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PREPARATION IN SITU OF TiO, SURFACE LAYERS ON SiO; FIBERS BY PRECURSOR
CONVERSION METHOD

GUO Yadi, YU Yuxi, CHENG Xuan, ZHANG Ying
(Department of Materials Science and Engineering, Fujian Key Laboratory of Advanced Materials, Xiamen
University, Xiamen 361005, Fujian, China)

Abstract: A precursor contained polytitanocarbosilane (TPTC) and an excess amount of titanium tetrabutoxide (TBT) was synthe-

sized through the mild reaction of polycarbosilane with TBT at 200 ‘C for 5h in nitrogen atmosphere. The polymer precursor was
melt-spun at 160 ‘C. The spun fiber was pre-heat-treated at 100 'C for 20 h, then cured at 200 ‘C for 20 h and subsequently fired up to
1200 C in air to obtain a TiO,/SiO, fiber. The TPTC was characterized by Fourier transform infrared spectroscopy, nuclear magnetic
resonance (°C, *Si), X-ray diffraction, scanning electron microscopy and energy dispersive X-ray detection. The results show that:
with the increase of TBT content, the amount of Si—H bonds in TPTC decreases while the content of Si—O bonds increases. The fiber
is composed of anatase-TiO, and amorphous silica, and has a smooth surface. The TiO,—SiO, fiber has a TiO/rich surface structure.
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S AR EE, N EREVIRSRUTER MRIESCER1713E+E 100 CHEA ZBAIREE, 75 100 'CA
Mo} FH R JiE (poly ethylene terephthalate, PET)P [{] )20, 40, 60, 80h il 100 h)#fb)5, F 200 C
(RVERAR 7N 731 AR T PR 389 B2 Rk 2 T T e 2 ZHEALFE 20 h 5T 1200 CHeLE, {595 30 min J& H
(g7 Ay, 8200 LT 4 oy 3 1 4T 4 L iy g, i R HI R =, THEE A [F] FIBER-1. DL F#usbrE
Rt A BKG XM A6 [ e BT A5 2 A BZ L AR

PoEL. AT AT 2 5 K, AR S IR AR R4 T 1.2 SR

BALALBERITE T TiOy/Si0, 214k . X Fh 72 5 e F Bruker /A7) AV 300 FY K% i L3R i A30Ont
BRI A S S ORE A L, BT IR 2 PCS LU TPCT #ET 2Si, PC Wi AR (nuclear
TELT YRR BIRATE R, B2 5 IR AR S & magnetic resonance, NMR)7#ft. H Nicolet 2w
NGy PN TR . HErE A e A L Avator 360 %Y Fourier 214G 3% (Y (Fourier transform

4% TiO,/Si0, £F4ERHRIE . infrared spectroscope, FTIR)%f PCS & TPCT BT 4514
Ja ok, X SEIRARTE B TIOY/SIO £F4EM T EHE  J3H7, SeBGiE Y 4000~400 cm ™', 43 HF% 4em '

T TR, FFXT S IRARI S5 f R AE LA S A (e AN TR FHSE56 = [ TR EAS I TPTC S 7 & H
AP TR T R OC R AT T PANalytical /A 77 X Pert PRO ! X Bk AiT 5 (X-ray
o AESEIERE b, FEPRT T 2 TR X JT 3840 125 diffraction spectrometer, XRD){Xl 5 T4 (1) 4 AH 2
TG 5% e FIHLEE ¥y, FAHEMEQRO) N 20° ~80° , FHK 0.016 7° /s,
15 ; RGTHLS Cu Ko JH XL-30 HL404 T 2 st
A A (scanning electron microscope, SEM)X ]2 [¥ 1
11 HFHHI&E [ LA AR T REAT TR % . FH RE U X S 4ol il
JEUREA B R #5) 43 A 1200 ) PCS[45 44 {¥(energy dispersive X-ray spectrometer, EDX)X}4f
i} XA (—SiH(CH3)—CHy—), | M E 2545 A Bifgd sy dEREBOIREAT 0 R 2047, W& S1Fh 1000 counts/s,
TR B2 =) AP R AKTR DY 1E T 1 (titanium tetrabu- IS 1] 500 100 ps, A RER TR 4 10 mm?®,
toxide, TBT, Ti(OC4Ho)s» AR). K A[AIAC LK) PCS N
5 TBT B E O, SR R et 2 P b
200 ‘C/NY 5 h, RIS E TBT MRk 2.1 BRIk TPTC BIZEHSHh

(polytitanocarbosilane, TPTC)/GIR{k. TBT 7E#%FF K124 PCS 5560k 4A TPTC ¥ FTIR #%. HIE
vt PR 1 JoiT R B AR 1 1 WJUUEH: PCS 5 TPTC i#&#A Si—H Mg

