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Table 1 Chemical analysis results of the oxidized copper ore
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BAr CaO
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MgO ALO;  SiO, Cr Ge F Cl

38.67 0.0069 <0.005 0.03 0.094

W Au. Agd i LA g/t

x 2 HYMHIIITG
Table 2 Analysis results of copper phase
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2 ZR5itiE

21 R MR

TEBAL AN 1500 g/t(pH=9) £k F , #EAT1%
£ (DMTD, B130. & iRk | DX-2) Xf b 525,
5 A6 50 H 58 200 + 100 + 50 g/t(T Ak 57 i 1 200 +
100 + 50 g/t F2om 1 AL KL 28 4 200 g/t, F3E 1
TN 100 g/t, F2E [T &2 K 50 g/t, HoAt 25 50 R ik 26
), DN B2 | e 5655 15 TR a0 S iR, FH 49 )
4200 + 100 + 50, 100 + 50 + 0 g/t, LA 211 B2 5],
FHEA 40 + 30 + 30 g/t, S5 T FH 25 570K R s i, 4 Ff
2550 VE IS 8 3 min, SCE IR AR DLIET 5, SCge 45 R a0
K6 iR o

& 6 S 45 Rl DX-2 A9 3G fL AR fe
KB ]t S 0 [T AT 3R 35 B o, 430 R 6.51% il 80.4%
5 DMTD # kb, DX-2 B 3EH 5 b5 B 4T, 5B F DMTD
AR XTI AT AR O 2R AR E MRS, v R )
Xof A 3 1 07 TS T R AR, T A SR AT B RS T
IR I I 2 52 6 9k DX—2 FE TG AL .



©28- R 5 R 2023 4E
10 100 81.5
]
B ARk 671
sl 7925 79.95 1516 g040 | 81.0
6.6
6.33 o
624 596 = £ 80.5 £
o 6F Jo0 & BN
B 5 o ¥
2 = = =
oE = = 80.0 @
g4l Ja0 B F65 =
79.5
2F 20 64|
79.0
‘ ‘ ‘ ‘
0 100450450 150+100+50  200+100450  300+100+50

DMTD kR B130 DX-2
AR

Bl 6 % AL RN XS R i AL A [ R S
Fig. 6 Effect of activator type on grade and recovery of
concentrate

22 WMAMHAESLE

TR AL BN H R A A AR 7 P B Ak 5, SR
K, 755 W a AL JE S AR R e A 0wl AE . 7E
DX-2 H & 2 200 g/t, 1% 5 # 245 200 g/t. #2 )5 2 #h
100 g/t A2IF) 30 g/t 2, 25 B fb o H 0 4 4k
HRURS B P AR A R2 I, 25 SR A& 7 fis

9 69

3 /%

HTRET WAL 1%

—A— ML

e Ak

. . . .
500 1000 1500 2000
AL BN & (gt

B 7 BALH R SR04 R
Fig.7 Test results of sodium sulfide dosage

i 7 AT LA B B AL BT i il 500 g/t 42 7
#2000 g/t i, AP0 RELRE A 4 ity (32 01 0] g 5 249 g T
o Je ARG, [ AT S 7 B A 8 R 1,000 g/t I 3k 3]
68.33%, 4 B 59 K % 2000 g/t B, K 2 64.41%.
B A B4 P AR, A 2 LB AR T AL 3% o B S A Al
W, BT AR O SR P ARG A e it 5 60 ] e 3 IG5
B B AL B B BB, 5 b S A R ) 2
e, 55 4 AT 22 ) A 0 5, 0 2 0 [T i 3 8y 42
i B A B R, BRI T A S
AL SR, A LA B L PR, AR A B
O 1000 g/t, BEH AT, Lk pH=8,

2.3 EHF DX-2 AEL®

TERAL AR 1000 g/t(pH=8) &£ 14 T, 1E % %E
W2 200+150+150 g/t, e R G FREM 100+50+0 g/t,
W 40430430 g/t 5144 T, 4T DX2 FHE LK . 5
IR UL 5, SEae g R A&l 8 FiR o

DX-2/& /(gt")

