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Fig. 1 Flowsheet of fluorite flotation experiment
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Fig. 2 Effect of Ce** on recovery of fluorite at different pH
values: (a) Fluorite treated with OHA (5X 107 mol/L); (b)
Fluorite treated with Ce*" (510~ mol/L) and OHA (5X 107
mol/L); (c¢) Fluorite treated with Ce®" (1X10™* mol/L) and
OHA (5X107° mol/L); (d) Fluorite treated with Ce** (2 107
mol/L) and OHA (5X 10~ mol/L)
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Fig. 3 lg c—pH diagram of OHA solution system (c(OHA)=
5X 107 mol/L)
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Fig. 4 g ¢—pH diagram of Ce** solution (c¢(Ce*")=5X10"
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Fig. 5 Effect of Ce®* ions and OHA on Zeta potential of
fluorite: (a) Fluorite; (b) Fluorite treated with Ce** (5X 107
mol/L); (c) Fluorite treated with OHA(5X 107> mol/L); (d)
Fluorite treated with Ce®" (5X 107> mol/L) and OHA (5X107°
mol/L); (e) Fluorite treated with Ce®" (5X10° mol/L) and
OHA (1 X 10™* mol/L)
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Fig. 6 FTIR spectra of OHA and Ce-OHA Precipitate: (a)
OHA; (b) Ce-OHA precipitate (pH=10)
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Fig. 7 FTIR spectra of fluorite, fluorite treated with OHA and
Ce*" activated fluorite treated with OHA: (a) Fluorite; (b)
Fluorite treated with OHA (5X 10> mol/L); (c) Fluorite treated
with Ce** (5X107° mol/L) and OHA (5X 107> mol/L); (d)
Ce-OHA precipitate
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Fig. 8 XPS survey scan of fluorite, fluorite treated with ce*,
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fluorite treated with OHA and Ce*" activated fluorite treated
with OHA: (a) Fluorite; (b) Fluorite treated with Ce** (5X107°
mol/L); (¢) Fluorite treated with OHA (5X 107 mol/L); (d)
Fluorite treated with Ce** (5X 107> mol/L) and OHA (5X107°
mol/L)

A RIMAFAE Ce AL, I B R F—Ce(OH), Bl
F—Ce(OH) ##; w1 5RIHMIEM )G, Ca M1 F Ju#
LG REMABE A KT 0.1 eV, S5& - 8 bl %,
WA SRR A I, w0 R R R 1L
SRR, (HIBAERSS: #AE Cet B TIE AL R T
LRISMAEH, %KM Ce 3d 45 A RS 1.25 eV,
VLI FR 5 IR 5 5 A0 R T PR 1K) Ce™' 88 7 R Ak T
Bt, N 1s MG Reicin 5RHmasER N4 SR
s 0.4 eV, VLB Ce’ B T o ik FRI5 IR 1EH A R T 1)
PRAEIR B 1 75 22 BT 1 5 VR B AE 5 A R T Ce™ A
ghty . BRAN, EFIEFRIERAIDIE MR X 107°17)
N TR IR SR ERL (1 X 107, R W8 A1 K
2 Ce i G, A AT R O A S e A
g AKPEDCEED, R AR A .

F1 AL EAE COMERL AT OHA fEF KA1 Ce™ LG 5 OHA 1EH] S e 5 5 A 45 45 g
Table 1 Binding energies of elements of fluorite, fluorite treated with Ce®", fluorite treated with OHA and Ce®" activated fluorite
treated with OHA
Binding energy/eV Chemical shift/eV
Sample
(6] F Ca N Ce O F Ca N Ce
Fluorite 531.40 684.65 347.90 - - - - - - -
FluoritetOHA 531.60 684.7 347.80 400.2 - 0.20 0.05 0.10 - -
Fluorite+Ce®** 531.65 685.0 348.15 - 883.55 0.25 0.35 0.25 - -
Fluorite+Ce**+OHA  531.35 685.1 348.05 400.6 884.80 0.05 0.45 0.15 0.4 1.25
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Fig. 9 Nls XPS high-resolution scan of OHA treated with
fluorite before/after activated by ce*": (a) Fluorite; (b) Fluorite
treated with OHA(5X 107 mol/L); (c) Fluorite treated with
Ce**(5X10° mol/L) and OHA(5 X 10> mol/L)
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Fig. 10 Adsorption process of OHA on fluorite surface
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Fig. 11 Adsorption process of OHA on fluorite surface activated by Ce®**
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NI AR A V7 B [T

2) Ce™" B IR A VIR LS . i Rk
%451 Ce(OH), . Ce(OH)™ 53 £1 31 F—Ca Wb 2
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SiERER, MR T R IR A R I N RE T, A
A LR B 52 B3 AL .

