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Table 1 Chemical multi-element analysis of serpentine
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39.38 53.55 0.11 0.61 1.05 53
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Table 2 Chemical multi-element analysis of chalcopyrite

Cu Fe S Ni Al HAth

33.24 29.29 32.39 0.015 0.144 5.06

S
S-IELLAT

sfSs S S S

5 10 15 20 25 30 35 40 45 50 55 60 65 70
20/(°)

2 AEEFEELA R XRD

Fig.2 X-ray diffraction of chalcopyrite and serpentine

S8 AR AR AR 2 Tk 2 1) 2 R (Z-
2000 , IR 2- R BB £ R (HPAA, KIE
WAL E 50%) 17N i 5 BR8N (SHMP, 43 BT 4l 2)),
H3E S T 3 B (MIBC, M 4ig) 1 i i),
WY 3% pH E H IR AR 4 73 HC1 A1 NaOH, 5E
5 B FH Bk 59 25 B 1K (FBR A 18.2 mQ-cm).
1.2 By YFIELE

ff A 40 mL [f) XFG B A8 =07 8N, FEiE0h

1 650 r/min. FRE—E B TEHN 5iE R LT
KIIN B A R (N TIRGH LI Sy fdy
SUF 5 AR B EE BN )e BEHE 1 min 5732 35
51, #RJ5 F HCI 5, NaOH ¥ ¥ i 5 1 %% pH 18,
R 2K pH AE RS J #2007 IR B )L e i #n
AECIELFR, B R SR - 7E FH 3 min, BRI
F 2 mino 53 FORE AN 24 700 0 B L P 3. vRak i
FEHHFE0EE 3 min, WEERSH FEN FHHT, 28



% 5
2024 4£ 10 A

WALE . 2-FAMBEE B R GRS R A YR « 3

Je R EE AT AR 56 T T S5 SRR T R R TR . SR A
D R R AT A (D) TR . 3RS
JFH R 75 3 TRAL 2R 10 min DARR 23R T AL
Y8 o
8_W x 100% (1)
e AT ARy My 53 3 ON RS R AT
(K177 BANO 7 A RSB A RH 4 (1 iz o

41

K A% pHIH
K HPAA
K Z-200

N W W W

N NENE N

K MIBC

3

4 W

K ==t
3 FIELIREE
Fig.3 Flowsheet of micro-flotation test

1.3 RPESELE

TRFFEBESUA I TR N 10 g/L, #2718 S5
FAFHEAT IR . RS E) 100 mL 90 fE
PR 3 min, FEST SR 25 mL (1) B R B
FHE BV WGZ-3 B e ish B G AT
W . N TIRED 1 WA e 80A 10 77—
B, Hrh BT R S S R e AR T, S
AR SO B BRI 7300 404 10 /Lo
1.4 Zeta BN

Zeta HLAZIMH H 1) & Malvern Zetasizer Nano
F AL 7 BT ASC, U E ) S 30k 24 R A T i
Zeta AL o WK A 19 3 S HLAE BT A 1x107° mol/L
() KCLIEW, 25703 i e SEAG - 24570 . Se ks
W22 um, BERSZEHL 30 mg F A1 35 mL
(¥ KCVE RO BB AR e, i B 12 SIZEG 1) 24 77
il BE N2 ) IR il s e pHAE . Rt HE 78 7 5
B 3 min, A5 BOE S B W NFE b kAT
&, FEAFEMIIGE 3 UG MSE B4 R .
1.5 ORHMIEMR

W B B2 5 360 > FH B AR R BE VI 3E Z-200 (2™
VIR IR PR BRCSRIGAREN 2 g W IN A 217 1%
R, o R 28 2F AR OO N R BE S A AR
FrWGIE R E 808 IR . %8R 8CA t

B, LIS TOH-0.22 pm BT FEgE— k. R
A2 2 (e Y0 R I N B ot A o A RO FE )
JE o SEERAE A TU1810 2840 ] WG4 Yot FE vl e
TR 2-200 FIWRGEE,  Z-200 FHEE IR A U4 % K
9242 nm. W EFTHFE A (2)
F_(Co=CxV @
m
FR-AWME (U mggkRKR) 3 Cy M
C, 73 MR TR UG 194 BE RN B /5 (PR FE, mg/Ls
VRN, Ly m Bory YRR, g.
1.6  XPS iz
X S 2 T R R IR s B S T
AL, FREX 2 g WESUCA TN, ISR K 2
K, T pHEMESIMZ R, Ak S min, I
Ve, K AR 2B K v, BT AR A4 T 2
BT RAR T8 o Aor (A T 8 S5 28 N3 4 1 4 I
o, KRR IS S XPSTIR .

