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Table 1 ~ Optimal operating parameters for flame

atomic absorption spectrometer
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Table 2 Optimal operating parameters for

inductively coupled plasma spectrometer

S 2
VIEYAY 1 150
FAAE T/ Pa 32
A/ (r - min~!) 1.50
B R/ (L - min ") 1.0
T E]/ s 20
AL 75 =X #n)
I3 BT %4/ nm 328.06
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3 mL SRR, TR IR B R T RS SRS
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T YE I A ZRR FH L2 7t B AR o
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Table 5  Test results of varying leaching time

WA TR B IR iR 5 4 % ~8 % B, & Bt MR/ (g 17") T/ RSD/
ZERIATIE . LB HIER MBCR KA , BR min ! 2 > L GNP
R 6 % . 20 125.12 114.18 122.21 138.16 124.92  7.98
£3 FARBREASIRER 30 140.15 130.25 135.28 138.16 135.96  3.16
Table 3 Test results of varying dosages of acetic acid 40 149.25 151.29 152.11 150.21 150.72 0.83
Wit i/ MELER/ (g1 SEME/  RSD/ 50 151.38 150.25 151.33 150.35 150.83 0.40
% 1 2 3 4 (gt % 60 151.32 153.30 150.30 150.20 151.28  0.95
2 128.12 144.18 133.21 138.16 135.92  5.05
4 148.15 150.25 149.28 151.16 149.71  0.86 R il o o N
6 151.35 150.36 151.30 150.31 150.83  0.38 JH&LYy 40 ~ 60 ‘mL FF TR RE 55 R ) AFX s P B 2 2
8 149.36 150.21 151.33 152.33 150.81  0.86 Do ZREHIE, B 2 RS 50 mL.

2.2 RUEE

FEDNREZ2 A PRI, SER0 TR R BE 53501
50 °C.\100 C 150 °C 180 °C 200 °C., fEA i) VAT
ME 4 W AR 40 WK 4 T RUAR H: 47 R
JE24 50 °C ~ 100 CH, Z2REH B A i i, I
SESEA K ; 1R R A E] 150 °C ~200 TR, 22
PP M. G5 IE IR IR RS 180 C.

F4 TRARHBERRER

Table 4 Test results of varying leaching temperatures

=R MEsER/ (g-t7") S/ RSD/
°C 1 2 3 4 (g-t™) %
50 105.12 124.18 122.21 101.16 113.17  10.04
100 131.15 145.25 135.28 122.16 133.46  7.18
150 149.35 151.39 152.41 150.98 151.03  0.84
180 151.34 150.28 151.32 149.31 150.56  0.64
200 151.32 148.91 150.38 152.22 150.71  0.94

2.3 RHAE

SERPEAE TR I TR ZE BT TR I E A
PeHE B EFE 4324 20 min 30 min 40 min 50 min
60 min, BEAIFAPEATINE 4 U, AR ILER S, RS
FTLAE H 35 IR R AN, SO AS 5 4, T 5 45 R Al
5 2495t IR i) 24 40 ~ 60 min B, ) 5 £ 5 JE A
R ARE e 4. L, 3 I ) e 4
50 min,
2.4 RIEF2 AE

R 2 A AR AR , 25 M E R R O i
TR D00 7 235 S P v it B8 RORG %85 B , f ICP 3%
I 5E & PAERAE S BT T H0RE ) S0, PRI SR ) ICP 12
IE SRR Y P AR . SEIR TR 2 F &4 5
420 mL .30 mL .40 mL.50 mL .60 mL, &4~ & 35F47
ME 4 YGEER IR 6, IR 6 nTLIE H: HiZFEH 2

®6 ARERREFN2 AEXKER
Table 6 Test results of varying dosages of Extraction Agent 2

R4 2 MELEH/ (g 17") SEHE/  RSD/
JHHE/mL 1 2 3 4 (g-t™) %
20 50.15 40.17 45.28 35.18 42.70  15.12
30 55.15 64.25 51.28 58.16  57.21 9.56
40 85.15 79.99 83.11 82.21  82.62 2.59
50 85.18 84.08 85.19 86.22  85.17 1.03
60 85.12 84.09 83.20 85.20  84.40 1.12

