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Determination of gold, silver, platinum and palladium in crude lead
by ICP-AES after direct soot blowing
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Abstract: When crude lead containing lead, bismuth, antimony, gold, silver, platinum and palladium is
determined by fire assay gravimetric method, the content data of platinum and palladium cannot be obtained at
the same time. The sample is wrapped with lead foil and placed in an ash dish. The composite particles of precious
metals (containing a small amount of bismuth and lead) are obtained by direct soot blowing at 860 °C. The
composite particles can be dissolved in silver with nitric acid, supplemented with excess hydrochloric acid to
dissolve gold, platinum and palladium. The contents of gold, platinum, palladium and main impurity elements
(bismuth and lead) in the test solution are measured by inductively coupled plasma atomic emission spectrometry
(ICP-AES). The content of silver can be obtained by subtraction. The simultaneous determination of gold, silver,
platinum and palladium was realized. The relative standard deviation (RSD) of the determination results of gold,
silver, platinum and palladium are less than 2.95%, and the recovery is between 98.0% ~ 99.8%, which meets the
requirements of production determination.
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1 SER

1.1 SRR

SIS FH SRR . R AR R AEIRF; s
WHIKNEET K. 4. R 8. 8. 8. sts
FRUEVETRR A 1000 pg/mL, K H E 54 448 K&
BT AR AT IR oy, R A BT T IR

TR AL F T S 20 B2 (5T 253 4 =99.99%,  J&
JEZ1759 0.1 mmeo K MR SEAEEELE 2K 5 KT KR
&), RSB T TS .

SIS BT IR AR AE 20k B L AR TE A R A
HBIRAF . ZiLEEEHRE, TREIGE ) 5138550k
W, RGO 1R 20RD 3%, 3 kRS BRI,
DAFE S 209, L EZAER SRR 1 Fidil.
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Tab.1 Content of non-noble metal elements in test sample 2% /%

TR Bi Pb Sb As
TE 25.35 59.78 7.80 0.02
TR Zn Cu Se Te
o 0.01 1.84 0.007 0.008

1.2 FEBRTIERE

RS FH S #5478 SX2-12-13 A i da =X i
BEL Cle 1 T AP ) ), BORIRARECR ] XP6 AL H
TRV -FER £), B 0.001 mg.

M€K 5110 B4 ICP-AES(ZHACRHT A PR A
Al)e XA EFETAERM: RF IIZ 1200W; HHBS
& 1.00 L/min; ZAL#87E 1.00 L/min; 2% 12
r/min; WD 7 AU o 3% 52 ) 32 B0 A TR
N Au 267.594 nm. Pd 340.458 nm. Pt 241.424 nm.
Bi 223.061 nm, Pb 220.353 nm.

1.3 SERITVE
1.3.1 KK

YRR FRBCHLES R 5.00gCRS i E 0.0001g) 5%
T 20 g #4§E F, N ELFE 900°C Hi BEL AP A 74 20~30
min PRI A . ST 1~2 min, FREREHETII S Ry
FEIPTT, AR EEHIPIEAE 860°CHEAT KR, &kl
HELADE A, RREIE S50, BRI 24 M.
FeARILA G, MHEUE AR, IR RR(1+2) 3k
FHT ERR SR A 0.001 mg).
1.3.2 &RV fR

WA RN 150 mL Kedfdr, A 25 mL fif&
(1+4), RIEINIERR . 156 R iR 22 e bR i 2
IR JG, N 40 mL K 28R E RTS8,
To BT A O FAARYTSE , 55 1 3R L3 TR VA
BB ER DT, IR 4E 2 AR 5~10 mL
i, BURAHE, FERER(1+19)if e 22 1 MLAN AR A
BE B AR HR I TRE T, B FR(1+19)E 2 100 mL
BN, oUE, JERE R
1.3.3 W FiH5

TEI% 21 ICP-AES TAEZMET, H RFArHE T
TERTL A BURNEIR(1+9), 4. #1. H. 4k,
ERARRUE TAE 2R, RIS, TR R s
FEM AR TG R A & & .

