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Table 1 Main operation parameters of ICP—-AES

Vil i BElE SIS BEE
RF AR ST EI% 1.0 kW N2 20 pm
R 14 L/min G pe s 15 pm
PESHFA 0.2 L/min B3t i 3s
B 0.8 L/min 3 AL 3
IR T 1.0 mL/min || 5585 TAULIIABIE Al i) 0L

1.2 ikFAH

BrAE S A B, A5 i AR 2 2R B 4 B 4t
WA, 8 K A — gk,

IR 04 - oK BRIREM ( Tl 20, #pIR ) AL
(kg 8ok w,, <0.02 g/t) A AfE (Tl 4l
KR TOK BRER AR ( Tk 46, k) TEHs AR A
iR (w,, =99.99% ) FhR (p =1.19 g/mL) fiEMR
(p=1.42 g/mL) EhFR-THIRIR AR (3 HrEhmeim 1
IR IR, B o

& VI ENR A PR ESE SR (E A A48 8
B AR T 0 ) 01 000 we/mL; 4 48 AR
BFRUETR I 100 pg/mL, i 56 i FH R A A v il 25 1
W REMT L, AR 5% (V/V) 3R
1.3 KEH*

1.3.1 Rl — e w5

1) B, A a0 A o ] 8 B A B2 0 4% o 78 AN
KT 0. 100 mm RE, FHSEHA 100 ~105 °C HHRGE
KABEFEPHET 1 h, BRATESTR N 2R R&
o FREC10.0 gCHEBfZE 0. 000 1 g) KE &, A ST
A 20 g ToKRRFREN 200 g SAALHT 16 ¢ 4 ALRE 8 ¢
B | e i TR A % i R AT I (2928 500 mL)
PR SIE I 30 mg 4l4R , PR 5 55—
S22 15 g BITC/KBRIREN

2) % Rl R T4 OREAY B B S BT 900 ~
950 C myik g i, CHI T, 78 20 ~30 min N F+
IRZE 1100 °C {43 30 min 5 H40, ¥ %6
F e Sh AR, HAE B B R mh LR NI
A EIA C BRI IR A IR ELM S g, %
AR 0 508 43 55 B A0 RR BT AR 8 T
ALY, FREE, PRFFETIIZ 0 30 ~40 ¢, UL4E
JEE IR B 2 LA

3) KK, BRI ELTE 900 ~ 950 C it 4 HL
PP 30 min AR ILH OGP TT 1 ~2 min, R4
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WS T PRGN 5 RSB 4 LA 850 °C
SEPT THEAT IR, 24 A0t B HEE A5 AsF, e R 45
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SR KW BRIEAT

i [ it A R
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AR il 4 m & pL U, & IR A 3
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BikEm b A EAR S RE A 2 25 mL 3 100 mL 1Y
FEarf b, AN B R R R IR R E R 5% (V/
V) KRR ZIE RS, F i BV TR
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3 F B0 mL ., 0.50 mL,1.00 mL.2.00 mL,
5.00 mL,10. 00 mL 4 48 R GARER R, & T—
ZH 100 mL 25 &I H KUK 5 mL 878, FZKH6 R
B0 RAT, BUARE RSN WP AR T R AH Y
TRE B BT A v BE 43 51 0,0, 50 wg/mL 1. 00
pg/mL 2. 00 pg/mL.5. 00 wg/mL 10. 00 pg/mlL, %
HE I8 5000 5 s 2R 9 T, 9 40 I 2 A o T
Y Ny 2 PR A 55 A, DA T 2109 0T vk
(eg/mL) SR AL bR, X7 A9 A7 5 56 B 1B R DA A R
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Table 2 Calibration curve linear equation, linear
correlation coefficient, method detection
limit and determination limit

T LMEAAce RihBR, WETRY

LT
E% & B (pgeml) (pgeml))
0.0053 0.018

Au  y=4111.7x-141.79 0. 999 95

Pd  y=8220.4x+360.39 1.00000 0.0062 0.021

Pt y=669.19x +14.422 0.99999  0.0052 0.017
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Table 3 Experimental phenomena of enrichment by fire assay with different weights