2.5 RIEFIZ AE

SER S TIRIRIN 3 TN E 4 R R, I
i3] 20 mL 30 mL 40 mL .50 mL .60 mL, &34~
FHHRCFATINE 4 WG AR WK 7, R T W LU
IR FEH) 3 FHIHE 40 ~60 mL i, MELS R E . 45
BHIE,IRIEH) 3 AR EFE 50 mL,

x7 AEEREFI AEXRER
Table 7 Test results of varying dosages of Extraction Agent 3

B3 MELER/ (g t7") E¥IE/  RSD/
Fld/mL 1 2 3 4 (g-thH) %
20 50.15 40.17 45.28 35.18 42.70  15.12
30 55.15 64.25 51.28 58.16 57.21  9.57
40 85.15 79.99 82.11 86.21 83.36  3.41
50 85.18 86.08 83.19 85.22 84.92  1.44
60 84.12 85.09 86.20 85.80 85.30  1.07

2.6 FKFHRTZ RS i

TEDE FARAR R BRI, 25 58 T 7K P 4IR 3 I [ X
e 25 R 1 52w o 5230 BT KPR 3 1 18] 43 53]
10 min .20 min .30 min 40 min, &0 6] 470 &
4WCHIRIAE 8, INFR 8 AT Y« B KPR35 i
(] AR, D00 95 SR B W 4 v o M KT 4R B I [B] S
30 ~40 min [, € Z5 R EGE , R BRI PR IR
54, IRHK PR 0 18] 3 0 30 min,
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Table 8 Test results of varying oscillation time at different levels

KR fi)/ WEEER/ (5-17") F¥ME/ RSD/
min 1 2 3 4 (gethH %
10 50.15 40.17 45.28 35.18  42.70  15.12
20 55.15 64.25 51.28 58.16  57.21 9.57
30 85.15 79.99 85.11 83.21  83.36 2.91
40 78.18 81.08 84.19 85.22  82.17 3.88

2.7 WMERRAZE

IMABRERR SR T B 1L 0 S 5%
Ag A Ag,S T I 7 45 SRS, (R RR R A g A
W2, — L BRERRIE T ; 55— He® " 2 Ak
ERIGFRA AR . ST TR R R 401k 0,0. 05,
0.1,0.2,0.5 #10.8 mg, &4 FATINE 4 UK, 4551
W9, N9 FTLLE M B R R FH B il £ 0. 1 ~
0.5 mg B, ATBA IEAR B Ag, S, [R]B 5 fE AR BR R A 233
BBRAC AR A, DR A 2 R R 54 0.2 mg,

9 AEHmBRABIBRER

Table 9  Test results of varying dosages of mercuric sulfate

TR I/ MELER/ (g-t7h) I/ RSD/
mg 1 2 3 4 (g-t™h %
0 30.15 40.17 35.28 35.18 35.20 11.62

0.05 75.15 74.25 71.28 76.16 74.21 2.83

0.1 84.15 82.99 83.11 83.21 83.36 0.64
0.2 83.65 82.96 82.11 82.21 82.73 0.87
0.5 84.28 83.09 83.78 82.56 83.43 0.91
0.8 97.12 98.05 95.11 99.12 97.35 1.75

2.8 mRA=E

5 IR 1 70 5 10 /1,20 g/1..40 g/L,
60 g/L.80 g/L Xl 7 45 5 i 52 il , B4 FH -4 7 00
FE 4 UGHPR IV 10, FR 10 o DUA Y Y wi ik A
KA, AN RESE R B A Hh B B AR, DU E 25
P i s 24 B K FH £ 40 ~ 80 /L I, i AL 4R 7€ 42 i%
B, e 25 R AR 0E . Bk il i, J5 24k B[R]
B AR TR ST, 256 % B AR,
TR % #E 60 /L,

®10 FERRAEBIHER

Table 10 Test results of varying dosages of thiourea

TR/ WELR/ (g-17") SFHIE/ RSD/

(g-L7Y) 1 2 3 4 (g-t™") %
10 190.15 185.19 160.11 178.16 178.40  7.37
20 230.15 220.25 231.28 218.66 225.08  2.91
40 260.45 261.49 258.41 255.81 259.04  0.97
60 259.68 262.25 260.37 261.35 260.91  0.43
80 258.32 260.30 261.30 259.20 259.78  0.50

