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1 geaRsr
1.1 XEFE&F

A Y B S IR AT 1300 °C 5 KK
HL B ARG R 1000 °C 5 ik 4 3 . 61 ok
itk Zh 4, 25800 300 mL; iRk 4 HESR . B M T kB
+, ZFN 500 mL; BERP KL . THER 422 35 mm , Ji§
TAMEZ) 40 mm, 2 30 m, IR 2 17 mm ; AR I
FERMTRAL; & W3 . R R 25 mL; ML it R
VS 1 g s FEGRI S S B AR R SR (Teap
7400, % FEIHEAH]) |
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TRIREN . Tolb &l k4. Tk 4 (Au <0.02 g/
t,Ag <0.2 g/t) ;iAD . Tolk 2l ; S Abrk . Tolkali, 4
AR VER : T4l 48 0, =99.99% ; 414K 0, =
99.99% 5 UKL IR - 43 B 4l ; i R - 73 M 400 R R - 7
2l B BT T EROT S AR AR AT (1 AR
JEH ) o1 mg/mL; BBl 2R B IR G AR I
T PR Bl Y Bl BT S b R AT RO BT A
AR B YR A 2 5008 0.5 mg/L 1 mg/ L
2.5 mg/L.5 mg/L 10 mg/L,
L3 KR

AR SCHIT A5 A R T SR AL AT R WD
ORI EA KT 0. 074 mm, HRZTE 105 £5 CHET 2 h
PLE, BT RS R =0, mALiAe S 3
BOURMEENE],

®1 FEMOUE SR
Table 1 Elemental compositions of copper

telluride sample

Mo Cw/% Te/% Se/%  Aw/(g-t™') Ag/(g-t™")

T 20~40 22 -~60 1~25 3 ~300 100 ~ 10 000

L4 KKERE
L4.1 Bk
WERRFREL 2. 0 g (RS 2 0. 000 1 g) i ke, SRR
B BED | AR AT TEMER 2 BURT R T
R IR S B 552 10 mm JE 098 55 57 (RIR
B ZAEARE =201 e L) .
R2 EBHERTIR 1
Table 2 Proportion scheme I of raw materials
g
Bk BREREN LY SULRE sy VER

i 30 200 10 15 3.0

1.4.2 Y&

P RCAF R I R SRS A, T 930 °C HE i,
15 min J5FHEZE 1100 °C, £R7R 10 min H 40 KR
SRS MRS BOR R R 3 TR (B A TR AU R AR
TR RV H G o0 B J 8 AR 10, B i il ar i
R CEFIRL G A5, e R 35 ~40 ¢) I Rk &
AR R 2 1

1.4.3 JKWK

WS 5 AR T F A B A (900 °C, 30 min)
UF B RIILPY , S TT, R 0 4 A T 2% 1T S st
EIa TP T A A R, KRG 4 1 7E880 °C
M ERLH BIN G A, FEBH KGR B 28 6, W K L B
FHTTHMR B, AR E FAR 25 mL &
B P, B L TET g 28 S B A SR I
1.4.4 ZIKHME

W5 O T 5 W 8 TN g s/ N B
JHCE TG EEHL R R B 4, SR 58I 500 mL %&b
TP, SRR I | R RE AR TER
R I WA R TR LB PIRS, H 529 10 mm
JEL 7 5 0 (Bl AR =201 Bide kb)) . %
DL sl R I A 7R

&3 EBHERIIR

Table 3  Proportion scheme II of raw materials

Fokh  BRIREN o - = ) [ TER
i 30 80 15 40 3.5
1.4.5 %

W5 P VR K A5 2 AR v R 2 T, BT
[ — BN, A 15 mL(1 +4) 2R, 3 ~
5 min K5 AR PE S 00 R, FHAKIEYE 3 ~ 5
W IET RHEFRE , AR R e LE/NT 301
B, T A AR AME 4 4

WA R BRI B TR N, IALS mL
(1 +7) WSTR , PR HF KT IN AAGE B 29 30 min, 01
SR, FAFROKIES 3 ~5 KA 15 mL 34 (1 +4) fil§
TR , AREE AR W 2 45 min, 424505 0
FHPOK BRI RN 40E 3 ~ 5 WK AR T B 4k
LA B H R FRE
1.5 #ELE

& B RNHEES R 0, 0, &R, BAL
Jgoe/u (1) ~ (2)1HE,

_my +my —ms

(u\u—mixl()3 (1)
0
C‘)Ag:(m2+m4>_fnml+m3)_m6><103 (2)
0

X om AORHTUR, g5 m, 9 — U I ok i i
mg ; m, A YCIR I I 4R AR i, mg s my AP IE 1K
B rp B URE  mg 5 my, A IE TR 4 RS R
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mg; ms 4S5 R T 596 25 FE, mg; mg 0925
FHR S P AT A 2 I, me.