B8 iifbH DX-2 s
Fig. 8 Results of activator DX—2 dosage

HT 1] 8 S 56 45 SR T i, 4 1A Wi 38 Bl 3 DX-2 1 4k
F0) FH B RN TR O, R B —E RS, R A
T B RS 7 BE T AR B B BB . HodR
AL RE 300 g/t CHLEE, 43 T A0 TR0 150 g/t
100 g/t 1 50 g/t) o

24 KEHGHELR

FEB AL A H R 1000 g/t(pH=8) . i fk. 7] DX-2
FHN 300 g/t 50 F, SEAT 6 8 25 FH S 56, S5
TRE LI S, Z5 R E 9 s

/ \
—
.-

84

6.75 -
83

< 670F \ 1828
= =
Dé @
E \\ 81
6.65 \\\
\
— AL 1% \ 480
—=— H AR % \

6.60 -

I I I 7
200+100+50 250+130+60 300+150+100

RIEHZE (gt

9 JRIE B ZG ] S A R
Fig. 9 Results of amyl xanthate dosage

H 1] 9 S 30 245 SR M, ] I e o4 i o 3 2 24
RIS, SR8 —E R, PRI A T B
RSB b 7 B T35 A 70 B i M R A B/ . o A
PR 440 gt CRLEE . 9 T A 1T F 4243 531k 250 g/t
130 g/t #1 60 g/t) .

25 2RBFBREELE

TEARAF LI ) LRl b, JEAT 2 TF B 5256, SEG I
FRULIE 10, SEERA5 L W3R 3,

P28 3 JF I S B0 45 S T A, 78 4S50 i 3L At I
K H DX-2 M iE AL B Ak a8 i AL ), 7E K pH=8
MIZAET, DAL 24 | e S5 i TR a0 Sk e RGP
B R I 5], TF AR BT, R AT S 7 1T LIS E 17.92%,
FET A 1 B3 DGR 86.25%

I
150+100+50



% 5 ] BLTE R, 45 MEALBREAL A B 1 AL ] DX-2 A5 B T I SE IR AT O < 29 -
SL gk
IR AL ot R3PS o
4 1000 Table 3 Results of open circuit test
BEG -0.074 70% — — - -
o o 7 44 B 7 5 /% WAL AR %
R 250 F5E 100 i R 475 17.92 68.04
" j@z#”ﬂ 40 Tt 1.67 3.52 4.70
5 DX-2 100 2 1.96 2.49 3.90
3 130 $fEE; 50 3 2.93 1.97 4.62
F'ijtl H Jﬁym * 4 3.06 1.46 3.58
. | ¥ DX2 50 s 1.93 0.92 1.42
- 3 %’4 L 60 =47 83.71 021 13.75
¥ 24 30 s
31T v i ait 100.00 125 100.00
3" EPZ E N
P B ST R LI 11, SEI 45 3R L3 4,
\ \J \ v FH ¢ 4 P B X L S 36 25 R 0T 0, AE R AT A R
IR il s R

BE 10 JT #5862
Fig. 10 Flow chart of open circuit

26 MHEEE
TE S5 A S 06 R0 6 2 06 ) B Rty A P B S 6,

AR AR Y BRI T, R0 DX-2 N iE AL B e 0 45 b5
3 DMTD R A 47, A A &7 4 & 57 3 DMTD 5 0.42
H 43, FISCRSE DMTD & 3.92 H 43 45, X i 6 —
A BRI DMTD BEAT 0P, 7 Ak Bkt i B 437 48
Wy B vk 55 Bl 7= T g A AR R R TR AR A F
T2 r T

SR iR A gt
itk k1000
R -0.074 mm 5 70%

<

‘DX—2 200
JKFE 250 #f5E8 100
243 40
# | 35t
> 5’ S —— e
DX-2 100
ki 130 5 50
K5 lik 1 243 30
, £k |
| 3
- =
ﬂ% liﬂ DX-2 100
s w60
2#3h 30
K | B 1T 4 | 11
3 3
\i \/
GRS =S
B 11 PSR R
Fig. 11 Flow chart of closed circuit test
915 A S SR R AR BY [R) B, FE— 48R 75 L) DMTD
¥ A -+ N " NI “w
f;‘l fﬂﬁfkiﬁﬁ e WA AT X1, X2 Ak 265 3 AT 1k 25 R
able esults o1 closed-circuit tes N NS . s
” p p p W& TIRB OB IR DX-2 AL # 35 1L .
H };Iq PN i A K o IRORET K w & 4 A N = > AN =
T A (2) P 35 5 5 R, A A
DMTD 128 5.61 17.95 78.67 029 PR R AR DMTD AR, HLARRG 4 DMTD 5
WA KAy =2 T4 Seik
2MH -0.05 -0.08 0.42 3.92 —0.02 042 FI 31, !Em%zj{& DMTD '?43'92 CRI "ﬁ%%
W — VA B IR DMTD 347 2o t:, 2 Ak Bl ot o7 %)
3 i A7 A2 0 B sk 55 B 7= W 3o PR35 AR S, TR e s R

