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Table 1 Main operation parameters of ICP—AES

Pai[E B E fE PaiE BE fH
RF mifE S % 1LOKW N iE S 20 wm
BRI i 14 L/min 5 B 15 pm
PESHE 0.2 L/min BL53HEa] 3s
B 0.8 L/min T 52 AR 3
TR 1O mL/min || BRI ha e

1.2 k5t

BRAE 55 A U6, AR 58 i B R 355k 40 B 4l
R R K gk

IR ELFE TR BN ( Tl 2l Ftk) ALY
(Tolkag, Bk, w,, <0.02 g/t) AL fE (Tl 4t
KRR TCKBRER A ( Tk &, BiR) L BEdy R |
AR (w,, =99.99% ) FhHR (p =1.19 g/mL) Hi§ R
(p=1.42 g/mL) FhR-fSERIRE G 1R (3 Hy3h i in 1
UIASER TR A), BRRCELA) o

& A R AR R (E R 48
L AR I LG ) 21000 pe/mL; 4 48 TR
B FRER I 100 pe/mL, 3R B AR A b 6 45 7
W BRI AL, AR 5% (V/V) 3R
1.3 RBHE
131 Kl — O 8w 4

1) Fkh o A3 56 A% i B 114 L B I 42 o 76 R
KF0.100 mm H'E, FUSEHCA 100 ~ 105 °C HL 1S,
RFEEF T 1 h, BRATERSPRHEZRE
o FREC10.0 gCHSHfZE 0. 000 1 g) KE 5, A FI T
A 20 g JoKBRIREH 200 g SAALHT 16 ¢ %A 4LHE 8 ¢
IRD |35 A IR B 1 Tt 8 £ 41 8 (2924 500 mL)
H SR AT IR DA 24 30 mg 4R, Ty 50 7 % —
JZ2515 g T KBRER SN o

2) e L AF R G 2 R B T 900 ~
950 C ik & Ly, SCRT ], 7€ 20 ~ 30 min Py T}
TEZE 1100 °C, 3 30 min J5 . K2k LR F
T e shBOR , e B R R Rt LR N OKe ks
e A B G H IR T2 VLM b, %
SIS LR R IR o = LA E AL VA 2 N e 1
AR, FREE, AR FFHT N2 30 ~40 g, Wi dE
ISR 3

3) KWKo BEE I EAE 900 ~ 950 Cik 4 H
P 30 min (R ILH, G TT 1 ~ 2 min, R4
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1.3.3 b AR it 22l

A5 B 0 mL,0.50 mL,1.00 mL,2.00 mL,
5.00 mL.10. 00 mL 43 A8 R GARER R, & T—
24 100 mL A ARUIA S mL $h/2 , /KA B
BRI RS o MERUME R I 25 R T R A Y
TR A R R 2390 2 0,0, 50 peg/ml, 1. 00
pg/ml 2. 00 wg/ml 5. 00 pg/ml 10. 00 pg/mL, #%
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AT 11 Y AR M 22, L) 3 A5 R s R 1Y)
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Table 2 Calibration curve linear equation, linear
correlation coefficient, method detection

limit and determination limit

I LMAE  KhEY WE TR
. LR

JCR 8 2E (pg'mL™") (pg-mL™")
0.005 3 0.018

Au  y=4111.7x-141.79 0.999 95

Pd ¥ =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

FREETE/ g [iikaS R L B RN
5 20 g kEREN (100 g S fLHY 10 ¢ —5ABRE .S ¢ MlRD T R B A BN R B R AT
10 20 & PR M 200 g S ALHT 16 & — 4 ALEE 10 o AHERST .8 & RS T RmIN e o BN R S B R L AT
15 20 g TRPR M 280 g SEALHT 21 & “AALEE 20 g AHPREN 11 g IR ARSI T S S R
20 20 g TR HN 380 g SEALHT 28 ¢ “AALEE 30 g AHAREN |14 ¢ TIED ARSI A SR s R RS

b, 5 S ACRESS A A BUREBR R . TC KRR BR AN 43
il BT A ) AR AR AR, BRGS0 B I )
(R I, (SN I AR 1 S T BN 34150 (58 4,
SR 43 B M, A R T ER N B SR TR
HRAEAS RV i 1 52 B 175 450, TG /K Bk R M 1 i A o —
FAFRFERL 1 ~2 % AR IS 2 AE R FFIATE 1eE R
FER 0. 75 WIS, 20 R 4 TCK Bk BR B A4 fin A it
10 .20 g.30 g Bif, X kit 4 A A Y R

