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Fig. 1 Process of chemical modification of wet mechanical force

of natural barite
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Fig. 2 Influence of ball grinding time on the modification
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Fig. 3 Influence of the mass ratio of ball to material on the modi-

fication effect
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Fig. 4 Influence of ball grinding speed on the modification effect
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Fig. 5 Influence of compound modifier dosage on modification
effect
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Fig. 6 Influence of the ratio of stearic acid and titanate coupling
agent on the modification effect
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Fig. 9 XRD diagram of the sample: (a) unmodified natural bar-
ite; (b) natural barite modified by stearic acid and titanate cou-
pling agent

& 10 (a) F1(b) 43 5 Ry eCPE R 5 5 A e o3 B
AT DL 5o e 9 B A B T Y R A AR B0
Fb, OPE S B T R R 0T 4548, B AE e PE e R 22 i
BRES (Rl YR AE B A A A R B X R A T
785 ) b I G ) 2 B U Ak B I R
PN RESE I, AR 1) SN 35 PR A 23 A LB T, AT A 25 T
R B A7 5 T R ) 2 L A 2 e

B 10 AR AYLE X i AT AERE S o BE R (a) REUERY
RIRTE A7 5 (b) i 1R FER 12 T A 006 57 52 45 IO IS 1 R AR
HNA

Fig. 10 Area electron diffraction pattern and high — resolution;
(a) unmodified natural barite; (b) natural barite modified by ste-
aric acid and titanate coupling agent



- 56 - R S

2022 4

]} by 151 10 () A1 (b) 26 1 Ay ) AL 547 5 F T DL, e
PRI Y A 2B DX AT IRt — R BN R 42
P TR T ZEL IS, 28 A AR SR PR BB 1 ity TR 25 4 o

3.3 SEM 5 TEM 4#¢

11 (a) F1(b) 235 S PR R J5 B9 5 & 0B A Y
SEM [&], th AT UL, B i B9 11 30 4% S0 A8 JE U ) Bl AR 45
Hay AR ROV 23 BRSO 0 A B SO PR T, FP- 2L
PERRAR, HORAE 299 (0.6 ~2 um) o M e 4 2 1 o m]
PAFE B (A a2 i S IOE T, X AT B A i TR
IIB T Pl 1 3K 1) 6 7 A T o £ 2R THT PRI 45

B & _Z

11 FEmEY SEM [ : (a) RECPERYRIRE w415 (b) 15

PR FIVER BRI (B3I ) 2 5 AR S B KRR A1

Fig. 11 SEM diagram of the sample: (a) unmodified natural
barite; (b) natural barite modified by stearic acid and titanate
coupling agent

K12 (a) A1 (b) 2350 Dy B Ve i JS B 5 1 /9 TEM
Pl el R AL 5 O SO 8 B it 4 R B RO 2 A Y
a1 T B TR AR, X R R A I 7R M PR R
P R R 591 1 2 B0 B i A 19 T

12 KRG A TEM [&: (a) REUPERRIATE 75 (b) BEIR
PRFNER BRI IR A2 5 2R 5 B KRR EE R A1

Fig. 12 TEM diagram of the sample: (a) unmodified natural
barite; (b) natural barite modified by stearic acid and titanate
coupling agent

3.4 TG 4#r

B 13 (a) F1 () 20501 by e PRI i 2 b A O IR
HI P AT WLAE 50 ~ 800 °C i B2 IX 8] A, oA i 14 B i
A—MEUNMYREB, RER 0.04% XAl fE 2K

SRTE AR A P S A D B B W R K A L 2
O T A IR X R B R F R O 1.51% 31X
AR I FR T 1 2 i R A R T 1 K 59 A e By
B Aot W A B A B AR T R
HABEREN1.47% .,

100.0 |- (a)

Mass /%

(®)

9g2 L1 1 1 1 1 I 1 1 1
0 100 200 300 400 500 600 700 800 900

Temp. /°C

13 HEMIN TG & : (a) REPEM RIRE A1 5 (b) fEIEER
FERIRBE IR 2 & MG M RARE A

Fig. 13 TG diagram of the sample: (a) unmodified natural bar-
ite; (b) natural barite modified by stearic acid and titanate cou-

pling agent

4 gk

AR IR FE SCHLAR 7 1k 223, LR IR R — 4K IR
P A I 700 O 52 B 706 B 7 AR B A R AR HEA T
TRE M, WFE T EREE W A] Bk | BRORL R
Eb A2 A s ) e R ke 7)o e T B X R i A T R
s, Zad i N R IR KA 2 Aot T8 & A
BREEW[E] 2 h 2R EEFE 1k 800 r/min BRI HL (A
JEER/ A A4 0 1 AR R 2% BCrE )
J i e b (R i e/ SRR BRI 1)) Oy 2 ¢ 1. FEdRe i T
AR B A AR AR B A A Ol 150.95° [#]
PR E HBEN 0.72 ml/m’, PSR B