FERh 17 ~ 8% 8 ANKEM M & B UL 4,
2.1 FEEREERAHLIE
30 35 P A A TR ok A4S BN R RE R, I

2 HZR5The RV FH T REALHRRE i SRR 7 56 5" BRI E
VEHL 8 AL AL AT S I A AT, 4y ORIRIRERR B S T W e 4 R A3 5 s .
x4 TGRS R RS
Table 4 Tellurium and copper content in copper telluride samples
icalllbveS 1# 2# 3* 4% 5% 6* 7* 8*
Te/% 24.01 26.76 29.98 32.17 33.78 46. 03 51.37 58. 83
Cu/% 33.70 37.56 34. 62 34.20 33.06 28.00 21. 64 16. 32
RS  ONIFRERREE Z&AF AR AL S0 4
Table 5 Analysis results of samples with different silication degrees
BRI 5/ g SHEE/ (gt7")
AR GLEIEV
R TRFRAN FARE AEALEE s TER Au Ag
1. 000 30 200 8 10 3.0 13.41 1745.41  #H0elE HAK
0-30 2.000 30 200 8 10 3.0 13.43 1743.63 TG HAK
1. 000 30 200 10 15 3.0 13. 44 1742.00  FdmOGH HAK &
0-30 2.000 30 200 10 15 3.0 13.45 1745.51  #H0EHE HAR
1. 000 30 180 15 15 3.0 13. 39 1722.56  HE4UmEHLES K
073 2.000 30 180 15 15 3.0 13.33 172112 H40mSHLES KA
1. 000 30 150 18 23 3.0 12.99 1703.58  HdnmsHLES , TR A
100 2.000 30 150 18 23 3.0 13.20 1693.55  HIumEHLES , ARl
1. 000 30 120 20 28 3.0 12. 89 1672.06 AL ELARSG
23 2.000 30 120 20 28 3.0 12. 81 1658.94 BT RS ELAY
AR LE R IR 3 A PATIRIR S S,
%S AT, Y RERRIE N 0.30 ~0.75 WXL JPHRIE — BERERE 850 ~ 900 I LI 1T ARy
S BN, FLE AL RAE, B AR A S ) WA R R RIORIE R A9 £oRORES | AR E Bk

BT AT Y RERR FE O 0. 30 B 45 il 5 52 IS 0
FEBFh IR g R K, W RE R JE =0. 50 B,
IR R AT 2 B N, Y EERR R T
0.75 J5 , B i sh A2 2 A /b ULRLKS H ) Al i
MEATES, Au Ag Z5 R BIRAR, 276 % 8, L REeER
JE R 0. 50 #EA7i8, B A = 2. 000 0 g Bk R £
30 g LAY 200 ¢, AL EE 10 ¢ BHED 15 ¢ JEM
3.0 g, HA 7 ANFES R R BCR T 8815 26
T ELAS R, 0 A A% A, LT A 0HE b o Tk
(YS/T 1329.3—2019 ) &5 5 Hexf K4, 32 B % fic B
LESE

2.2 WBRERIE
PRIRAE KAR 4 T 1 v 2 X 8 SR 5 W 5 R 1) K e

AR AR AR 6 I,

x6 KW
Table 6 Ash blowing temperature
IRWKIR B/ C AR A RLRAS ZER/(get™h)
860 BRI TE bR 2, R AR —
%70 HoR kM ORI Au; 20.52
SRR BB S NG RR Ag: 5185.38
480 RN L5 Au; 25.43
ShfERE R SRR Ag: 5182.62
290 RGN LT Au; 25.40
SRIRERE L ARG AR Ag:4954.70
900 HROEN &I Au: 25.41
SRIAERETE ARG R IR AR Ag:4 819.88
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AT IRER LG Al A, S KR BB AR, A
I G R MR AR P A i i, o)
A RAN VRS 5 1 38 P A g o, R A0 A O O, S fe
HREE R ARG, DT RE #7880 CHEAT KN,