Frbein/ g A IR AL CAEALIRITA
5 20 g BRERHN 100 g EALHT 10 g —&UfLTE S o TIED S Bl B M BV i S B AR L A
10 20 g BN 200 g SALHY (16 g —AALHE 10 g fSTRSH 8 g BIED e R B BN H i Sy s R A
15 20 g BRTRHN 280 g EALHT 21 g ZAULRE 20 o AERER (11 g BIIED RS B SRR R —
20 20 g TSN 380 g SALAY 28 ¢ Z4ALEE 30 o AERAN 14 ¢ MRS RS2 AT SR MR R 2

b, 5 A AR S G A BURERR $R i . JC /KRR R £ 53
il ST 7 A ) ARG B SR, R B8 A A8 1 4 il )
ORI N 6 G S N VA ) 1 o I o A
S 0 4 B BN, A R AT [ AR TURE
R AN IR 5 8 S B A9 100, T 7K B R 44 1 i A\ et —
FREORPREERL I 1 ~ 2 £, ARG 25 S AR ORARRI 1 ek TR
B4 0.75 W5, 43 SR 3% 0K B IR B A T A o
410 g.20 g.30 g B, X IR 4 B SEIE M 1R b s

Wi, BSR4, Y ICKBR R B4 A AN R
B i TP <5 SR AL ) RN B AR ) B A e 4 T
HR B R B RO AR B R AT AR KR
TE WM T8 B I 36 7 5 S A L5 [)
I it T (R AR A ) 2 ity ZE A A R B0 B R S B
Ko P, BB INA 20 ¢ TCAKBRREA, W] 3145
T A8 X T AR AR, [R] IRt A M) A A 50 4
JRIC , B S T E Z 4550) S I N A
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Table 4 Investigation of adding amount of sodium carbonate anhydrous
FEIK B INA /g FA T B L T B L S
10 B TERZE JE Rk R BRI PR RS A PR I SR B R A
20 TR MERF SR AICH 5 GAEID/EREE FRINLR T3 V5 40, AR5
30 TG AT GLEID/ERER e IRILAIE 54k, A RS
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JAR SRR RE A, TRl R 9 R 1A
IS 58 A b Rl AR AT B TR R B I T 2 Rl
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SRR e 1 o8 e ik BRI 1 e B
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Table 5 The influence of different silicic acid degree on the melting process of fire assay

TR Pkt HER i BT LA
0.50 20 g BRIRHN 200 g SAMLHT 11 g ZULEE 10 g HRRET .6 g D B o™ T WA ki %
0.75 20 g BRERAN 200 g FEALAY 16 ¢ —EALEE 10 g iERER 8 g BT J& ARk FeE Tk I
1.00 20 g 4N 200 g FEALHT 21 g —4AALGE 10 g AEERED 11 g TIRD JE AN R A s
1.25 20 g BRFREN 200 g A AL4Y 27 ¢ —4EALAE 10 g AYTRAT 14 ¢ TS R KB MEEERE
1.50 20 g BRIRAN 200 g A ALEY 32 g “ S ALTE 10 g FEERHN 16 g ARD A R KB WE LR E

2.4 fAEEXNEMAEMANEHI =N
B4R EE L Cu,S—FeS RN T, i Jt i £ B 1K)

SR o A AR B TR K R P A ) ik
NG AT TR A B R KRG
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i B 40 A% BDAERR 25 1 ¢ REA R I TR 22 40 ¢
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BB TR A LB, PR EFIE I RERR FE R 0.75 AN
AR | SN R SE AL 8 I A X 0 B RN R I et
RS, 45K 6,
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Table 6 Investigation of adding amount of lead oxide
S
R Pt
At/g
" BB RRE ME R JERIRW, B R AL
Javit f3
100 BOCEE B — i, B > ATRURIK, & R 3R 18 A D
R A
150 OB B R Ar, o AT RURIK, & R 3R 1A D
[iiES AL
SRR e s [
200 ’;%n;tm%«%jﬁk%ém AR AR
R T, TR
240 iW% T e oot

F % 6 Al AL, 2 E AL E i A B AL 80 g i, 4
B b B JC s AR A i D B R R AT
S AR RESE A0 B B R R e AT 5 2 Ak
AR N E 100 g LA _E A, #4059 18 Lk 4%
W CRE T 0 v A B AT T R AR A Ry i
B CUAARE I A 200 g I A BRI ARE
e LA T S A AR U T AL A HE A i v iR A
I 8 /D B R IR R I LB W AL, A5 B 1Y) B
SIRARBAOCTETE R, I, AR S B
i RN A S TS TS T, SRR 200 ¢ A AL
JE R A B B IR (RISl A R 77 A A
PRUEKE B B2 HP il AN & AR s
2.5 BAEXNHEEBRHAMANENZN

