn J2 Al. Fe. Pt JEA
FMMILTTE AR, BB s A &
KEBFILAFARTTC R B, HMEREARDTE
Vi, WET R AN, BhE Pt AR N &&=
T, ANREME AR A R R AR, s
SRR B, BERR IR A TR .

RICIRZE DU BRI HE, 8 Pb. Sn
M5E AERAL2) . 20 ARG A, 1) FAFREUK DR IE
WA RS i, tWSERMENTEY R . A

R 4 ZTREFOTRWE R K

Tab.4 Interference recommended wavelengths for impurity elements

SCKRH 129 ZUKIE B, TV EE 2 IR EE
JELR PRI 2 K, RELRIEAFI G A R AT
W AE L TR AT R 2 M BERR 4% B 1. 2) ViR
HTE S BT, 23 S IR N, 56— S mL
1:1 3R1R, 2 2~5 WKHH 1:4 3, (R B briie
ViR e A EIRE,  EURATREFRIRIREE, IR/
TEVDIR o LT VR AN AT HERFI 2 25 £ (5~500)x 10
%) Pb. Sn, i&A]#EAERHIIE (5~500)%10°° [#] Al. Fe.
232 FRTCER G £

Bk Pb. Sn HARIGEMIME, ARSCRLA]HERE H
L HT AL IR, Yk i AL BRI ()95 e L R
RIEERH ICP-AES e KL (AN TR I #R R
BHETHRRBOLL), WiE 2.2 TR, ERHER
A RIUER TR RN TR AR E T,
AZ T HREER T PR AS 3200 5 v B2 1 i 26 A
oY HTER . BIRT BB N HERRI 2, W52RA TR 4.

e K /mm
Rrill a2 M EVa /106 BNERE S HATEREE Tk
Ni-5Pt Ni-15Pt Ni-60Pt
Ag 5~50 328.068 328.068 328.068 TR GIE T 5 8
Al 5~500 396.153 396.153 396.153 4 Fe>100x100 1, FHIHTHFKIE
5~10 208.209 208.209 267.595"
Au 10~50 267.595 267.595 267.595 TR A S
50~500 242.795 / /
5~10 236.380" 236.380" 236.380"
c 10~50 236.380* 236.380* 236.380 B A S AT
0)
50~100 236.380 236.380 236.380 TR, EEIMEE.
100~500 228.616 228.616 228.616
c 5~50 283.563 283.563 283.563
T
50~500 284.325 284.325 284.325
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4823 4 (Tab.4 continued)
HEF WK /nm
Frl oz W 5E 75 Fl/ppm BONERE S BN ER A4S FHRANBR
Ni-5Pt Ni-15Pt Ni-60Pt
Cu 5~500 324.752 324.752 324.752 2 Fe>100x100 1}, #%#% 327.393
5~500 259.939 259.939 259.939
Fe 500-1000 238.204 238.204 238.204
Mg 5~500 285.213 285.213 285213 2 Fe>50x10° 1, 4% 280.271
Mn 5~500 257.610 257.610 257.610 FFRAEH 5
Pd 5~500 340.458 340.458 340.458 FNFRAEH 5
5~100 283.306 283.306 405.781 o o .
F 100~500 405.781 405.781 405.781 EHERIIERI BRI
5~50 251.611 251.611 252.851
Si BREEE 5
50~500 252.851 252.851 252.851
5~50 283.998 283.998 189.927
Sn 50~100 189.927 189.927 189.927 A E 52 SR F R B8 -5 L UTTE
100~500 283.998 283.998 283.998
Ti 5~500 334.940 334.940 334.940 368.519 [
Zn 5~50 206.200 206.200 206.200 FIFRAEH A
Zr 5~500 257.139 257.139 257.139 FIFRAEH 5

B AOSCSI SRR IR T Ni-5Pt. Ni-15Pt. Ni-60Pt; [KIWI%Z Ni-5Pt. Ni-15Pt ik —F, MTiHE 4 3 1S 40T 23 Ni-SPt, H18E (440

A4 Ni-60Pt.