2.3 #ERLE

T8 KR4 75 75 FP R B0 R R 2 S 1 KW 01
TR MR, PR S ] WA i B i I 36 A7 b I, 4 2
RO HME RO AT IRR SR NS 7 R

F7 AMERBACR TR

Table 7 Proportioning scheme for correction of test and results

S FMERCE T %/ g s P
RS PbO Si0, b TER mg
1 30 80 20 40 3.5 Htse H o) 08 0. 304
2 30 80 15 40 3.5 Nt H S 508 0. 300
3 30 80 15 30 3.5 A P A 0.295
4 30 80 15 20 3.5 ERE AT TR —

HI38 7 RIHT, 75 58 3 4 I IF 1 v A 08 o i 2 %
T WA s Rl RS B S oy S, HOR R
A AR, G RIE R, % IBE W MEY) 552
JEORL A B B 58 2 HANERCRE TR
2.4 XFteikie

FREX 5. 000 0 g 1HE TR, 0B IR B e | 4
2R 0T, NG S UE 4RI s AR TTVE D) , B 5 A 8 K
1k, 2 ok A POk OB 22 IR 8 Fan ) el K
W AME 745, 5% YS/T 1329. 3—2019 (145 53

ARG 5 AT X, O E5 R L3R 9,
&8 RETAL - SOl ORI %
Table 8 Wet pretreatment-fire assay
batching scheme g
WA BERE PHO 8i0, iy TEH
=a 20 100 10 7 3

Fz9 BETALE- H LSS RN
Table 9

Comparison results of wet pretreatment and

direct fire assay gt
B UTSES TSI S JEE T SE R RS
G Au Ag Au Ag
1* 25.48 5185.22 25.43 5188.30
2# 7.40 4013. 36 7.42 4015.70
3* 23.23 1555.43 23.19 1563. 14
4# 23.97 1795.25 24.01 1791.11
6" 4.69 253.58 4.68 257. 67
7* 6.13 359.21 6.17 362. 62
8* 4.67 168. 32 4.70 165. 71

I BRI A RN 3 WATIRIR A5 R AP IME,

SERRI], o K vk 5 I vk T - Kt
GIELR LN RYF,
2.5 &R . SERFERUE

Rt HXT 2 Oy R AE R TR M T
SRR 5 B T AR O G ASC 70 S0 2 BhE
RS i DL 7P R (RE TR JC R S AR 10
JiR) #6473 UOPATIR S

R0 TUREALIRIUS
Table 10 7" Sample impurity content

eIt/ %
RS
Cu Te As Bi
7* 21. 64 51.37 0.43 1.02

W IR AR PRI G DA K B R 4R a0 15 3 1Y) 4
B M EIA—4 50 mL BEAR T, A 5 mL E 7K (£
fi: iER =3: 1, /AR ) | B F s i AR A =
SERSE AR, BUT A, JE MK E 45 2 25 mL, i
5), W 2 YRS b I IR 9 43 4 VR R VR 5T
£ 150 mL AR, BT R B AR A/ MA R
(25 ~30mL) , BUT ¥, 0 5 mL 3072, #8557 )2,
BT PR RO, B EINA S mL K, &
2 RS MK E 75 2 50 mL,1RA) .

T A LA B A5 B AR R A U A A
PV I A JC R, W B R Y R R
VI U RAR R W < T R R R SR, 2 T
YERMZE .

TE5 TAE AR AR 21, H AR
SERS TR R G TS AN A 4 bE B 43 4 VR AR B
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Table 11 Wet pretreatment/direct fire assay gold

particles, gold separation liquid impurities content

ZefR R/ (gt™h)

