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Surface modification of basalt fiber using nano-SiO,

LIU Shuqiang, WU Jie, WU Gaihong, YIN Xiaolong, LI Fu, ZHANG Man
(College of Textile Engineering, Taiyuan University of Technology, Jinzhong, Shanxi 030600, China)

Abstract In order to improve the interface compatibility of the basalt fiber with the matrix, coupling
agent KH550 was used to modify the nano-SiO, and the surface of the basalt fiber was modified by the
modified nano-Si0,. The surface morphology and chemical structure of basalt fibers before and after
modification were analyzed, and the effects of the mass fraction of nano-Si0O, on the mechanical
properties, friction coefficient and moisture absorption performance of basalt fibers were studied. The
results show that after nano-SiO, surface treatment, the roughness and specific surface area of the basalt
fiber surface is increased, and the friction and moisture absorption performance are increased
significantly. When the nano-SiO, mass fraction is 5%, the basalt fiber friction coefficient is increased
from 0. 255 to 0. 280, and the moisture permeability is increased to 0.65%. Compared with the untreated
basalt fiber, C—H bond appeared on the surface of the modified basalt fiber, and the intensity of the
vibration peak corresponding to the Si—O—Si bond becomes stronger, increasing the polarity of the fiber
surface. The tensile mechanical properties of the modified basalt fiber are also improved to some extent.
With the increase of the amount of nano-SiO,, the mechanical properties of the basalt fiber increase at
first and then decrease peak, and when the nano-SiO, mass fraction is at 3%, the tensile fracture strength
of basalt fiber reaches up to 40 cN/tex.
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Fig.3 Tensile fracture strength of BF modified by different

mass fraction of Nano-SiO,

H I 3 AT LUF Bl 452K Si0, i & 43 £ 3
e w e Ea e R L EATY N €l wa <
Yk Si0, 43BN 3% I, £F 4 1) Hir A i 2408 i
IRBEKAE 40 cN/tex, {HXY40K Si0, it w5350
i 3%, 2R A A 2 Y T S B T LR AR, X
R B 40K Si0, Bt 3 B 35, (i 58 22 1 4 ok
Si0, it KH550 #4532 i eF ek i, X o4
Y FZE DL Si—0—Si N FH L) =4ER % H&
T AE— o I RE S Bt e X A A ek w11
BRI E YK Si0, 2TE OB Si—0—Si 8, fli X
T T A S TRI 1 = 248 I 4% 245 4 T D 5 3%, 1 HL Ihr 24
SR I R 20K Si0, B ECh 3% ), K
FrEF YRR 2L B R B R K AE, B 450K Sio, i
SO AR LI K SR YR W 2400 BT AR FRAIL, 2 [
KK Si0, 1 i AR 1A R 4 R e % o A 4k )
JI2E RSO
2.4 BMZRAFHEREEEERES

AR BB K Si0, Btk 20 i 2F 4 i 3
T EESEYEREANIA 4 B, AT LA . B 942K Sio,
JT et A AR I, PR 20 IR A 1Y) PR 4R TR R4
B 90K Si0, Fi 50k S% T, LR A L4



.40 - 9K

il LI

% T R DR BNl o O B Y 0. 255 & 0. 280,
DT B DK Si0, B a5 £ ZRA
(1% 2 T ROR ASORLRE | L R T AR S IR, 1 4 e 1T
A [0 [R] B Al 14, B o T AR A Y 2R
FEEVERE , XA F T % 3 A 27 2 5 ek 2 [a) 8 i
ARG A VR, 46w 2 s AR e AR Y A

= AN
éIZI{II\O

0.28

[=1
553
-

EEHER S

025 1 1 1 1 1 J
0 1 2 3 4 =

YikSiO, 7 B 4 B/ %
Bl 4 20K Si0, o 7 B 20w 27 4 B8 5 D B 52
Fig.4 Effect of nano-Si0O, mass fraction on friction

coefficient of basalt fiber

2.5 MEZREFHEBGEMEEST
X} AN ) o f 0 Bl oK Si0, Bt % ik = £F 4E 1)
WA PERE VRS TIN , 25 SR aniEl 5 B

0.7~

0.6} /

0.5+

—

0.4+

AL/ %

0.3F

0.2F

0.1F

PRSI0, T B4 H%

K5 4K Si0, ikt 73 o 2 mOa 27 4 A 52 R
Fig.5 Effect of nano-SiO, mass fraction on

moisture permeability of basalt fiber

H 1l 5 AT LAE - 90 ha B BE B G 400K Sio, T
Oy BB, 2 2R £ 4 B R R KPR 24K
Si0, T 73 BN 2% I, 2R A 4R 1 R AR A
0. 10% 34 M % 0. 55% ; 46 5 JWA B B, W i 2638 4 iR
FEF MRS, Ih kB i e T 1A, 440K Sio, it
OGN 2 5% ), 2R 2 4k 1 R R AE 0. 65%
EREEh, HIEREYK Sio, B 2545, H &
B —E 5 W B 3, AR 5 5 W BE & Aok
Si0, MR LA L YR 1 )5 , 27 4 ) b 3R 1 B
K, B B 1 R 3 2 A DR A A e 1 1
WP B4, (LB 25 400K Si0, o i i B A R B
B LT IIRR N K, £ 4 % 1w R A AR 2%

K Si0, BMEIR , 2 A 27 4E 3% A P
I, Al G X EUA A 4 S KR IR S A SR 2
HIT, 5 20 LT AEEAT 7800 W TR LA L BR R K 3, (5
SRR E S I O R 2T AEEA T TR AR B