Fz1 EHERIKTPTC B PCS 5 TBT HIREHH A2 100 em ), Si—CH filfidf) (1250,
Table 1 The mass fractions of polycarbosilane (PCS) and 600~900cm '), C—H {iZifR5IIE (1400, 2900,
titanium tetrabutoxide (TBT) for preparing pre-

cursor polytitanocarbosilane (TPTC) samples

0 Si-O
wl% TPTC-5 The characteristic , 1

peak of TBT !
Sample PCS TBT h
TPTC-4 !
TPTC-1 90 10
TPTC-2 80 20 TPTC3 i
TPTC-3 70 30 1
TPTC-2 :
TPTC-4 60 40
1
U
TPTC-5 50 50 TPTC-1 \
Reaction condition in preparing precursor samples is 200 C for 5 h. !
C
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AXTRALTE 20 h JFEHIFHE S 400 , 600, 800, 1000 Wa:j “”mb“/“’f’ﬁ .
CAHI1200°C, {4 30 min 5 HRAINE =R, T+ I PCS LUTPIC I FTIR &

Fig.1 Fourier transform infrared spectroscope (FTIR) spectra
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2950cm "), —CH#1Zi¥R5)14(1020, 1355ecm ™).
B TBT & &4 0, TPTC 1) Si—O {H P 5h1%(1 080
cm ). Ti—O—R(950~400 cm ") 4 #i% 2y ¢ LA Az
TBT FHEIE(1 466 cm YIZEHHEA T W &, X 3 MEAL
7t PCS 1) FTIR i JEAEAE . 13 Si—CHs £E
200 ‘C LA FRaEAE/E T PCS 5 TPTC i, U Rz k5
AR N, B, TTLL Si—CH; ks, FHA 4bEd
Si—H(2 100 cm ™). Si—O(1 080 cm )i I ik &5
Si—CH; (1 250 cm )R I 5 1 LU A Sk 41 TPTC
h Si—H Al Si—O HIAXIKIE 4, Lo e e ks
L FEH Si—H Al Si—O &&=k TBT &= 117454k .
%2 é’a\ HT ASi—H/Si—CH3 5 ASi—O/Si—CH3 E@’}Eﬂﬁ%
Fo HR 20, Si—H & &b &N TBT & &
B D, Si—O P& B C FIE B
Si—H & PCS Hhigif ik e, ' TBT &5 pCS K/
N, PCS H) Si—H Wi Lk Si—0. TBT &
BAZ, YOUFEN Si—H i, MM KK Si—O0

£ 2 Si—H g0 Si—O EREXRE
Table 2 Relative concentration of Si-H and Si-O bonds

Sample Asi—wsi—cH, Asi—orsi—cH,
PCS 0.696 0.000
TPTC-1 0.614 0.212
TPTC-2 0.546 0.436
TPTC-3 0.460 0.515
TPTC—+4 0.296 0.711
TPTC-5 0.297 0.755

Asi-wssiocn, represents the ratio of Si-H peck strength to Si—-CHj; peck
strength of IR spectra, Asi_ossi-ch, represents the ratio of Si—O peck strength
to Si—CHj peck strength of IR spectra.

TPTC FJ *°Si NMR #4182 . 18 2 71-0.8
10° FI-18.1 x 10°° flib247 8 2 w8+ PCS
[ SiC4 M1 HSiC3. TPTC 7 10 x 10 ° Bt 3L T PCS
A BAT A, g+ Sico, P lF o
IR, DA AN FEAR SiC, E A AT SR, T 2 Ak
HJEE, IXEHT O MHAMERT C, W A RS
B SRR I . A 2 A& H: B TBT %1
(PN, LA TR BB N, g5 R 1 L, B
% TBT Vs I0& 136 0 Si—H 8% #1802 Si—O M
RS, W4 PCS 5 TBT Jeif, PCS
(¥ Si—H A AW A Si—O g, )

7 BC NMR % B, TBT iR 7B 4 Fpik
YLK ar by er di AE PC NMR W LA B AL
BARIR A 77x10°, 35%x10°%, 19x10°%, 14 x

30 20 10 0 -10 20 30
Chemical shift x10°
B 2 PCS K& TPTC [fJ 2Si NMR ##

Fig.2 *°Si nuclear magnetic resonance (NMR) spectra of PCS
and TPTC
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2.2 LA 8] R KR4 IR E T AT AR A B BN

FIHIJCHRAR TPTC-5 BEATHE ALY 24 35 4T 4,

TPTC-5
,. J N ,l j' . TPTC-4
. J TPTC-3
N i . TPTC-2

o TPTC-1

_bes

90 8 70 60 50 40 30 20 10 O -10 -20
Chemical shift x10°

3 PCS 5 TPTC ) "C NMR i¥
Fig.3 '*C NMR spectra of PCS and TPTC
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2047, FET 1200 Coedieib. P Rk, h T 3RE
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i AR B 21 4 i 5% 1) DR

