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Table 1 Content of major elements in apatite and dolomite.
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Fig. 1 Cumulative particle size distribution of apatite and
dolomite
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Fig. 2 Volume concentration (a) of apatite of different size fraction and apparent viscosity (b) under different stirring time of sodium

oleate (mass concentration of sodium oleate 400 mg/L; pH=9)
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Fig. 3 Volume concentration (a) of dolomite of different size fraction and apparent viscosity (b) under different stirring time of sodium

oleate (mass concentration of sodium oleate 400 mg/L; pH=9)
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Fig. 4 Effect of sodium oleate mass concentration on fine apatite aggregates (a) and apparent viscosity (b) (pH=9; stirring time: 30 min)
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Fig. 5 Effect of different sodium oleate mass concentration on volume concentration of dolomite of different size fraction (a) and apparent

viscosity (b) (pH=9; stirring time: 30 min)
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Fig. 6 Effect of pH on volume concentration of apatite of different size fraction (a) and apparent viscosity (b) (mass concentration of

sodium oleate 200 mg/L; stirring time 30 min)
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Fig. 7 Effect of pH on volume concentration of dolomite of different size fraction (a) and apparent viscosity (b) (mass concentration of

sodium oleate 200 mg/L; stirring time 30 min)

25 Lo AT, RCRL R K A R R 25 A T R L
B0y SR DA, AR A TR P I 3R AT OCR AN L, T 240 K
A WG RE R, S, A EE R TR 25 1, TEmsi 4%
P8R B K A URE BE B 4 b5 00 R A R P O (8 3 i
B K, XI5 T B A BOREL E] A B K 1 g, AT A
TR AT UL RETE Bl 25 17 T 50ty 3t SR DA, X T I 2 A
Fl 2z A7 T RRYE 25 1 A RE B 5 ik 12 B 4 A
TURE [7] PR 7K T 2R P, 7T LASE 3o % pH 8] 42 41 i IR
A0 FIE 2 A BUREAS ] 7 2 i /K 3R T, 3 2y S BB A AL
BRI AT MV 2 A e R0 e o B B T A R4 o

3 &Hik

(1) 900 0 X Bl 200 7 s R A R ) = A 2 HL i K
RAMERN . MR B8 IRE 200 mg/L. pH=9. fii#f
Bf 1] 30 min A5 1, TRATRLBE KA 1 doen FHHT 4550
$i 13,51 pm HEHNF] 79.48 pum, AR A0 B doean
W AR HORL 10.37 pm 340 21 16.47 pm; 78 7 R #4575 ik
& 200 mg/L, pH=5. $ii £ 8] 30 min A9 24, f4n
B AT 1Y dyean FARIERBURL 10.37 pum 3EHME) 59.74 pum,
T2 RL B K AT e B 0D 46 UKL 13,51 pum 384 /0 )
16.71 um, WAL, pH {E 2 52 i Sl AR K A A = A

B K B B R o BRI A R AR T
AT LA G Ml 3R A, TR R 45 T 2R AR R W I
T ARCAAL 1 25 A DU e A B, 3 A 5 B R4 AR 8 K A
M 2z A1 = BT e I B A3 1A A

(2) TCADAE B8 R A7 I 2 A 0RE 3R 1 5 40 i 7
PEATASENE . BARRAR, TR RAR KA R = A1 2R
W e v, Bl A 3R UL 285 B 3 R, IV 18] 4 A1
PRI ) R B 7K 51 0 38 5, (5 Gl 40 s A ) AL 2
ENER R TR 421 R S 0 W R B St A A i
BLPR I T B AR A T T L

S Lk
[1] CAO Q, CHENG J, WEN 8, et al. A mixed collector system for
phosphate flotation [J]. Minerals Engineering, 2015, 78: 114-121.

[2] GHARABAGHI M, IRANNAJAD M, NOAPARAST M. A review of

[

the beneficiation of calcareous phosphate ores using organic acid
leaching [J]. Hydrometallurgy, 2010, 103(1/2/3/4): 96—107.
[3] ZHANG H, ZHOU F, YU H, et al. Double roles of sodium
hexametaphosphate in the flotation of dolomite from apatite[J]. Colloids
and Surfaces a:Physicochemical and Engineering Aspects, 2021, 626:
127080.
T e ik, 9 ) e, R oP R B BB RO BIF S kR (0] 4
PRI FIHL, 2022, 42(2): 67-73.
YANG X J, HU G T, WANG S H. Research progress on magnesia

I
i

removal technology of medium and low grade phosphate ore[J].


https://doi.org/10.1016/j.mineng.2015.04.020
https://doi.org/10.1016/j.colsurfa.2021.127080
https://doi.org/10.1016/j.colsurfa.2021.127080

< 110 - WP 5 R 2022 4F

Conservation and Utilization of Mineral Resources, 2022, 42(2): 67-73.

