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Study on the floatability law of copper-zinc sulfide ore inhibited by
sodium thioglycolate

DAI Wang' DENG Rongdong"? XIAO Shijie’ ZHAO Ruiqi' LI Xin®

(1. Zijin College of Geology and Mining, Fuzhou University, Fuzhou 350000, China;
2. Fujian Key Laboratory of Green Extraction and High Value Utilization of New Energy Metals, Fuzhou 350108, China;
3. The Second Geological Exploration Institute, China Metallurgical Geology Bureau, Fuzhou 350108, China)

Abstract: Through pure mineral experiments, the effects of sodium thioglycolate on the floatability of chalcopyrite,
sphalerite, and pyrite were systematically investigated. Additionally, the influences of butyl xanthate, copper
sulfate, and hydrogen peroxide on the flotation behavior of these three minerals inhibited by sodium thioglycolate
were studied. Analytical techniques such as contact angle measurement, zeta potential analysis, and infrared
spectroscopy were employed to analyze the samples, providing an in-depth exploration of the activation mechanisms
of butyl xanthate, copper sulfate, and hydrogen peroxide on copper-zinc-iron sulfide minerals inhibited by sodium
thioglycolate. The results indicate that for inhibited chalcopyrite, the use of butyl xanthate alone can effectively
restore its floatability, achieving a recovery rate of 91. 01%, while copper sulfate activation and hydrogen peroxide
oxidation have limited effects on further improving floatability. Inhibited pyrite is more difficult to restore in terms

of floatability compared to chalcopyrite, requiring hydrogen peroxide oxidation followed by the addition of butyl
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xanthate to significantly enhance its floatability, with a recovery rate of 90. 22%. Inhibited sphalerite is the most

challenging to restore in terms of floatability, as neither hydrogen peroxide oxidation nor copper sulfate activation

can effectively recover its floatability, with a recovery rate of less than 10%. Mechanistic studies reveal that butyl

xanthate restores the hydrophobicity of the chalcopyrite surface through competitive adsorption; copper sulfate

promotes xanthate adsorption by providing active sites on the surfaces of chalcopyrite and pyrite; and hydrogen

peroxide degrades sodium thioglycolate through strong oxidation, facilitating the adsorption of butyl xanthate on

the surfaces of chalcopyrite and pyrite. This study provides theoretical and technical foundations for the efficient

separation of copper-zinc-iron sulfide minerals inhibited by sodium thioglycolate.

Key words: sodium thioglycolate; sulfide ore; Chalcopyrite; sphalerite; pyrite; floatability; flotation; activation
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copper-zinc sulfide ore

PP 2 BT, B A 2 2R BN T =BG, B
HART R BT [ WA R IR PRAIG, R R AR N
W8, M LM A 215 %)5.0%10™ mol - L™
B, DA 1 B At O 2 B 3 3. 75%, i B 5 3k
LTRENRT BRI R 40 1 B B i . MSR A SR
HIAF]2.0x107 mol - L™, A NEEH FI 3% Bk i
() T UL 6 #8 R BE 30 1% AR, Rk, 5 22 K56 35 3 B
2.0x107 mol - L™ ¥ 37 3 2 B 4l >k 41 1) 4 2 % A% 4k
W, LA 2 R B3R5 2 BRI ) 5 1 R A B B Ak
W AE AR B AE 5
2.2 TEHAREWNZIHE ZRWNINERERR

LI REL:3:00-7

THEF R AL H R A U, R A E
WpHAE N9, K A A AL AN 28 R U T A pH A,
AR BT R 2 S SRR S T N
B AN B AT = Bl AT A 2 B R R R, G 4
B 3 R

100
[ " -
80 /
| |
e 60 / A A
e (]
z | ]
[E 40 [ ] / .
/ A —m— A
. a —o— IAEH
| / —a T
20
u
1]
| ‘A 1 ® —® T L4
0 3 6 9 12 15