AL B v ) R LR R Y, 2 AR AR
IERAETE, S° HAMRSRAIE IR AE ST, 7R BN
ATERHE R S50 B A 0T ik BB SR AL A [ Ry
PSR B D R B B A D AR AR S AR A
TR S, RIELE 1 ¢ KA ILIF
20 g HY, ARG S B 7 S KR BT B

e AR K, — MM A Y BT N > %
THIHE 30 ~40 g 2247 A EL, BT IR /NS 5 1 L e 4 I
VA A 58 A T AR 2R 5 BT o, Bd AT HER
RE I AL 2GR TR, FEHEARRE T NI FE S
A B )2 AR Y TR AR XTI 2 TR A 5 K
RN HRREEH AT U R A RE S AR K L L 3 AT R
WC, KWK [RIIRRE Z A8, PRt BR8N [ B it
T E R, PRI A — 2 B HLAT A AL T B il e
G S* W R T,

1) i SRR A0 o, 38R AT AR 1 g A
TR K 2YRBE AL 4 o SR (1) 28 55 (E R 1 2 il 1R
BRI,

2) THA A E WS R A . ARE 10 g A
20 g JoIK AR R4 200 ¢ ALY 16 ¢ 5 fbhE 8 ¢
WD 42 1. 3. 1 DBRERAE SRR B O PRE , #%20( 1)
PR IR R T

=T (1)
S F R B s m, BT RE g m, R

T g

LU HABARE Al (S:40% ) B X G 12D E W
PR TIA F A 25 R L3R 7, R 7 45
AR PR 5 AT B A A R B R AR — B, Syl A
HRE IR B e TT 2

RT HEREMARRELE
Table 7 Study on the amount of potassium
nitrate added

VS 7 2k g RRREIA R g
il 86 1.5
P 80 10

2.6 BEAIMIERE

350 2GR B AT AT, — 2R
A 23 S A, B S e A SO 5 IR B LR
et AR T L B E e, D 5 TR R G T R
i 1 R 2 B A — i R MR 45 M R S A Bl . K
1A AR AR A i B S  O0 B e 1 e DL ik
BRBZ 852 T PITIA BO B A, 2R T b — ik
PRANAE D 7 i 0, i e e AR R Y LB
R A I 7 5 70 A T T 007 IO B RE R 5 Sk
B AN B LT A AR A b )iz fdi A (5
BRRURE PN 2 R 3 R ST R
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AMLIG RIS A0 T LI N DL B AR . AN
60 DAy sl G A AL S8 70 U R ) 97 TR W) i 2 ¢
Je B, Jo/K BRI M AR B , T LATE il A £
FAUE , BERE AR Rl i A PR Bl — MR B )=
AR Y 5 2 SR i, B 1 R A R
KRR ERROR , AR ERRY] i 7R
WPPRLR T A B W — 2 2 15 g W TC/KERRREM, B
AR R A T ARSI Rl B R TR i — R R AP
JZ W AR s A R AR EAT | 5 1 G A = 51
FHHCEAT B4 (e
2.7 SHREMAEIZIT

JAk 4 B A B PEEAE T AT LUE B AR i P AY 5L
R ATAACBTHI A 00 A 0 < o 45 2% Jo U B A
AFEE L ISt Il AR FoK e, £

TE L EAAR IR T2 Wb i SR T AT
—SE M BEE AR 006 25 42 X I W h A7 A S AR AR
TUBE T, X T H B 5 55 B R R 7 G e i (3
4 A S RS O, 4 BIFREX 30 mg 50 mg
AEER T 100 mL BEARHT A 5 mL i8R, IR
ffSE A  BUR RSV, I AAH 24 T R b 35 4
M EA45 0. 10 we/mL AUARIEVE W, FEAR 4 1. 3.2 B
AR BRI T . SR P BRI A A5 B TR R R A
TN A W A VL BRI ER 8,
1 8 Z5 AL TT A, M R I AT — a2 = i S A AR
UURERT , X4 A8 i A 5 S AR I S (]
R I TE 96. 0% LA I, IS EEFE A 2 30 mg 46
B R SR 1Y A1 AE 98% LA L il 2 iR 4
B RS 4 AR R

