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B2 60 C#4k 3 h FUKIBALE 12 h 5. E45 %
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Fig.1 Preparation process of the composites
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(Fourier transform infrared spectrometer, FTIR)
FHEREE R 20=10°~50"f X S ATHHL (X-ray
diffractometer, XRD) #F 17 1k 5= 45 #49 5 ¥ #8 4 #r .
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SR HL 7 B 136 AL I 3 o A 4 BE L 7 i e T
10 mm/min; F] I EPE B 70 A AL AE N, 50T it
A THEE 2 10 C/min, WK 75 F A 30 ~
800 °C. iR H i DZDR-S R E A 5E 5
s P BE (thermal protective performance, TPP)
i REH-VT B840 300 5E o B B AR G A K A
BT 300 Chm#ALs BIF il 20N AL (Unil60S A
4K 95 TR ROk WAL B OBR MR RE K 98 GB/T
24082008 FRHE , TR AT HME (29 600 CH e
60 s WLAEIR . A 38 a3 4R 20 A7 A BT
TR S B R R AR, RO
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)xmo% (D

L =

* 100 % (2)

AL B BK R m, WA B BN g
my RARIE G B AL g,

2 LWERSMH

2.1 RERIRIFEREKE

3PP A MR T H R R B T G R N3k 1
FE 2 Pros, B 1 Al A, KRR SiO, /PPTA &
AR S /N, R 311,12 g/m” 5 4r W51 A ASF
M SIC J5 . A MR S B XA e hn, K, Sio,/
ASF/PPTA & & # R e E LT 9. 205 Si0, /SiIC/
PPTA & A& MRS IR ok 83,3k 11.5% . X E%IH
P F OB A R B 3K, DA B SIC AR B85 i i AR AE

AFEEEERRERD TR LR RN B
HEEHF, WE 2 R, 5 SiO,/PPTA R &2 1Y
3. 45 Yo AH I, Bt 5| A ASF 8( SiC 0] 4 R4 1l <.
E A A0 BV, W1 2l JoT o 4 2 R A I B R 1. 99 Yo AN
1. 38% MW A 42, 3% F1 60. 0% . % T B
AR AVR P 31 A AR R 53 B0, 12 8 s O 9 1) 7 v SRR

AEAE 7% WL )2 100 A 3 ol o <8 i 1) G 1P ML 9 )
2 PR ERERRMEZ KN T 0. 0662, Bk T 1 RE
FETF R TS L KA GB/T 343362017 Fp ifie*
VERE B AT S5 B IR Bl iR 0 R R IR T 500
AR o BB 6 A ) £ T 25 R AT R DR B S P R
I 52 6 AR TE Bl 25 IR AR PR 45 T 1) 2% WL 25 ) 5 B

x1 EGMBNRESRIRERKE

Table 1 Grammage values and vibration

mass loss rates of the composites

iHRE WE/(gem D) WIAIREHER/ %
Si0, /PPTA 311.12+4.25 3.4540.06
SiO, /ASF/PPTA 339.78+£5. 60 1.9940.05
Si0, /SiC/PPTA 346.81+4. 85 1.38=£0. 04
4
345
£ 3t
~
f{é , 199
\g 138
®_R
® 1t
SIO/PPTA  SiOJ/ASF/PPTA  SiO/SiC/PPTA

2 EEMHBNRIRERKE

Fig.2 Vibration mass loss rates of the composites
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TEUFE AT I R T R A P SRR 4 ) K 4 A B0 L
7T A 50T A %) S JE AR, e R B 41 1) L A
A BAE T KAWL .
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34 PPTA J¢ 3 FiiE &M B Z MR A 5
SEM SO IE S & . WE 3Ca), (o), (D), (m) s,
Jitn PPTA 2IRE @AM B 6 SIO, [BER )G - %
TR 2R T Xk A R B 7 T S K A 1 I RO
M2 E R E & T Koy T4k, i SEM
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(m) o

I, HH AR /NT PPTA 274, W 78 PPTA ¥ i
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ST — g LtR R 2 4 B O AR S A ok
UKL B UL BT 22 B A 0, AR A S1O, BRI 43 A1 BE
W5 R L A . A5 A 4E SiC ok
R A 2R T, 52 G R 2R T D) 2 R A A SO 1 SRR T2
A E 3(n) ~(p) iR, SIO, Bk B BT
UL B 7E PPTA SR 4t 1, LK £F 4 LT AL R X
Bk, HETFHNAET . ZYE SIC ok 7E Bk it 2
A3 2 A% A L 5 SBE A 7E PPTA B 48 1% 52
AL 0 T S BB S 4 L Tl 2 R X R O
178 S5 SR T T AR Bh A B i 7R SZ BE T
THOBAL ] JZ 1A B AR R T 2 1 iz dli AR IR sl 4 ok
R E BRI N TE SR A
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Fig.3 Macroscopic photographs and SEM micro-morphologies of the composites
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Fig. 4 Infrared spectra of SiO, aerogel and the composites
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2.4 X SH&ATST M