AT /(107 mol- L)
E3 TEEHNZMEHNEERRLT AZERNZm
Fig. 3 Effects of butyl xanthate on the floatability of

inhibited copper-zinc sulfide ore



- 46 - i

1A

BBl 3 R, B TR B 2 R R 0, 2SR
0 B i e SR BE K, T AR 2 Bk B 1. 0x
10 mol - LB, H W IE R 7 70. 07%; 2RI 1
[l e S 38 K JE B W T g8, U T HREAGHEN
1.0x107° mol - L™, I ARIEE] 1 61.29%; N
(1 [l Y R A A AN 5, 7E 5% DL R iish. #AA £ T
B A MAE R T R SR E TR, BRIk, N
WILTF A . £T KN 2.0x10 * mol - L™
iR TR TRV I 0 T i s I g o S
91.00%- 3. 15% Fl1 6. 14%, BT DLSZEL AR £ | 4 At
{7 o2 2 e 5/ S D
2.3 HEBRAAEXNZHEZBRNMAAREERR

wHRm

T T 4 2 B FH I B AR AT TG A 7R, BT RAG S22 4
W B AG T AT IS AL, A ER I B e . K58
T & 0K pHAE N 9, oK F &S AL B R 3 R T T B
HpHAH, Phla) T A 2547 A0 B, TR A E AN
1.0x107* mol - L™, 2 G IR A I & % 52 $i 5k 2 1R B
AR N B R ST = R B ) Tk (A
R R, SR 6 5 R 4 BR

100 —
\ —n— BT
| —o— [NEFH
80r = —A— YR
c\\c 60
40
\
20+ '\
o—o\Li\! )
0 1 2 3 4 5

T B HI /(102 mol L)
4 WMBEREREXNZMHEEEREALY AE SRR
Fig. 4 Effect of copper sulfate dosage on the floatability of

inhibited copper-zinc sulfide ore

M 47 LA B, M7 01.0x10° mol - L' &
F B R 4 I, SEAR BT N BRI R R = R A
5] Wiz 6 23 59 8 96. 62%- 2. 83% F149.19%, B & Lt
R TR (-4, B E RS E
B 4K 2 189 0K, 3 A AT m] U 3R N 96. 62% [ A2 3.47%,
BT IR M 49. 19% 5 F 3.04%, INEEF [\ 1Y
FAFAC AN B S, 1 B RO B 0 T IR AR X 52 4 ) Y
R AN B R A S AR R R AR I [
2, E v FH 2 0 B IR e T 4 ke L7 A ) OR

i T R TR B A 0 A RO AN B 2 o E B R AV 2
1.0x107* mol - L™ I}, BHAH" . [N B4 A1 38 20 1 5]
W3 5N 78. 50% 5.29% F119. 89%, I fE 1% S
DL BE ) 5 B9, FERRTE — @ AR E L SC AR R 7 5 .
2.4 WEKAENZHEZBR NI AESEHRR

(AN

WA K S R A, T RL ) SR T 0
il 7 & AEAE R, AR M 2 R M. S
SEN I pHAA N9, R A A A A B A 2B R WA K
pHAH, th[Al T A 25t 4T b B, TR BEHH &N
1.0x107* mol- L™, & &XA K H & X 32 3 5k 2 W 4N
EUEANER TR IR V=2 b1 3 e o R/ e A |
e Rz, R0 45 R S s .

100 —
P,
80 A/ A\
[ ] - -A
< 60 [ —
=
B 0l —a—
—o— [NEE
A ST
20F
—o—9 ——
0 I 2 3 4

A K F /(10 P mol L)
5 WEKAEXWZIEHAEERBAY LRSI
Fig. 5 Effect of hydrogen peroxide dosage on the floatability

