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Water-soluble zirconium hybrid silicone resin sizing for

improvement heat resistance of basalt fibre

CHENG Yan', WANG Zhaotian' , LUO Hongjie"*, WU Linli', CHEN Xiping', JIANG Hao®

(1. School of Metallurgy, Northeastern University, Shenyang 110819, China; 2. Engineering Research Center of Ministry of

Education for Advance Materials Preparation Technology, Shenyang 110819, China;
3. Tiancheng Environmental Protection Technology Co., Ltd., Fushun 113001, China)

Abstract: The working temperature of the existing high-temperature basalt fibre filter bag is 280°C, they are

difficult to work for a long time when the temperature is above 300°C. In order to improve the heat resistance of

basalt fibres, in this paper, a kind of water-soluble zirconium hybrid silicone resin sizing agent was synthesized and

used for basalt fibre surface modification. Microstructure and properties of zirconium hybrid silicone resin and
modified fibers were characterized by FTIR, TG-DSC, SEM, AFM, DCA and tensile test. The results show the decom-

pose temperature of zirconium hybrid silicone resin is 323-360°C. The surfaces of the sized fibres are coated by

dense and uniform silicone resin films. These films increase the surface roughness and surface areas of the fibre sur-

faces, improve the surface energies, change the surface morphologies, repair the surface micro defects. The

mechanical tests show that after heat treatment of 2 h at 300°C, the breaking force of optimum sample is 376.0 N,

and the breaking elongation is 2.647%, which are better than the related performance of uncoated fibre (287.8 N,

1.932%). Therefore, the zirconium hybrid silicone sizing agent could significantly improve the heat resistance of
basalt fibre.

Keywords: basalt fibre; zirconium hybrid silicone resin; sizing; mechanical properties; heat resistance
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Table 1 Formulas of the water-soluble zirconium hybrid silicone resin (Zr-SR) and the corresponding sample numbers of sized

basalt fibres (BF)
Code  MTES/mol KH602/mol ﬁgCIZ'BHZO/ H,0/mL  CH,COOH/g HDMS/mol igﬁfem/ e E?mple““mbe“"“ized
Zr-SR-1  0.020 0.030 0.0005 2.00 0.6 0.0025 59.67 Zr-SR/BF-1
Zr-SR2 0020 0.030 0.0010 2.00 0.6 0.0025 60.97 Zr-SR/BF-2
Zr-SR3 0020 0.030 0.0015 175 0.9 0.0025 61.79 Zr-SR/BE-3
Zr-SR-4 0020 0.030 0.0020 0.50 10 0.0026 67.36 Zr-SR/BF-4
Zr-SR-5 0.020 0.030 0.0025 0.70 1.2 0.0026 69.79 Zr-SR/BF-5

Notes: MTES—Methyltriethoxysilane; KH602— N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane; HDMS—Hexamethyldisiloxane.
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Fig.2 FTIR spectra of Zr-SR
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Fig.3 TG curves (a) and DSC curves (b) of Zr-SR
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(a) BF; ((b)-(f)) Zr-SR/BF-1, Zr-SR/BF-2, Zr-SR/BF-3, Zr-SR/BF-4, Zr-SR/BF-5; (g) 300°C Zr-SR/BF-5; (h) 400°C Zr-SR/BF-5

€14 25°C. 300°C. 400°C i BF fl Zr-SR/BF ) SEM [&1§

Fig.4 SEM images of BF and Zr-SR/BF at 25°C, 300°C, 400°C
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(a) BF; (b) Zr-SR/BF-1; (c) Zr-SR/BF-2; (d) Zr-SR/BF-3; (e) Zr-SR/BF-4; (f) Zr-SR/BF-5
K5 BF #fl Zr-SR/BF HJ AFM {4
Fig.5 AFM morphologies of BF and Zr-SR/BF
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Fig. 6 Surface roughness and surface area values of BF and Zr-SR/BF
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TALZEi RS, C=0 kb 7E 531.9 eV 4b, {H &
HT5 Zr R FIECOIRLN, TR, SEHRT
TR, BOEREMER AR, SRR T
LSS RETHE ), 532.9 eV UIKEITJE T C—O0—2Zr™!,
PL_EFLG 5 FTIR 434 45 S AR XTI .

% 7(e) & BF #£ i Si2p B0 K], 101.4 eV 4k
B U J& T [SiO,) (U T AR 25 #4), 102.2 eV 4b [
)& T [Sip05)* (ZIREEH4), 103.4 eV LI IR T
[Si, O] (5% IR 25 ¥4 ), & 7(f) Ny Zr-SR/BF-4 £ fi
Si2p /3 E, 101.2 eV 2GR T SiOC;®Y, YA
T HMDS #3577 ; 101.9 eV 4t 51§ )9 & T Si0,C,,
J&F KH602 ¥4A; 102.8 eV ALAYIEITJE T Si0,CP%,
J& T MTES Bk ; 103.4 eV AL I& T & T [Si0,]*
THCIE 7(e) . 1] 7(F) AT A& 32T 4 36 16 B Si—O J2 AR
MBERZEM I 25, 0 Zr-SR 55 BF & &4k T 1k
SRR . X A YRR TR A E T [Si,06]>
I [SigOg) 4 A, 3 B A BRI 1) 4 b Ak 45 4 7 2F 4
Bl I e A0 R I T A [Si0,]*, U B T 4k 3K 1 11
e B AR SRR AT R IH I Ze-SR Y
M Si—OH 5 BF &HiWIGHL Si—OH &4 T fb2#5
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Fig. 7 (a) XPS spectra of BF and Zr-SR/BF-4; XPS patterns of Zr3d (b), O1s (d), Si2p (f) of Zr-SR/BF-4 and O1s (c), Si2p (e) of BF
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3¢ 3 A[ 45 . Zr-SR/BF 57K 4% il /1 /N T BF,
IF R F Zr-SR = B B 25 7K 3 A2 FRE F2 L %
KT g 5K MR, 85 T XA 40 %
KM . Zr-SR/BF [ 3R TH A ¥ & T BF, H N F Zr-
SR/BF [ 4% 14 43 £ AH X 340, 17 £ 1l o9 5 A o
4 Kaelble %5 % i 5t 1 ¢ 171 BE 5 Griffith W7 24
FIIE1 B 5% Z8 M Griffith W7 24 o 0 B9 B 61, £ 4 36 1
FIE B4 8 00 T AR DT 4 AR T T 2 T ) v )
S A 2 R T B0 D f A . I T A 4%

