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Determination of various sulfur forms during gold extraction process of
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Abstract . It is necessary to determine precisely the conversion forms of sulfur and the content of each sulfur form in
the leaching process to find out the gold-sulfur self-coordination mechanism in the chemical oxidation process of gold-
bearing pyrite in an alkaline environment.Sulfur-containing compounds themselves are unstable in alkaline gold extraction
process for gold-bearing pyrite, and may react with each other. Therefore, a method needs to be established to quickly
measure these ions in the same system.The content of total sulfur in the leached solution is determined by means of
inductively coupled plasma emission spectrometer,and the contents of S,02,S0% and SO} are determined by means of
ion chromatograph. The content of S* is determined by means of fully automatic flow injection analyzer.The content of S~
(x>1) is obtained through calculation by subtraction method.It is verified by the results that S,03,S03,S0% ,S* and
total S ( counting on SO ) have a good linear relationship, and the linear correlation coefficients are between 0. 999 5
and 0. 999 9.The recoveries are in the range of 93. 6%—108. 1% ,and the precision is in the range of 0. 7%~-3. 4%.This
method can be used to determine rapidly various sulfur ions simultaneously in the same gold extraction system,and can
be used as a method to determine the conversion forms of sulfur and the contents of various sulfur forms in the gold-
bearing pyrite leaching process under alkaline environment.

Key words ; gold-bearing pyrite; sulfur; morphological analysis; ICP-AES; ion chromatograph; fully automatic flow

injection analyzer
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1.1 U5 F

ICS-2000 &+ €& 1% {X ( 22 E Dionex 2\ Al ) ;
lIonPac AS19 FH B 728 #4E, TonPac AS19 fRI4E,
DionexASRS—ULTRA — 4mm £ 4= #1l #il %% | H, 548 0]
5 RPEBCA 18 mmol/L KOH Y5, i 1. 0 mL/min;
RIS 35 mA, HL SR B 35°C AR 30°C , i
FEARFR 25 L,

ICAP 6300 LB A 45 B T 1AL i A% ( 36 [ 2§
BRCAF])  Bo A i SRR 1 E AR b A A
g =, AL SR SR 1015 kW, 2
0.5 L/min, 548 SR 0. 7 L/min , iR HI T E
12 L/min, 3 Hri£ A 180. 731 nm,,

BDFIA-8000 4 F 3l Jiit 2l i 5 73 T A — i Ak
RIS (A6 5t 5 A AR A A ) AR A5 F B
1 ¢/L NaOH ¥, % 20 2 5% 3 35 v/min, AR BE
65°C , K 660 nm , #4 JE B 200 s, FESTETE] 100 s,
HEFERTTE] 140 s, 3 UERT ] 40 s, 213k & B[] 290 s,
&5 80 s,

Nanopure # 4li 7K #L ( ¢ [E Thermo Scientific
Barnstead A H)) o

TRERAR bR EVE W : ¢ (SO ) = 100 pg/mL, GBW
(E)083216, bttty kit m H AR5 e

AR BN AR VR I : ¢ (S,0%7 ) = 224 pg/mL,
BWG083814(20210525) , At 5t b 7 il i 5 R F

FA5BFESH
FEbi

VA R MR AR HE VA W : ¢ (SOT ) = 100 pg/mL,
B21070383 , ¥z 8 ik BHE A A R F]

TRALYIFR A . (S )= 100 pg/mL,GSB 07—
2733—2019, AL B EEH AR HERE A FE T

R ARUERE S ¢ (SO2 ) = 17.7 pg/mL, GSB
07-1196—2000 ( 201940 ) , A 25 PR 55 30 b v A 5 A
T ;¢ (S0Y ) = 45.7 pg/mL, GSB 07-1381—2001
(204726) , FREE R 3P 3B AR MERE S BIF ST T 5 ¢ (8O3 ) =
100. 0 pg/mL,GSB 04-1773—2004(a) , F% A (0.4
J& B PR A G

AR BRBRENATERE S 1 ¢ (S,05 ) = 5. 606 pg/mlL,
GBW (E) 083813, dt 5t b Jr f b i 22 4 AR B 5% Bt 5
¢(S,07)=11.234 pg/mL,GBW(E) 083814, Jt 5t
F T EF AR IR ;¢(S,07 )= 112. 56 pg/mL,
GWZ 8176—2016(20190826) , At 5tdb 75 il it
ARWFFEBE

BRALI PR MERE i e (S7) = 0.42 pg/mL, BWZ
6676—2016A , b 5% 4t 77 A5 b i & & AR BF 5% B ;
¢(8*)=1.76 pg/mL,GSB 07-1373—2001 (205558 ,
IR ERIRERE AT T 50 (S™) = 4. 40 pg/mL,
GSB 07-1373—2001 (205549 ) , A= 2% PR 55 350 A E R
A A SE T