Wi o SR 4o 5 ITCK R IR B IR A LI 5
B i 10 4 SR A R BRL AR ) SO AS 58 4, 3 I
H B R S B R AR B R BT R R KW
FE I LR 1 _E TP B 5 P A2 53 8 5 kL [
P 3 AR PR B A 2 T i S R il v 119 B i S i
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Table 4 Investigation of adding amount of sodium carbonate anhydrous
ToIKBRFR A & K TV I L HHITR B TRWAB L
10 AR R R AN R B g TR AT AT i SR A A B 4
20 TREIPELF SR ATCH B BRI R JRILN IE #5400, A5
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SRR DG R 1TV BRRE G B HEX FRI
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JFERIEE , AR X IO G ol R s,
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RS AFIRERREEN SR G E R e

Table 5 The influence of different silicic acid degree on the melting process of fire assay

LR Bk HERE i oL B BT O
0.50 20 g BRIERHN 200 g AALHT 11 g —SLAE 10 g AR .6 ¢ Bl & folt " 2 T Bk %
0.75 20 & PR M 200 g S ALHT .16 & S ALRE 10 o AHERST .8 & IR JB h Ak T TR IR
1.00 20 g BRARHA 200 g S fLAT 21 g —SUILAE 10 g THARET 11 ¢ Bl JB /)N N (GE =y adiies e 4
1.25 20 g BRI 200 g A LAY 27 g — LA 10 g AR 14 ¢ Bl A A 13 K W Tt R
1.50 20 g BRARHM 200 g AALHT 32 g —AALAE 10 g ARET .16 g Bl HEBIE R Rk B RS 2

2.4 SAEEMENEMANENZIN
BT E L Cu,S —FeS AN 3, i ) e T2 1Y

FERRLY o B P AR R MR R R B
NG AT TR A B g R KRG
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SR A 40 A5, RIRERR 2 1 g FF ff BB 7 22 40 ¢
AL . IR DL TSR S 25 S 4, S A R
FEAHAR 78] B I EE 9], DR e R PR E O 0. 75 A
AR, 75 B A S AT B9 T S X BT ORI i
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Table 6 Investigation of adding amount of lead oxide
AALEm
e TR VALt
Adt/g
%0 BN R RRE B R TEIR KWK, 3 R R AL A
Feids 2
oo LTI M WA AL, £ A
feaNic: AL
150 BRRIDGEERE BRI, Tk T LURIR, AR R A
[{iEe HEAEALHR
200 %;?Uj“ﬁ%ﬂ:@hjﬁ‘f«mﬁw TR A e
/T{_ll N %‘ ), s ,/\»‘g L
240 %?ﬂj‘ﬁ T, ek i b ST AR

1% 6 WA, 2 E AR A =L 80 g B, 4
B O T HEA R D SRR R R
S5IEEARET 20 B, I KRB ek 617 M A
HYMA RGN 100 g DL, 8540 T8 B 3R
WSS B AT S oy AT DGR FE R AR 1
Bo MAEALET AN 200 g B A8 R I A b Y
i FEATE B AR 7 T A AL H HE AR 1 v, 5% FE AE
BT ) SR A B W A I L T WA, 5 B 7 B
L@ AR bR . I, A AR & 2R
I I BRASSE T TR TR, BRI 200 g S AL AT
B GR 4 T AR ER  [a] Bk ydl A A 50 B A
PRUEKE B R P IE AN R A
2.5 WMEEXHERTFIMNERFNT

A A R R LU = Y, 2 LA AR
e A7, S° HATRIR AR IFRE 1, 2 AN BUA M
ATEMHE R il S50 B 00 T ik BRI SR A AR [ Ry
PR B0 R B Y A VB AR A S e TR
RTERTN S, MRS, 1 g Bl KA REHE L 5
20 g 4%, ARG b BB S R, BT B

