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£ 730C b b FARIR 25 min &, R AR R TR ERBRANRT, WARERA A
AR AR 30 min, FTAF48. 4efedb RIUIE Ao, ERELMT, 44, fefedt g H 0.5~7.0.
2.0~40.2 F= 0.2~7.0 glkg 69HFde, MEARTAFE R ZRSD)D A A 0.44%~1.52%. 0.58%~1.06%F=
0.61%~1.98%, AeAFEILEN A A 99.4%~101%. 99.1%~100.5%F= 98.3%~101%.
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Determination of Pt, Pd and Rh Contents in Plasma Smelting Alloy by ICP-AES

LIU Wei, LIU Wen*, JIN Yunjie, LIN Bo, LUO Xian, LU Junyu, YAO Yanbo, MA Wangrui, CHONG Biao
(Sino-Platinum Metals Resources (Yimen) Co. Ltd., State Key Laboratory Advanced Technologies for
Comprehensive Utilization of Platinum Metals, Sino-Platinu Metals Co. Ltd., Kunming 650106, China)

Abstract: An ICP-AES method was established for determination of platinum, palladium and rhodium
contents in the Fe-PGM alloy produced from plasma smelting process. Prior to ICP-AES measurements,
the alloy was first pretreated by alkali fusion and then by tellurium co-precipitation separation. The
conditions for the sample preparation and determination were investigated and optimized. When the alloy
was fused with sodium peroxide in the muffle furnace at 730°C for 25 min, the resulting melt could fully
be dissolved in diluted hydrochloric acid. Slightly boiling the solution for 30 min after the addition of the
tellurium reagent and SnCl, would enhance the precipitation of platinum, palladium and rhodium. Under
given conditions and for the Fe-PGM alloy containing 0.5~7.0 Pt, 2.0~40.2 Pd, and 0.2~7.0 Rh in g/kg
unit, RSD (n=7~9) and the recovery of standard addition were found to be 0.44%~1.52%, 99.4%~101%
for Pt, 0.58%~1.06%, 99.1%~100.5% for Pd, and 0.61%~1.98%, 98.3%~101% for Rh, respectively.
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X %% ICP-AES MBS B FIaH &4 i, A 73

FE AR AR AR T

Fe-PGM && MMM EE S, 1. MBS ER
e 45 F & Fe-PGM & & EMAF. AIER 5 EH
B2, [N AR A P2 I R R o 58 4 JE P Al 1 B
Wi, B, WERZHT Fe-PGM & & HF RO, 42/
BERRATEEMNE L. RS RN i
RP, BB RIS BN, LI
AU B R RE T A BT X . 03 & >20% 140
W4T, AT RV EER<0.5%, W RAE
EVEEEELE SR 5%~20%F, AN R ER
<1%, WHEREZE: T8 1%~5%M, Xz
FR<2%, ] A EEBER T U EE<1%
B, HEAERELSBNESE, BHEE. B
JEHE B S TR R G E(ICP-AES) B £ i &R
PO E BT R PEVE R . R RS R R R H
PBRASEAR L, R T IRISO G R RN R AR AT L e e g
EERRE B R &, R T
& BAA R 4 )8 22 0 K RN 58 HORE 7 43 i
%, T Fe-PGM &4 1. AR & BV 4y
PR, BHEEESAEREELLEH; JEFIRIO6EE
ARSI WL e R e M YE R AR e 7, B
REHIC R BTN E « K ICP-AES ¥4 [RIE I &
B ARSI

T A4 TS Fe-PGM & & PuiE s, Bl
iR Z M GRIR. 15 s s s R A AR,
VIRBEE R MREE S o R, 2 SO B 0 Ak 3
Fe-PGM & &t T THFFL, 25 B 2IUA f5 Al
WA LR T, BN, H—DR T
VR B E BN SRR TR, TR T
FH ICP-AES #ERAIIE .