(1) %F XF— 88 54 i 19 DMTD W 14 25 77 %) 484k

) T HAR T, Dy A AR B AR 0T R AR
TR



LA S AES RV

2023 4F

« 30
S 7% U
(1] Schlizs, Ao, e, 45 oh IR VR 2E I Bt 5 — Y bt ().

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

HLER# 7, 2023(2): 1-8.

WEN B J, DAI T, HAN Z K, et al. Copper in-use stock and recycling
potential in china[J]. Acta Geoscientica Sinica, 2023(2): 1-8.

Wk FP UK. v A0 DR L 5 O T Ay = A (DA L) e T o O
Z3%, 2022, 35(10): 4-10+74.

CHEN J B. Three problems need to be concerned regarding China’s
copper resource supply guarantee[J]. Natural Resource Economics of
China, 2022, 35(10): 4-10+74.

BRE, MRE, MG, 45 Mk A5 AL BT 2 ST L] [
S 4 JE BT IETT, 2008(8): 5-8.

MAO S R, YANG X J, HE J, et al. Treatment technology and prospect
of refractory copper oxide ore[J]. Metallic Ore Dressing Abroad,
2008(8): 5-8.

LR, SCH I, 4558, A SRR A I oR IR Sk e (D], R T T
KB AR (A SRR ), 2020, 45(5): 35-40.

WANG H, WEN S M, LIY, et al. Research progress in comprehensive
utilization of copper oxide resources[J]. Journal of Kunming University
of Science and Technology (Natural Science Edition), 2020, 45(5):
35-40.

KL, 5K SCHE , XIS S B IR Bl 0T B 24 70 AL 4 0 3 1 R R P 2 2 AR
ATLIY. BEWIBE TR 7241, 1997, 22(4): 7-10.

ZHANG Q, ZHANG W B, LIU B R. Promoting effects of ammonium
sulphate on adsorption of xanthate on malachite[J]. Journal of Kunming
University of Science and Technology, 1997, 22(4): 7-10.

K ST, FESCIR, 5Kz, A5 AR (57 X 3o AP 0 1 S B AT
7% [J]. 576 T2, 2009, 29(4): 39-43.

ZHANG J W, QIN W Q, ZHANG Y S, et al. Flotation study of a low
grade refractory copper oxide ore[J]. Mining and Metallurgical
Engineering, 2009, 29(4): 39-43.

AR D2 IF R A AL I BT ST (1), A 08 )8 G841,
2011(5): 62—-64.

YU Y B. Study on flotation of oxidized copper ore by D,[J]. Nonferrous
Metals: Mineral Processing Section, 2011(5): 62—64.

AF i 2, il i, B R A Ot S R A R D). v A T,
1997(1): 19-20+45.

FU L R, QU B, CAO W. Synthesis of acid brightener for copper
plating [J]. Shanxi Chemical Industry, 1997(1): 19-20+45.

ETIR, A 2, - B, 3, 4-WE TR A O 8 S TS ).
fh2E TR 534, 2011, 168: 150-151.

WANG X J, FENG J. Synthesis and application prospects of 2,
5—dimercapto—1, 3, 4-thiadiazole[J].
Equipment, 2011, 168: 150—151.

Chemical Engineering and

[10] Frdess, B, th 2, 9. 2, 550 k-1, 3, 408 0 AT AR

YA SRS L] R AL T, 2013, 42(9): 1693—-1698.

[11]

[12]

[15]

[16]

[18]

[19]

GAO J L, XIAO J J, QU X Y, et al. Synthesis and application of 2,
5—dimercapto—1, 3, 4—thiodiazole and its derivatives[J]. Applied
Chemical Industry, 2013, 42(9): 1693—-1698.

fuf B 2% . Il 22 A RE U A R —DMTDAT Ak 4 [J]. i i,
1987(Z1): 38—41.