[5] LANGTON T G. Phosphate rock[M]. Routledge, 2019: 123-142 .

[6] WENBIAO L, WENXUAN H, HANG M, et al. China' phosphate ore
resources distribution and the progress of phosphate ore dressing
technology [J]. Industrial Minerals and Processing, 2020, 49(12): 7.

[7] HALDAR S K. Mineral Exploration[M]. amsterdam, The Netherlands:

Elsevier, 2018.

YAOYANG R, DONGSHENG H, RUAN C. Review on beneficiation

techniques and reagents used for phosphate ores[J]. Minerals, 2019, 9(4):

253.

[9] PENG F F, GU Z. Processing Florida dolomitic phosphate pebble in a
double reverse fine flotation process[J]. Min. Metall. Explor., 2005,
22(1): 23-30.

[10] FORTES M, SILVA A, GUIMAR ES R C, et al. Pre-separation of

—
o0

siliceous gangue in apatite flotation[J]. Industrial & Engineering
Chemistry Research, 2007, 46(21): 7027-7029.

[11] M. S. OLIVEIRA, G. M. QUEIROZ, R. C. Guimardes. Selectivity in
phosphate column flotation[J]. Minerals Engineering, 2007, 20(2):
197-199.

[12] L. QI, D. WANNAS, Y. PENG. Exploiting the dual functions of
polymer depressants in fine particle flotation[J]. International Journal
of Mineral Processing, 2006, 80(2/3/4): 244-254.

[13] GEORGE P, NGUYEN A V, JAMESON G J. Assessment of true

flotation and entrainment in the flotation of submicron particles by fine

bubbles [J]. Minerals Engineering, 2004, 17(7/8): 847-853.

S. B. CASTOR, J. B. HEDRIK, J. E. KOGEL. Industrial minerals and

rocks: Commodities, markets, and uses[J]. Soc. Min. Mineral United

States, 2006, 7: 769-792.

[15] Z. Q. Wei, Q. ZHANG, WANG X M. New insights on depressive

mechanism of citric acid in the selective flotation of dolomite from

[14

[

apatite[J]. Colloids and Surfaces a:Physicochemical and Engineering
Aspects, 2022, 653: 130075.

[16] YANG B, HUANG P, SONG S, et al. Hydrophobic agglomeration of
apatite fines induced by sodium oleate in aqueous solutions[J]. Results
in Physics, 2018, 9: 970-977.

[17] TATU, MIETTINEN, AND, et al. The limits of fine particle
flotation[J]. Minerals Engineering, 2010, 23(5): 420-437.

[18] LIC,XUM, XING Y, et al. Efficient separation of fine coal assisted by
surface nanobubbles [J]. Separation and Purification Technology, 2020,
249:117163.

[ 19 ] FORBES E. Shear, selective and temperature responsive flocculation: a
comparison of fine particle flotation techniques[J]. International
Journal of Mineral Processing, 2011, 99(1/2/3/4): 1-10.

[20] LUS, SONG S. Hydrophobic interaction in flocculation and flotation 1.
Hydrophobic flocculation of fine mineral particles in aqueous
solution[J]. Colloids and Surfaces, 1991, 57(1): 49-60.

[21] B. YANG, S. SONG, A. LOPEZ-VALDIVIESO. Kinetics of
hydrophobic agglomeration of molybdenite fines in aqueous
suspensions [J]. Physicochemical Problems of Mineral Processing,
2015, 51(1): 181-189.

[22] SONG S, ZHANG X, YANG B, et al. Flotation of molybdenite fines as
hydrophobic agglomerates[J]. Separation and Purification Technology,
2012, 98: 451-455.

[23] YIN W Z, YANG X S, ZHOU D P, et al. Shear hydrophobic
flocculation and flotation of ultrafine Anshan hematite using sodium
oleate[J]. Transactions of Nonferrous Metals Society of China, 2011,
21(3): 652-664.