1 SEK#E

1.1 SR AEE

H SRR A 55 B8 TR R S B HE A (2 Perkin
Elmer /A & Optima 7000 DV %! ICP-AES): i ki
M AN REUE CaF, B, JGilyulE: 160~900
nm, 200 nm &b53HER A 0.003 nm;  HRsh AL AT EE
X (8 E 3 I~ 7] RS200); Db (g FEBTE
FRAT YFX 2/12 Q-GC); a5 AR 30 mL);
G3 bR F (%4 60 mL).
1.2 5 KebritE

AN ERR. ERRR(1+9). WHERZEAFI N
SrHTal, JKONSEK. BHER2.5 mg/mL, 20%3hFR);

TEAGTEI(1 mol/L, 30%hER). FARRAEN A
W EE bR R AT VA B RS HE Y AT I WL[(1000
ug/mL, 10%ZE[R), [ FKANEAF BN A O ax ek AT
FEBE, EZRRUEET]. Fe-PGM & 4504
HF-23-150709-6(#:471E: 411 3.814 g/kg, f 38.92
g/kg, % 6.927 glkg). T (AEA/NT 99.99%).
1.3 SERHE
1.3.1 RAFEo iR

FEMBFEE R 150 H, FREXZ) 0.25 g ilFE T mte
HinR, INZ) 3 g ik E b, Bk, HEGS 2
EEAAN, T 730°C L BEgE Rl 25 mine HUH,
A HEiHE T 400 mL KR, i 100 mL
K, # bBERIMI, JNEZERMNAF G, A 40 mL
g, H/OERBRA)VF RN . S, B
T B O
1.3.2 Hf ey 7 5

BON 20 mL RV, INFAEFGH, N 8 mL
TR, 5 BRI, PREFREHEZ) 30 min,
EPURELEL, WS, BUF, FKWR PR EIL,
B Rb i 58, KBRSt S tiE & 3~5 iK%,
7 RUEM. 10 mL #AGERFR 5 R R VR A BRI FRDTIE
TR, FKEEIE - 3~5 Ik, SRR T 5
Fdir, dE BERmm, REARRSR. B, M
KIRPEZRTAML, fin 20 mL #2E2, % N\ 250 mL % &
i, FHKMBEZIE, WA.
1.3.3 P

£§ ICP-AES (& T e )G, TR
1.2 kW #S7E 0.2 L/min f547<70E 0.8 L/min.
AEAFGE 15 L/min, #EFEEE 1.5 mL/min. 73H7
2L K9 Pt 265.945 nm. Pd 340.485 nm. Rh 343.489
nm. ZFEFIM . FEETE] 30 s. FUATHTIE] 5 5. A
53 2 IRBCE31E

e BRI E R T, 0 - BCHI G TR A bR
HE TAE BRI FE 34 0.50+ 5.0+ 20.0 AT 50.0
mg/L, #IRE N 0.25. 2.5, 10.0 A1 25.0 mg/L)#H1T
FrEdl, AT, ARIE AR E AR th 2k B ahidt
TP EIE AR B IR A DR RO e IR, BT
B, HUREER SR

2 #REWHE
2.1 FRERARITERIERE

B R Al H T A R T A R AN 2
7R SEIRFF XL T Fe-PGM & @AF ¥ 4 Fh
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SHETTE: 1) BIE T EKMAGEE 6 hs 2) WHALEE
ERIR-XUEIK 150°CH HTHME 12 hs 3) ERERVE AR+
B 4) .

SEIRELR R, ik DR 2)H5 B AR,
AEEfd Fe-PGM & &1 R f#: 77ik 3):RAIR
BEWISAHLS G, B E VAR, (R
fRFERT 6 h DAL, MeERRES K, #IEZEH.

