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Determination of Gold, Platinum and Palladium in Copper Slag by ICP-AES with
Coprecipitation Separation and Enrichment

HE Yifang, ZHANG Xuebin®
(Ningbo Academy of Product Quality Supervision & Inspection, Ningbo 315148, Zhejiang, China)

Abstract: An analysis method for determination of gold, platinum and palladium in copper slag by
inductively coupled plasma atomic emission spectrometry (ICP-AES) with tellurium co-precipitation
separation and enrichment was developed. The factors affecting determination were investigated, and the
optimal detection conditions were determined. The detection limits were 5.6 (Au) pg/L, 8.2 (Pt) ug/L and
3.6 (Pd) ng/L, the recovery ratio was 93.2%~102%, the relative standard derivation (RSD) was 1.21% (Au)
~3.45% (Pt). The determination results were in good agreement with fire assaying. The method was
accurate, simple and fast, and easy to master.
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{45 F 3% [E Thermo Fisher A & ffJ IRIS Intrepid
IISPAIICP-AESAX .

FESH: PO A TR ) —4E5E X
BEARSE, 381 mm, K5%250x100 um, AriE<
JeE, PWKIEE165~1050 nm, JEiESIK189~34,
73 ¥820.005 nm (200 nmit), RFEAEZEFFE27.12
MHz, #ZREE M T0.01%.

1.2 BSRIAE
1.2.1 k7]

WHNO;. HCl. SnCL¥I N ZR4l; Au. Pt.
Pd. Te®fi titkal, LilgmlFIAF; Au.
Pd. PR &, LR a R A, Hik
FEYI N1 mg/mL; 56 FH K N ZETK .

1.2.2 T (1 mg/mL)

TERAFREN0.5000 g4lifif(99.99%)A T20 mL#A L
KA, ZERZEIETE, FIIAN10 mLyK R 7 iRk
B, ZRZBIET, BE3IK, &JGH3 mol/LIR
fif 3 7€ 2 %2500 mL.

1.2.3 S EH(200 g/L)

HERRFRELS.000 g& AL (T e 2h) T120 mLk%
M, 6 mL SRR I AIE AR, I 2K R &
40 mL, HEFEUEC
1.2.4 FrifE TAE 29590

¥ Au. Pty PAbR#ESE 2R FH20%(V/V) ) FK A
JRIBRFRREFE IRV, FEHIAR LR .

£ 1 REWHEEBREAER (ng/mL)
Tab.1 Composition of the standard solution (ng/mL)
95 Au Pt Pd Te

1 0 0 0

2 0.5 0.5 0.5

3 1 1 1 200

4 5 5 5

5 10 10 10

1.3 R HE

FE SR BN LBERE , 42200 H 5 LIL 075 . HERFR
H¢10.000 gff: i F500 mLEEAF 1, I 100 mLEIK,
IAEFE B RE A, BONAHNZEER, &8, A
ZEFIKIEVERIE3~SIR, T 208, R IEWH.
Y UEE T rr HRIRZE 2 /IMEFR, PN K I A
T, FE IS mL HCIFZ T, EE3WG,

F150 mL HCUA W (4 mol/L)¥A iR Eh I In# 2 v
W, N3 mLAF AW (1 mg/mL), FAINHE i,
N SnCLA R 25 H B (e Hid &S mL, 75
A YTIEEER J5, #MIN2 mLA (1 mg/mL) 50
{RIR25 min. A E1f5 S IE4UT I8, FHCIA (4
mol/L)i YEVTIE S~6), FHUiiE S mLA F /KGR 2
JERHR, BEEA25 mLEEMRT, HEETK
SERIFRE) . fEIEE BB AE TAR %A%~ HICP-AES
eSS E.

2 ZREWHR

2.1 ICP-AES M3 T/E%&AF
211 AXEREAE AR %A

I I 5206 2> M 53 ICP-AES Wl 5E 4 A AIEE )
RAETAERAE, W& 2.