[24] XUE J, REN D, CHEN T, et al. Hydrophobic agglomeration flotation

[25

[26]

[27]

[28]

[31]

[32]

[33]

[35]

[36]

[38]

[39]

[40

[41]

[42]

of oxidized digenite fine particles induced by Na,S and butyl
xanthate[J]. Minerals Engineering, 2021, 168(14): 106932.

F. MIETTA, C. CHASSAGNE, J. C. WINTERWERP. Shear-induced
flocculation of a suspension of kaolinite as function of pH and salt
concentration[J]. Journal of Colloid and Interface Science, 2009,
336(1): 134—-141.

SONG S, LOPEZ-VALDIVIESO A, REYES-BAHENA J L, et al.
Hydrophobic flocculation of sphalerite fines in aqueous suspensions
induced by ethyl and amyl xanthates[J]. Colloid Surf. A., 2001,
181(1/2/3): 159-169.

B. YANG, S. SONG, A. LOPEZ-VALDIVIESO. Morphology of
hydrophobic agglomerates of molybdenite fines in aqueous
suspensions[J]. Separation Science and Technology, 2015, 50(10):
1560—-1564.

G. Z.QIU, Y. H. HU, D. Z. WANG. Interactions between particles and
flotation of fine particles[J]. Central South University of Technology
Press, 1993: 129—131.

RAO S R. Surface chemistry of froth flotation: volume 1:
fundamentals[M]. Springer Science & Business Media, 2013.

Z. SHEN, Q. ZHANG. Hydrophobic agglomeration behavior of
rhodochrosite fines co-induced by oleic acid and shearing[J].
Separation and Purification Technology, 2022, 282: 120115.
SUBRAHMANYAM T V, FORSSBERG K S E. Fine particles
processing: shear-flocculation and carrier flotation — a review[J].
Separation and Purification Technology, 1990, 30(3/4): 265—286.
WARREN L J. Shear-flocculation of ultrafine scheelite in sodium
oleate solutions[J]. Journal of Colloid and Interface Science, 1975,
50(2): 307-318.

H. A. BARNES J. F. HUTTON, K. WALTERS. An introduction to
rheology [M]. Elsevier, 1989.

FARROKHPAY, SAEED. The importance of rheology in mineral
flotation: a review [J]. Minerals Engineering, 2012, 36: 272-278.
CHEN W, CHEN Y, BU X Z, et al. Rheological investigations on the
hetero-coagulation between the fine fluorite and quartz under fluorite
flotation-related conditions[J]. Powder Technology, 2019, 354:
423-431.

W. CHEN, F. F. CHEN, X. Z. BU, et al. A significant improvement of
fine scheelite flotation through rheological control of flotation pulp by
using garnet[J]. Minerals Engineering, 2019, 138: 257-266.
BASNAYAKA L, SUBASINGHE N, ALBIJANIC B. Influence of
clays on the slurry rheology and flotation of a pyritic gold ore[J].
Applied Clay Science, 2017, 136: 230-238.

WANG Y, PENG Y, NICHOLSON T, et al. The different effects of
bentonite and kaolin on copper flotation[J]. Applied Clay Science,
2015, 114: 48-52.

BOYLU F, DINER H, ATEOK G. Effect of coal particle size
distribution, volume fraction and rank on the rheology of coal —water
slurries [J]. Fuel Processing Technology, 2004, 85(4): 241-250.
TURIAN R M, ATTAL J F, SUNG D J, et al. Properties and rheology
of coal-water mixtures using different coals[J]. Fuel, 2002, 81(16):
2019-2033.

FARROKHPAY S, NDLOVU B, BRADSHAW D. Behaviour of
swelling clays versus non-swelling clays in flotation[J]. Minerals
Engineering, 2016, 96: 59-66.

NDLOVU B, FORBES E, FARROKHPAY S, et al. A preliminary
rheological classification of phyllosilicate group minerals[J]. Minerals
Engineering, 2014, 55: 190—200.

