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Table 1 Multi—element chemical analysis of tailings

&4 TF B,0, SiO, ALO; CaO MgO Na,0 K0
T 440 581 36.62 477 184 3044 136  1.67
sy S P TiO, Mn Ba C RERUELE)
A 0.63 0.061 0.17 0.053 0.023 0.53 10.00

%2 EH XRD SR 1%
Table 2 XRD analysis of tailings

Ty KA Ak mgn =8 WA glRA
THE 1690 174 2063 7.65 239  14.54
WY JrRA A A MRS A A e
w089 233 253 2361 676  0.03

x3 EUHEHSW

Table 3 Screening analysis of tailings

X 75 R % B,O, & /% B0, i % /%
K7 2% /mm

A R REL A B A B R
+0.30 8.19 100.00 138 586 1.93 100.00

-0.30+0.10 2542 91.81 193 626 837 98.07
~0.10+0.075 8.64 6638 2.87 7.92 423 89.70
—0.075+0.045 13.24 57.74 3.83 8.68 8.65 8547
~0.045+0.038 1.70 44.51 3.80 10.12 1.10 76.82
-0.038  42.81 4281 1037 1037 7572 75.72
At 100.00 5.86 100.00
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Fig. 1 XRD results of ascharite (a) and serpentine(b)
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Fig. 2 Optimized crystal cell models of ascharite (a) and serpentine (b)
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Fig. 3 Principle flow chart of a tailings flotation test
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Fig. 4 Characteristics of the (110) cleavage plane and
surface electron differential density of ascharite
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Fig. 5 Density of states of (110) cleavage planes and atomic states of ascharite
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Fig. 6 Characteristics of the (001) cleavage plane and
surface electron differential density of serpentine
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Fig. 7 Density of states of (001) cleavage planes and atomic states of serpentine
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Fig. 9 Changes in the molecules electrostatic potential of
the optimised OA—n series collector
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Fig. 12 Effect of collector dosage of OA—n on flotation
indicators

10.5
—=— B,0; i 16a
—=— B,0, /a3
10.0
162
- BN
= <
= 95f 1602
S, c
) =
158
9.0 -
156
8.5 1 1 1 1 1
6 7 8 9 10 11 12

™ %pH

E13 # & pH{EXZEBY ERF N
Fig. 13 Effect of pulp pH on flotation indicators

MAHSGR FH 5 600 g/t BF, RSB 67 34 B
1 9.85%, MR Ny 58.14%; S FH &N 700 g/t
i, IR B 75.87%, Sh N 8.95%, X
LB AT i e SR 600 g/t VAR PR B, 0F
T 3% pH X iF BB 4 bR R W B BESE o AT LA BRAE
pH=9 I}, B,O, [ &ty (o F1 A1 S AR 4 YA 1 fe vy 49 415
b, 31X F2 R T S e BT R AR AT B TR PR
W) 0 R, L SR BB PR BRI, SRR A S
MR B 2 BELAS P B AT AL, TR a4 pH=0 11 o & BT
PP e i 3 pH.

LA TF AR R, XAk B X — 5



.94 - R4 SR

2025 4F

RIZR AT T 0F5E, SCge g RanEl 14 s, fE25 C
THART 9.31% MK AL bR, Bt m R E A B
PRTHIF VAR, 1REE S 30 °C I, S i [E] g S H
197 B A S TF, TR B TR IR B IR RR B T A,
O i WCRE IR AR KR, MOk B 30 C 1R MR AR

N

10.2 70
—=— B0,
10.0 —=— B0,k 108
9.8 | 466
g =
= 9.6 164 5
o o=
i 462 E
o L =
= S,
460 2
92|
458
9.0 |
456
88 1 1 1 1
25 30 35 40

4R /o
El14 & RIREXZEBT IERAIZM

Fig. 14 Effect of pulp temperature on flotation indicators

3 it

(DEFTHEZ RS, el T a
Hiesoa st 250 e A 32 2
(110) LA Mg b FEGPEAL &, BA RN HEFIE
PE, BB 55 P B 7 BRI G SR ZU LS A5 e a0
SLFIEA (001) THITE PR, s M B, 275K Si, O,
FHEOLRMATIPHRE ., X—MmiES I _ED
PEREME T B AR AL T A S

