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Fig. 1 XRD pattern of pyrite
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Fig. 2 Flotation recovery of pyrite at different stirring speeds
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Fig. 3 Flotation recovery of pyrite under different stirring time
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Fig. 4 Effect of oxalic acid dosage on pyrite flotation

NI 4 0] LU H, SRR 1] i3 il A R R Y
B T 2 BN, AR RETR R G N 2 2.0 o/L I, BEE
R — N, BERET DR TR E .
W IR 0.5 g/L i, BEBRAT ISR ALA 35.21%, BLI
IV 15 X BB AT TG AR, BORIFA I ; 5 A
W2 LI N2 2.5 /L I, B kAT I 0 1 iR i =
44.68%, HE— L U AR B 15, BB DR B =
48.13%. VLW B 5 15 AL OR 255 BT K W 4
P I3 i v R AT R AR o

22 EETAENERT TENIFLER RN

221 BENEH W

TR 75 FIUAL BRI ]y 2 min BF, AR T O
X ARG B AR AT TR S

S BT LR H, FEN G I B 7, AR )R
By kR S EE I RIL T REEXR, Yl
PRI 0 B, JCIR e IR B, BT Y il
RIHE 15% ZeAv o AT UL BL A4 25 1 - A R 1) BA
(TG A T o R 75 D 2 A 18 o el 25 458 o, 24 4 7
ZE M 20 W HIAINZE 100 W I, 8407 A1 2 M 46.64%
BN 79.72%. T 24 N B F S, 7R TR N
40~100 W 35 Bl N, B0 ISR A IR I, L H 2
M D) IR E] 60 W BT, B[R] 50 R 1 I i o B
i, K3 84.77%. [AIAFHL AT LI W, B Ekw 2 ™
AL, T 3E B )R AR Ak R A
J2 08 % R 00 T i e B R R R, B T AR R
PR AT, Wk i i B F T Ak, SEE Ak
JE R B RO BE R



BE B, S B/ 7 AL 3H G S AL BT R 1 5 ) © 87 -

%5
100
80 |
£ 60
"
=
E 40 F
- %Cuh
—eo— #ncu
20 F
0

(I) 2I0 4IO 6I0 8I0 1 (I)O
BEE W
Bl 5 A DA A B BRI S R4 1) 52

Fig. 5 Effect of ultrasonic power on the flotation recovery of
oxidized pyrite
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Fig. 6  Effect of ultrasonic time on the flotation recovery of
oxidized pyrite
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Table 1 Concentration of iron ions in slurry under different
conditions
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A AL oy VR R R B K. X HEOR R S5 T Bk
W #TH Fe/S o ml LA & B, AN E47 7l A B Ao 85 2k ™ 3%
I Fe/S 453 0.25, B gka R ™ E A G, K
S R R AR ) A W A R A AR SR K M R e A oy
TEH e AR B AP PR HUS , F 1 Fe/S LR T 0.5,



- 88~ LA S AES RV

2024 4F

Cls
Ols
T Fe2p $2p
Cu?2
P Fe 2p
JEPE B EE+Cu* Ols Cls  sap
Cu2p

PR T FE+Cu®

Cu 2p
Ols
i 24 Fe 2p Cls
P THAL BE+Cu $2p
1 1 1 1 1
1200 1000 800 600 400 200 0

4t eV

7 AR SRR XPS 4
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Table 2 Atomic concentration on pyrite surface under different
conditions
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IS Cur At 4 AL 3 52.12 11.75 35.37 0.76
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Fig. 8 Cu (a) and Fe (b) spectrum of pyrite surface under different conditions
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Table 3 Relative amounts of Cu species on pyrite surface under different conditions

] Bt 1 790 Ak 2 R AL B A P T A R
Culli 7% & = ; = ; & y
4 fgev ST W 1% 4 feev JE T BE /% 4 feev ST W 1%
cu(1)-S 932.01 66.48 932.42 69.72 932.27 73.22
Cu(Il)-0/0H 934.27 33.52 934.1 30.28 934.57 26.78
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Table 4 Relative amounts of Fe species on pyrite surface under different conditions