TAN H, SKINNER W, ADDAI-MENSAH J. Influence of fluorite on


https://doi.org/10.3390/min9040253
https://doi.org/10.1016/j.mineng.2006.09.004
https://doi.org/10.1016/j.colsurfa.2022.130075
https://doi.org/10.1016/j.colsurfa.2022.130075
https://doi.org/10.1016/j.rinp.2018.03.049
https://doi.org/10.1016/j.rinp.2018.03.049
https://doi.org/10.1016/j.mineng.2009.12.006
https://doi.org/10.1016/j.seppur.2020.117163
https://doi.org/10.1016/0166-6622(91)80179-R
https://doi.org/10.1016/j.seppur.2012.06.016
https://doi.org/10.1016/S1003-6326(11)60762-0
https://doi.org/10.1016/j.jcis.2009.03.044
https://doi.org/10.1080/01496395.2014.975365
https://doi.org/10.1016/j.seppur.2021.120115
https://doi.org/10.1016/0021-9797(75)90234-9
https://doi.org/10.1016/j.powtec.2019.06.019
https://doi.org/10.1016/j.mineng.2019.05.001
https://doi.org/10.1016/j.clay.2016.12.004
https://doi.org/10.1016/j.clay.2015.05.008
https://doi.org/10.1016/S0378-3820(03)00198-X
https://doi.org/10.1016/S0016-2361(02)00149-7
https://doi.org/10.1016/j.mineng.2013.06.004
https://doi.org/10.1016/j.mineng.2013.06.004

%5 XTI A6, 25 - UARRLIAE KA1 — 1 2 A TR IR 2R P Mg K SR 14T O ™ i AR PR T 52 - 111

the isothermal leaching and rheological behaviours of chlorite mineral non-sulphide minerals using zeta potential[J]. Minerals Engineering,

pulps at low pH[J]. International Journal of Mineral Processing, 2013, 2016, 94: 10—20.

123: 1-8. [46] LI X, ZHANG Q, HOU B, et al. Flotation separation of quartz from
[44] A.PAPO, L. PIANIL Rheological behavior of calcite slurries: Effect of collophane using an amine collector and its adsorption mechanisms[J].

deflocculant addition[J]. Particulate Science and Technology, 2005, Powder Technology, 2017, 318: 224-229.

23(1): 85-91. [47] WANG L, LI C. A Brief Review of Pulp and Froth Rheology in
[45] QUAST, KEITH. Literature review on the interaction of oleate with Mineral Flotation[J]. Journal of Chemistry, 2020: 1-16.

Study on Mineral Hydrophobic Agglomeration Behavior and Slurry Rheology in
Microfine Apatite-dolomite Flotation System
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Abstract: The complex slurry rheology and low flotation efficiency occur due to the reasons that minerals such as apatite
and dolomite in the fine phosphate rock are closely embedded, and fine grinding will produce a large number of fine
minerals. In this paper, sodium oleate was selected as the collector to investigate the effects of stirring time, sodium oleate
concentration and pH on the hydrophobic agglomeration behavior and rheology of microfine grained apatite and dolomite.
By measuring the apparent viscosity values of rheological parameters, the interaction between microfine mineral particles
was evaluated to further elucidate the degree of particle agglomeration in the flotation pulp. The research results showed
that sodium oleate caused hydrophobic agglomeration on the surface of apatite and dolomite particles. Under the conditions
of pH=9, mass concentration of sodium oleate of 200 mg/L and stirring time of 30 min, the average particle size (d,,c.,) of
apatite reached 79.48 pm and the d,,,, of dolomite reached 16.47 um. Under the conditions of pH=5, mass concentration of
sodium oleate of 200 mg/L and stirring time of 30 min, the d,,.,, of dolomite reached 59.74 um and the d,.,, of apatite
reached 16.71 pm. pH value was the main factor that affects the hydrophobic agglomeration of microfine apatite and
dolomite. Microfine apatite could agglomerate well under alkaline conditions, but the agglomerate degree decreased greatly
under acidic conditions, while microfine dolomite was just the opposite, which created favorable conditions for the efficient
flotation separation of microfine apatite and dolomite. In addition, the degree of particle agglomeration in flotation pulp
correlated with the pulp rheology. As the apparent viscosity of the pulp increased, i.e., the interaction force between
particles, especially hydrophobic gravitational force, increased, the microfine mineral particles would aggregate due to
hydrophobicity. This study is expected to provide an insight for regulating the hydrophobic agglomeration of fine particles
to achieve efficient flotation separation, and will hopefully lay the foundation for strengthening the flotation separation of
microfine particles of phosphate ore.

Keywords: fine particles; apatite; dolomite; hydrophobic agglomeration; rheology of pulp; flotation; sodium oleate
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