&8 AALHDITE R R B

Table 8 Effect of silver chloride precipitation on experiment

Au Pd Pt
AAR TN/ mg - N .
MG/ (pg-mL=")  FCR/% ST/ (ug-mL~")  BEURE/% I/ (pgemL ) BEIRCR/%
30 0. 098 98.0 0. 101 101.0 0. 098 98.0
50 0. 096 96.0 0. 099 99.0 0. 097 97.0

2.8 SITGELMIERE

MR T s 1 4 A0 =IO R S % 5
Mritksk , #& BAT6 8 5558 DGk T30/ AR R
HCRE PN (R = S RN R TR . i TR B T 4
KR I, Z TR IEARHE A T AR
(1) 5% 4 S B A 3 J5 TV A, DR B 755 000 975 80 e 1 T
. H ICP-AES A& HA KR HER, JLFAHE
AR AT R E & T, AN 2 JE £ Au
267. 595 nm Pd 340. 458 nm Pt 214. 423 nm #F47
S JITINAS ()50 25 R v B e, B AT, RE B TG
SEERBR A S B Ea R I K
2.9 FAEBEERR

PRI TV X 1% ~ 5% 2k 5 MR BRE kAT
Jr A e AT I E & 11 IR it 3 A B
gERILFE o, EREW LUK S E B4
NS TR TR B A AR B TR R T R S
SR 25 FE I T 2 B i, AT DUIRAS B R i AR
SEPEFNUERAYE  SA T RAF
2.10 fnARE RIS

AR G038 2F T A IR [ S 3R A S0k g 12 ) MR

B, PR ST AR BRE S ORI X & A 5% AR
& A S AT A sl SN, $R R T
PN E 25 FR DN IC 2 B & BT REOmAR R 45
W3 10,

1 2% 10 AT %0, UG BRI 5™ HR B RE & i i [l
WA 97.9% ~ 105. 6% i [l N, 22 BH T & 57 1 4
BRI 7 v e T4, Tl R AR S e R A AR
B[] 5 18 AT ARSI 5K
3 g5

BEXT B RTAT Ml A o e B A B0
T3 AR SCHEARGRURE i o o B i 2k b, Ak Gk
STk IR FH R G AT B IR R S
T [ I B 4 A AL AR B DL R EE AR

1) R TR G B AW AE S 2 5 70 8 A a5 7
RPN - i TR R R A 16 7 s St e, an 2R 3
FHBIIRD — B B8 4k VF by 78 55 79, e 0 30 o 13 ) 4
I E A 3R e R kg B 5 AR R I A T A R 1
PR ; R AN VR S 7 25 700 D0 2 ZE 06 o Hh i) i
WA TGS, AT AR I TC AR R M = R A%
P M REARUE MR, BT M BRI S B 2 71
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x99 EHEEEREE R (n=11)
Table 9 Precisions of the method(n =11)
FEfgS TR M/ (gt™") FHIME/ (got™')  RSD/%
Au 0.81.0.77.0.83.0.80.0.79.0.85.0.75.0.81.0.83.0.78.0. 82 0. 80 3. 66
1* Pd 0.75.0.77.0.69.0.71.0. 68 .0.76.0.73.0.78 .0.70.0.71.0.75 0.73 4. 68
Pt <0.01 / /
Au 4.56 4.49 4.53 4.51 4.40 4.55 4.38 4.60 4.62 4.47 4.57 4.52 1.70
2# Pd 3.51.3.53.3.49 3.50 3.45 3.38.3.55.3.47 3.61 3.49 3.54 3.50 1. 69
Pt <0.01 / /
Au 7.67.7.58.7.70.7.67.7.73.7.49.7.60.7.59 7. 71 7.65 7. 77 7. 65 1.05
3# Pd 20. 32.,20. 71 ,20. 36 ,20. 55 .20. 61 ,20. 77 ,20. 59 .20. 45 .20. 62 .20. 57 .20. 66 20. 56 0.68
Pt 0.31.0.28.0.30.0.29.0.30.0.32.0.29.0.31.0.30.0.29 .0.33 0. 30 4. 87
Au 17.27 .16.90 .17. 14 [16.97 [17.23 [17. 15 ,17. 17 ,16.93 [17.05 .17. 11 .17. 31 17. 11 0. 80
4* Pd 6.66.6.79 .6.57 .6.76 .6.61 .6.50.6.49 6.73 .6.54 .6.69 .6.55 6.63 1. 60
Pt 0.42.0.40.0.45.0.41.0.44 .0.39 .0.40.0.41.0.39.0.42 .0.43 0.41 4.75
Au 55.54 54.92 55.60 .55.02 55.33 54.98 .55. 18 .54. 89 55.25 55.39 55. 45 55.23 0. 46
5# Pd 11.18 . 11. 12 11.20 . 11. 44 [11.32 11.50 ,11. 37 [11.51 \11.41 .11.37 \11. 25 11.33 1.16
Pt 3.34 3.39 3.40.3.52 3.69 3.51.3.59 3.61 3.46 3.37 3.54 3.49 3.19
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Table 10  Experimental results of recovery rate
with added standard