SRR R E KRS K 50 TS P -
SR A TEAF B GhE | 434 W 2% T B i 3 AR B AR
TEFEPY, X 4 REE SR TCH R
2.6 RBEESTAE

IS A AL RE S He AR SCRLE B B 25 BR kA T
ME Au Ag Frim JFHARE R B 4R W3R 12,

RIS R A % 1k B 2 R R b, AR AR
TRZETE 0. 34% ~2.76% , ik eI 5 B3k
2.7  nAREYEER I

ik eSSl
Cu Te Pb Bi SR BRI T R AT M PRI AR S A
N— K 0.00 0.00 0. 00 0.00 iz:[ﬁ]ﬁg 1#\6# \8#;{:;3'5155 2 g(ﬂ%ﬁﬁi 0.000 1 g,ﬁg\/ﬁﬁ]
Jr# 000 0.00  0.24 0.0 TR AL L AR AR SCHE B A
TRkt @ 0.00 0.0005 0.00 0.0 BRAEAT bR DGR, 25 R W3R 13,
ik 4 . _
e 0.00 0. 00 0.17 0.00 22 13 vl 20, &89 ks R Ky 98. 7% ~
F 12 MEE AR
Table 12  Precision analysis test
Re2 MELER(TK)/(g-t™") EHIE SD RSD/%
Au 7.45 7.35 7.40 7.42 7.21 7.41 7.38 7.37 0.08 1.07
#
2 Ag 4018.30 4013.36 4022.96 4014.72 3988.54 4019.68 4032.32 4015.70  13.51 0.34
Au 23.87 24.02 23.66 23.95 24.11 24.26 24.23 24.01 0.21 0.88
#
4 Ag 1795.90 1806.90 1782.93 1763.54 1800.75 1810.21 1777.56 1791.11  17.03 0.95
Au 4.56 4.75 4.72 4.64 4.67 4.83 4.68 4.69 0.09 1.82
#
6 Ag 251.98  255.18  259.11  253.29  264.57  260.62  258.93  257.67 4.43 1.72
Au 5.99 6.32 6.42 6.15 5.97 6.08 6.26 6.17 0.17 2.76
#
! Ag 366.09  357.33  360.06  370.48  363.31  361.79  359.28  362.62 4.48 1.24
Au 4.75 4.50 4.78 4.80 4.68 4. 64 4.77 4.70 0.11 2.26
#
8 Ag 161.64  159.44  170.32  167.54  170.01  162.58  168.47  165.71 4.40 2.66
F 13 AR
3 Qﬂ:i/\
Table 13  Standard recovery test “hle
. I ? SR IR 0 0 LB B
e
g R R/ e R R, SRR SRR Y He R D R 54
ZH
He e % He He i RIS T HERIE FH BB 7 58, DU A i i E AR
25.00  99.8 2000.00 97.5 o o . -
¥ 2543 5 188. 30 B X PR MEAR 220 0. 34% ~2.76% , 4 AR
40.00 101.2 5000.00 98.8 . .
i [l %k 98. 7% ~ 101. 2% AR Y IR K 97. 5%
5.00  99.0 300.0  98.2 TN U e s -
6% 4.69 362. 62 ~99. 0% ,Eiﬁ(*ﬂ‘/’ﬁ;ﬁ%*(j{w&iz{‘ﬁ \ﬁﬁﬁ‘fiﬁ? , 1M
10.00  98.7 600.0  97.8 N i
SR TR T SR, ATHES R
5.00  99.2 150.0  99.0 -
8 470 165.71 [ %30k ]
10.00  99.5 300.0  98.5

101. 2% 5B MR K 97. 5% ~99. 0% , AT LA A&
A P4 AR I bR R R

(1] gRMesh  skoke, TR, 45, il A i vk ab 30 ) & — S0k
TZ5T A [J]. hEA @G 46,2019,48(1) :64 - 67.
ZHANG Huanran, ZHANG Yongfeng, WANG Jun’e, et al.

Process and industrial design of TeO, preparation with copper



.70 -

v E A& LS

i 53 #

telluride residue by hydrometallurgy[ J]. China Nonferrous Metal-
lurgy, 2019 ,48 (1) :64 - 67.