of inhibited copper-zinc sulfide ore

LS BT AT, 5 R I UK AE B, W N 1. 0x
10 mol - L™ XA /K J&, B8 8 A [N BE 1 A 3 2k 4
) 8 Wi 2R 43 B H 70, 07%- 2. 02%. 1. 56% 32 Tt £
97.08%- 2. 13% 1 79. 16%, {H B & XA /K H & 1
Ak SR K, TR el 0 R R AR R OR BR A,
97.08% & %2 59.93%, it WML FH & 8 XK A F T
N TR O C o = o =D S~ [ N T Rl |
W IRV 3 s S R AT 1 (] Wi S B o 0L 4R K R B TR 3
S5 TF e JE BE AR, A 79.16% 1 ) 90.22% J5 X [ =
69.79%, id 2 1 XE KA FI T 5 2R 17 ks 1 A
BT 1) 1] iR B A DA K R B RS AR AN B
B R K DA 2 52 35 ik 2 TR A A0 ) TN B AT B T
. TEREKIRIE N 1. 0x107* mol - LA, S
DAVEE AT B 2R A 1) Rl S0 23 30l 2 97. 08% - 2. 13% Al
79. 16%, WIS A F)F 4 B8R0 1 00 55, 4% 2 B 4%
Rl 5



R OESE: 2L

23 o 40 1) ) 3 T ol A A T R A 47 -

3 HUE 5T

3.1 Z=FhEEH YRR EEE S

NI Tl =R AR AS TR 25 750 1 BE T B 3R 1
ez S, EINE MR B =R Rl A2 e,
BEAT 7 foh A 0B, = A A ) Ak o AR A B R 6
P

100
[ w4 92.15 92.4
C ] ees 87.95
oo Lss B Sk 229
166.4:
s
< 60N
E 5115 o s s
= o " 43 k3.3
= 40 H -
20
a b c d e

s BASAR AL AR B a by o d e XN (B2 IR R F D 405 A
JEACa)s JEAT+2x107 mol- L™ $i & ZBREA(b) JRAT +2x107 mol L™ $i A&
LIREN 2107 mol- L™ T 33245 (c). i +2x1072 mol-L™" 35 ik L FR AN +
1x107 mol-L™ BRI +1x10™ mol- L™ T A3 25 (). 5 +
2x107° mol-L™" #i 4 Z 4N +1x10* mol L™ XK +
1x107 mol- L™ T H# % (e)

6 AEHFHETARERZEMRABHNETL
Fig. 6 Changes of contact angles of different samples under

different pharmaceutical systems

EH P 6 W R, A A B B AR 4 ik 7 O 80. 55°,
F I BT R AR TR, T R SR R
Bl A 23 M 66. 45° F163. 80°, M T H AT d ik,
KPR Z. £3L2.0x107 mol - L™ 5 % 2 B A4 4k
BJE, BEHRAT DB RN B R 1 Ak A 43 T 2
51.15°,40.95°f147.10°, R LRENTE = Flh™
VIR R A T R IS T SR R K, A5 =
T a4 52 B0 ] -

TEZ B CRRAINE] 5, =FH 250 O mA
2.0x10*mol - L™ T £ 25.@1. 0x10* mol - L™ fiit FRHA «
1.0x10* mol - L™ T 2&34 24, LA ®) 1. 0x10™* mol - L' W
KL 1.0x107 mol - L™ T 36 3% 24 Ji5 , 34 1™ (1) 2% fih
ST, 15° %3 519 K 5192, 15°, 87.95°, 92. 40°,
fid 7y BH S0 O, 2B TR B 24 T Bl ARk £ TR A 0 )
(1 S8 AR T A T R B R R R R XS K R g — 2
P2 v R B KV RO AN B s DA B Al £ AR AL
AR, BRI T B 2 B R AR T R K 2 XU K R
T IX R A (B A B N A

W IR K s BT IR ik £ N 47 10° 43 53] 3 K 3
47.80°, 48.30°. 82.25°, Hi W HEAALUAK, 5
AR B R OK, R T AT R AN T Bk
2y M LA R R T KM, AT RE S S 2RI
T3 7T B 24 TE SRR AT ST IR R PR, i X K T AR
o3 RS L CRRA, BRI AR AL T 5L B 25 78 BBk R H
(IR B o X e 4 B 5 B ) 7 1 45 SR AH — B
3.2 FEIBAL