24 FHIEWHE i B IIAR(5%106), H1(50x106). 5 (500%1076)
K G RFE R REAT IR EICR SRS 3 . SRR, M 13 SR A R, 45

W, RASITNEATYE AL . RS IR S,

4(Ni-5Pt. Ni-15Pt. Ni-60Pt)f) & EE i, FREUEE

RS AP B K BICR (n=5)

Tab.5 Precision of the method and recoveries of standard addition(n=5)

_ Ni-5Pt Ni-15Pt Ni-60Pt

SR SFIME/106 RSDI%  INFREICE /%  TEE/10° RSD/% IR /% “FIME/106 RSD/% Ik EICE /%
5.0 3.27 97.62~105.73 5.4 8.92 90.28~108.18 4.9 8.91 90.99~102.66

Ag 47.7 6.40 91.18~109.05 44.8 4.18 85.55~93.57 48.6 1.89 87.65~99.96
4354 16.06  75.47~103.80 410.5 19.22  71.34~114.24 234.6 26.40 15.71~57.67
49 6.59 91.75~102.84 4.8 8.29 90.28~104.26 5.0 8.90 90.28~104.26

Al 50.3 1.38  102.46~105.70 442 1.03 88.05~89.78 47.4 1.38 95.12~98.01
446.6 6.20 87.65~105.57 472.8 6.71 85.93~105.25 495.5 4.40 91.77~99.98
4.8 7.16 90.10~104.41 5.0 4.94 96.91~105.20 52 2.03  102.65~107.41

Au 46.5 6.86 91.49~101.62 49.0 4.85 97.56~104.45 47.0 8.13 88.97~105.72
448.1 1.92 92.48~93.72 555.4 30.13  73.65~133.38 396.8 13.15 77.57~99.95
49 4.57 95.03~100.94 5.0 3.69 88.56~106.65 4.8 5.02 92.28~103.24

Co 47.5 2.87 96.16~100.72 45.5 5.96 85.61~97.27 46.9 2.24 92.17~99.56
460.3 1.37 94.64~105.57 505.2 4.94 95.33~108.68 448.1 1.46 87.79~96.59
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4232 5 (Tab.5 continued)
B Ni-5Pt Ni-15Pt Ni-60Pt
e FMEN0S RSD/%  JEkREIRER /%  FHIME/10° RSD/%  WAREILER /%  “FH{E/10 RSD/%  JIksIEILEE /%
4.9 2.15  96.42~100.94 5.0 707  96.32~106.52 4.8 514 9226~101.61
Cr 513 3.54  103.26~109.68 497 7.00  86.88~104.58 48.1 7.67  98.54~107.36
424.8 135  87.71~88.98 433.6 7.04  86.07~93.97 469.1 9.85  88.46~103.39
4.6 442  89.51~99.32 5.0 6.04  96.95~108.98 4.9 890  91.36~109.23
Cu 452 135  92.73~95.62 49.0 327 95.00~103.07 492 091  98.33~102.19
439.5 430  86.01~95.36 4725 463 89.78~99.59 4573 1.15  86.32~97.31
9.7 6.71  91.73~104.73 9.6 7.95  89.79~106.35 102 481  97.23~106.41
Fe 104.0 534 97.61~107.73 102.4 2.16  95.10~104.16 99.1 566  97.11~105.03
837.8 196  86.83~87.99 912.8 3.69  87.04~94.65 875.2 276 85.78~91.24
4.9 9.47  87.61~108.55 5.1 352 89.13~107.21 4.7 570  88.55~99.37
Mg 46.7 236 89.95-9521 438 733 88.72~103.15 443 145  87.96~92.55
431.1 590  86.17~96.50 441.1 128  87.39~90.72 4383 2.11 87.96~90.65
4.6 1.61  91.05~98.48 4.6 579  89.23-98.48 4.8 172 95.38~100.12
Mn 438 237  88.28-93.74 439 6.87  85.93~101.28 43.1 0.66  86.69~89.46
458.0 533 85.87~87.45 4233 2,60  86.64~87.74 423.0 456  85.01~87.23
4.8 1020 92.04~101.84 4.9 552 95.27~10235 5.1 234 100.95~103.89
Zn 47.1 337 90.10~95.71 477 5.21 88.84~98.61 49.1 557 93.30~104.81
444.0 258  89.71~95.21 465.5 2.64  90.40~96.23 450.6 6.90  87.64~92.58
4.4 3.18  85.34~90.13 4.8 481  92.07~103.38 5.1 0.72  101.12~103.51
Zr 448 247  88.85~94.63 45.1 139  89.33~93.25 43.1 117  86.25~89.72
4282 336  87.63~92.82 468.9 780  92.01~106.89 446.5 350  85.25~89.40
5.2 341 87.12~101.43 4.9 7.88  91.43~108.48 5.0 576  94.59~106.29
Ti 526 242 101.96~109.21 46.4 213 90.01~94.19 447 378 89.31~93.69
442.8 245  87.27~90.03 452.1 4.01 86.56~95.68 446.9 190  87.73~91.13
4.6 642  89.28~100.65 4.8 310 92.50~98.39 4.6 450  88.24~97.10
Pd 48.0 519  95.88~103.12 49.4 433 97.85~104.85 47.0 7.89  88.02~99.66
442.8 121 91.20~92.37 428.7 195  85.39~85.79 456.0 175  87.80~95.88
5.3 0.76  104.74~105.87 4.9 6.64  9438-106.18 4.6 469  90.20~98.44
Pb 50.3 517  100.56~105.95 482 534 9824~105.87 512 524 97.52~108.24
505.5 323 92.19~102.85 475.1 475  93.40~101.11 4547 538 92.25-99.74
4.9 2.87  95.48-101.34 5.2 4.84  100.80~108.59 4.8 3.09  94.41~99.55
Sn 47.8 320 97.46~99.54 50.6 3.92  104.24~109.61 50.5 6.13  98.12~109.24
497.3 6.68  95.13~108.13 493 4 301 99.47~105.04 4755 6.22  95.74~105.26
5.1 2.17  100.69~106.01 4.7 3.14  91.29-97.08 4.5 2.18 87379127
Si 482 502 96.59~106.27 45.0 3.54  89.68-98.78 44.5 401 90.10~96.99
4352 334 86.60~89.81 4352 334 86.60~89.81 4277 3.69  85.14~92.13