Bl 5 K SIO, SEERE S 25 82 A R RHI X S 2fir 5t
FEik . fE AT TR 20=22. 5° R IT Y R I — A
B AT S A 4 W, LT HCAth B S8 1 4% o e B, 2
HAEWRPH SIO, SRS A P55 5 BRI A i
SIERLEM ., 1£ S0, /SIC/PPTA &4 # #H4) XRD
Mk, 24 20 730518 35. 6°F 41, 4 B LEL 2] T B B 1Y
FEAEAT S0 , 43 %I B-SIC /9 111 1 200 f TS 5
b, 34, A°RE R 05 117 S A R T B-SIC @A R i HE
JEEE . RXEERRIEIE Y B AR A IE S T R 4E SiC ok E
W T E AR, XA, —48 ASF 1951 A
FARBIR IR ARG H 1 AR 1T SIC A i AT 7E 3 i
ADIARPGIAT =45 R TR, SRR i A K
55 AR SRR A7 1) 25 4 R A A B T R ORI A A
P TR AR BT 2R, I R 4 i B SIC & R 210 Ah e VR
AL T2 BERE X DA 4L R 1T R TS TR 4
JE DR B A R R AR P RE I TR 2 5

—SiO,/SiC/PPTA

PR /au.

1015 20 25 30 35 40 43 50
20/(°)
B 5 Sio, SEKKEESHMER XRD EiE
Fig.5 XRD spectra of the SiO, aerogel and composites
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J& . Si0,/PPTA & & M B AY 42 fil /1 K i $2 7+ =
125. 8. 454 & 6 (h) ~ (d) By 4% filk /1 D6 2% IR A AT L
EWE I KETE 3 R A G pRE R T 34 2 W] 0 Bk
R XTI T AT MTMS 78K i 46 5 5 72
e, R AR M B 8 K R 3 (— CHL) B T ik S
WA 2 2 1 1) 5 K B2 3 (—OFD ™, N T 1 44 8
oS iy 2 1 4E KRR, 3o gl A TS HL I R S
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e fil % Si0, /PPTA 1A R BB A N M (A 4 +F
fE 122, 7°H1 118. 27, 3X — 55 8 iR e e iy A ) 3

X R B2 I BE Y 52 WA A7 7E 22 5%« ASF X B4 6k g 7K
P 55 TR 5 1 SiC R UKL 25 B2 0 HAR I
AT REAFAE A i A 07 A, 23 08 BB JC O 2% 1Y 3 52 1k
U —E Bl 2 T B ik A AR R A N
e, BT S TR R AT 2 R AR E B i KR A L R W
SR e A B DA R M e PR AR A ) A A

140 5
1258 1227° 118.2°
120 F ;
<100
& g0t
&
B 6ot
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B o40f
20 0°
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(b)SIOJ/PPTA  (¢)SiO/ASF/PPTA (d)SiO,/SiC/PPTA
Boe EEHBMNESKEMA

Fig. 6 Static water contact angle of the composites
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Fig. 7 Hydrophobicities of the composites
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Fig. 8 Tensile fracture morphologies of the composites

&9 &G RORR B AN Jy-0 AE 2k . B IR 9
AU, B a6 PPTA B 4209 & K P Ao B2 o 1. 55
MPa., 5l A SiO, K#EEKE A )5 . S0, /PPTA K &
FORL AR 3R BE B T 1. 73 MPa, B R IH B 48 5
11.6% ., XEEFHEFHEHNIEKMEIT T
ST L) B, 3 O S T A B EE 4 S f 0 AL AR B AR
FH B8 T AT R A R 25 AR S

23 [—=Si0/SiC/PPTA
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20F SiO,/PPTA
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S5t
s
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Fig.9 Tensile stress-strain curves of the composites

FUAAS R 2 i BURL IR 5 5 1 & R B R A
[ Jg 2 3 s ALl . X T ASF 3 58 1R &, Si0,/
ASF/PPTA & F R B e L W R B RE ) ek
FLARE 7 42 T 2 1. 80 MPa. 52 7 Uh 1 42 . 3 2 7t
16. 1%, X445 48 T — 4k 2F 4E 78 (O RBE TR 1 i ) 22
BHERON R 2R 52 J1 R R FE AR I 50 4 T AU BE I MY
2 ASF Al A 8L 18 15 0 HOE T il i 1 2R
FERK A AR T R 3 117 4k 35 42 T bR 0 00 50 JEE
i T SiC HsR K 2R L SI0, /SIC/PPTA &4 bHRHI i
RALARRE T3S 1. 71 MPa, {H B 24 S0 T i

o b E AR T IR 80% . X R SiC Mok 7E R
R F B RO L7 5 S R AR A e A
B SiC Jokr B B g — 2k 21 4 i 2R A 1% 0 5E o, A0 ]
AR R BN IR PPTA 21 4 1] (1) 5 1 W 7% 5
P T A SO TR BE 1) GOUEAH X T B SIE 22 2 WL 24
9% A DT IR - B RO S 9 22 30 1 S AR B
eI,
2.7 RAREMESW