# 2 ICP-AES (B MR TR %4
Tab.2 Determination parameters of ICP-AES

RF II%/W ZASUpsi HHBI/(L/min) ¥ #1/(L/min)
1150 26 1.0 15
Z3#/(rpm/mL/min) a7 W5 751 5 /mm

100/1.8/1 EER/E=S 10

2.1.2 TSRk

FRIFACEE O e AT R 2R (5 S, Lo R
g LTI, S iReA i &5
itk A Au 2082 nm. Pd 3068 nm. Pt 2144 nm.
2.2 BREERE

PR S M PTUE 7 I E R R . il HLG
Bl A% 10 pg, FEANFER HCL A BUREE T, #50H]
WEWAAFAZ) 150 mL, I\ 1 mg/mL FRE AR 5 mL,
P SEB T R AT I UTE 2 B S R R K5, 45 R
K 1.
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Fig.1 Effect of the acidity on co-precipitation
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HLYTIE S B % BE-ICP-AES VAN E i A iz 1. 48 61

K145 REW: 7E 0.5~5 mol/L ] HCI A5 v,
Gy HAL HRENSCRLE 96.8%~100.3%2 (8], Ak
4 mol/L HC1 Ml A AL UTTE R B -

23 WHEEE

N T ARSI SR Au. Pt. Pd EE
HPEM SR FUTERTE, 2 Au. Pty Pd %
2.5 ug M1200 pg, FEAFAZIH 150 mL )4 mol/L HCI
I BRI RIS, 425058 07 VET JLUTE 4
SR IESCRIREE, 4R IEE 3. 4.

®3 MARXFKIEAERE. A, 8% 25ng
Tab.3 Effect of the amount of Te on co-precipitation (Au, Pd
and Pt were 2.5 pg,respectively)

i F 2 /%
/mg Au Pt Pd
1 104.1 96.3 92.7
2 102.4 93.5 93.6
3 93.8 943 103.2
4 97.5 104.3 94.9
5 95.9 96.4 101.4

4 WAEXNVURMEE(E. M. £F 200 pg)
Tab.4 Effect of the amount of Te on co-precipitation (Au, Pd
and Pt were 200 pg, respectively)

il FH &2 I /%
/mg Au Pt Pd
1 95.1 97.2 97.6
2 98.7 100.3 99.6
3 100.1 96.2 95.5
4 99.6 97.2 98.1
5 98.4 96.9 96.7

M3, 4FLLEH: X2.5F1200 pugffAu. Pt.
Pd, JIA1~5 mehid e UiiE 564, IR N92.7%~
104.3%. FHREHFRE 4. . B ERES
AR, SIRETIE S mehi(E N ILTTIET]
2.4 ZFUTEX YT RN

W RE 2 R U R 2 A AR K,
VTS Ei TP R 2 N LB Tt ) AL
PRFRZ18 150 mL ) HC1 A i (4 mol/L) i 10 pg
] Au. Pt. Pd FURFRIEMILAEICER, LK%
BT IRPTIE /7 B Ja B IR, S5 Rk 5. & S
iR EW, EAHFIILE Cu<40 mg/mL. Zn<40
mg/mL. Fe<<10 mg/mL. Pb<<10 mg/mL. Ni<10
mg/mL I, %} Au. Pt. Pd [FE B UTIETCRM

R 5 ETRMNIVUE WS . EEMAES 10 pg)
Tab.5 Effect of impurities on co-precipitation (addition

amount of Au, Pt, Pd was 10 pg)

VIIDNGI S mEE RFkE
) METTEw
WP /(mg/mL) /(ug) 1%
Au 9.85 98.5
o Pt 9.78 97.8
Pd 10.02  100.2
Au 9.66 96.6
Cu 20, Zn 20, Fe 10,
Pt 9.58 95.8
Pb 10, Ni 10
Pd 9.92 99.2
Au 10.16  101.6
Cu40, Zn135, Fel0,
Pt 9.80 98.0
Pb10, Ni 10
Pd 9.68 96.8
Au 1028  102.8
Cul5, Zn40, Felo,
Pt 9.72 97.2
Pb10, Ni 10
Pd 9.60 96.0