2 HRH5H

2.1 BEyLRIESLIEER
2.1.1  pH {EXT SR RIE SOR 15 3% [ (1§
£ Z-200 [ ¥R SN 1 mg/L Al MIBC ¥ &~y
Smg/L (M F, pH {EXT 8 7 ik FICR (15
ma 0L 4. PP 4 R, R AT BT A LR B
pHE T~ 7] 37 YRR 45, 78 pH=9 B 8] 4 & 7] 1k
93%, IXJERRLETSIR AR N BRI H KA
B — = S, G /KMER®: 2 pHE KT
10, FEHA 1 EICR 20T B . 7R
PR, S RIS AENRCEKTI-OH, 807 #H
W B KRR, B pH EEGIN, $e8CH 1%
I ECERE B, (HECR AR T 20%, 1B e
BUF /T 35K 0. A Bl B3 4 [a] i 6
G, WECAREET 5B RRE S S A
TIRAT L H, wWaCH S %K 1:4 Bk
BV A 3E4T 525, Z-200 A1 MIBC (3K 1 43 5 R
1 mg/L #1 5 mg/L. NTIRAH LA REKY, k¥
SUAAAAERIE DL . AR (075 0% [ i 0 2 1%
Ko JULHAE pH=9 B, B HIH ¥ 7% 3 13 i 2R
93% [% 3| T 45.63%. (ESIERFISIHLMI KT T, e
SUAN B AT BT R SRR B I RO, X AT R E
HHH RS0 ) Zeta FUALA 5. L5 B PRl
NTIREH WS BT 5, W8UA F A @ 5% 4



4. N e il

2024 4

MBS Z-200 SR AT S HH™ - LE K o

100

90 by 5—F
80
70 N\

60
N\ /

50 N/

—a— LA

30 F—o— BEHIAHIBLEAT

20 P—*/"’—'w
10 : : : : -

IR /%

2 4 6 8 10 12
pH{H
4 W3 pH EEAREH T HIAT MieshiFik
=] W 2= B S0

Fig.4 Effect of pulp pH value on the flotation recovery of
chalcopyrite and serpentine at different conditions
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Fig.5 Effect of serpentine concentration on the flotation
recovery of chalcopyrite
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Fig.6 Effect of depressants on the flotation recovery of
chalcopyrite
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Fig.10 Mg 1 s high-resolution XPS spectra (a) and Si 2p high-resolution XPS spectra (b) on the surface of serpentine
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chalcopyrite and serpentine



% 5
2024 4£ 10 A

WALE . 2-FAMBEE B R GRS R A YR « 7

FTH o W B0 2 8 535 4l YSC TE 75 4 ™ 2 THT 117 R
frri, FEZ-200 AReWRMHAE B HE K. MA
HPAA J5, HPAA 2 3% #5 Y B W B 78 e 804 3R
[, e sCq R fE, WaCa sy 2
FEA R IIMER, SeSUCA S WA R TH MR T
Ko THINRE R T ZRIH YRE, Z2-200
L S T T s s K L e

3 4 #®

(1) JFESEIG 25 FARM, A Ay S0 1)
AIVFEPEZE R, (HEESUA AR N 2 s i 1)
ik, T HEESUH A RO, ST % R A
Mo WNIN HPAA J5, TESUHIXFPR2 M3 BR, 3%
Hih Pk S B 2 TR R

(2) 7€ pH H A 9 B, BEHIH 5 e 80A ) 3R 1
YRR . HTERBERS, Wah 5 EEy
RABER, B RMEEBDN, BT Z-200 753
B4 2 THT AR R B B A, AT BEBRAT B A . S
HPAA J&, We8UCA MR B AUE, 534
WA . BT ERE R, sCha SN
P R AEHERAER, RO, S KR
) T

(3) XPS 45 RFH], HPAA il H5hpars
A 8RB - R A A 2 W B P A1 s S0 A 3R T FRLAS
(1. DAL, HPAA 2] LA 25078 B de 80 X 35 4
W AT

% Wk

(1] BRAEL XUFY, 080, &5, & Bie 8CH I 2EG R IR T].
W =44 R, 2020(4):13-20.

ZHANG B Y, LIU D, GUO R, et al. Comprehensive utilization
status  of nickel-containing serpentine[J].
Utilization of Mineral Resources, 2020(4):13-20.
[2] VA, BREHE. [E N AMNR AL STERA 0 IR 2o RSk R e i
7 LI, 87 R S5 A, 2018(5):143-150.