S J5i o i 40 31 iR Tl Ak 3 7 T A
ditraeley  RTWRE N ARV RTFWRENS ZGREeV RTWRE% eV RTWRE/%
Fe(Il)-S 706.98 33.84 707.05 707.34 42.82 707.47 55.55
Fe(lll)-O/OH 711.18 66.16 711.15 710.92 58.18 711.47 44.45
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Fig. 10 EDS surface map of Cu element on pyrite surface (a—stirring pretreatment; b—oxalic acid pretreatment; c—ultrasonic pretreatment)
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Table 5 EDS analysis results of Cu element on pyrite surface
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c 0.58
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Fig. 12 Adsorption amount of copper ion and xanthate on pyrite
surface under different conditions

3 &g

(1) By R ™ & AL 5 & A R i R KA
Ay, AR B R AT VR AR . 2 B R FH S AR,
BT TSGR AR, BB A IR B 7 X ke LT T
TG ACAE 5 224 R ) ¢ v 1), S N ) 5 e Ak
W7 SRR A N 28 48.13%. SR FH 8 75 19 Ak 3 iy s SR 2
B A0 F RER, MRk R i)™ E A LS, ol A 1
T P T R A v kT R T AR 2 I v R R T 4
R R VR, B AT AR RN R D R AT,
i WS IR PR T IR AL, SEBURA S TR A A RUF
B AT

(2) BBk 2% 1T A0 Ah )2 It 7 5 R T R 4k A [] i Ak
AT KPR TR 02 A T E A X

FOR W, 2 WAL RS, Bk ST A AL )2
VAR B e, O Ho e TR ROK PR S A A
Yy, R ER A TR0 73, 3 1 8 T R S R B A
e i 4 2 i K ¥ Cu—S 170707 ¥y 2 11 A= B, 2E 10 i
HE T AR LR LR T A AW B, e S T AR
PR BT A R 2 [T

B3 3L

(1] R, eI, Tk, 55, Bk i o [ 0K 0 9 e M e kA (1],
1HA5HT, 2021, 41(10): 36-41.
WU SR, ZHENG Y L, WANG B, et al. Comprehensive characterization
of solid waste identification of sintered sag of pyrite[J]. Metallurgical
Analysis, 2021, 41(10): 36—41.

(2] 20y, g, Eoe, 4. B0 IR LG AL AL BT St e ). 0 7= 45
A FIH, 2023, 44(2): 124-130+140.
Li S H, Ma Q, Wang L, et al. Research progress on activation
mechanism of pyrite flotation[J]. Multipurpose Utilization of Mineral
Resources, 2023, 44(2): 124-130+140.

(3] s, 2 fEu, KW, 45, Ao B i fad — 5 AR 5 e i

P9 (0], AR 2 2540 2024, 44(6): 101-112.

ZHAI J L, YAN J L, LUO Y M, et al. Activation of persulfate by

oxidized pyrite for degradation of carbamazepine[J]. Acta Scientiae

Circumstantiae: 2024, 44(6): 101-112.

TP, AR, A 5T, F . S e s 0 B e wr o (0.

B =R 5 R, 2023, 43(1): 112-119.

FENG Z P, LI G L, YANG Z Y, et al. Experimental study on

[4

[

comprehensive recovery of Cu, Au and S from a gold—bearing copper
sulfide Ore [J]. Conservation and Utilization of Mineral Resources, 2023,
43(1): 112—-119.

[ 5] Hassas Behzad—Vaziri, Miller Jan—D. The effect of carbon dioxide and
nitrogen on pyrite surface properties and flotation response [J]. Mineral
Engineering, 2019, 144: 106048.

Moimane Tiisetso, Plackowski Chris, Peng Yongjun. The critical degree

f=2)
[

of mineral surface oxidation in copper sulphide flotation[J]. Mineral
Engineering, 2020, 145: 106075.
TR, TR, W, A SR ST B BT v O I g
(o). P AL K22 412, 2019, 48(1): 182-187.
MAO Z G, LU Y P, FENG Q M, et al. Efficient collecting of surface
oxidized pyrrhotite[J]. Journal of China University of Mining and
Technoligy, 2019, 48(1): 182—187.

RAGVE, WY, AT, SF. T RNIT R A R b B R T b 2 AT
RWEFEHE R (V] TR 22241, 2021, 43(1): 58-66.
GONG Z H, DAT H X, LU M Y, et al. Research progress in the

—
~
[

—
s}
[

electrochemical behavior of pyrite during grinding and flotation[J].
Chinese Journal of Engineering, 2021, 43(1): 58—66.