VA R AR BR HEAE B ¢ (SOT ) = 0.50 pe/mlL,
BW81373DW ( G0052945) , Jb 5t & M5 4% A= W Bl 45
FRZN Fl; ¢ (SO ) = 9.00 wg/mL, BW81373DW
(H3000502 ) , 4t ¢ = 0y 4% £ W) B A R A F;
¢(S03)=14.9 pg/mL,BWZ 7067—2016, It 5 b )7
kit B AR B

SO% FRME TAEW G P F 19 PP 15 5 V02 S
B, ST HRRE T AR 1% (Vv/V) PLEALFIA 1 o/L
NaOH & KAk

YUK 2 (5 Mr 2, W K4k T2 ) ; EDTA -
2Na NaOH | H [ ( 43 #7 46, [ 24 48 A 4k 2% 350 2
A s SEER K R 5 IRZRIRK, HL R (E/INT 1. 25 S,
0.22 pm ffLIE JefE
1.2 tRAEMKELTH

A B S,05 . S05 . SO% A M il £ 1, B 9%
e, FLH L 8 AN RV B I TR A5 B o 2R 971, S, 07
FRE R I E ] 0.1.12.5.6,11.2,22.4 .56.1,
112.1,224.3 mg/L;SOT #rifE RFIHKE R 0.0.05,
1.00.5.00,10.0.20.0.50.0.,100. 0 mg/L;S0> #5ifE
ZINHEH 0.1.00,5.00,10.0.20.0.,50.0,100.0,
200. 0 mg/L, #¥k B2 B A3 i B9 007 Ak A 1C
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WL H S b HE A 25 VR, B R B 0,0.010,
0.10.0.50.1.00.,2.00.5.00,10.00 mg/L 8 4[]
VB () SRk A o R A R, FIA M e, 4 1
i

IR SO AnfEA 25 W, BRI R 0.1.00,
5.00.10.0.20.0.50. 0,100. 0,200. 0 mg/L 8 A[F]
Y (1) Bk bR o 2R BV W, ICP — AES %2 | 2 B
ek
1.3 HRATLERNE

1 mL B4, 0. 1% 1 ¢/L NaOH %
WOB LR B 5 & o R R 5 I RE Sl AR Y
11 0. 22 pm FAFLIEEEF Dionex OnGuard 11 Ag/H 4fi
fRAE, 72 50040 3 mL J5 AR TR AR i L S, 05 .
SO7 SO TRV, 1C M2 .

H20% (V/V) HLIR LR . 1% (V/V) EDTA -
2Na .1 g/L NaOH Bt i fb i, 28 i P
A NaOH ¥ 1% (V/V) SLEAFIFNR &, )5
FH NaOH ¥ V& e L 28 25, il B 8™ ¢ M W, FIA
e

2 HRSHE

FRoE £k R 7 A B PR
Fie 1.2 WOk iEAT 5L 45 BUAS [RJE S 61 A A
HERN L2ty BRI SC 2R 8, W& 1,

2 1 51,8 .S05 .S0; .S,05 ALE S(SOT
TH)IX 5 P PP R R, ZMAH X R EU(R) 7F
0.999 5~0.999 9 Zd],

HHEARIE GB/T 34672—2017 , {ZMe Lt Ky 3 W%
N7 A B R o T A e B e HR PR TR o il 2 v 7
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F1 FEAESHHLETEMEXREY

BAES WAk LTI HIEHRH(R)
S,0% IC ¥, =8.5203X,+0.0019 0.9998
Site IC ¥,=18.4536X,+0.0175  0.9996
502" 10 ¥;=4.0552X,+1. 2502 0.9997
5> FIA ¥, =0.0004X,+0. 0007 0.9999
Total S(SO3” 1) ICP-AES Y5=179.98X,+1.373 0. 9995

WX ~Xs WEFIRE , mg/L; Y, ~ Y, HIEEFL, uS-min; Y, K
VTR, Abs min; Y5 RS, JoH 49,

SO7 iX 3 FhES F A& BR 43 51 4 0.033,0. 041,
0.011 mg/L,

FEHE b A BT A5 TR R B A R A T 14 5 A
BR 2~ 5 f5 BURE S EAT 10 AT I A2 , 133 Fs o i
2 4R R ST S(S0Y ) Ty A R
(MDL) .