XIE J, HU C M. Current status and future development of
dressing technology on the sulfide nickel -copper ore at home

Multipurpose

and abroad[J]. Multipurpose Utilization of Mineral Resources,
2018(5):143-150.

[3] BIASR, $MESE, BimA), 55, G0 AP lkcan™ 4 577 5
IR (. 736, 2007(3):95-100.

JJAM X, SUN CY, FEI'Y C, et al. Study on the causes of the
high flotabilty of Jinchuan gangue minerals[J]. Mining and
Metallurgy, 2007(3):95-100.

[4] 240, #ODLAL, RIKAk, 2. 5 BIE 80 V2 0k R B SE BT 40
U] =255 R A, 2013(4):17-21.

LI R, DU X H, DENG S L, et al. Study on magnesium

reduction by flotation of nickel serpentine[J]. Multipurpose
Utilization of Mineral Resources, 2013(4):17-21.

(5] BR3Co, 7 &7 1, sk, 8% B i L e AR BRARLAL AT 1o 2
BEEE SHER T B (1), A (B LT, 2014, 4(6):48-52.
CHEN W L, FANG X H, ZHANG S, et al. Efficient
magnesium reduction and copper-nickel separation of a low-
grade refractory copper-nickel sulfide ore[J]. Nonferrous
Metals Engineering, 2014, 4(6):48-52.

(6] WUE, BRfs, VPG 5. BRAEAR & i S0H 0 T i) B 0t
X B AL AR e L], R E R A4 R R, 2021,
31(1):211-221.

HU C, CHEN W, XU P Y. Suppression of serpentine slime in
acid flotation and its effect on flotation of copper-nickel sulfide
ore[J]. The Chinese Journal of Nonferrous Metals, 2021,
31(1):211-221.

A" N | B VAR T 7/ 2 v i I N A -8
2017(2):63-68.

DU W P. Research progress on micro-fine particles mineral
flotation[J]. Copper Engineering, 2017(2):63-68.

[8] X KU, 35 S hfe, X%, &5, MpSUH . SA . WA AT
Pk LA TELRR V] 577235 FIH, 2018(2):7-11.

ZHAO Y Q, HUANG B X, LIU L, et al. Summary of
serpentine, chlorite, talc floatability and rejecting[J].
Multipurpose Utilization of Mineral Resources, 2018(2):7-11.
[91 Fo %% 5%, T MG, 5 CHH, 25, AN [R) 45 ) IR B BR #6804 1)
TrEUEHI LI, SRR3R, 2011, 42(12):3599-3604.

LU Y P, DING P, FENG Q M, et al. Dispersion effect of
different structural phosphates on serpentine[J]. Journal of
Central South University(Science and Technology), 2011,
42(12):3599-3604.

[10] Z=iaT, SREROHT, 24645, 55 75 B IR BA X e 80 15
BFLER T LT). P22 &R, 2016(4):52-55

LI Z H, HAN Y X, LI Y J, et al. Mechanism of sodium
hexametaphosphate on serpentine flotation[J]. Multipurpose
Utilization of Mineral Resources, 2016(4):52-55.

[11] Z/NE, SRR, £, 55, 7N B RN E AR BBk /i 4L
AL R R BETE (O], 5P 25 AT, 2021, 41(2):52-
57.

LI X L, ZHANG Q D, WANG L, et al. Effect mechanism of
SHMP on flotation system of pentlandite and serpentine[J].
Multipurpose Utilization of Mineral Resources, 2021, 41(2):52-
57.

[12] {1, I, j 3. R R AR AT e R AR ME S0 /B Bk
TR F 2 HODLBE (0], b K2 2840 (B RFBHE IR,
2013, 44(7):2644-2649.

FENG B, FENG Q M, LU Y P. Effect mechanism of CMC on
flotation system of serpentine and pyrite[J]. Journal of Central
South University(Science and Technology), 2013, 44(7):2644-
2649.

[13] BAZKIN, A0, HIFRUK, 5. BRERAR AR IR AR X e a0 A
BH R AR AR L R (], A )8 AR, 2020,



.3 W74 2R

2024 4

10(10):88-94.

HU J C, SHI Q, XUN L B, et al. Effects of carbonate and
sulface on rheology and flotation of serpentine and chalcopytite
slurry[J]. Nonferrous Metals Engineering, 2020, 10(10):88-94.
[14] LSS, BOLRE, 28, 5. T H AL BRie 20 0
WA TFIE A A m BT A D). T 5 T,
2021, 50(7):31-34.