Moimane Tiisetso, Huai Yangyang, Peng Yongjun. Evaluating the

—
O
[

Sulphidisation and Flotation of Oxidised Chalcopyrite[J]. Mineral
Engineering, 2021, 164: 106816.
[10] BRPAZR 8, 8 A 5. S0 o™ oF 5 sUk . 97 7 R 9 5 R,
2011, Z(1): 102—107.
OUYANG S Q, YIN X Y. Study status on mineral processing of
pyrite[J]. Conservation and Utilization of Mineral Resources, 2011,
Z(1): 102-107.
[11] GAREHE, HFEHM, B 1. NG 2 7E BB v 1 b AR - vl i
P W B A FT . Eh AL FTIR %2 [7]. E A& 8B 38", 2002, (12):
17-21+43.



©92- WP 5 R 2024 4F

G BU L T, BAI X M, XIAO L Z, The role of dixanthate in pyrite SUN W, ZHANG Y, TAN W L, et al, Activated flotation of pyrite once
flotation: Solubility, adsorption studies, Eh and FTIR determination[J]. depressed by lime[J]. Journal of Central South University(Science and
Metallic Ore Dressing Abroad, 2002, (12): 17-21+43. Technology), 2010, 41(3): 813—818.

[12] FEE, HER. FEERAS M. K B R A8 AR AL, [ 15] Roel Cruz, Valerie Bertrand, Marcos Monroy, et al, Effect of sulfide
1988. impurities on the reactivity of pyrite and pyritic concentrates: A
WANG D Z, HU Y H. Solution chemistry of flotation[M]. Changsha: multi—tool approach[J] Applied Geochemistry, 2001, 16(7/8):
Hu'nan Science and Technology Press, 1988. 803—819.

[13] LIU J, LI E L, JIANG K, et al. Effect of acidic activators on the [16 ] Brafte. el om0 4544 SO AR JIALER I 52 (0], B 7 P o S5 1)
flotation of oxidized pyrrhotite[J]. Minerals Engineering, 2018, 120: JH, 2017, 37(4): 98-106.

75-79. CHEN J H. Structure and mechanism of flotation collectors[J].

[14] M5, sk, S albk, 46 Bl I i /Y B2 10 39 Fk 72 s AL Conservation and Utilization of Mineral Resources, 2017, 37(4):
(7). R R 22224 (FL AR LA AR), 2010, 41(3): 813-818. 98-106.

Effect of Oxalic Acid/Ultrasonic Pretreatment on the Flotation of Oxidized Pyrite
XUE Jiwei, LIU Tong, LIU Qihong, SONG Xuewen, WAN He, ZHANG Chonghui, BU Xianzhong

School of Resource Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China

Abstract: A highly stable oxidation layer is formed on the surface of pyrite after heavy oxidation, which significantly
affects the adsorption of flotation reagents and increase the difficulty of the flotation recovery of pyrite. In order to realize
the effective flotation recovery of heavily oxidized pyrite, the effect of oxalic acid and ultrasonic pretreatment on the
floatability of heavily oxidized pyrite and the adsorption of copper ions on surface was investigated. The results of micro-
flotation experiments showed that the flotation of pyrite after treated by oxalic acid pretreatment was not ideal. Even when
the dosage of oxalic acid reached 2.5 g/L, the recovery of pyrite was still only 44.68%. After adding copper ions, the
recovery of pyrite only increased to 48.13%. However, the recovery of pyrite significantly increased after treated with
ultrasonic pretreatment. The recovery reached 79.72% when the ultrasonic power was 100 W. After adding copper ions, the
recovery reached 84.77% when the ultrasonic power and time was 60 W and 2 min, respectively. This indicated that pyrite
could be effectively recovered at low ultrasonic power after adding copper ions. The main reason was that the shedding
degree of oxidized species on pyrite surface was low after treated by oxalic acid pretreatment. However, large amounts of
hydrophilic iron oxides/hydroxides and sulfates was detached from the surface after treated by ultrasonic pretreatment, thus
increasing the active sites for the adsorption of copper ions and promoting the adsorption of collectors on the surface of

pyrite.
Keywords: pyrite; pretreatment; ultrasonic; oxalic acid; flotation; copper ion; reagent adsorption
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