2.5 TEERNILUTIE IR

N TR R SE A, AR SCRHUH FoK i
FE, THRRAAAE ST & 81, AR e =3kl
JE. {E 150 mL ¥ HCI /M i (4 mol/L)H, MIA%:.
1. A% 10 pg, FIMAARFIREIIREE, %5257
VAT ILUTVE 7 B S il S5 AR 6.

R 6 MHRAENILIIEKR

Tab.6 Effect of nitric acid amount on coprecipitation

THER I & I3/ %
/mL Au Pt Pd
0 101.7 99.4 98.2
0.5 98.1 97.2 94.5
1 246 234 22.0
5 0.48 0.28 0.14

6 5K HUIHIKE>0.5 mL i, 4. 1.
B SRR T B O T T RS ER R, SREX
Z UMK R E AT, RIS .
2.6 JFEKIHFR

TEAER AR T, RAMKE ZE IR R Y%
EFESIEAT 11 JAE SRR AL T
LR, IMEIARHE R, % 3 AR E R ZE LT
B, TRk R 358 Au 0.0050 pg/mL. Pt
0.0036 ug/mL. Pd 0.0082 pg/mL.
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2.7 HEREEE

SR AR AT S 8 IR, THE S LR A
SRR ZE, WAR 7. HIFR 7 AT, AVEDNE 4.
LRI PR FH T AR A AR 22 20 AT 1.21% . 3.45% A1
3.38%, i 2 MK E K .

R T BRI AR (g/t)
Tab.7 Precision test of the method (g/t)
JLER M sEAE PEIE RSDI%

4.81,4.86,4.83,4.82,
Au 4.83 1.21

4.74,4.83,4.95,4.82

0.25,0.27,0.27, 0.26,
Pt 0.26 3.38
0.27,0.27,0.26, 0.25

1.54, 1.41,1.51, 1.47,
Pd 1.47 3.45
1.42,1.52,1.45,1.42

2.8 JnAwECEEES

B2 (AN RV VRS 2% 10 g, RROMFE b A
AARFREM S 8. 8, 3250887 vET I e 15
W, 45505 T3R 8. £ 8 45 KW, 5~100 pug 4.
1L AREIRCRIITE 93.2%~102%2 [H]

R 8 howE R
Tab.8 Recoveries of standard addition
O iJD:fﬁﬁ k& “ #D*%E EliES
SE/(ug)  Apg)  TEME(ng) /%
Au 48.8 50 97.5 97.4
1# Pt 2.6 2.5 4.93 932
Pd 14.9 15 30.2 102.0
Au 23.5 20 43.10 98.0
2# Pt 6.7 5 11.50 96.0
Pd 12.4 10 21.90 95.0

2.9 JFiEHLRTSEG
ARGV E 2 iR R 4. B, RIS
45 R AR e g5 RAEEL XS, 45 R ILER 9.

R 9 FEX AR
Tab.9 Comparison of analytical results obtained by different
methods
JLER Au/(g/t)y  Pt(g/t)  Pd/(gh)
” FINTS 4.88 0.20 1.49
Kk &k 4.95 0.25 1.42
o FINTS 2.35 0.67 1.24
KRk 221 0.71 1.30

H13% 9 Bdla vl W, AVEIE 45 R 45 Kl
&, UHIERER . TTEES

3 4

WIS, AL TR R 2 B E A K
RS Aus Pty Pd, FHHUBGRAGSE TR TR
SPETEE(ICP-AES) Ml E A 1 Auy Pt Pd 73
Wrogid, AAZITIERTH IRAR,  AER ARG 2% AT
PRAETRIE, Aot 2 80 2K & (0.25~20 g/t)Au.
Pt. Pd JMI%E

S Wk
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