MEME,  RIEM, ks WEAf,  BileR/
T (g mg mg mg %
Au  55.33 0.553 0.512 1.054 97.9
Pd 1121 0.112 0.107 0.225 105. 6
Pt 3.54 0.035 0.033 0. 069 103.0
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10 g TR IR FR BN A & 20 o A RE R E N
0. 75 SFALEYIN AR 200 g FHERAT N AL 10 g,

4) K FH R 6 45 B IR R T R S AR
(ICP-AES) [a] B 22 5% 42 J& & B I (AR i v 4
OB A, BT £ E FE Au 267.595 nm, Pd
340. 458 nm Pt 214. 423 nm PEAFINE . AHXS b A
#Z(RSD,n=11) 43514 0. 46% ~3.66% .0.68% ~
4.68% 3.19% ~4.87% ;4= A8 SARIINER BN R AR
97.9% ~105. 6% Z.[A] , A1 /L H B 4 A B 55 B

& JEICR IR ITTR
5) %07 AT 4 i R A A0 R
TR RS 17 L MR AT i 0 s ) a0 o 4 A
TC1: 2270 3R (R I  f) ] R, 3000 5 1 G B A ) i
RO FITE LR AL, RO 1 o Bl A4, 1 2 A
X FAS R SR BT A 7 B4 B b A VB R Y
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Determination of gold, palladium and platinum in matte by fire assay enrichment

and inductively coupled plasma atomic emission spectrometry
WU Zhuokui, CHEN Xiaodong
(Center for Industrial Analysis and Testing, Guangdong Acadamy of Sciences, Guangzhou 510650, China)

Abstract; Copper matte, also known as matte, mainly composed of Cu,S and FeS, can trap gold, palladium,
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platinum and other precious metals in refined ore, of which the determination of gold, palladium, platinum and so
on is of great significance, the current industry standard lacks the determination method of palladium and platinum
in copper matte. In this paper, based on the composition analysis of copper matte samples, the enrichment
parameters of copper matte samples were optimized for high copper content and high sulfur content ( copper matte
sample weighing 10 g, anhydrous sodium carbonate content 20 g, slag silicate content 0. 75, lead oxide content 200
g, potassium nitrate content 10 g). By adding 30 mg pure silver as a protective agent, the loss of gold, palladium,
platinum and other precious metals in copper matte can be effectively avoided. Anhydrous sodium sulfate is
innovatively used as a covering agent, and the content of gold, palladium and platinum in noble metal composite
solution is simultaneously determined by inductively coupled plasma atomic emission spectrometry (ICP —AES).
The results showed that the relative standard deviations ( RSD, n =11) of gold, palladium and platinum were
0.46% ~3.66% , 0.68% ~4.68% and 3.19% ~4.87% , respectively. The recoveries of metal were 97.9% ~
105. 6% . The method established in this research has high accuracy and operability without obvious matrix effect
and spectral line interference, and can meet the quality control requirements of gold, palladium and platinum in
copper matte production and the daily analysis and testing requirements of third-party testing institutions.

Key words: copper matte; determination of gold, palladium and platinum; fire assay enrichment; inductively

coupled plasma atomic emission spectrometry (ICP—AES) ; covering agent; matrix effect; spectral line interfernce
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