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Abstract  Polyvinylsilsesquioxane (PVSQ) was synthesized with hydrolysis—polycondensation method from
vinyltrimethoxysiloxane (VTMS) , and the curing mechanism, curing temperature and thermal stability of PVSQ were
studied. The results show that PVSQ , which use ethanol as solvent and be curable at 150 °C, can be used as the matrix
of silicone—based ceramifiable composites for thermal protection applications. Combined with ceramifiable fillers (e.
2., TiB,, mica, etc. ) , the in—situ ceramization process of PVSQ ceramifiable composites was studied by SEM, EDS
and XRD. The results indicate that the weight loss of PVSQ composites is only 0.29wi% to 4. 15wt% and the
volumetric shrinkage is 5.20vol% to 15.08vol% when annealed at 800 to 1 200 °C for 30 min. The in—situ
ceramization reaction take place between the ceramifiable fillers and the pyrolytic products of PVSQ at high
temperatures, and generate a large amount of glassy phase for matrix bridging, which further leads to the formation of
dimensionally—stable ceramic product.
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Synthesis route of polyvinylsilsesquioxane (PVSQ)
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Fig. 2 FT-IR curves of VTMS,PVSQ and cured PVSQ resin
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Tab.2 Performance comparison of several typical organosilicon resins
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ceramifiable composite annealed at 1 200 C
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Fig. 5 Mass loss and volumetric shrinkage of PVSQ

ceramifiable composite heated at different temperatures
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Fig. 6 SEM photographs of surface and section of PVSQ ceramifiable composite annealed at different temperatures
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Fig. 7 EDS photographs of PVSQ ceramifiable composite annealed at different temperatures

PVSQ &AL & B RHEA [ 5 T 7Y XRD & K BUR TR BE TR B9 XRD &I AT S e 4 R AR B
AT AT S R AN 8 P . (B —SEA7T SR U (74 1 B TR % iR B AR AEATY RE DG T B4
— R R A L AR S IR R W

[ s o AlPesg 2 PVSQ &AL I A 4 RL AT B8 I SR AR AT

WLJM A1 fe Xy i, XoF PR B S A XRD K38 & 21, 16 800 CH,
Wﬂl_g]} o]; ALY A v Y ZBRRY 8. O R AT SRS I i HE B W 0805 L LTI 2%, wl R
O N FRRA S T A R, FF I A RO , T 597

LS PLHY Si0, . Ti0, . MgO . MgSiO, 1) 5 AE A7 5 e , 13t W 78

PR Y 800 °CF PVSQ #1522k 240  Tib, 527k AL 58

MgCO, % A 73 il I 55 FHORHEASR 7= A2 19 Si0, K A L0

20 40 60 80

26/6) F A B MgSiO,; 76 1 000 °C R B W H P CaO
8 PVSQE A BTRHE AR R A (1 XRD [ 1% Ca,SiO, MR AEAT S U, T 1L I CaCO, B 2 A 50 M
Fig. 8 XRD patterns of PVSQ—5 ceramifiable composite I 5 Si0, K& A & W 7E 1200 °CF Si0, A A7 5 i s 7

annealed at different temperatures BRI, B UINR SR A R 21, 9° (AT i U

— 56 — TR T http : //www.yhelgy.com 20194F 45113



UL Si0, iy JC i R 748 Ry 5 40 g, T HoA R 73 4
JBT (R AT ST U iR FEE AT o, 100 T B L B2 v AR AR
AR ERIN 87 NI Y S S S [ PN <R
3 g

(1)PVSQ LMIKERPEM L BE R, BT 150 CHp
ML, AR E PEREIE 5, 1 200 CHVE (5 KA )
B H R ARAFLE 70. 42% , TR TR T &AL AR
GBI IR JEAAR Y — Rl e B

(2) Bt P Ab BRI T, PVSQ Al & Ak 5 A 4k
(1) % FE A FVAFRIS A0 3R 2 G K A %, 1 200 “CHY
439K 4. 15% F115. 08% . 454 SEM A] A1, Fifi #kb 2
U BE T, ML RlOR AR £, B B AL R ek
A 25 FE RN IEOR A I 7 0, s M 4 3R R AR IR
7R BTN K A1 2 T Ay 5 1 B e 7 O 1

(3)EDS FI XRD 45 S 56, U8 JE0R} 55 64 ) 24
FEN) 2 18] K A s B A Beah 3 i S il AR AR 4
W e AR S 0L, X AR AR A B )i SR S B Ak
FGR A BT B0 AR B BHE I 3 5 JE i R R
T MY SRR BB A

S 3k

[1] HAMDANI S, LONGUET C, LOPEZ-CUESTA J M, et
al. Calcium and aluminium-based fillers as flame—-retardant
additives in silicone matrices. 1. Blend preparation and thermal
properties[ J]. Polymer Degradation and Stability, 2010, 95(9)
1911-1919.

[2] B30l B mil 2, % . BILERAYE &M R
BALIE IR R[], st TR 244447, 2013,35(2) : 53-56.

[3] HANU L G, SIMON G P, MANSOURI J, et al
Development of ployer — ceramic composites for improved fire

resistance| J |. Journal of Materials Processing Technology, 2004,
153:401-403.

FHIMEITZ  http://www.yhclgy.com 2019 4F Eal]

[4] MANSOURI J, BURFORD R P, CHENG Y B, et al.
Formation of strong ceramified ash from silicone—based
copositions [J]. Journal of Materials Science, 2005, 40 (21) :
5471-5749.

[5] HANU L G, SIMON G P, CHENG Y B. Thermal
stability and flammability of silicone polymer composities [J].
Polymer Degradation and Stability,2006,91(6):1373-1379.

[6] MANSOURI J, WOOD A, ROBERTS K, et al.
Investigation of the ceramifying process of modified silicone—
silicate compositions [J]. Journal of Materials Science, 2007, 42
(15):6046-6055.

[7] MANSOURI J, BURFORD R P, CHENG Y B.
Pyrolysis behaviour of silicone-based ceramifying composites
[J]. Materials Science & Engineering A ,2006,425(1 ):7-14.

[8] ALEXANDER G,CHENG Y B,BURFORD R P, et al.
Fire—resistant silicone polymer compositions [ P]. USP 7652090,
2003-08-01:14~-18.

(O] WIT LR G, BR Y B, LR EE R PLAE . T B K i By
BACA AP P]. CN1973019A,2007-05-30:7-10.

[10] i m] 53, 24508, o0, 55 . AT B s AR s il R ey iR 3
fers AR ] A TR R AR}, 2014,42(7) :215-216.

(L] SR, 0P . 8 5 SR A e ik S e 1) ) o8 S Mk RE AV
FELT]. AR AL S NI, 2015,44(2) : 78-82.

[12] DAVID B C, PAUL D L, FRANCK R. Recent

N]

developments in  the chemistry of cubic polyhedral

oligosilsesquioxanes[_]]. Chem. Rev. ,2010,110(4):2081-2173.

[13] A0h¥e , A F5 0, 22 08 55 . LR IEAs P ak S be e
A G5 T BB AT 5 (D], A ML &E B %), 2013, 27 (3) -
169-174.

[14] BRIEHE . AR TEARIRE (G5 5 R F AR BF5E (D .
JHR - PH B R R, 2008.

[15] B e . Mt iR The ik T e A A AL R 70 1 1 4
HYERERTFEID ], D iU TR, 2014,