LR Ry DR L F S Y S I LN/
e

2 ZREWR

21 BRESR
2.1.1 R EEEE

AR ER R, Ll EREZN, K
WS R G A RLEOR, fEA R R = A S AR
DUEEZ; MR, MERESHEK, HiE
AHER . RAENAETE, B FFRFE XTI E 1)
s, S5 2 B

ME2 AJUEHAFEAN3 g8l 5 g, &k
BARRESEA -G FEEN 10g B, BRER
K, R E e D EE, HA GRS
R TTE B L7 B H ERE AR AR T IR R HER 14,
EHCAFE RN 5.00 g.
2,12 A=

Sy AN R B AT B s, XTEE 190 2%
B4 B I 8 e RIS, 25 ST FH 206 I E Y
M, 45T 3.
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Tab.2 Selection of sample weightby fire assaying

R 3 BEERWENEHAERRILR
Tab.3 Selection of dosage of lead foil by direct ash blowing

R e B/ (g/t G e {E/(g/t
N g A A (id) P nE o !E%: A A (id) P nE
H/g u g t u g t
ARG i
3.00 489.7 37896 548 218 I 5 4504 37089 508 204 S
B, EIRTE R FU, AV
ERR/ANE ERAH
1¥ 500 4764 38962 537 224 O 10 4623 37548 509 214 s
BRI, VA e e
1000 4181 39023 491 189 jﬁfﬁ%ﬁ@f 20 4760 38996 528 227  SRiHNEEE
= AR e,
kRN 30 4755 36954 530 229 o
3.00 514.8 59232 569 272 EP”*%{;;;T@ YU EESS
’ H AN NEn|
BRI NE 5 4963 56232 463 207 ”H*MFZ E\{j}“
2 500 5263 59350 585 279 LR n, Aese
; B PASTVN I‘II’I[,
SRS, T 10 512.6 58256 552 22.6 ”*ir‘%);)‘]
10.00 463.7 59426 51.6 223 B 2 At
R ME 20 5262 59258 583  27.9  ARiMNDERE
3.00 4489 32084 488 210 0~ T P T
AR a1 Bick 0 5259 57264 589 276 AL
, Rk NS VUGRIEESSS
3% 500 4508 32774 508 219
AR
Y St e Ay
1000 4052 32803 422 179 LK i 2.1.3 BT

b B

M3 ATLUE Y, AR A PE R I AR oK
BRTURBRUC G A, SRAFEA . Ao
SEEOL, DNE 25 R ARG, 8 P B P 22 IR A T
B, SRR WAR R IR . ST i SR T &
20 g

R4 KRSEESHBERRIESIENT

Bk VAR A S BT B b L &Y. &
B, SRR TR TP I SRR, TR
B e, SRWJA 1S3 E STt R SR T I
o AR P VS B, BRI A fdid i
0L 2 LR WO B R it % BT R BRI A3 2 Bt <
JEERL R AT EIE S BIEERVE (MR A
5.00 @) ELIENE Je —ORAM B LX), SRk 4
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Tab.4 Comparison of data between fire assaying and direct ash blowing/(g/t)

\ KREE FAERWE
No. e P B
Au Ag Pd Pt Au Ag Pd Pt
" — e 472.5 38894 52.7 22.5 470.7 39092 52.8 22.1
ZIRFNE 0.10 159 ND* ND 0.55 98 ND ND
o — e 521.5 59250 59.8 28.7 526.5 59249 58.7 28.0
ZIRANE 2.50 312 ND ND 0.92 300 ND ND
- — e 446.5 32777 50.4 21.4 448.9 32377 49.9 21.6
ZIRFNE 0.30 285 ND ND 0.58 146 0.17 Nd
*ND: At it

M 4 PR, KR EiES BRI &
HHE R ES, HAKRES%E BEKWIE KRS,
WG KI5 R SR G 'R, MR R,
NTHRE RS WARRINCR GO EERE
YU
22 ERER

BRI EA KER, SRR IE Y R IRAR .

JE SN SRR AE AR VTTE, S REREYM
MM 4 SR e VR . NN Bk 2EIR
MER A T (CLYIR B — @R BERT, ARk AgCl it
TEFEN IR [ AgCL] s MITARIES: . HIREE I 72
IR UL 2PRE SRR A RN, R A AR IS 5
BN 200 30, 40 A1 50 mL W EERE, LRI
A&, RNE 5 pral.
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Tab.5 Effect of hydrochloric acid dosage

K6 sHPERERTRER

Tab.6 Content of non-noble metal elements in grains/(g/t)