REFERENCES

[1] kIR, Mavefl. P EM L W2 ML Jbat: A L,
1998: 3—4.

ZHANG Pei-shan, TAO Ke-jie. Chinese rare earth
mineralogy[M]. Beijing: Science Press, 1998: 3—4.

[2] FUERSTENAU D W, PRADIP, HERRERA-URBINA R. The
surface chemistry of bastnaesite, barite and calcite in aqueous
carbonate solutions[J]. Colloids and Surfaces, 1992, 68: 95—-102.

[3] ZHANG W, HONAKER R Q, GROPPO J G. Flotation of
monazite in the presence of calcite part [ : Calcium ion effects
on the adsorption of hydroxamic acid[J]. Minerals Engineering,
2017, 100: 40—-48.

[4] ZHANG X, DU H, WANG X, MILLER J D. Surface chemistry
considerations in the flotation of rare-earth and other semisoluble

salt minerals[J]. Minerals & Metallurgical Processing, 2013,

30(1): 24-37.
[5]1 %R, PMESE. SR PIFE BRI BT, 2007, 16(3):
1-4.

LU Shuo-shi, SUN Chuan-yao. Review of salt minerals
flotation[J]. Mining and Metallurgy, 2007, 16(3): 1—4.

6] FEuihk, WHEMR. FEEELZEIM] Kb W R EOR I
JiRAL, 1988: 132-148, 336.
WANG Dian-zuo, HU Yue-hua.
flotation[M]. Changsha: Hunan Science and Technology Press,

1988: 132—148, 336.

Solution chemistry of

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

ZHANG Bo, LI Jie, ZHANG Xue-feng, CAO Zhao, WANG
Wei-Da, HAN Hua. Activation and mechanism of Cu®"and Fe**
in flotation system of fluorite ore[J]. Chinese Journal of Rare
Metals, 2016, 40(9): 963—968.

FRTE, WA, . R R T TR AT A ) R
LeHLVBEBTFCRERELT]. P ATt 254, 2017, 27(4): 859-868.
GAO Yue-sheng, GAO Zhi-yong, SUN Wei. Research progress
of influence of metal ions on mineral flotation behavior and
underlying mechanism[J]. The Chinese Journal of Nonferrous
Metals, 2017, 27(4): 859—868.

A, SR, SR, SR, AEA SRR
TELE 5 S AE FIHLEED). h AT (e 24, 2016, 26(6):
1311-1315.

LU Jia, GAO Hui-min, JIN Jun-xun, CEN Dui-dui, REN Zi-jie.
Effect and mechanism of calcium ion on flotation of
andalusite[J]. The Chinese Journal of Nonferrous Metals, 2016,
26(6): 1311-1315.

BB, SKIHE, AMESE, EUKST. MBS RIE T CudD)
A NI i 7 e SO VS LI D], oh A 6 88 22 4R,
2014, 24(2): 506-510.

CAO Zhao, ZHANG Ya-hui, SUN Chuan-yao, CAO Yong-dan.
Activation mechanism of serpentine by Cu(Il) and Ni(Il) ions
in copper-nickel sulfide ore flotation[J]. The Chinese Journal of
Nonferrous Metals, 2014, 24(2): 506—510.

FORNASIERO D, RALSTON J. Cu(II') and Ni(II) activation in
the flotation of quartz, lizardite and chlorite[J]. International
Journal of Mineral Processing, 2005, 76(1): 75—81.
SHACKLETON N J, MALYSIAK V, OCONNOR C T. The use
of amine complexes in managing inadvertent activation of
pyroxene in a pentlandite-pyroxene flotation system[J]. Minerals
Engineering, 2003, 16(9): 849—856.

wRAE, PREN, BSWds, WL, U7 W, ARRIGIRIT
TR AR PRV T RIS AE RIHLER]. A R AR,
2016, 26(9): 1999—-2006.

GAO Yu-de, ZHONG Chuan-gang, QIU Xian-yang, FENG
Qi-ming, WAN Li. Activation mechanism of Pb*" in flotation of
wolframite with benzohydroxamic acid as collector[J]. The
Chinese Journal of Nonferrous Metals, 2016, 26(9): 1999—2006.
HAN H, HU Y, SUN W, LI X, CAO C, LIU R, YUE T, MENG
X, GUO Y, WANG J, GAO Z, CHEN P, HUANG W, LIU J,
XIE J, CHEN Y. Fatty acid flotation versus BHA flotation of
tungsten minerals and their performance in flotation practice[J].
International Journal of Mineral Processing, 2017, 159: 22—29.
TIAN M, HU Y, SUN W, LIU R. Study on the mechanism and
application of a novel -collector-complexes in cassiterite
flotation[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2017, 522: 635-641.