AR AR T R — i &, B0 TR N 2 1
il 7E 30 ~40 g 7247 4 EL, IR /NS 5y 3 L5t 48 TR
BOA A E M % s B K, B HA R
RE SIS ZHGR IR, S BRI RE T T K AR
AL 2% BRI S AR X 2, T BT A 5 K
TROHE, HL SRt AT VI A BB AR K L A7 K
W, KRR TRIRBE 2 A2 4 o PR , AR A TR B S
HER B, ERR I A — R 1 B SR T B A R A
SR ™ MR T

1) 0 v 7 TR B i T TR 1 g il
FRETR LIRS EAL 4 o S ALY ) 22 B0 (E R T 7 A TR
HImAL

2) T 10 E A R PR R PRI 10 g B
20 g Jo/KBR R 8M 200 g S fLd 16 ¢ R ALGE 8 g
PR 4% 1. 3. 1 SRR AT R, 445K (1)
BRI

= (1)
S F R R 7 s my J BT g5 m, R

Al R, g0

LA TSGR i (S:40% ) 50 4 3 UL B
FOFEIEA T AT BRI ER T, 3R T 4
R, R 5 VEAT B A A R B P R AR — B, T A
AR IR B Y e 07 o

RTHERAIMAR R %5
Table 7 Study on the amount of potassium
nitrate added

e i/ g HFRA I A/ g
HERES 86 11.5
AR RS 80 10

2.6 BEFIHIERE

i ) 2R 2 A i AR, — R
W 25 SRR, 3B G e A SO 5 — e Bl LR W RHA DA
et A T 1 B E I, D S B R R G . T B
3t 71 R 2 VR — e I B TR ) sl R Ak gl K
A B AR ARE A b (1 SE PR DL e T SR A
FRPE  BE T T B B RD i, G 2R A e — i
PR B D B R, it LA A TR AR P A LA s
G PR g SR 3 0 A T R SR R R PR 5 AL
BT HAN B LT A S A B b iz a5
BREURTE PN 2 R B 3 RS
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NSEE IR NS S W/ NIAYi D= 27N 2.35 I N iy
1560 DAy 3 G A 0 S 70 9 OR B) 97 T S e e 2 ¢
Je B, Jo/KBRIREH RS s, nl AR il A 1R B O
FAteE , BERETEIA Rl A PR i — MR B )R
AR R 5 s R, B 1k S A R
K P E AR . AR ARR Y] il 7R Y
YIRS i — =2 15 ¢ W TC/RBRIR B, I
AR AR IF ARSI R B R Y i — 2 OR3P
JZ R O W A R TR R4 T, 55 5 G i 51
FAECRAT B4 R L5
2.7 S[ULIRERRIZIE

SR B SR A PCIATE T 1T LUE S A i v B 5
R AR AE R FI T ELAU < s A % o ) A
ABfgt B, NSt R SR 22 £ ORI iR, 2L

TE B AR IE AR £ o I AR DT A
— 3 W B, AR 0 25 4 1 0 TR P A A SR
TOTERT , X T HLIERHH & 55 B A S & S e i A3
FEA A ISR L. 43 FREL 30 mg 50 mg
AT 100 mL BEAR P, A S mL BER , AIAAERAR A
fife e 4  UR RSV, I AAH 24 F R 0 % 4
M E45 0. 10 we/mL AOBRUMEVE I, HoAxdie 1.3.2 £
IR IR T o SR A LSRR A A B IR R R A
JETEASCIN 7 0 4 VSRR, 45 R LR 8.
H1 3¢ 8 Z5 ST 1, Y R A R AEAE — o o 1 S ARAR
TUTER, X 14 A A B 2 10 I 8 S AR B A R i, [
WCRIITE 96.0% LA | I BESE A 25 30 mg 46
B, KOS SR Y 1SR TE 98% LA b 2 K4
B RO A A AR

&8 AT 5 B

Table 8 Effect of silver chloride precipitation on experiment

Au Pd Pi
LA /mg - : ; ‘ y 4
WARREE/ (pgeml ") FHCR/%  WARKREE/ (peeml ") FHCR/% WK (pgeml ™) IR/ %
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 SITGLMIERE