FIFH FTIR \XRD ,SEM \ TEM TG % F* Bt X i % iy
Je W A UEAT T RAE, S5 SRR e AR R,
A A1 F BRI/, PO A R 8 2 A AR A LN
R e, S T RN M S A o R R A T
S A HER A T R R 1.47%
RO BT, A T B A BRI A B REREAIG, 12
il 3 A

FRGT KR JZE R R B vk BB L I K A B
SR ELAT BRI T E I AL, AR SO A 1 ko R
SR A A KT 1500, AT/E R TiO, \Si0, (AL O, %
TR B 7K VAR 8 SRR B AR IR R R DR



5543 ARARAE A BENRIR — BAR PR RIBCH A 5 PR R AR H i A S 57 -

JEAMOR: — 0K RS 45 #4) I IR L SR T RE, BORE D R
SR i A1 BB A PR AR i i A2

S 30

[1] CELEN Y Y, EVCIN A, AKKURT I, et al. Evaluation of boron waste
and barite against radiation[ J]. International Journal of Environmental
Science and Technology, 2019, 16(9) : 5267 —5274.

[2] BAHL S, LOCHAB S P, PANDEY A, et al. Characterization and lumi-
nescence studies of Eu doped barite nanophosphor[ J]. Journal of Lumi-
nescence, 2014, 149 176 — 184.

[3] E¥, W, 22 = A RILR B MR L] 077 440 5 F)
FH,2020,40(6) :26 - 32.

WANG Y, HUANG C, LI Z. Status quo and materialized application of
barite resources| J]. Conservation and Utilization of Mineral Resources,
2020, 40(6) : 26 —32.

[4] ELKAWASH H, TIRKES S, HACIOGLU F, et al. Physical and me-
chanical performance of bentonite and barite loaded low density polyethy-
lene composites : influence of surface silanization of minerals[ J]. Journal
of Composite Materials, 2020, 54(28) : 4359 —4368.

[5] GE C H, DING P, SHI L Y, et al. Isothermal crystallization kinetics

[

and melting behavior of poly ( ethylene terephthalate ) /barite nanocompos-
ites[ J]. Journal of Polymer Science ( Part B. Polymer Physics), 2009,
47(7): 655 - 668.
[6] BRA ML, E4kIR, BG4S, 55, SOH T & #h sk ROMR BT [T ]
JE4JE1°,2010,33(3) ;59 -61.
CHEN Y S, WANG H, TANG Z F, et al. Study on reinforcement of nat-
ural rubber with modified barite[ J]. Non — Metallic Mines, 2010, 33
(3):59-61.
Wi SV, 00 DU, R . TR T A T SR AT Y IR R
L] o0y 5F1,2020,40(6) ;33 - 40.
CHEN SY, LIUS Q, CHEN Z H, et al. Present situation and outlook of

[7

[

barite flotation and purification in china[ J]. Conservation and Utilization
of Mineral Resources, 2020, 40(6) : 33 —40.
HUANG R Z, ZHANG X, ZHOU C J. Mechanical, flammable, and

—
o0
[}

thermal performances of co — extruded wood polymer composites with core
— shell structure containing barite — filled shells[ J]. Wood Science and
Technology, 2020, 54(5): 1299 - 1318.
TR BRPAJEAE. T A 0 R R s gs S A (T ] RS R
B Tl 51,2005 (6) :37 - 39.
WANG W, OUYANG Z H. Study and application on surface modification
of barite powder[J]. China Non — metallic Mining Industry Herald, 2005
(6):37-39.
[10] M35, wlsmk, e, 4. + hed i BReh i v s S A s [T . A
4 JB17,2013,36(2) .5 -7 +47.
XIAO Q, MAN R L, YANG P, et al. Surface modification of barite u-
sing sodium dedocyl sulfate[ J]. Non — Metallic Mines, 2013, 36(2) :
5-7+47.
[11] DING H, ZHOU H, ZHENG Y X, et al. Effect of sodium stearate on

[9

[

grinding behaviour of calcium carbonate in wet stirred mill[ J]. Materi-

[

[}

i}

[}

als Research Innovations, 2013, 17 (supl) : 292 —296.