2.9 EERTIRLETE

IR A AE 23 R M A 2, HLm IR A 3, A L R
B2 5 b R R UOUE , RHR A — 8 I 2, fili 15
M E S5 RARAG . LRI T 4 FhaR R GERALFEJr 5,
G35 A IR BRI AL BRGT IR . — K HEAA 10 mL
A TR R A P FOR 0 5 8 1 IS R 81 VR 0
7S BN AR A P JUR T R N N IR LV TR
ARHE It i 3 mL I BT AR , B 1SS
4 GEERIF 1T,

F 1l WHERLOERERIEER

Table 11  Test results of thiourea treatment with nitric acid
AR Ey i MWELER/ (g-t7") %i’g{_ﬁl/ RSD/
1 2 3 4 (g-t7") %
ASIMAKHRR i Fh 4k 1 140. 16 155.16 170. 11 185.16 162.65 11.90
— M 10 mL iR I Hab 233.19  224.78  211.56  215.69  221.30 4.36
T B 1 I T I 8 YR €5 7 I Ak 3 260.88  263.15  261.22  262.37  261.90 0.40
T G NG N A PR BB (8 B T B 3 mL kb 3 259.68  261.25  263.37  257.35  260.41 0.98

M 1L A LU Y - R AR BNRAS P T A BRI )
SE L R A 5 SR — A ITA 10 mL i B8 i 45 4k 2
I, BDKAL BN 5 4, I 5 25 SRR D 1K s SR PR 45 2%
PN R L2 VR (A BN AL BRI, BR AR B R
LRRBE A, N 45 ARG E 5 R AT 8 A% 30k T i 1R
FLEI AR B i 3 mL AR BRI, 00 5E 25
RGP, SR PRI 2 1% 1 I v R
P B AL BN R B R BRR o

2,10 SUTHRAE

TV A B 8 0.1 % 0.5 % |
1% 2 % & % A - PATIE 4 IGER LR 12,
MR 12 A LUE Y @A Rl IR, A e 2
RARBR A T, I 25 R A0 5 25 AL 3 T
REN 1 %I, REAE 5 IR PE Bk ALY P AR, HLINSE 25
RAGE 5 A B 4R e 4 %0 i, I 5E 25
Refifo Pk, SACE B HETHEN 1 % .
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Table 12 Test results of varying dosages of stannous chloride Fie BRSS9 v ) S A 2% 3% 4% 5% R 3
RICB WS D) PV RSO R BT AT SR LR 14, AR 14
o a7t 0 \ Ny N N
L A T T DR DR A I R SR R A
0.5 47.32 48.79 46.79 49.56  48.12  2.66 — BRI R T T I AT S
1 56.17 57.47 55.85 56.46  56.49  1.24 R4 FEHERELHEER
2 56.56 54.91 56.77 57.48  56.43 1.93 Table 14  Accuracy test results of the method
4 50.12 52.37 52.15 48.18 50.70  3.87 P 5
MEGER/ (gt
BRI o " " »
2.11 FHEHNRBERE SRR AR 25.32 35.23 55.43  63.76
R . b b E ek BRI TR 20. 88 17.27 57.30  47.42
Fi HEASZIG Ty i, e FAE i 27 .37 47 5T AT 4R 1 8R4 16.20 54.62 34.62  75.56
IR S5 R T4 13, MFR 13 0 LA L W 45 Bl 45,63 §1.85 18796 367.96
o \ s . B AR 26.04 45.86 75.77  55.77
REVFXIARIE R 22 0.22 % ~5.36 % , Jr i ik FERREL 4R 33.16 63.09 34.12  123.87
JER4f . &t 167.23  303.92  445.20 734.34
K13 FEWETELRLER VR 167.76 302. 17 444.45  732.34
Table 13 Precision test results of the method
vn MEER/ (g1 FHH/ RSD/
Pk Ll 1 ) ; T ) @ 3 & i