YA AT 45 4 A0 B = n RS54
Pk, # IRAF 51 55 5 IR OIS TP/ AR X R
S 8 B A SR MR Tk R . bl AR R &
KNG B R)T  RTCR FEAHE A o, AR i e
8 5% < TR WA 3 J T IG5, DR O A 000 8 9k 8 1T
i, H ICP-AES A5 HA B w1 HER, JLF AT
FERE T IS E & T AEE 70 5 48 Au
267.595 nm ., Pd 340. 458 nm . Pt 214. 423 nm 47
S T INAS  ECHE 45 SR v e R, RE A
JEARE P A B R BRI K
2.9 FAEREERR

PRI EE X 17 ~ 5736 5 AN H R S kAT
J5 KRG BRI, ST I 2 45 11 9K, BT A 2 A s
ZERLFE 9, R EW, LGRS E R4
B ST A R, PR B B A B TR R A
FETERIAE 25 FF I TC 2 & i, T AIRAS 45 R I
FEPERIERR 1, AT AT
2.10  pneREWER TG

AR I3 2o IR [ SR R B E T ik v A

B eI S® GG RE B M IR B 6 G, A 5 IR
G GBI BRI 104l 42 AT A, 4 B B )y
IR A5 T 22 1 o i IR [ i, 2
L 10,

12 10 A0, R0 IR 5 4R GTRE it 9 I 1]
WFAE 97.9% ~ 105. 6% i [l N, & BH T 4 57 1 4
BRI 3k vt T8, T S R P 4 4 A
I O 2 F A A 85K
3 gEig

S FRTAT b A e b Bl R e
05 A SCHE SRR SRS S0 HT 0 S 1, P4k Gt
SO TR, IESR A LR A 5 B TR T R S
e R BRI S 0 4 L D TS LR AR

1) SR TE K B R B PE S 3 36 50 38 3 7 5 0
K 2 39 BTN — B IR TR 4 00 A i, T S
FRIRD— B R A 1 8 2 301, 7 85308 3o 1520 90 e
R ], B DR A 2 36 0 B I AT B A Y
FR I s T P L 10 A 3 5 300 D00 2 A 4 M 1 e
A TR AR AT AR G K BRI A
PEF PR RS S 05, BB MR s
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Table 9 Precisions of the method(n =11)
FERGS LR MM/ (gt™") A/ (gt™")  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
bt 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

R 10 Jbr R4S

Table 10  Experimental results of recovery rate
with added standard

WEE,  AJRE ibsi/ WESE/ BleR/
T (gt mg mg mg %
Au 55.33 0.553 0.512 1. 054 97.9
Pd 11.21 0.112 0. 107 0. 225 105.6
Pt 3.54 0.035 0.033 0. 069 103.0

2) A 30 mg ZHARVE A R4 50 AT LA R50EE fo 4l
B4 A ENSE TR A MBS KW Sl AR 11 TRl
Rk F 98% LA I, HIEWUI Y B i) S AL R U TE A X
TG 45 5 AR B 1% SRRSO R

3) DAL 19 IR 4 o3 B 25 A Sy il A ot R B
10 g, TCAKBRER A A & 20 g J5 1 ik R 5k
0. 75 A ALEY AL 200 g AHERET AR 10 g,

4) SR FH R & 4 B AR R T R S O T A
(ICP—AES) [a] if il 22 5% 42 J@ & 48 Jo A A il v 4
BB R, 3 BT 4R E B Au 267.595 nm, Pd
340. 458 nm Pt 214. 423 nm FEAFIE o AHXS bR AR
2(RSD,n =11) 5334 0. 46% ~3.66% .0.68% ~
4.68% 3. 19% ~4.87% ;4 AL FHRY AR BN AE
97.9% ~105. 6% Z[], A 1 e 4l B v 4 (4 VB AR Bt

&R ICER IR K
5) %07 AR T I 4 i R A 4D R
T, AR T WSO T 0 S A R o A
Toi 22 JUER [R5 174 0] R, 00 I TG B 4 199 4K
RO FITE LA, RRFE S 1 0 Bkl &, i 2 A
M TN ] SR AR 7 B AR B 4 A VB SRR
e oK
E=2CN
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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)

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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