3 &

ASCHE SEF A KH550 sS4k Sio,, SR JE X4
R 2 2R AT 2 1 A 3L £ A 3% 1 SRR LU R T
R G388 400K Si0, R ECh 5%, Z 7
LR EERE R B 0. 255 $E T2 0. 280, W R A 41
R 0.65% . MG KR 4R ) 2e P hg
Bl 24K Si0, B s Bum3g i, 85 S T R
MR TEQIK Si0, i 50N 3%, 2 s 4 4k
P 250 BE HE B 2 40 oN/tex, PMEE XA 4
YT B ER N, B T EF 4 5 SRR 2 ] Y B ik
FHZS M A2 A MRy T A Ve % R AT 5
FZXB

SE Lk

[ 1] T, 5k, Xl b EZRELTAEAR
KIS I]. R ES L, 2019, 28(10) : 1-5.
DING Baoming, ZHANG Lei, LIU Jiaqi. Development
trend of China’s basalt fiber material industry [ J].
China Mining Industry, 2019, 28 (10): 1-5.

[2] D FEH T EWRELAESE A BN FEI0r
WS HE )] A R L 4 S, 2019, 44(5)
1-22.
LUO Yifeng. The main attack direction and new
development of high-performance fibers and composite
materials under the new situation[ J]. High-Tech Fibers
and Applications, 2019, 44(5) . 1-22.

[3] 2tk Xl aerde My marse e[ J].49541%
#z, 2010, 31(1) . 145-152.
LI Xin'e. Research progress of basalt fiber and
fabric[ J]. Journal of Textile Research, 2010, 31(1):
145-152.

[4] BUR, #50E. ZRAEGFAENTERERNHT]. 9188
TR, 2019, 36(3) : 89-94.
WEI Chen, GUO Ronghui. Properties and applications
of basalt fibers [ J ]. Journal of Textile Science &
Engineering, 2019, 36(3): 89-94.

[5] =R&%, XUME, HERN. d4a858 6P 55 PRE
BoA MR REWE TS R R [ 0], TR SR, 2019,
47(3) . 136-139.
WU Jinyong, LIU Lina, FU Shenyuan. Research
progress on tribological properties of fiber reinforced EP
composites [ J ]. Application of Engineering Plastics,
2019, 47(3) . 136-139.

[ 6] BE, M, B, 5 KA L4 & &



5512 1

XIHER 45 9K Si0, X2 BUA 2T 4Ry R T o 41 -

(7]

(8]

(9]

[10]

HAZ 5 MR B BIF 50 BE R [ 0], MRS 42, 2006,
20(1) . 382-385.

HUO Jichuan, LEI Yonglin, WANG Haibin, et al.
Research progress in preparation of basalt fiber and its
composite materials [ J ]. Materials Reports, 2006,
20(1): 382-385.

T, OB, . LRA TR RE I ] R
Frik e ] AL TR RIER, 2007, 35(3) : 9-11.

LEI Jing, DANG Xin'an, LI Jianjun. Performance and
application of basalt fiber and its latest progress [ J ].
New Chemical Materials, 2007, 35(3): 9-11.

V3%, AR, . e 2 SR o R ST AL
LT ] MERRES TRAR, 2019, 37(4) : 612-618.
ZENG Yao, YU Kejing, QIAN Kun. Surface
modification and interfacial effects of basalt fibers[ J].
Journal of Materials Science and Engineering, 2019,
37(4): 612-618.

RR, B5R, Thi ZRCEL 4R 1 & R
BRSO ST (] SR 4R G AR, 2007(3)
11-13.

FU Hongjun, MA Chonggi, WANG Rui. Study on
fiber and

materials [ J ].

interface

Fiber

surface treatment of basalt

modification of composite
Composites, 2007(3) . 11-13.
Hrhste, A, 2, L RIRSE T X R
TR MG FORMERER R [ )] BN/ 5
#EL, 2015 (6) . 29-35.

JIN Tingting, SHEN Shijie, LI Jing, et al. Effect of low
temperature plasma treatment on the surface of basalt

fiber and properties of composites[ J]. Glass Reinforced

(11]

[12]

[13]

[14]

[15]

Plastics/ Composites, 2015(6) ; 29-35.
Ik, SRR, K, S XRCA AR TERE
AT (1] AU AR, 2007, 27(5) : 77-82.
CAO Hailin, ZHANG Chunhong, ZHANG Zhigian, et
al. Study on the surface coating modification of basalt
fiber [ J]. Journal of Aeronautical Materials, 2007,
27(5): 77-82.

EERMRE, IR, B2, 55, R T RBUE LR/
RK G EHERE R & [ 1] 77\ 95 4L,
2013,31(6) : 32-35.

BI Songmei, ZHU Qingin, ZHAO Yan, et al. Effect of
basalt/
polypropylene composites[ J ]. Technical Textiles, 2013,
31(6) . 32-35.

LEE S O, RHEE K Y, PARK S J. Influence of
of basalt

plasma  modification on  properties  of

chemical surface treatment fibers on
interlaminar shear strength and fracture toughness of
epoxy-based composites [ J ]. Journal of Industrial and
Engineering Chemistry, 2015, 32:153-156.

RFKER, XA, PPN, 4. fibe (i IR A B X
A P2 P PERE RS [ ] R Tk R 7274,
2010, 29(1) . 19-22.

SONG Qiuxia, LIU Huawu, ZHONG Zhili, et al. Effect
of silane coupling agent treatment on tensile properties of
basalt monofilament[ J]. Journal of Tiangong University,
2010, 29(1) . 19-22.

MA Y, DI H H, YU Z X, et al. Fabrication of silica-
decorated graphene oxide nanohybrids and the properties
of composite epoxy coatings research [ J]. Applied
Surface Science, 2016, 36. 1-10.