SRR 25.16 24.18 26.17 25.78  25.32 3.42

SEETH YR 2011 19.88 21.22 22.31 20.88  5.36 WA R YA 4 22 B AR B R
o AR 16.52 16.77 15.42 16.11 16.20  3.64 R ESRER BR AL R AL Y AR A R L AR A

bR 45.46 45.62 46.88 44.56  45.63 2.09

B 25.88 26.80 25.66 25.80 26.04 199 6, N7 43 AT 5 1R T R AR B W AR A AT
FEERELEE 3311 32.12 33.46 33.97 3316 2.36 MR T AT W29 R IEVE L5 T R T M ff e
ERUTIR 3110 5047 088820 e T R RS TSR S AT

CHAET Y 16,42 16,67 18.32 17.67  17.27  4.88

EARGL 5514 5479 55.32 53.23 5462 1.74 9% 5 RN VR B 1 R AL A A o A IR 22 0RO AR

¥ B 88.46 87.69 88.68 86.56 87.85  1.09 A AR T R TR R T ZE
BRIP4 45.85 46.85 45.66 45.10 45.86  1.59 (5 % % #]
MR 63.66 6219 63.55 6297 €3.09 1.07 (1] B35, HIAS AT SO [ M. st 0 th Rk 2007
EHRH 5531 5466 5557 56.18  55.43 114 (2] BEsthe, B, EI0%E. Srbk o b B sh R I A7 [T
TR IR 56.42 56.27 58.82 57.69  57.30  2.09 HEbk T be a4 , 2003 (2 ) - 185 —187.
y B R4 35.14 34.29 35.92 .13 34.62  3.45 [3] EJ;:;;:)‘@(%)%4%\%5?%*%&E‘J%*Hﬁj\ﬁjﬂiﬂ?'ﬁ'[J]~ﬁﬁ%,
e 0% 4T . KO AL, 5. R SR A L%
SRR 75.85 76.25 75.89 75.10 7577 0.64 R[], % 4 H7 12020 40( 1) 146 - 50.
BERRAEA 3346 32.49 34.55 35.97 3412 4.38 [S] LEE, B0, KR % LR 0T o B AL 2
FEDHER 62.30 62.69 66.57 63.48  63.76  3.04 TTEMELT]. mMiE4:,2022,51(6) ;128 —133.
GHSET L 46,62 46.57 48.82 47.67 47.42  2.24 (6] AL, REEE, B SC. W I 5 AR A AL AR B e L 200
, EE 75.44 7469 75.92 76.18  75.56  0.86 ﬁggﬁﬁzz‘fzﬂa“3<9) 00 A
: BALH 368.46 367.79 368.68 366.89 367.96 0.2 [7] fggf%”%;ﬁf;ﬁfﬁéﬁﬁg‘%i;ﬁf ﬁﬁ?fﬁgaL
PREUCHTH 5585 5625 5489 5600 3577 L10 g poierr koK, e 5. 2019—2020 4o [ 44 B e
FERREL AR 123.46 122.69 124.15 125.17 123.87  0.85 JE[J]. ¥4 ,2022,43(2) :104 - 110.

Study on methods for phase analysis of silver in ores

Meng Xianwei, Ge Zhongyi, Chen Yonghong, Pang Wenhao, Guan Guojun, Su Guangdong, Fan Ruhong
( Changchun Gold Research Institute Co., Lid. )

Abstract: Phase analysis of silver in ores refers to the determination of the content of silver in various host minerals.
Through experimental analysis, it is established that the main silver phases in the ore include 6 types: silver in smithsonite,
silver in minerals bearing iron and manganese, native silver, silver sulfide, silver in iron oxides, and silver in silicates. Acetic
acid is used to leach silver from smithsonite, sodium chloride — hydroxylamine hydrochloride is used to leach silver from
minerals bearing iron and manganese, ferric nitrate solution is used to leach native silver, thiourea — sulfuric acid solution is
used to leach silver sulfide, hydrochloric acid — stannous chloride is used to leach silver from iron oxides, and the remaining
residue is measured for silver in silicates. The relative standard deviation of this method for determining each silver phase
ranges from 0.22 % 10 5.36 % . The sum of the silver content from each phase closely matches the total silver content meas-
ured, indicating that the phase separation method is correct and the test results are accurate.

Keywords: ore; silver; phase analysis; native silver; silver sulfide