MDL = #,_, 0.0y X S

A n RS YD EL; S D b S B8 AR T D 22 5 ¢
FRBEWERN -1, BEEH 9% B 1Y ¢ 531
QXD

THEAS S A S(SOT 1) M7 A B4 51
0.004.0. 043 mg/L, H T2 IR B E 7 &
v, DRI R AR T LA AR R
2.2 EMEMBEE

IR A 3 RS [ v B A bR A S TSR 6
UOTATIN T 53 o B 3 FIORG 2% B 45 R L% 2,
S,0% S0 S0 S*FLE S FAHXTARMER 2% (RSD)
3R 0. 7% ~2. 6% 0. 8% ~ 1. 6% .0.7% ~2.1% .
0.5%~2.0% 0. 6% ~ 1. 6% , ¥R 2 (RE,) 7351 K
~1.8% ~2.4% ~4.7% ~-1.9% .~ 2.4% ~ 1. 0% .
—6.9% ~~=1.2% 3. 7% ~3. 5% , 2 WA J7 1% Y )

IS T IR I BE SR A 6 ¥k, THEEAE 8,057,807,

ARG 4 BE RLAF
R2 HEKERENBEE

B HAq/ MAELER/ (mg-L7") i/ MXHRZE, R
EE (mglh) 1 2 3 4 5 6 (mg-L™") % T2/ %
Bs 5.90 5.72 5.80 5.84 5.86 5.86 5.84 5.82 -1.4 0.9
15.23 14.75 14.71 15.05 14. 56 14. 46 14. 43 14. 66 -3.7 1.6
33.33 34.49 34.72 34.39 34.64 34.17 34.58 34.50 3.5 0.6
s 0.42 0.387 0.389 0.395 0.391 0.392 0.392 0.391 -6.9 0.7
1.76 1.65 1.75 1.69 1.70 1.68 1.71 1.697 -3.6 2.0
4.40 4.33 4.38 4.3 4.35 4.35 4.36 4,348 -2 0.5
S0 17.7 17.42 17. 81 17.18 16.75 17.09 17.36 17.27 -2.4 2.1
45.7 43.21 44.49 43.05 43.21 44.68 43.76 45.21 -1 1 1.6
100. 00 100. 29 101. 11 101.22 100. 65 100. 43 102. 07 100. 13 1.0 0.7
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BT At/ WISE 455/ (mge 17" W, MR, HDEERE
EE (mgL) 1 2 3 5 6 (mg-L7") % fiit 2%/ %
SO%’ 0.50 0.472 0.471 0. 468 0.477 0. 485 0. 486 0.477 -4.7 1.6
9.00 8.72 8.63 8.77 8. 64 8. 81 8.74 -2.9 1.0
14.9 14.52 14. 63 14. 49 14. 67 14. 55 14. 81 14. 61 -1.9 0.8
SZO? 5. 606 5.372 5. 406 5.359 5. 626 5.583 5.691 5.506 -1.8 2.6
11.234 11.59 11.47 11.61 11.49 11.52 11. 31 11.50 2.4 0.9
112. 56 114. 33 113.57 113.21 114.07 112. 05 114. 11 113.56 0.9 0.7

2.3 HRRRENIID

FIC 2 Fr & sy B By S,05 805,
SO B, thF = i s Tk FEAR &, VA VAT 5
B RCR B M T VR, L 0 KR B 2 3 B W) pH
RS, B0 s e T 3R o BB S A B Ak W SR A
TRV Faed 1Ry, 233 U 15 4, K ) 7 063 2 T o
1A IE R0 A TT 5 350820 43 th WA (R T A
H i SOT HHAMEE G, 5w SOT mllE ., K,
F NaOH V5 9% i BEISF, NaOH 1 3k B8 75 A4k, 7
TR NaOH Ve 2 X 2 25 SR 0 52w UL 3k 3,

R 3 BRI NaOH IR B Xl E 45 R 8200

mg/L

¢(NaOH) ¢(S,03)  ¢(S0Y)  ¢(S0Y)  ¢(ST) o(4£S)

0 43791.2 22.1 4221.6 87.1 31817.9
0.01 50531.3 37.7 3537.1 130.5 51744.3
0.1 56110. 1 60.0 3103.2 135.4  62309. 1

1 58576. 4 61.4 2949.5 173.6  62051.4

10 58526. 1 62.7 2938. 8 164.9  60998. 8

ri2¢ 3 Bl 20, S H B NaOH ¥ B8 0 ( B4l
KA RERESL ) IE,S,027 . S0Y SO% S™ ¥k MK T

4 S YREE U VAT P A KR SRR T T A A0
b i, 248 B NaOH #k Bl 0. 01 g/L B,

S,07 .07 .SO7 ST B MK T4 S WRIE, ILhT,
W hAE D s TUTE FNER 43 B A i o 4 RV
NaOH ¥4 0. 1 ¢/L B,S,02 .S03 . S0T S ik JF
SVR/INT 4 S VREE, OB Vi rh JC DT VE Al /D e g