Ak A R B 2 T 20 o £ 4 3 T AR SRk B, R
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%2 25T Bf BF & Zr-SR/BF # &Rk ket sS40

Table 2 Properties of the testing liquids at 25°C of BF and
Zr-SR/BF samples

Parameters  y;/(mN-m™) yf/(mN~m’l) yfl /(mN-m™)
H,0 72.8 51.0 21.8
CH,1, 50.8 2.3 485

Notes: y;—Surface energy of solution; yf—Polar component of
solution; yld —Dispersion component of solution.

33 BF #0 Zr-SR/BF fEamp kM 0 RRERE
Table 3 Contact angles 6 and surface energies of BF and Zr-SR/BF samples

o/
Sample }1 (0) CH,I 7/(mN-m™) ¥¢/(mN-m™) 7/(mN-m™)
2 212
BF 119.0 359 9.54 22.85 32.39
Z1-SR/BE-1 106.7 29.0 0.95 43.94 44.90
Zr-SR/BE-2 107.8 53.1 0.10 33.80 33.91
Z1-SR/BE-3 1102 455 0.83 36.25 36.25
Zr-SR/BF-4 111.7 32.7 1.88 41.17 43.06
Zr-SR/BE-5 117.9 457 2.43 34.27 36.71

Notes: y,—Surface energy of solid; y*—Polar component of solid; y¢ —Dispersion component of solid.

2.4 FHENSFEMRE

RS LR A AR R B 15 vERE, o BE
& Zr-SR/BE 7E 200°C . 300°C. 400°C F# 4t 2h
JEIEATEFAEFRRAINRRY, ULIE 8, #F 25°C F1200°C
i, Zr-SR/BF By J7 2% ¥E g ¥ 0L T BF; 300°C i,
[ 8(a) " Zr-SR/BF [ b1 % J7 4 319.8~376.0 N, &
SR % 67.06%~91.30%, T Utk ) BF £F 4 1) b
2710 2878 N, 5 I IRFFHR N 69.24%, Rl 300°C
it Zr-SR/BF 1 Wy 24 5 J7 B & £ T BF; 4] 8(b)
300°C B, Zr-SR/BF #F it (1 W7 2 fif 4 5 Oy 2.274%~
2.647%, 7R s T BF(1.932%), HI¥E 7 AbB S %
RAEFAEN TR it m. B RS R AT,
L <300°C B, £ 2 3 1 ) RE R G B AR e PR AT,
BEL L 1 21 4 B4 2 8 T i IR A B v i e AR R Ak &
FKMIFZL, MRS T a4 mm ik fe. Hd,
300°C i}, Zr-SR/BF-2 Hl Zr-SR/BF-3 W 4 £ i 1Y
JisEvEfe s, WrdsR J1 2000 376 N, 3755 N,
SR Rk 86.28%, 91.21%, M 2L R 43 i

4 2.647%. 2.635%, VW] Zr-SR-2 il Zr-SR-3 M 41
T b R B 2 A R AR g X % B AR 4 = TR R 1 ) 2
PR RE P RCR S AR -

400°C PULFRIE , FTA LR 4k W2 ) 2R R R
B F iR T %R A LR 2 b Fett il A AL B Fer,
LR R A T 5 R AR AR BRI T 2R 4R 1 )
SEORBE DT & A MR T L L A 2% Ak reE AR i
£ 400°C B 32 7 #453 fiff i Si—C . Si—O S5 4544 1)
TN, BT 2 T A REA IR IS PR 22
Y RMMRBE L, IR T 25 2 0 ek B 2
Kt 400°C B}, Zr-SR/BF Y J1 24P EAK T BF.

T 3#E—4 HAE Zr-SR/BF 5 BF [Wi#APERE, %
JH Zr-SR/BF-3 Fl BF S B 58 %t 42, ¥ Wi 4H £F 4 7
300°C T AL BEES ] IE K 2 5 K, g5 R ANl 8(c)
F R o #AbEE 1-5 KA, Zr-SR/BE-3 (1) K7 245 77
4y 9 & 4 BF 33.38%. 87.84%. 76.66%. 67.10%.
27.30%; % 5 KA}, Zr-SR/BF-3 Fll BF A Wi 2458 7y
PR¥FR A 48.81% . 38.70%. i W i [A] = il Ab B
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Fig.8 Mechanical properties of basalt fibre after heat treatment:
(a) Temperature-breaking force; (b) Temperature-breaking elongations;

(c) Time-breaking force
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