()W T LAIMER A Al A9 TR &4 G OA-,
B TR GEWON, HAETS IR | 43 HvE S Ve G
PE L34 4R T, SRR KB A & 5 7E
3% pH 9.00. IR 30 'C MIZME R, 155 T B,O; &
i h 9.98%. M Ny 61.22% HIBIEE ARG 0, A8
SEIAE A AT R g U A e R i

(3)TRA W] OA—n 38 1 H IR R 5L 1A 50
B R PR 5 (A0 Mg A2 50 T s W B, DA T
PETFILTT PR . 0 00 R Ab 7K B 388 D) A g B0 3R
AT B 7K PR e TR S e, AR AV e 0 Ay ) T v e,
FHA WD O A B BEBEE o R S A R R Y
DM FIVE R S 2 10 1 A ) R T AT VR 22 5, S
TN R U B A

225 SUk:
[0] SRARRE, RO, XL, SF. A BRIV ISR 5 R

#[I]. w5 F L, 2019, 39(6): 142-151.

ZHANG F X, ZHAO S, LIU Z, et al. Current situation and
utilization trend of the global boron resources[J].
Conservation and Utilization of Mineral Resources, 2019,
39(6): 142-151.

HENCKENS M, DRIESSEN P, WORRELL E. Towards a

sustainable use of primary boron: Approach to a

—
)
[

sustainable use of primary resources[J]. Resources,
Conservation and Recycling, 2015, 103: 9-18.
[3] SHIREEN F, NAWAZ M A, CHEN C, et al. Boron:
Functions and approaches to enhance its availability in
plants for sustainable agriculture[J]. International Journal
of Molecular Sciences, 2018, 19(7): 1856.
HUANG Z, WANG S, DEWHURST R D, et al. Boron: Its
role in energy-related processes and applications[J].
Angewandte Chemie International Edition, 2020, 59(23):
8800—-8816.
ZHANG Z, PENEV E S,
Two—dimensional boron:

o~
i

YAKOBSON B L
Structures, properties and
applications [J]. Chemical Society Reviews, 2017, 46(22):
6746—6763.

DONG M, ZHOU S, XUE X, et al. The potential use of
boron containing resources for protection against nuclear
radiation[J]. Radiation Physics and Chemistry, 2021, 188:
109601.

WANG L L, WANG Q S, WU L. Analysis of global
exploration situation and potential of boron resources[J].
China Mining Magazine, 2019, 28(4): 74-78.

(8] [, Ji 2 e, XU, A b A B PR R A
A L] H E T, 2018, 27(5): 9—-12+27.

YUANJ G, QU Y Y, LIU Q Y, et al. Analysis of the
supply and demand tendency of boron resoursces in
China[J]. China Mining Magazine, 2018, 27(5): 9—12+27.
B, PN, SRR, A5 YRR R ST A A
PRI (0], P E T, 2018, 27(8): 1-8.

HUANG L, SUN Y, GUO W M, et al. Summary of current
new materials and necessary startegic minral resources [J].
China Mining Magazine, 2018, 27(8): 1-8.

[10] SCHALLER W T. The identity of ascharite, camsellite,

and P—ascharite with szaibelyite; and some relations of

[5

[

[6

[

[7

[

o
[

the magnesium borate minerals[J]. American
Mineralogist: Journal of Earth and Planetary Materials,
1942, 27(7): 467-486.

[11] FU X J, ZHAO J Q, CHEN S Y, et al. Comprehensive
utilization of ludwigite ore based on metallizing reduction
and magnetic separation[J]. Journal of Iron and Steel
Research, International, 2015, 22(8): 672—680.

(0] AEERK, BB, A0, . VR R S
B st [1]. 0 =45 4R H, 2018(1): 101-105.

FU X L, YANG X J, FU H G, et al. Research on

enrichment of low—grade boron bearing tailings by froth


https://doi.org/10.1016/j.resconrec.2015.07.005
https://doi.org/10.1016/j.resconrec.2015.07.005
https://doi.org/10.3390/ijms19071856
https://doi.org/10.3390/ijms19071856
https://doi.org/10.1002/anie.201911108
https://doi.org/10.1039/C7CS00261K
https://doi.org/10.1016/j.radphyschem.2021.109601
https://doi.org/10.12075/j.issn.1004-4051.2018.08.015
https://doi.org/10.12075/j.issn.1004-4051.2018.08.015
https://doi.org/10.1016/S1006-706X(15)30056-X
https://doi.org/10.1016/S1006-706X(15)30056-X
https://doi.org/10.3969/j.issn.1000-6532.2018.02.022

%34

W, S TR

FRELZ pR BT IR A1 M S0 7 18 53 B B R R 7

95 -

[—

[14]

[16

[17

]

]

[

flotation[J]. Multipurpose  Utilization of Mineral
Resources, 2018(1): 101-105.