KRHTTE 4), 1E—MRIBEIE 2% A4 T (700 C IR IR
15 min)i#Tik5, Fe-PGM & &amb A4, Nk
HAT TR LA B A A 2 ARG . FREN
3 g AN 0.25 g WFE, TR iEEA,
P RY 2 g i ALY, BT 53, 23 IE 700,
715, 730 745. 760. 775°C FLRIE 25 min, #A#1,
VAR LK SRR . MWSZIGHL R AT LLE
730°C LA FIsRl, R EAE N, ISEA A
T30°CHER, FERRTEA, IR R 745°C
VAL, (AR eREss , SRS e i . i
Y% EFE SRR 730°C AR 25 min.

22 HERERERE

FE S BE ) BREEE 0.1 mm (150 H), RS 5 1
HURE T AR R 6 S R A SR U2, AR ) T
A AR 0> Kd (B5ME R K B 0.02), 5455
BRAICHIEE O 5 0.2 g

PL Fe-PGM &4 HF-23-150709-6 A6 414},

(RVAE O B v O 22 (RSDY T 2% FRFERE 0.4 g B,
RSD #:E 1%, {HME S5 R EmIC, F 2R
PR REEE 2 AR TS AN = 45 FRFEE /D BAR
AR TR AR = A, (R AR T RAREUE R
FRFEREL 0.2~0.3 g B, 41 HLANEEAR X 22-0.20%~
0.45%, RSD ¥l 1% AN E TAF ith 8 2t
JulH, EPERSAERE Y 025 g0
2.3 FEHUTES BE. AR &S

fILTE > B B EME RS EIERZ, H2
SRS R FEREE R B R D . STk
(1314 IE FIRFILUTIE AT B 4~5 mol/L B ERFRIA R,
TN 10 mL ¥ (2.5 mg/mL) Al 4 mL &AL
(1 mol/L), JNFAHLE 30 min, KT 5000 pg 1.
HUFN 2000 pg FIEERI RIS IR T 98%.

ALHEE T 4 mol/L MM RY, HEd
B, AURIBE RO R . A BN
HIZ 10000 pug % 5000 ug, & 30 min A1 60 min
(I FEYTIE T TE], 23 A0 NAS [ & B R OR — Ak
B, RREREME, THE. SRR,
SERA TR 2.

&K 2 AR AT MR E iR
Tab.2 Recovery of platinum, palladium and rhodium under

different Te co-precipitation conditions

Sy HIFREL 0.1, 0.2, 0.3 F10.4 g, £ 3 13" FATFE, SE MR AU (a5 2 /%
FE LI EAEE S W e A0 AR, g5 TER L W [A)/min - AF/mL  ABYmL  pyg Pd Rh
10 4 984 998 908
£ 1 BHELRER 0=3) 30 15 6 99.4 996 948
Tab.1 The experimental results of sample weights (n=3) 20 8 99.6 100.3  98.8
FR/eg otk CFIMHAgkg) RSDI%  BIETEE/% 10 4 98.9 995 928
Pt 3.797 1.8 -0.45 60 15 6 992 994 965
0.1 Pd 38.93 1.3 0.03 20 8 99.4 997  99.0
Rh 6.909 1.5 -0.26
Pt 3.831 0.64 0.45 % 2 7l%, 10 mL FHEWAT 4 mL /) 54k
0.2 Pd 38.88 12 -0.10 B PRFFRCHE 30 min, 41 HE A ISR KT 98%,
Rh 6.937 0.64 0.14 BB IR 90%, Bl i O — A BV T 53 S
Pt 3.815 0.82 0.03 1.5 f5H0 2 f5F, BRI ERET 95% A1 99%:;
0.3 Pd 38.89 1.2 -0.08 FLVTERT (R AN ZE 60 min I, 7 3 FPAS B AR
Rh 6.913 0.78 -0.20 2T, R —E R E . RIEess i,
Pt 3.769 1.0 -1.18 ASCERF LU 2N 4 mol/L I ERBR A i, 20
0.4 Pd 38.62 1.1 -0.77 mL B AR, N 8 mL S B E W,
Rh 6.886 0.83 -0.59 PRFFH 30 min.