IMESE, BRI, F R Bl A 5l SR LA EE R ER 40 1 v 0
KI5 HTT). B4, 2001, 53(4): 57-61.



§5 28 5 6

TR, % Wby gk Ce A I AV LR

1203

[17]

[18]

[20]

[21]

SUN Chuan-yao, JIA Mu-xin. Flotability of some silicate
minerals with sodium oleate as collector[J]. Nonferrous Metals,
2001, 53(4): 57-61.

FENG Qi-cheng, ZHAO Wen-juan, WEN Shu-ming, CAO
Qin-bo. Activation mechanism of lead ions in cassiterite
flotation with salicylhydroxamic acid as collector[J]. Separation
and Purification Technology, 2017, 178: 193—199.

LIU Cheng, FENG Qi-ming, ZHANG Guo-fan, MA Wan-kun,
MENG Qing-you, CHEN Yan-fei. Effects of lead ions on the
flotation of hemimorphite using sodium oleate[J]. Minerals
Engineering, 2016, 89: 163—167.

MENG Qing-you, FENG Qi-ming, SHI Qing, OU Le-ming.
Studies on interaction mechanism of fine wolframite with octyl
hydroxamic acid[J]. Minerals Engineering, 2015, 79: 133—138.
FUERSTENAU D, RAGHAVAN 8. Flotation[M]. New York:
AIME, 1976.

edeli, MTbels, AL, BRAEMR. ~F BRI IRk SRk A
MURIBFRI]. P RS 124, 2015, 33(3): 370-377.

RAO Jin-shan, HE Xiao-juan, LUO Chuan-sheng, CHEN

Zhi-qiang. Flotation mechanism of octyl hydroximic acid on

[22]

[23]

[24]

(25]

bastnaesite[J]. Journal of the Chinese Society of Rare Earths,
2015, 33(3): 370-377.

s O, WHEA, TR, SCTSW. RERRBIN S ST ILETT
NS B AR FIBHLBELT]. b A O R 24, 2014, 24(9):
2366—2372.

ZHANG Ying, HU Yue-hua, WANG Yu-hua, WEN Shu-ming.
Effects of sodium silicate on flotation behavior of
calcium-bearing minerals and its mechanism[J]. The Chinese
Journal of Nonferrous Metals, 2014, 24(9): 2366—2372.
WAGNER C D, MUILENBERG G E. Hand book of X-ray
photoelectron
Perkin-Elmer Corporation, 1979: 38.

de LEEUW N H, COOPER T G. A computational study of the

spectroscopy[M]. Eden Prairie Minnesota:

surface structure and reactivity of calcium fluoride[J]. Journal of
Materials Chemistry, 2003, 13(1): 93—101.

KT, WA, P R AR AR A 1 AT A
JE[D. R EA 4], 2016, 26(2): 415-422.

GAO Yue-sheng, GAO Zhi-yong, SUN Wei. A review of
anisotropic surface properties of fluorite[J]. The Chinese Journal
of Nonferrous Metals, 2016, 26(2): 415-422.

. . . + . .
Activation mechanism of Ce®" on fluorite in
rare earth ore flotation

WANG Jie-liang" %, CAO Zhao', WANG Jian-ying?, ZHANG Xue-feng?, LI Jie>, FENG Hong-jie'

(1. Institute of Mining Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China;

2. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources,

Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: The activation mechanism of Ce** on fluorite using octanohydroxamic acid (OHA) as rare earth flotation

collector was studied by pure mineral floatation experiment, Zeta potential measurement, solution chemistry analysis,

infrared( IR) spectra and XPS measurements. The results show that fluorite can be activated at pH 6-12 when the

concentration of Ce®* is lower than that of OHA, the activation mechanism is that the positive potential of fluorite is

improved by adsorbing of Ce**onto its surface, thus enhancing the electrostatic adsorption of anionic hydroxmic acid

collector on fluorite, and moreover F-Ce(OH),/Ce(OH)" active site can be formed on the surface of fluorite. IR spectra

and XPS measurements show that an unstable four-member ring chelate complex —C—O—Ca—N— is generated

when OHA reacts with fluorite without Ce** activation, the binding energy of OHA with Ca”" is low, which leads to a

weak adsorption of OHA onto fluorite. A stable five-member ring chelate complex —C=0—Ce—O—N— forms when

OHA reacts with Ce*" activated fluorite, the binding energy of OHA with Ce®" is high, which enhances the adsorption of

OHA onto fluorite and thus activates the flotation of fluorite.

Key words: rare earth; flotation; Ce*" ion; fluorite; activation
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