TOHART S DN EEATORT B BR AT AE A R 24 70 R R I
KIMHBALE pHE X RWE 7~9 fim. ME7~9 1] L)
B, mAT S N R R R NT T,
=MW R T R A E S pHAE B 3G b0 i 32 T R
ke B AN2.0x102mol - L' #i 3L 2 W4l 5, = #b
W 1 2R T R A 78 2 IR AR T B B 38, Zeta HAL
AT, YIS ORI S T E =AY R
RAET BN A A M, S =R T
KM FE AR . 240 N 2.0x10* mol - L' ] 3 % 24,
1.0x10™* mol - L' B FRH A1 1. 0x10™* mol - L' T 3L 5%
25, 1x10* mol- L' W& /KFI 1x10* mol- L' T FE3
2y )5, AL S AL E pHAE N T~12 1, Bk R4
BN BN, W T REMAGENMRIEET
W B s NVBE AT TE ION X 28 24 7] IS 5 I N 3R 5 L TR AR
FHEG, Zeta BAAZARAAN K, 15 W] 3 SR IR AR B8 ¥ LAAE
ANV 0 DA BB SR T R B s BT E I ON T P P 2
G 5 MANFEE R LL, Zeta AT E /N, (H
BT TE DN B K + T 2 88 24 J5 1 Zeta BB S 4K
KA ER, U W R K BT DL AL A3 R 30 2 2 TR
By, TR ASE T T 2 TE TR R T I R B, o 2k
W] A R T

O =7y
—O— W SR LR
—A— FHH SRR LR T 5 2(2x107 mol- L’)
-10 F —W— BRI RN BR R+ T BE T 25(1x107 mol- L))

e ﬁtﬁﬁl’*)*L%ZM‘;W*X)(%UK*T%?U‘](I 104 mol-L~ )
\ FHE 2R : 210 mol-L !
20k B4 : 13107 mol-L™!
= B IK 21107 mol-L™!

N

.
Esgitzgﬂ

ZetaH{i7/mV
d
(=)

—_—

—s50} \’ N
—,

1 1 1 1 1 1
7 8 9 10 T 12

pH1H
B7 AEHFFHETERT EASpHENXR
Fig. 7 Relationship between chalcopyrite potential and pH

value under different reagent systems



- 48 - i

—B— N

—O— [NEEH 3 RN

—A— TS SRR T HE B 25(2 107 mol L)

TIOF v A 2 R AR T HZ(110 mol-L )
—O— B QRN UK+ T BEE Z(1x107 mol L)
— Ak £ 23107 mol- L

~_ BLARHT : 1310 mol-L™!

\ \Hi\/k: 1x10 mol-L !

4

ZetaHL{i7/mV
&
(=)
T

~
)
o
—_
(=}
—_
—_

pH1H
B8 AEAFHETNEN BASpHENXR
Fig. 8 Relationship between sphalerite potential and

pH value under different reagent systems

O e wmEw
o BT
ol A WP R TR Zx10 mol L)

—v— BN AR BRI+ T BB 2 (1x107 mol L)
—— BN AE SRR MK+ T SE R (1107 mol-L )

20 - ’\ A 2B 23107 mol-L!

BREH : 1310 mol-L™!
ol x ™~

AWK 1x107 mol- L™

ZetaHi {7 /mV

60 | le‘
1 1 1 1 1 1
7 8 9 10 11 12
pHfi

9 AEHBFHETERY BASpHENXR
Fig. 9 Relationship between sphalerite potential and

pH value under different reagent systems

3.3 45N

XF 5 BRI B SR BE 2R AN E AT R 1 A
W NVEEAT RIS R 2R AT T 24040 6 1S (FTIRD Wik,
gE WA 10~12 T om o R, 0F T 3855 24 | 1 FR 4 A0
AR KA AT G 52 30 2 Z R AN I (1 B AL TN A
BRI SE B L HEAT T 204 e sk ik, 45 R 13~15
B

S AT B 10~12 J HH 26 SCHR S 0T Jn, 5 5 2 R
BYAE2 936 cm ' [ R YU & — CH,— T C—H I X
XFRRARGE AR Zh, 7E2 555 cm ™ (KW IO Ry S— H )
%f)ﬁb, 7E1 578 cm ' AT 400 cm ™ ) T Uiz U 4y