GAOJ Q, LUO L Q, PENG T F, et al. Study on the function of
sodium fluoride to eliminate the adverse effect of serpentine on
pyrite flotation behavior[J]. Industrial Minerals and Processing,
2021, 50(7):31-34.

[15] ZHOU X W, FENG B. The effect of polyether on the
separation of pentlandite and serpentine[J]. Journal of Materials
Research and Technology, 2015, 4(4):429-433.

[16] CAO J, TIAN X D, LUO Y C, et al. The effect of
graphene oxide on the slime coatings of serpentine in the
flotation of pentlandite[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2017, 522:621-627.
[17] TANG X K, CHEN Y F. Using oxalic acid to eliminate the
slime coatings of serpentine in pyrite flotation[J]. Minerals
Engineering, 2020, 149.

[18] LIU D Z, ZHANG G F, CHEN Y F. Studies on the
selective flotation of pyrite from fine serpentine by using citric
acid as depressant[J]. Minerals Engineering, 2021, 165.

[19] ZEVEIE . B2 40 58 FEME X B BORRA /e S0 7 1k 1 R (A
FMLELLI]. B =28 & FIH, 2018(3):112-116.

WANG H L. Dispersion mechanism on flotation system of
pentlandite and serpentine in the presence of carboxylation

2018(3):112-116

[20] LIU C, AI G H, SONG S X. The effect of amino
trimethylene phosphonic acid on the flotation separation of
pentlandite from lizardite[J].
336:527-32.

211 K&, A, IKEH. 2-5FRFLBE 5 QBRI P A K B2 H A
FELT. AT LR i 5 B9, 1996, 13(1):32-34

ZHANG Y, LI B G, ZHANG J R. Study on properties and
application of 2-hydroxyphosphonoacetic acid[J]. Corrosion
and Protection in Petrochemical Industry, 1996, 13(1):32-34.
[22] PVKAR, IR, 2R, AL BT B AR TE A R ik
sz [J]. A (48, 1992, 44(3):42-47.

SUN S Y, WANG D Z, LI B D. Effect of sodium sulfide on
collectorless flotation of chalcopyrite[J]. Nonferrous Metals
Engineering, 1992, 44(3):42-47.

[23] XUBY, 6 R 5, 2R e S0H X PG 8 52 W IR T 50
(J1. 464 )80, 2016, 39(5):19-22.

LIU B, HAO L Y, LI C X. Study on the effect of serpentine
Non-metallic Mines, 2016,

Powder Technology, 2018,

and chalopyrite flotation[J].
39(5):19-22.

[24] FENG B, LU Y P, FENG Q M, et al. Mechanisms of
surface charge development of serpentine mineral[J].
Transactions of Nonferrous Metals Society of China, 2013,
23(4):1123-1128.

[25] DEMADIS K D, PAPADAKI M, RAPTIS R G, et al.
Corrugated, sheet-like architectures in layered alkaline-earth
frameworks:

metal R, S-Hydroxyphosphonoacetate

applications for anticorrosion protection of metal surfaces[J].

chitosan[J]. Multipurpose Utilization of Mineral Resources, Chem Mater, 2008, 20:4835-4846.

2-hydroxyphosphonoacetic Acid to Eliminate the Adverse Effect of
Serpentine on Chalcopyrite Flotation

YAO Dongdong, JIAO Fen, JIA Wenhao, WEI Qian, PAN Zuchao, XIONG Jingjing

(School of Minerals Processing and Bioengineering, Central South University,
Changsha 410006, Hunan, China)
Abstract: This is an article in the field of mineral processing engineering. For the flotation of sulfide ores
whose gangue mineral is serpentine, serpentine can deteriorate the flotation of sulfide ores due to its easy
mudification. To solve this problem, 2-hydroxyphosphonoacetic acid (HPAA) was used for the first time in
this paper to eliminate the negative effect of serpentine on chalcopyrite flotation. In this article, the effect of
HPAA on chalcopyrite/serpentine flotation system and the mechanism of action were investigated by
microflotation test, turbidity test, zeta potential test, adsorption amount test and XPS test. The tests showed
that serpentine is positively charged and chalcopyrite is negatively charged. Due to the electrostatic
attraction, serpentine slime will adsorb on the surface of chalcopyrite, thus inhibiting the flotation of
chalcopyrite. After adding HPAA, the flotation recovery of chalcopyrite was increased from 47.85% to
92.44%. The mechanism was that HPAA chemisorbed with Mg*" of serpentine, which significantly reduced
the surface potential of serpentine and caused repulsive effect on mineral particles, thus recovering the
floatability of chalcopyrite.
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