R 1 0I5, FRFEE 0.1 g i, 47, AEAIsESE

5 Fe-PGM &4 L& &, NS E
TRASEBRTE L, TR 25000 g, 54 £5% 5000 pg,
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FEVRTE S AT T REAT R UTTE 7 B S, 40 SEAIBERY
NSRS T3 3.
M3 ATRNEA L REANEE A FETTE 7 1 [ Wi R 1)

K3 A TRLUTES . MBI E R
Tab.3 Recovery of platinum, palladium and rhodium under

selected Te co-precipitation conditions

KT 98.5%, RWIHILTE AR T Fe-PGM & JLE I B/ng I3 /%
e REABER R, IRCR T, i TR . Pt 5000 99.3
2.4 BB BRI R Pd 25000 99.8
T 5% 10%- 15%ZLBR(V/VYN i, % 5 ng/mL Rh 5000 98.6
B FERIBERIIIE SR A TR 4.
&K 4 AR T K25 R
Tab.4 Determination results in different concentrations of hydrochloric acid
_ JINAH/ 72 18/ (ng/mL) P Z21%
(ug/mL) 5% HCI 10% HC1 15% HC1 5% HCI 10% HC1 15% HC1
Pt 5.00 5.082 4.968 4.783 +1.64 -0.64 -4.37
Pd 5.00 5.139 4.997 4.834 +2.78 -0.06 -3.32
Rh 5.00 5.153 5.028 4.862 +3.06 +0.56 -2.76

M 4 ATHD, ShRE AR B (10%E: FR)
VLHCHS, W0 7E 45 F I 22 4-0.64%~0.56%, &5 Rtk
s S%ERFRAN RN, 2N 1.64%~3.06%, 45 H 1w
Fs 15%ERRA RS, W2 N-2.76%~-4.37%, 4
.

B A ETIE RN UL RN 10%E508, WLt
VEVIR A KGR, IRAGEEAS, H1485 5% 10%E5R A
i, R IR B AL 0.2 ¢/L 1R, XTEH. 4R
RIEE B 5 ¥ %A T4
2.5 {UERTAEARAFRIIER

WFFE T ICP-AES A #5AN [F] 1 S A3 3 2 5 41
ORISR TAE 2R SEBRpIAT R FIAR EPE . e
SHRTIZE Y 1.00 1.1, 120 1.3 kW, HEXMESH
AR EAEE B, M AR AE TR
HIME TAEMZE, M2 A 10 R, B8RSR
AR MR RS R sz, 45 Ry & 5.
ICP-AES vl & ik FE T 3 N, 30 75 B R E M
FaoE e 1 2 BN i (AR 2R, S
hR WL HEEM AR, P 50.0 pg/mL (41, R
25.0 pg/mL EEFRUE TARWH, 23 AIAES A2 1.0,
L1. 1.2, 1.3 kW B, SPATIIE 2 IR, w2k A
AN BRTEE I 22 BE T R RE B T3R5

H# 5 AR, BEESTADIZEAE 1.0~1.3 kW B3
THE, AR &R RIS, AR R
FURIEE 1 TAE M 28 R FIAS H PR AN 2 . AN ]
FISHITIZE TR, 0.5~50 pg/mL K41, $EF1 0.25~25
ng/mL £8 TAE 26 A0 ¢ £ %035>0.9999, ik R 4T,

R 5 SRS TR, K RASER e kR
Tab.5 The influence of RF power on working curve, detection

limit and stability

SHERTh TTERT . R/ PR RSD/
F/KW 2k/mm bk (ug/mL) IFEEE %
Pt265.945 3033 0.116 151772 0.51