[12] BUgd. GORIKART i il o B A B Ukl i B E (D .

. K2 ,2008.

HANG ] Z. The preparation of nanometer nature barite and its applica-
tion research in coil coating [ D]. Shanghai: Shanghai University,
2008.

I B, 32 R — R o B A AT ) 9% 7 5 CNT11362291A
[P].2020 -07 - 03.

HUANG X Y, PENG G H. A method for the preparation of a highly
dispersed barite; CN111362291A [P]. 2020 —07 - 03.

LEITT, XU Y, WANG LT, et al. Surface modification of barite pow-
der by coupling agent and characterization[ J]. Open Journal of Nature
Science, 2015, 3(4): 113 -120.

WA, SN, TR . i o 1 10K 70 X 200 A R A0 Ry B PR S [0 ]
BRAL T ,2020,40(5) ;181 - 185 +189.

CHEN H Z, SUN C L, ZHANG J. Study on modification of ultrafine
barium sulfate by silane coupling agent[ J]. Modern Chemical Industry,
2020, 40(5) : 181 — 185 +189.

WA XL, Ak IE, B0, 5. a0/ RS A MR 24 PERERITIE
[J]. Ak T %4k, 2010,38(12) ;108 - 110.

CHEN Y S, WANG J H, TANG Z F, et al. Mechanical properties of
natural rubber/barite composite materials[ J]. New Chemical Materials,
2010, 38(12): 108 —110.

Fpd, T AL WA RESE L] P ERAEA ,2017,23
(2):62 - 64 +98.

WANG J, DING H, ZHOU H. Study on surface modification of barite
[J]. China Powder Science and Technology, 2017, 23(2): 62 —64 +
98.

JALL, T, VeBl. 3 A A R T /K SO o 3R T RE -5 O 0 I 5
W[ T, AL TP 50 T,2015,44(5) ;11 - 12 +40.

ZHOU H, DING H, SHEN K. Impacts of hydrophobic modification of
barite surface on surface energy and particle dispersion[ J]. Industrial
Minerals & Processing, 2015, 44(5): 11 —12 +40.

ZHAO GZ, SHILY, ZHANG D S, et al. Synergistic effect of nano-
barite and carbon black fillers in natural rubber matrix[ J]. Materials &
Design, 2012, 35, 847 - 853.

FA 30, TR, A TEARER — SRR IR 5500 etk 7 R R £
W RBSE[ 1] JEHLER T, 2016 ,48(6) :38 - 40.

WANG Y, ZENG Y W, QIN K Y, et al. Study on modification of
ground calcium carbonate by stearic acid and titanate coupling agent
[J]. Inorganic Chemicals Industry, 2016, 48(6) : 38 —40.

ZHU Y M, WANG Y, SHA L, et al. Design of antibacterial polyethy-
lene terephthalate masterbatch functionalized by modified nano - Mg
(OH),[J]. Journal of Applied Polymer Science, 2018, 135 46755.
XUARRE, R, A, 45 AR R AU 7 102 0 AL BOrE DT o i
[J]. &85 11,2021 (10) .75 - 81.

LIU C Q, MA T, LIZ, et al. Research progress in the mechanochemi-
cal activation and modification of natural minerals [ J]. Metal Mine,

2021(10) ; 75 - 81.



- 58 -

R S

2022 4

(23] i, FARA, ok, 45, [ A AURL Y 45 F 8465 ALK ) 1k 3800

[24

[25

(26

(27

—

—

[}

[

[J]. Y34 ,2012,61(9) ;1 -5.
XU B, WANG S L, LI L Q, et al. Structure evolvement of solid parti-
cles and mechano — chemical effect[ J]. Acta Physica Sinica, 2012, 61
(9):1-5.

D B, R A DU A2 R R K S I A BB S
[J].dk4:8#™,2011,34(4) .23 -25.

FANG W, TUY D, YAN J, et al. Study on ultra — hydrophobic modifi-
cation of pyrophyllite by mechanochemical method[ J]. Non — Metallic
Mines, 2011, 34(4) ; 23 —25.