H TR TiO, 7EEF b 1) d ARk, i T 2 4
Xof b szEe, Bl FIBER-1, FIBER-2. & 4 /& FIBER-1
(1) XRD 5. Kl 4 o 5 a2k N F 2R EERA
b4 i, B 400, 600, 800, 1000 ‘CH1 1200 C.
B 4 a0 25 1000 °C A LR EReSs 5 3%
HHILHER Tio, f%, SiO, LU E B 47
TE; 1200 CJakedh et 4 il 7 i 2 i 4 40 4 1Y
TiO, LA i fb i) SiO,.

o o Silicon oxide
A Rutile

Mco
800
600
400
20 30 40 50 60 70 80

20/(°)

K4 100 CHYE 0h, 200 CAZERALFE 20 h J5 i AR
Fe4t 30 min [¥) FIBER-1 £F4E(#) XRD %
Fig.4 X-ray diffraction (XRD) patterns of FIBER-1 fibers
matured at 100 ‘C for O h, then cross-linked at 200
‘C and sintered at different temperatures for 30 min

K| 5 o4 FIBER-2 Z:3d 1200 ‘CHe4E 5 1) XRD
o 5 TS Ak IR B B2 BIARERAN [ 100 °C
RS AL FERS ], ED: 20, 40, 60, 80h Al 100h.
KI5 mp s A 2R 4S5 I T BERAT A TiO, BA KT
SETE Si0,, HEfA 100 C LRI R, BLELHT TiO,
(AT S Ve it BE 3G I, BUARE™ TiO, b R TH i o

B 5 i 5 A2 518 4 R 1200 Cleds
FEM ISR LA, T LURILIEIAEAE 1200 Chedh,
258 100 CRMIA4ET, Si0, UG B TEA A
FE AR BAEAE s TIO, ABLARE T AN & S 404 fF 4

o Amorphous silicon
A Anatase

A Calcined at 1 200 C

20 30 40 50 60 70 80
20/(°)

K5 100 CEEAFIN ], #1228 200 CAZHEALEE 20h, 1200
‘CHe4 30 min 4 1) FIBER-2 £T4Ef() XRD i
Fig.4 XRD patterns of FIBER-2 fibers matured at 100 ‘C for
different holding time, then cross-linked at 200 ‘C for
20 h and sintered at at 1 200°C for 30 min

HFEEANT, &8 A b AR R
AR AR, SiO, FIAAAE AT BEXS TiO, [ i Y 4 A8
AT EREEEM . P s B
TiO, M AR L ARBEA TiO, MBLEKT A1 17 440474
AR PRI, BARAR G AR e, AR
SRS . FEARSERH,  PRALSEE BT J5UbA ) LA
JATHR sk T 2548, ME—X B8 2 4
ACBERT IR AL . R, bR SCiRP2gs ek
SRR ME RIS . BAR, 1E 100 CHILRR
AP FEUT HE. B 1) 5 AR R I R
FLARI S HLER W R — DT

Kl 6 24 FIBER-1 [FZRIMTES . Kl 6a~ Kl 6d It
TNFE i BB S5 43 5 400, 600, 800 C AT 1000
C, R, WAHRILI., 28 W%
Fmmsk b, IREA HILERAC KIS, 1Kl 6e
FmAE SRR BREEE A 1200 °C, LT H B AR
FLEIINS . B 4 CRHEFYEAE 1 200 Chedh i K
FAEE LA TiO, M Si0, W&, [ 6e Bonef4ifE
1200 ‘CHeh fa 2R I sk Ak, 3 L () bk Ak
S TP L0 A M THO, M2 Si0, ikt .

Kl 7 g 100 ‘CH#4k 20, 40, 60, 80h I 100h,
1200 ChedsMer4erZRImES . MWK 7 v LG H:
100 “C AR N ) X £ 4 fe 24 R R T TS AN K,
BIPAT B O ok, X T e XA AE T SE
& SiO, FIBLERT A1 TiO,, 5 5 i) XRD &5 FAH%T

Kl 8 4y 100 ‘CHE4L 20h, 1200 CHesh i1 Yk
BRI TG R TS R . K 8a 4 5 MEET4E ARk B



537 B 11 PR S5 SE IR AR AT & TiO, B2 Si0, 474 .

(d) 1000 C

(e)12007TC

Kl 6 FIBER-1 £F4E[1IES
Fig.6 Scanning electron microscope (SEM) photographs of
FIBER-1 fibers

(b)40 h

(d) 80 h

(e) 100 h

Kl 7 FIBER-2 £F4E[AIES
Fig.7 SEM photographs of FIBER-2 fibers
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(d) Mapping analysis of Ti

K18 100 ‘C#vik 200,200 CAZIK 20h, 1200 CTHE4ST 30 min

25 1K) TiO,/Si0, 2T YRk T T 35N T 28 45 A

Fig.8 Surface topography and mapping analysis of cross section
of TiO,/SiO, fibers matured at 100 ‘C for 20 h, then cross-
linked at 200 ‘C for 20 h and sintered at 1200 C for

30 min
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1 oA BAE AR RS IE T AR, MRk
G20 S
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UM gie kg TPTC YRRl )n, XF4F4EibAT 24
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