1.0 Pd340.458 9583 0.053 479254  0.71

Rh343.489 15920 0.072 334439 0.54

Pt265.945 3440 0.095 171976  0.62

1.1 Pd340.458 10370 0.050 518906 0.91

Rh343.489 16780 0.066 352176  0.57

Pt265.945 3759 0.082 188023 0.57

1.2 Pd340.458 10990 0.045 549417 0.88

Rh343.489 17480 0.060 367122 0.68

Pt265.945 3935 0.080 196747 0.75

1.3 Pd340.458 11250 0.044 562079 1.06

Rh343.489 17800 0.060 373564 0.98

ST 1.0~1.3 kW IZRH#T T =, 51150 b 4808 B 1)
T, AL BTSRRI SEAThER
FHEmE 1.3 kW B, A bR 22 R A R, 4
FEMST AR R ZE 18 KA 1%, RUIFaE A i T .

A ARSI e AR TR N S
1.2 kW, #FASAE 0.2 L/min, RPSHE 0.8
L/min, & #1733 15 L/min, #FEEZ 1.5 mL/min,
R, PR ] 30 s, FUPESTR] 5, RSP 20K
BCPIME . 40T 2695 K Pt 265.945 nm., Pd 340.485
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nm. Rh 343.489 nm. ALED, MASER. FEAEE S B AN 0.525~7.180.
2.6 HEEERE 2.453~40.20 Al 0.266~6.927 g/kg; Xt b e 2

A3 I E A ALK Fe-PGM &4 H R, I (RSD, n=7~9)7r %A 0.44%~1.52%- 0.58%~1.06%
B, G- FEEMMXN PR ZES TR 6. HE 6 1 0.61%~1.98%.

K6 FENTER

Tab.6 Analysis results of the samples

No. o MTHE/(g/kg) FIE(g/ke) RSD%
Pt 4.494,4.510, 4.462, 4.482, 4.443, 4,538, 4.434 4.480 0.77

HF-19 Pd 28.22,28.14,27.82,28.22,27.79, 28.25, 27.97 28.06 0.65
Rh 3.419,3.396, 3.361, 3.375, 3.360, 3.420, 3.370 3.386 0.71

Pt 4.329,4.379, 4292, 4.343, 4.346, 4.297, 4.360, 4.368, 4292 4334 0.77

HF-21 Pd 13.37,13.46, 13.24, 13.48, 13.26, 13.38, 13.61, 13.49, 13.28 13.39 0.90
Rh 0.647, 0.656, 0.668, 0.653, 0.634, 0.656, 0.654, 0.652, 0.661 0.653 1.44

Pt 3.771, 3.830, 3.864, 3.808, 3.864, 3.752, 3.798, 3.821, 3.816 3.814 0.98

HF-23 Pd 38.51,39.23, 38.86, 39.28, 39.31, 38.71, 38.86, 38.49, 39.07 38.92 0.82
Rh 6.911, 6.990, 6.979, 6.970, 6.891, 6.940, 6.879, 6.852, 6.933 6.927 0.69

Pt 4.002, 4.012, 4.040, 4.022, 4.014, 3.949, 3.962, 3.970, 3.952 3.991 0.84

HF-30 Pd 39.79, 40.36, 40.21, 40.50, 40.03, 40.30, 39.93, 40.39, 40.30 40.20 0.58
Rh 2.866, 2.865, 2.872, 2.860, 2.873, 2.835, 2.814, 2.862, 2.868 2.857 0.69

Pt 5.970, 6.049, 6.013, 6.012, 5.998, 6.038, 5.980 6.009 0.44

HF-31 Pd 19.41,19.96, 19.59, 19.62, 19.81, 19.56, 19.77 19.67 0.86
Rh 2.303,2.303, 2.324, 2.328, 2.318, 2.336, 2.295 2315 0.61