WAN Shuang, MA Xiaoyu. Determination of silver, gold, copper,

selenium, tellurium, lead, tin and bismuth in Dore alloy by X-ray

(2] SRd%, skAEoT, k)2, SO 4 il £ 4 B 5 2 4 B AR g fluorescence spectrometry[ J]. Physical Testing and Chemical A-
4T, EICHI L 2020,10(3) 143 -47. nalysis( Part B:Chemical Analysis) ,2014(5) :634 —636.
GUO Bin, ZHANG Fuyuan, ZHANG Guangan. Determination of (6] FPARLL, kvl BG4, 2C U AL oI B IS J5 T & SR O 3% i i s
gold in complex multi-metal copper anode slime by lead fire assay BRI A R B B B B R TEE TSR ()] b B A
[J]. Chinese Journal of Inorganic Analytical Chemistry, 2020, 2016,90(8) : 2070 —2082.
10(3) .43 -47. HAO Zhihong, YAO Jianzhen, TANG Ruiling. Study on the meth-
(3] BE. \EEEEE TR 7 ZFHEIE (ICP - AES) 321 & fif od for the determination of silver, boron, tin, molybdenum, lead in
it & aE 1], PRI ,2018 ,1(8) :57 - 59. geochemical samples by AC-arc direct reading atomic emission
GONG Xue. Determination of gold in selenium tellurium slag by in- spectroscopy [ J ]. Acta Geologica Sinica, 2016,90 (8): 2070 -
ductively coupled plasma atomic emission spectrometry ( ICP — 2082.
AES) [ J]. Chinese Journal of Inorganic Analytical Chemistry, (7] ®AbS LA ik 56 3 B4 SR S B E Jik4eE
2018,1(8) :57 -59. A YS/T 1329.3—2019[ S 1. 2019.
(41 XURKe, F A2 T A W A — A B IR A G 3% 1 10 AL Methods for chemical analysis of copper telluride-part 3 ; determi-
Hf 4[], H ETEHL T2 ,2015,2(5) 167 - 69. nation of gold and silver contents-fire assay gravimetry: YS/T
LIU Qiubo, WANG Haoying. Determination of gold in crude sele- 1329.3—2019[ S].2019.
nium by activated carbon absorption-fire atomic absorption spec- [8] MiHEnd, B 0H A ER. Sl 4k e 4 1 52 ) IR 38 1 3R )
trometry[ J ]. Chinese Journal of Inorganic Analytical Chemistry, [J]. BEW5,2013(5) .56 -57,61.
2015,2(5) :67 -69. CHENG Duigiang, GE Siqing, YANG Chen. Discussing the influ-
[5] J7% Shipesi. X S0 0Lkl R LA &R .4 4. ence factors on determining gold content by fire assaying method

Tl A R BA G 5 e [ 0] FRARAR B AL 53,2014 (5)
634 - 636.

[J]. Non-ferrous Mining and Metallurgy, 2013(5) :56 - 57,61.

Determination of gold and silver in copper telluride by fire

assay gravimetric method
LIU Na', LIU Fang-mei', LAI Qiu-xiang'?*, LYU Huo-xiu', ZHONG Shui-ping>"’
(1. Fujian Key Laboratory for Green Production of Copper and Comprehensive Utilization of Associated Resources,
Zijin Copper Industry Co. , Ltd. , Shanghang 364200, China;
2. Zijin Mining Group Co. , Ltd. , Shanghang 364200, China;
3. Zijin School of Geology Mining, Fuzhou University, Fuzhou 350108, China)

Abstract: The current standard method YS/T 1329. 3—2019 can accurately determine the content of gold and
silver in copper telluride, but it is difficult to meet the requirements of copper smelting enterprises for rapid
determination of gold and silver in copper telluride due to its complicated operation and long cycle. In this
experiment, acid pretreatment to remove impurities such as copper and tellurium was abandoned, and the optimal
detection conditions were explored through a series of experiments. The direct fire assay gravimetric method was
established to accurately and quickly determine the content of gold and silver in copper telluride samples. The main
characteristic of the method lies in the direct analysis and detection of gold by fire assay gravimetric method, which
is not only accurate and efficient, but also suitable for low content ( Au <10 g/t) samples. The relative standard
deviations ( RSDs) of the results of five copper telluride samples determined based on the test method were
0.34% -2.76% , n =7. The addition standard recoveries of gold and silver were 98.7% - 101.2% and
97.5% -99.0% , respectively. Gold and silver in copper telluride were determined according to the test method
and compared with the results determined by YS/T 1329. 3—2019 method, the results were consistent. The test
method is suitable for the determination of gold and silver in copper telluride samples during copper smelting, and
can be used for daily detection and analysis.

Key words: copper telluride; fire assay gravimetric method; gold; silver; copper smelting; relative standard

deviation ; recovery; ash blowing