LI L L, HANG J Z, SHI L Y. Surface modification of barite nanoparti-
cles using stearate [ ] |. Journal of Shanghai University ( English Edi-
tion) , 2009, 13(4): 296 —300.

PHEFF A PR EE B, 45 LLAMUS YT S0 AT GO0 T A A TR S Y
SRR T]. St 5otk , 2021 ,41(10) ;3083 -3091.

WU J X, LI X, LIN J W, et al. Influence mechanism of microwave on
barite flotation based on infrared fitting spectrum analysis[ J]. Spectros-
copy and Spectral Analysis, 2021, 41(10) : 3083 —3091.

YING W, YEH J T, YUE T J, et al. Surface modification of superfine
tourmaline powder with titanate coupling agent[ J]. Colloid and Polymer

Science, 2006, 284(12) : 1465 - 1470.

[28]

[29

[t}

[30]

[32]

WA, RS, X . R NR IR 2R A7)0 KA A R 0 T
[J]. RF{E T ,2010,39(2) ;237 - 239.

HU CY, ZHOU Z M, LIU X L. Series of stearic acid surface — modi-
fied natural barite powder[J]. Applied Chemical Industry, 2010, 39
(2): 237 -239.

ACAR 1, ACISLI O. Mechano — chemical surface modification of calcite
by wet — stirred ball milling[ J]. Applied Surface Science, 2018, 457 .
208 -213.

XSmHo , ERNI, A/, 45 HURRI IR 4 B — SiC 4K A e
FREs A [T, ERH AR ,2022,28(1) 62 - 67.

DENG L R, WANG X G, HUA X H, et al. Preparation and character-
ization of B — SiC nano — powders by mechanical crushing method[J].
China Powder Science and Technology, 2022, 28(1): 62 -67.

XU JL, REN S B, KANG C H, et al. Study on the ball milling modifi-
cation of attapulgite [ J]. Materials Research Express, 2020, 7 (11)
115006.

WL R TG, TR AR, 4. B R B 1 i A K B ER L A 4 [0 ]
TR A IRBLA AR ,2006,30(4) <70 ~74.

XIE A J, ZHU X M, SHEN Y H, et al. The preparation of nanosized
BaS04 particles modified with stearic acid[ J]. Journal of Anhui Uni-
versity (Natural Science Edition) , 2006, 30(4) . 70 - 74.



5543 ARARE A5 AR HEIR — BRIVIR BIBCR B2 A el e R AR T b 4 AT 5 59 -

Study on Composite Modification of Natural Barite of Stearic Acid Titanate Cou-
pling Agent
ZHU Fusheng', FENG Xiaoqin'?, WANG Jiakui', YANG Zhen', GAO Feng', FU Yuanxiang'**, HUANG Hong-

sheng'”

1. School of Chemical Engineering, Guizhou Institute of Technology, Guiyang 550003, Guizhou, China;
2. Key Laboratory of Energy Chemistry for General Higher Education in Guizhou Province, Guiyang 550003, Guizhow, China

Abstract; Using stearic acid and titanate coupling agent as composite modifier, the natural barite powder produced in
Guizhou was modified by wet mechanochemical method. The effects of process conditions such as ball milling time, ball
milling speed, mass ratio of ball to material, dosage of compound modifier, and mass ratio of modifier on the properties of
modified barite were studied. The phase structure, morphological characteristics and coating of barite before and after
modification were characterized by FT — IR  XRD SEM \TEM and TG. The results show that the optimal process conditions
are obtained through single factor experiments; the ball milling time is 2 h, the ball milling speed is 800 r/min, the mass
ratio of ball to material (ball/barite) is4 : 1, the dosage of compound modifier is 2. 0% ( modifier/barite) , and the mass
ratio of modifier (stearic acid/titanate coupling agent) is 2 : 1. After modification, the modifier was successfully chemi-
cally bonded to the barite surface. Compared with the unmodified barite, the average particle size of the modified barite is
reduced, the dispersibility is enhanced, and the crystal structure does not change significantly. The modified barite$s con-
tact angle changes from 39.07° to 150.95°, and the solid surface free energy changes from 18.62 mJ/m’ to 0.72 mJ/m’.
The modified barite has better superhydrophobicity and can be used as a raw material for preparing superhydrophobic coat-
ing materials.

Keywords: barite; stearic acid; titanate coupling agent; composite modification; wet mechanochemical method
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