FRATZE, AR AR, 2548 42, 2 PRARILAR S AL AR A 4
AT [J]. & JE 1, 2012, 41(6): 72-74.
CEHNG R J, ZHOU C L, L1 Y J, et al. Experimental
research on flotation processing technology for low grade
ascharite ore in Dandong[J]. Metal Mine, 2012, 41(6):
72-74.

S, BRI AL B ) KL AT RS Sl ek S o
PEBFFE [T, ARES 16 4244k, 2009, 8(4): 241-245.
ZHANG T, LIANG H J, XUE X X. Elementary research
on Liaoning Fengcheng uranium—bearing B—Fe complex
ore separation[J]. Journal of Material and Metallurgy,
2009, 8(4): 241-245.

ARIABL, BEHE, Je T ik, A R BLAF 4 R AT BE A1 /e
B AP R R A FIHLEE L], & Jm 47 1, 2024,
(10): 107-111.

LI Z H, XIONG K, ZUO K S, et al. Effect of
of
ascharite/serpentine and Its action mechanism[J]. Metal
Mine, 2024, 10: 107-111.

AR BT, FRERHT, BHO A, S i SUA XA Y
S ], AR AL R 222 4l (1 2R B2 i), 2017, 38(8):
1154-1157.

LIZH, HAN Y X, LI Y J, et al. Effect of serpentine on
flotation of ascharite[J].

carboxymethyl cellulose on flotation

of Northeastern
University (Natural Science), 2017, 38(8): 1154—1157.
ZEIRBL, BRERAT, R M, S W BUa IO A TR e
B RS BALE ] hEA A4 E =), 2017,
27(3): 613-620.

LI Z H HAN Y X, LI Y J, et al. Mechanism of

agglomeration and dispersion during flotation process of

Journal

serpentine and ascharite[J]. The Chinese Journal of
Nonferrous Metals, 2017, 27(3): 613—620.

LIZH, HAN Y X, L1 Y J, et al. Effect of serpentine and
sodium hexametaphosphate on ascharite flotation[J].
Transactions of Nonferrous Metals Society of China, 2017,
27(8): 1841-1848.

[19]

[20]

[21]

[24]

[25]

[26]

RRAT2E, A2, AT, A . A [a] 400 ) 790 X 46 i 6 6
B PRk B AT 5T (], AL T 5 T, 2016,
45(7): 31-33.

CHENGR J, DENG S Z, LI C X, et al. Study of influence
of different inhibitors on flotation and separation of low
grade ascharite[J]. Industrial Minerals & Processing,
2016, 45(7): 31-33.

FRISCH M J, TRUCKS G W, SCHLEGEL H B, et al.
Gaussian 16 Rev. B. 01[Z]. Wallingford, CT. 2016.
PETERSSON A, BENNETT A, TENSFELDT T G, et al.
A complete basis set model chemistry. 1. The total
energies of closed - shell atoms and hydrides of the first-
row elements[J]. The Journal of Chemical Physics, 1988,
89(4): 2193-2218.

HARIHARAN P, POPLE J A. Accuracy of AH n
equilibrium geometries by single determinant molecular
orbital theory[J]. Molecular Physics, 1974, 27(1):
209-214.

BT A, PIME ST, IR R A ) I 8 S S 5 B (0]
WA SR, 2001(3): 17-22.

YIN W Z, SUN C Y. Review on research status on
flotation principles of silicate minerals[J]. Conservation
and Utilization of Mineral Resources, 2001(3): 17-22.
SCROCCO E, TOMASI J. Electronic molecular structure,
reactivity forces: an euristic

and intermolecular

interpretation by means of electrostatic molecular
potentials[M]. Advances in quantum chemistry. Elsevier.
1978: 115-193.

JE T By IR A0 A S0 A H Sl PR SR AT PR LD 4k
TH AR, 1984(6): 5-11.

TANG D S. Electrokinetic properties and floatability of
bornite and serpentine [J]. Chemical Mining Technology,
1984(6): 5-11.

R, X, ZR et 2 Ao /K 3 40 ) R0 40F 50 0k e
L] w7 4 5 F T, 2023, 43(6): 138-145.