JRPI, 4R NaOH WM 1 g/L B, 8,07,
SO .S 02‘\5 TWRIE BN ET 4 S IR, BUIT I
HhICTUTE O, SRR NaOH ¥REEH 10 ¢/ L
f,S,03 .S03 SO | S™MREE SRZY 55 T4 S WK,
{H.10 g/L ) NaOH ¥ & £ 34 2] iCAP 6300 455 1
R I ETE A ) B R i R, o A R
NaOH EAERE R 1 o/L,

2.4 (RIPFIRAE S E B 18] A9 R0

B S,07 ,S05 Al ST ARUE, G R
ALY TR, T I R A — 5 AR
i,

B 1 mL 32 &, 0. 1% H B 1 g/L NaOH %
WA, DAORAP R A B, 328 S B o, T
B S,035.S03 .SOT AW 1. B 1 mL =,
H 20% (V/V) IRz | 1%<V/V) EDTA-2Na .1 g/L
NaOH JAv T, & A B, Be il il S* R e 11,
W 3R 2 T 4°C FEDGIE 0,3.6.9,12,18,
24 48 h J5 4r g . % 4 R BRI T ke
18 h, S,07 . SO; . SO7 W & FEA N i & 18 ~
24 h,S,07 .SOF WREE R, SOT e B B (o e 5 ik
24 h J5,S,07 .SO; WRIEKIE N, SO WK
T, LA R p g oAt & ik & W 5% Ak R B R
M, W T 4°CTNEOGHCE 12 h, STk BEEAR
AR 2 J5 Bl A TICE B ) ZE K S R R A, 48 h S
TRET 24.0%., DL BESCBegs R, S,07 . S05 .
SOT FRFIMVATRAE 4°CF nlEGIARE 18 h;S™ H{WJ{fr
TRAE 4°C T nEEGAR R 12 h,

x4 HEMEXERUELS R0

BFIEA 0h 3h 6h 9h 12 h 18 h 24 h 48 h
S*/(mg-L ") 173.6 174.3 174.0 172.9 170. 8 161. 1 155.3 132.0
S0%/(mg-L™") 61.4 62.5 62.8 61.6 60. 8 59.0 56. 1 45. 4
$,0%/(mg-L™") 58576. 4 57969. 8 57642. 1 58137.6 57726.5 57091. 4 56136. 8 54703. 4
S0¥/(mg-L™") 2949. 5 3037. 4 3125.5 3049.0 3152. 4 3937.4 5073. 1 6351. 1
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W — e AR B & Rk =, 1 o/L
() NaOH YRR B 2 100 1%, B il iR v 8 0 i B
T R — S AR B s AR, ) PO A SRR
PRUEVS IR, M0 MIOR | FE S 6 Ik, 25 R IR S,
HOARENCER K 93. 6% ~ 108. 1% , INARAE 5l 2 45 5
RS R AE D 228 0. 7% ~ 3. 4% , 3¢ W11% 77 1 T
JE v e s, aT DU I B A B S
R T

*5 LTHEESUELR

bULUEE= S 11175 VA 1] 7 _— FEfh ARXHR
gy EE, (mge UASME/ WRE/ Welw s/
(mg-L7™") L) (mg-L™") (mg-L7™") %

S,05  585.80 562.8 556.10 93.6 58576.4 3.4

S03” 0. 61 0.5 0.55 98.0 61.4 1.3
S0%” 29. 50 17.7 24.30 108.1 2949.5 1.0
s 1.70 1.8 1.70  96.0 173.6 0.7

BS 620.50  380.8  490.80 94.8 61760.9 1.3

3 it

HEL T — P S AT R ST SRS
WA T R FH R BRI A 25 B T IR & B O AR
(ICP-AES) 52 15 i P & w iy &1, 8 1 (i
(1C) [ 52 32 R S,05 . S0% . S0T 3 FiEg
T 4 Sh R Sh T ST M A - B Ak i G
{CCFIA) ME S Fr ity A 22080 T3 2RI AR Y
B, WRICEE SRR, W7 AR, Sea e
FAPOE W R e nT A T 2 AR 4
VW T Lo IR AS IR B B TR %7
HE N SR ST AR LRI B R A2 A AL
= A R BRI 25 L R R IR S 0 i, A B
S A B S PLBR AL T —Fh T S0k,

S 3k
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