Pt 1.117,1.138, 1.142, 1.154, 1.126, 1.116, 1.136 1.133 1.13

HF-33 Pd 6.418, 6.557, 6.456, 6.512, 6.477, 6.423, 6.586 6.490 0.92
Rh 0.672, 0.679, 0.658, 0.668, 0.681, 0.662, 0.676 0.671 1.19

Pt 7.166,7.237,7.218,7.181, 7.226, 7.173, 7.146, 7.098, 7.174 7.180 0.60

HF-36 Pd 27.91,28.12,28.37, 28.17, 28.22, 27.86, 28.04, 27.96, 28.15 28.09 0.58
Rh 3.385,3.427,3.364, 3.367, 3.418, 3.353, 3.345, 3.352, 3.412 3.380 0.93

Pt 0.521, 0.520, 0.538, 0.536, 0.526, 0.518, 0.527 0.525 1.52

HF-38 Pd 2.466,2.457,2.456,2.412, 2.477, 2.486, 2.419 2.453 1.06
Rh 0.265, 0.264, 0.268, 0.258, 0.270, 0.276, 0.261 0.266 1.98

2.7 FHIEWHE
BREEA . AURNEE S BRI HE-21 BEf, AREX 3 4%, B3 0.250 g, 434 5004 1000+ 1500 pg,
34, B3 0.250 g, 73 AIIAEH 500, 1000+ 2000 pg, #5000, 10000+ 15000 pg, £ 500 1000~ 1500 ug,
12000, 5000. 10000 pg, % 100. 200 300 pg, TSI TTVEARER, Wkt 2 M5 FE, SRYITER 7.
Y S 7 AR BRI 5E B 7 AT, AR RIS Z 53 40 99.4%~101%-
GEHUE . AUANEE S B B HF-23 R, AREL 4 99.1%~100.5%- % 98.3%~101%.
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Tab.7 Recoveries from the sample standard addition
HF-21 HF-23
ARl g f,;é\/’f‘g Widtine o /‘;T\g /% I (g fﬁ”@f‘g Widtne /*j;é 1 %

Pt 1084 500 1589 505 101.0 953.5 500 1452 498.5 99.7

Pd 3348 2000 53366 1988 99.4 9730 5000 14685 4955 99.1

Rh 163 100 262 99 99.0 1732 500 2231 499 99.8

Pt 1084 1000 2092 1008 100.8 953.5 1000 1955 1001.5 100.2

Pd 3348 5000 8352 5004 100.1 9730 10000 19712 9982 99.8

Rh 163 200 365 202 101.0 1732 1000 2718 986 98.6

Pt 1084 2000 3075 1991 99.6 953.5 1500 2445 1491.5 99.4

Pd 3348 10000 13328 9980 99.8 9730 15000 24802 15072 100.5

Rh 163 300 458 295 98.3 1732 1500 3208 1476 98.4

ANEEF . A, /4R, 2015, 36(3): 72-77.

3 %1‘,’% TAN W J, HE X T, XIAO X, et al.Rapid determination of

1) 2B TAIEITS Fe-PGM & 4 hE 5k vl A
VLV . FREX 0.25 g L, DU SN A7,
730°CLRIR 25 min J5, FMERIRRI AT 8= .

2) WEILPTIETE AT DA RS . A, 15
F1& T ICP-AES W& il . 2 HRAE 4 mol/L #h
FRAH NN 20 mL BV INFAZ 5403, i 8 mL
TR PREFE 30 min, 1. HRRIEEDTE
T o

3) fEikE&MET, KA ICP-AES llw A%
U RS 25 P RN [BIUSCR o WA . AR S &0 N
0.5~7.0+ 2.0~40.2 F1 0.2~7.0 g/kg MIFEf, AIXS bRk
MZE5r N 0.44%~1.52%- 0.58%~1.06%A1 0.61%~
1.98%, AR EICR 5108 99.4%~101% 99.1%~
100.5%711 98.3%~101%. i ;& Fe-PGM & 4L 7= [l
W o 3K

S 3CHR -
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