— COOH 1 J52 % #- A 4 41 2y A1 %of Bk Aeh 4 s 2y, 7E
1236 cm ' WIS I = C—O HYH 45 IR 5, ££973 cm ™!
H1920 cm™ { MR YL I Ay O— H ) THI 41 28 4k 3, 7E

F %

4000 3500 3000 2 SIOO 2000 1500 1000 500
WH/em™

(D—FEE LB (O—FHME; GO—HHIA+2x107 mol-L ™' Fii ik ZTR4N

E10 mmEZERMSHREZBRNEATNEERT LI LEE

Fig. 10 Infrared spectra of chalcopyrite before and after the

action of sodium mercaptoacetate and

sodium mercaptoacetate

FELF/%

4000 3 5?0 3 OIOO 2 SIOO 2 OIOO 1 SIOO 1 OIOO 500
WH/em!

(D5 LA (O—WE: (3O—INEET +2x107 mol-L™ $ik L4
E1l mEZHRWEREZRINERIIE RS HLNLER
Fig. 11 Infrared spectra of sphalerite before and after the
interaction between sodium thioglycolate and

sodium thioglycolate

%%

c
3437

3443

4000 3500 3 (;OO 2 SIOO 2 OIOO 1 SIOO 1 (;00 500
P H/em™!

G372k LI (20— s (3)—ZBA +2x107 mol L™ 5k Z IR 4N

E12 HREZBWSHEZBRNERNEERT ML LEE

Fig. 12 Infrared spectra of pyrite before and after the action

of sodium mercaptoacetate and sodium mercaptoacetate



AOMESE: 2SR AL TR B0 ] B0 A B 7 B AL 0 R A A - 49 -

()

B A%
c
3417

293542 93942 942;

285392 85242 849
1630<1 630<1630¢ 1630

10941 11041 112

L 106051 0623 063

=
3436

)

7

13 443

4000 3500 3 OIOO 2 5IOO 20IOO 1 SIOO 1000 500
W /em™
(D—THEH Ly ()—3 4" +2x107 mol- L™ i 2k L FR%A:
(3)—F4A +2x107 mol- L™ 5fiJk LM +2x107 mol L™ T HE 3 24
(—FLHRA™ +2x107 mol- L™ 55k LR +1x107 mol L™ BRI +
1X107 mol- L™ T 35 2 ; (5)—HHl" +2x107 mol-L ™ £k Z R Ah +
1310 mol-L ' R /K +1x10* mol-L ™" T 3352y
E13 TEHEHRARHGFERANGEZREZHMIMNH
HIAY LS E
Fig. 13 Infrared spectra of chalcopyrite inhibited by sodium
thioglycolate before and after the action of butyl xanthate

and different reagents

(1)

" N oY
g% a o Fod
S o Q-
o
—_ S
@ = -
~ .
- Y
3) ez

ik ==/%
G
3450(3 450(3 450
1 634<1 634<1 634
15715157151 571
138911389(1389(] 389
656¢ 656¢ 656¢ 656

450

10 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500
WA/ em™!

(D—THEZ; (2)—NEEN +2x107 mol-L™' #ii ik LR
(3)—INEEN" +2x107 mol-L ™" i Ak LB EH +2x10* mol- L' T A3k 24
(4)—[NEE +2x107 mol- L™ #iidE 4 FRHN +1x 107 mol L™ Tl B +
1x10™ mol- L™ T HE38 245 (5)—INEH™+2x107 mol L™ Fidk LR A +

13107 mol- L™ R4 /K +1x 107 mol- L™ T HE 824
E14 TEHEARABAHFEATEZHE ZBNINHE N
PE=2 ISP S o
Fig. 14 Infrared spectra of sphalerite inhibited by sodium

thioglycolate before and after the action of butyl xanthate

and different agents
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Fig. 15 Infrared spectra of pyrite inhibited by sodium

thioglycolate before and after the action of butyl

xanthate and different agents
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