XIONG H, LIU J, QIN X Y, et al. Review on modified
water glass inhibitors[J]. Conservation and Utilization of
Mineral Resources, 2023, 43(6): 138—145.


https://doi.org/10.3969/j.issn.1000-6532.2018.02.022
https://doi.org/10.3969/j.issn.1000-6532.2018.02.022
https://doi.org/10.3969/j.issn.1001-1250.2012.06.020
https://doi.org/10.3969/j.issn.1001-1250.2012.06.020
https://doi.org/10.3969/j.issn.1671-6620.2009.04.001
https://doi.org/10.3969/j.issn.1671-6620.2009.04.001
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.12068/j.issn.1005-3026.2017.08.019
https://doi.org/10.1016/S1003-6326(17)60207-3
https://doi.org/10.1063/1.455064
https://doi.org/10.1080/00268977400100171
https://doi.org/10.3969/j.issn.1001-0076.2001.02.004
https://doi.org/10.3969/j.issn.1001-0076.2001.02.004
https://doi.org/10.3969/j.issn.1001-0076.2001.02.004

< 96 - W= S5 AR A 2025 4

Design of Novel Oleic Acid—Based Collectors for Ascharite/Serpentine Flotation
Separation: A Density Functional Theory Approach
HUANG Lei', LU Yuxi'*, SONG Xin', YUAN Zhuang', WANG Xiang', LIU Xiaoyin', CHEN Wen'

1. Changsha Research Institute of Mining and Metallurgy Co., Ltd, Changsha 410012, Hunan, China;
2. College of Chemistry and Chemical Engineering, Central South University, Changsha 410012, Hunan, China

Abstract: China's demand for boron resources is robust, yet the supply remains inadequate. Effective recovery of ascharite from the
by—products of ludwigite magnetic separation has emerged as a pivotal strategy for improving resource utilization. However, the
separation of ascharite from serpentine, a magnesium—bearing gangue mineral, is a significant challenge in this field. The present
study is based on the surface characteristics of minerals and the molecular properties of flotation reagents. By optimizing design and
utilization mechanism of the reagents, the efficient enrichment and recovery of ascharite in tailings was successfully achieved.
Theoretical calculations of mineral crystal planes indicate that the Mg active sites on the surface of ascharite exhibit higher electronic
activity, while the surface of serpentine, which exhibits poor surface floatability, is predominantly rich in silicon and oxygen sites.
The design of three types of collectors (OA—1, OA—2, and OA—3) was informed by the prevalent use of oleic acid. This design was
achieved through a series of chemical reactions, namely sulfuric acid oxidation, carboxyl carbon atom oxidation, and hydrogen
peroxide oxidation. The OA—n collector was produced by mixing in a ratio of 8 : 1 : 1 with the three collectors. The experimental
results demonstrate that the optimized collector OA—n exhibits superior properties in terms of solubility, dispersion, and selectivity
when compared to the traditional oleic acid. A comprehensive investigation was carried out to determine the effect of various
parameters on the flotation effect, encompassing the collector dosage, inhibitor type and dosage, pulp pH, and temperature. Through
experimentation, it was determined that the optimal conditions for flotation were as follows: 600 g/t collector dosage, 6 000 g/t
depressant dosage, pulp pH of 9.00 and temperature of 30 ‘C. The synergistic application of OA-n and acidified sodium silicate
resulted in an exceptional flotation index of ascharite B,0O;, with a B,O; grade of 9.98% and a recovery of 61.22%. The analysis show
that following the introduction of hydroxyl groups, the optimized OA—n collector enhance solubility and dispersion performance,
while concurrently introducing a novel action site that binds to the surface active site of ascharite. The incorporation of acidified
sodium silicate is shown to significantly reduce the floatability of serpentine, a phenomenon attributable to the formation of
hydrophilic silica colloidal particles on the surface of the latter. This in turn leads to an increase in the separation efficiency between
ascharite and serpentine. The present study proposes a reliable scheme for the efficient enrichment and recovery of boron resources
in the magnetic separation tailings of ludwigite. This scheme is based on the synergistic effect of a new OA—n collector and acidified
sodium silicate. The proposed scheme would significantly reduce the loss of boron resources and solid waste discharge, and provide
important technical support for the high value reuse of tailings.

Keywords: ascharite; serpentine; characteristics of crystal plane; flotation; oleic acid; density functional theory
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