HE C Z. Multi—effective additive for lubricating Oil-DMTD
derivative [J]. Lubricating oil, 1987(Z1): 38—41.

V3. &2, S-Hi A1, 3, 4-0E RIS A ) (0 BF AT a0 (0] %%
Bk T, 2010, 36(4): 17-19.

XU F L. Research advancement
5—dimereapto—1, 3, 4—thiadiazole[J]. Anhui Chemical Industry, 2010,
36(4): 17-19.

A, BEFT. 2, 51, 3, 4-WE TR A Ok BN (0], =
B 42, 1999(3): 24-27.

ZHENG W, BI L. Synthesis of 2, 5S—dimercapto—1, 3, 4—thiadiazole and
its application[J]. Yunnan Metallurgy, 1999(3): 24-27.

R R, S, 2, S-THUE-1, 3, 40 T E MR R
B4 R B G v A 2 R D). op pl DR 2 25 (B AR A2 ), 2000,
40(2): 305-310.

WU B A, CHEN B Z, XIAO L X, et al. Synthesis and electrochemical
of 2,
4—thiadiazole[J]. Journal of Central South University (Science and
Technology), 2009, 40(2): 305-310.

X AN TF HL XL AE A IR AT D S M TR AR D). =
Fi iR 42, 1995, 24(5): 26-29,33.

LIU C Y. Flotation behavior of malachite in different regions and

of complex containing 2,

properties of cathode material S5—dimercaptor—1, 3,

activation of D, chelating agent[J]. Yunnan Metallurgy, 1995, 24(5):
26-29,33.

BAPE, Ay KA, TRAEE, A5 IR T 2570 D, B HAE S AL IR0 40 T
FY R (V). B 4, 1987(4): 25-28.

ZHAO Y, YU T G, ZHANG S P, et al. A new flotation agent D, and its
application in the flotation of oxidized copper ore[J]. Yunnan
Metallurgy, 1987(4): 25-28.

i 385 bR . DI AR R 4 3 I BF 5T (1], 2 W06 4x, 2006, 35(3):
25-27.

BAO H L. Research on the application of D, activator in flotation[J].
Yunnan Metallurgy, 2006, 35(3): 25-27.

RIT, XN ARE, RE, F. m e A g 1. &R,
2015(12): 75-78.

YUL, LIU QJ, SONG J W, et al. Flotation experiment on a copper ore
from Yunnan[J]. Metal Mine, 2015(12): 75-78.

XS e, BRI, 2, S HR AL, 3, 4-E I P A B K A2 M RE
(], MRS, 2009, 23(22): 39-41.

DENG L F, CHEN H. Synthesis and electrochemical property of 2,
5—dimercapto—1, 3, 4—thiadiazole [J]. Materials Reports, 2009, 23(22):
39-41.


https://doi.org/10.3969/j.issn.1001-1250.2015.12.017
https://doi.org/10.3969/j.issn.1001-1250.2015.12.017

% 5 ] BRI, A5 AL BE AL 0 15 1L50) DX-2 B9 & I 18 S B IF 5T + 31 -

Synthesis and Flotation Experimental Study of DX—2 Activator for a Refractory
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Abstract: Copper oxide ore is an important copper resource in China. In recent years, the easily treatable copper minerals
have been decreasing annually. Therefore, the efficient enrichment of copper oxide ore is of great significance for copper
resources. Due to the fine particle size and high mud content of existing copper oxide ores, it is difficult to separate from
gangue minerals. Thus, it is unable to achieve beneficiation indicators using conventional activators for treatment. Based on
2,5—dithiophenol—1,3,4—thiodiazole, a new high—efficiency copper oxide mineral activator, DX-2, was synthesized
through a one-pot method. Flotation test results showed that, for the refractory oxidized copper ore with a copper content of
1.23% and an oxidation rate of 90.24%, utilizing DX-2 as the activator, sodium sulfide as the sulfurizer, amyl xanthate and
sodium alkyl hydroxamate as collectors, at pH 8, with terpineol as a frother, yielded a copper concentrate with a grade of
18.37% and a recovery rate of 82.59%. These experimental researches introduce a new technical approach for the efficient
flotation of refractory copper oxide ores.
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