M 5 B4,

FEMAR. A S HneR FY A
84.85%~109.61%2 ] . Ni-5Pt FIfik. . W& EN
FAXTARAE R 22 (RSD,  n=5)3 1 A4: 1.69%~10.20%-
1.35%~6.40%- 1.21%~7.28%; Ni-15Pt fifik. .

i B A X AR HE R 22 (RSD , n=5) 53 53 4«
3.10%~8.29%- 1.03%~7.00%- 1.95%~7.80%; Ni-60Pt

FIM& P &R AR HE R ZE(RSD,  n=5)77 %]

A: 0.72%~8.91%; 0.66%~8.13%-~ 1.15%~9.85%.
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3 4

R S T PR A P A G 2R R, AR
F AR IAT IO Z M B I TS, T
EIE B & 4 16 285 76 3= (1) ICP-AES J7i%,
Au. Ag. Zn MEVERA: 0.00050%~0.0050%; Pd.
Al. Co. Cr. Mg. Mn. Pb. Si. Sn. Zr. Ti. Cu
METEEN 0.00050%~0.050%; Fe il & oA -
0.00050%~0.10% - 77 3% Ji A% [A] 0 % 84.85%~
109.61%, F5HE 0.66%~10.20%. HEIH L ELH1HEH
S B R E SR

1) Pb. Sn FHuAEE BRIy BRI, XAk
53 B 1 AN Z5 A AT MK, 456 77 9236 2 HERA I 5

2) % Pb. Sn MHARIFIICRINE, WERLE
JEHEIA 0.2~1 mg/L, HA Zn BN EEE N 0.4~1
mg/L, FF 5 LB H A 40 H % o0 3 AN ) 5 & X [A) A
TEWE R . AT R T RRRE B N AR BRI
TE o AL T HT AL BEFE K HE ICP-AES AL,
TR A ASE WU Fs A

3) AW AMBHE S, LR RFHRT
Ni-5Pt. Ni-15Pt. Ni-60Pt, [X¥{%% Ni-5Pt. Ni-15Pt
FEA—EPE, DM RN A 47T 255 Ni-5Pt,
HIAFE R &8 2% Ni-60Pt. AHRMSE
R’RHtZ*.

e =D& X
[11 E—W, VFEs, M, 2 AR S NiPts &
95 A T R RE (D). R E A 4 B R, 202003):

559-565

2] &) H, 08, FRE, % & caEERES
S RARATE B REIA[C). R E DR LR 2 24618 o) 42
r % 3 v B R 18 SCSE. 2021: 98-103.

[3] okif, TH, ¥k, & HERGHBEASENHEILE
[J/OL]. &)@k, 2019, 55(9): 1077-1094.
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