Bl 10 H4 5 A M EE 30~800 °C ¥l Bl Y 1Y #4
H (thermogravimetric, TG) £, @& 10 B &1, %
TR R A RE R T 2o =N BB, 7E 30~100 °C
DETR] o i 1 RE N 35 B BRE oK Be B% BRI R Y 4%
KA T 1%~ 2% WK E ; 7E 100~600 °C
8 98 RN = 52 G bR e B R 4 i AR E
P BUR DR AR RAE 93%0 B b, IR 600 C
Ja MM Bl R E WM RE AR, X FE BN T 5
Jie R 2 rh g K B S (—CH) B VR AL o i, DL R
HLPPTA 42 ( w IR AL #2
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Fig. 10 Thermogravimetric curves of the composites
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KRB EEAE 600°C LT RIFEE M 5w iR E. X
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BEAMRE 47 BB A — 4 T 4 BUREE bR BR
MrERE 45 B W E $E T, Hod, SiO, /ASF/PPTA
S HRARIEZE 0.020 W/(m « K), HH TPP ik
Bl 10554 kW » s/m”, X EE RN —4E
ASF 7EOW )2 A 50 T 52 4= (0 W A U 26 L 34 1
P AR O ST A RUE T A PR S AR
[FTRF LA S 14 40 B S 45 A 7 T T v 5 B A o
B BEA AL Ak 4 A 2 1) 7 0 58 B M L By Ak A T
HIEHPIR E . SO, /SIC/PPTA 1 53 R HLF
FEDRAS T HH WA Ak, A b SiO, /PPTA F&AIK 25. 0%,
B R AT 1) SE R PR A AR
R2 EAMBHSARREMANPRY
Table 2 Thermal conductivities and protective

coefficients of the composites

R SHEK/(W/(m -+ K) TPP/(kW » s/m*)

SiO, /PPTA 0.028 701. 30
SiO,/ASF/PPTA 0.020 1 055. 40
Si0, /SiC/PPTA 0.021 833. 89

i S LU BT A B R s 2 B A RE L SR T £ 4
PURAGE 5% T IRFETE 300 °CE IR IR AE FH R B9 75 1fd
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Fig. 11 Infrared thermography images of the back surface temperature

evolution of different composites subjected to a 300 °C heat source
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Fig. 12 Photographs of burning process of

aerogel composites with alcohol lamps
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HILLAMER B PR AR TR 9 (0], O 2 TR K2 %4 4Rk . 2025,
Preparation and Thermal Protective Performance of Silicon Carbide/

Aluminum Silicate Fiber-Reinforced Silica/Aramid Aerogel Composites

MA Yinwei, WANG Liang” , YANG Shihao, Ll Hao, LIANG Junhao, DONG Jiangtao
(School of Materials Engineering, Xi’an Polytechnic University, Xi’an 710048, China)

ABSTRACT ; Flexible aerogels are prone to breakage and collapse under high-temperature stress. To solve this problem and
synergistically enhance both the mechanical strength and high-temperature thermal insulation performance, a multi-level rein-
forced composite thermal protection material was proposed and constructed. First, aramid fiber felt was utilized as the macro-
scopic load-bearing skeleton, and a sol-gel method combined with an atmospheric pressure gradient drying process was em-
ployed to in-situ generate a silica (Si0,) aerogel within this skeleton. Consequently, aluminum silicate fiber (ASF) and silicon
carbide (SiC) particles were introduced to construct a multidimensional reinforcement network. The effects of these modified
fillers on the micro-morphology, dynamic mechanical response, and high-temperature heat transfer mechanism of the compos-
ite were systematically investigated. The results show that the introduction of multidimensional fillers do not alter the amor-
phous structure of the aerogel, and the system maintains excellent hydrophobicity. The three-dimensional physical bridging
structure constructed by the ASF significantly improved the comprehensive performance of the material, which has a maxi-
mum tensile strength of 1. 80 MPa, low thermal conductivity at room temperature of 0. 020 W/(m * K), and thermal protec-
tive performance index of 1 055.4 kW « s/m’. The SiC particles enhanced the infrared radiation shielding effect, reducing the
vibration mass loss rate of the material to 1. 38%. After being continuously burned by a 600 °‘C external flame for 60 s, no
open flames are generated in any part of the composite sample, and the SiC doping effectively inhibits the high-temperature
thermal shrinkage of the material and reduces the carbonization area. The results of this study provide a material selection ba-
sis for the design of thermal-protection materials with both mechanical toughness and high-efficiency thermal insulation per-
formance under extreme thermodynamic conditions.

KEYWORDS :silica aerogel composites; aramid fiber; thermal insulation material; flame retardant
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