WML Au/(g/t) Pd/(g/t) Pt/(g/t) b JCE Bi Pb Sb As Zn
20 456.1 39.4 19.6 VER H8E 40748 1009 0.24 0.36 1.36
30 487.6 453 23.4 /B B
40 515.0 59.2 284 o 2.3.2 IR
50 5134 58.7 28.0 I%% ?ﬁﬁi%ﬁ%ﬁﬁ%*%?ﬁﬁﬁﬁﬁﬂ)\%\ !EE

A, FBEITIERMbREIRCER, S8R5 TR 7. H
e S HUEFT LI M, Eh L% b % R 7 AHL, IR R ILE 98.0%~99.8% 2 (1], il

SELERBCIR K, MAFERIEIRIIA S S, A 40
mL IR R IR BEKs SR TIE 78 VA MR RIS
REA% B G 7E A b A A FE v AR Y TE 2R 4 4.
L, IF HAE A SRR (1+19) € B RE R R IE S T A
AR B
2.3 g
23.1 AhirpaETT & n R lE

FLERFE S AR BN, [ & HoAh 34 o
o FEMERWKE LRSI RS Er, B
HEBTHEE. S ICR. RETREE . BERME
PSRRI Ty, FATERMRATEEMIE, HHor IRk
BE AR R0, % R AR (O UHERR B . DARE 2%
BN 5 FERT BEATAE 1 2% 52 0 2 A T 7 B HE A (1 4R
EE, ARAEEASOEAHE )G, SRA ICP-AES
EHTRAAE GRS &, ARWE 6 fral. ik
6 AILVE, SRR i sNaa KE R
AR, R A R R S B,
TR HATIE o HARTCRAIES . W&
SR EEMIRIE, AT2BAT, AFEATIE .

R 8 BEELRH=11)

Tab.8 Precision test (n=11)

BRI 52
R 7 FESINAR RIS

Tab.7 Recoveries of sample standard addition

ZN A e ELe

No. TR {B/mg fH/mg {B/mg /%
Au 2.379 1.790 4.162 99.61

1% Pd 0.264 0.195 0.456 98.46
Pt 0.112 0.088 0.199 98.86

Au 2.618 1.956 4.570 99.80

2# Pd 0.299 0.231 0.528 99.13
Pt 0.144 0.112 0.255 99.11

Au 2.249 1.690 3.935 99.76

3# Pd 0.252 0.187 0.437 98.93
Pt 0.107 0.082 0.188 98.78

2.3.3 RE SR

FEARARIG T VRS FE AT 5206, BRI
FESZEG, ZERGITR 8, HE 8 Al MR HE
FELE 0.05%~2.95%2 7], MR EHE TR E .

No. TLE E A/ (g/t) FH51E/(g/t)  RSD/%
Au 475.3,476.7,475.9, 474.9, 474.8, 477.0, 476.7, 475.9, 476.1, 474.9, 475.6 475.8 0.16
Ag 38948, 38941, 38927, 38953, 38919, 38965, 38914, 38969, 38954, 38926, 38937 38941 0.05
: Pt 22.3,23.2,22.1,22.3,22.8,22.7,21.8,21.9,22.8,22.4,23.3 225 2.20
Pd 52.3,52.7,52.9,51.8,53.6,51.9, 53.6, 52.0, 52.4, 53.5, 52.9 527 1.28
Au 517.4,513.8,524.6,523.9, 528.9, 531.7, 529.4, 518.3, 523.5, 529.4, 518.6 523.6 1.13
Ag 59310, 59322, 59350, 59364, 59383, 59396, 59354, 59331, 59311, 59382, 59342 59350 0.05
2 Pt 28.9,29.3,27.5,29.8,28.4,28.1,29.3,27.8,29.3, 28.6, 28.4 28.7 2.50
Pd 59.7,58.2,59.3,60.5, 61.4,59.7, 58.1, 61.2, 60.5, 59.3, 59.8 59.8 1.79
Au 447.5,449.6, 446.2, 450.3, 452.1, 448.9, 449.5, 452.3, 450.7, 453.2, 447.5 449.8 0.49
Ag 32775, 32753, 32738, 32719, 32796, 32810, 32811, 32774, 32779, 32781, 32811 32777 0.09
3 Pt 20.7,21.9,21.9,21.6,21.7,21.4,20.5,22.1,22.0,21.4,20.3 214 2.95

Pd 50.9,51.3,49.6,49.1, 49.8,51.1, 52.4, 50.1, 50.8, 49.1, 50.7 50.4 2.01
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