5550 & 5 1 ) JEEAE TR 2R (A ARBR2RR) Vol. 50, No. 1
2023 4 Journal of Beijing University of Chemical Technology ( Natural Science) 2023

SIRMEHIF, £, B, A5 MR PRI T AR R A B S A AR R AR RERT ZE [ )] JEatfe TR

FAR(ARBIFEM) ,2023,50(1) :65 - 71.

Al SuFen, WANG Shuai, YANG GengXiang, et al. Thermal insulation properties of silica aerogel composites with different

densities in vacuum and low temperature condition[ J]. Journal of Beijing University of Chemical Technology ( Natural Sci-

ence) , 2023,50(1) :65 —71.

iR

TINETARAZE_SUESRRES

# ¥} P e 32

XEF OE W HEm

R

REAR EHRH 2 A

(1. db BESIETARRAR, dbat 100094 2. bt as 8] KA ae BAki% 35, dbat 100094 ;

3 AL TR kRS TR, Jbat

100029 ; 4. HEZS [AIEARBGTBE, LAt 100094 )

W OE. DIERERR OSSN JRURL , SR VA 15 — U8 I 2 107 AR I 2 T4 T 20l 4 7 %% B 433l -k 30.,80,120,260
320 kg/m’ (LT 2R 5 — AL RE SBERCE B FTRE, 73 BITE R TR 25 C R LAJELZS | - 130 ~25 CHISMF il T Bl
HINRBE SR SRR R T 26 MR % B R A TS B R R AR RE R s A, S5 R %
B FEH R 25 CAME T AR B B R A MR B R 120 kg/m® B SEEI A MR T 3R B0/
(0.013 W/(m-K) ) ; B R 30,80 ,120 kg/m® S BRI 52 G MBI T 20 2R 2506 25 52 386 T sl I 5 % B2 Ry 120,260
320 kg/m’ IS EERS S A MR A R BB % FE G R IMTE K, 7EE AT, - 130 ~25 CHIARME T, % B R 120 keg/m’ 1)
B E AR SR BRI 55 30,80 .120 ke/m® (1 BEIE & A A1 RHR) S 40 22 B0 45 )3 16 R i/, 78
130 CHE, M % B0 320 ke/m’ MBS E G RERH T ke Bk BE U 5 1O TR 4 22 385 s 4 4, BRI L B 4 R U

/N(0.0062 W/ (m-K) ),

KR AR SRR R FRAVERE  AUR A

HhESHES: TB321

TEFH P AT R & 2 5 Sk £ m 5e 4
AN IR A AR e U B A4S ( =230 ~ 130 €)M B EE %K
ALz MR SR (NASA ) B, — M L 15 45 N PR FF 7
~ 15 ~50 °C B B 5 Bl DU IE IE W as 41, 78
X TR 5% A R 3 L SR AN 3 4 A 2 0 R 40 35
W L AR | S R B AR R DA R A iR
RERSIE R TAE, fEm 2s AR EREE i K 45 ek
R 22 )2 IR PR S B b R i A Hh S
SRR 2 A B A, 52— B ML (B
B sl I 1A 180 B )2 2 2 e W sl AR I S 3 R B
R, KES BN SEN, Z)Z2RmRA A
e S AP0 1 58 A% A PR BE , 7E L2 T LS B b

Wk H 1. 2022-09-06

B4 H . BEXRAREEH4 (U20B2008)
B—AEH . 14,1979 4R WG B

E-mail: sufenai529s@ 163. com

DOI:; 10. 13543/j. bhxbzr. 2023. 01. 008

FEALN 107 W/ (m-K) , 22 11 R % v
JEGE R | b AE A, 22 26 I Db AT B T FE AR 254, 32
FEJG R PR 28 T R, Rt X T Rk kL
HA AR ALI: | T5 Bk P A — 5 J128
fie HL B P PERE I R M B AT R 2 2 B AL 1
A S — B AR B R o A B
B FRIE B 1 L AT 9 K I 4% 485 kg 110 22 L 1 T 4 b4
B, RBERARHYFLAE (2 ~ 50 nm) /N F 25540 F
T4 F B AR (70 nm) |, BB AT b 00 ) AR A0
B EARENFRARE(ZRTFRR
AN 0.013 W/ (m-K)) , & RTIEET bk
e A L S O B8 b ) SO IR EL A IR 2 B IR
SRR FO R A AR Sy — e A B AR IR
MORMI 32 W TR0 25 B K Uk~ NASA 78
1997 4FF1 2003 4F44 % B R 15 ~ 20 kg/m’ 1Y <k
A R T RN MBS KEE L, L
P KR PRy - 123 C RIS, FeE
TEH AT KRBT 55 1« K [n] —57 2 50



.66 - AEEA TRAE2AR (A ARERR)

2023 4F

L ECL ST KRR B TR E N
30 kg/m’ 9 R AL RE S BE AL R R R 25 F AR TR
AL, STk [ PN Ah 2 3 X R A R B A
PEREIAT TR Z s T, Foe W& H& T
% BB E A MBI T S KT L
B ERAIAEE T E AR BRI fE, 25 R %
B, 76 kR KRBT T H SR HUN 0.006 6
W/ (m-K) % T SCHR[ 8 ] i i NASA 7E 7] 45 5%
PF R e IR ZE o Y ARBE I Y R IR 4K (0. 015
W/(m-K)) ., NASA B ACIR <5E I B £ )2 I 5
JE A i B AR AL, T2 TR H O R i 3
SEEG AR AT T X R B AL AR R R S B
KT AR, R R S T iz
TFEA L Z 2R AR SRR Lk
WFFEAE h 1 — Bl B FE B2 T 1 B B4 R it
XN [ 288 5 1) < e o R L2 T 1) B A
REELZ R G0 10 5T, BRI T HLAE M R 4003 1) it —
R H

BRI RE T MEPE R SR AR, 7 TR R
B H A SR R R SR AT 4R T A R B
PR By 124 PERe Ih iR E bR EEgE , Rl R A —
(L5 R, AT S ML T oA A A ES f A T4
%6 E IS RIS, FERL AR B IR IR, R
B G b Rk R B AT 2 2 G 2 1 DA B AR 3R g
71, ok M2 WA 2 2 a1 mi . 2018 4E7EK
] 0% e DU 5 H BR A ki 4 AR AT S5 v Rl R IR 25
S5 R R FH T ABE A B S ORI A e} AR
JRATREZ b 3 i T 25 H SR O S B A - L BE
el Bl AR A BB R R R R
Z FRBEAN R 1 SR B 28 2 T B
PPEREAR LR , Xt T R 2 B A T

XL R A5 1 S B P oK, AR SCHil 4 TR TR
W BE 2T et — R AR R BEIR A MR, 4 BT
W25 CF LA A AN TRNR T T il &
M SBERE G AR R IR B I T AR %
DL A PR SO TR BE I SA R A PE RE 1Y
SEM LA
1 Zh#Hs
1.1 SReHt#

IERERR T | S ERFR UK, 34 ko et db

FALT T EE K, R E A B 4E, 4y
S 10 150 kg/m’, JEEJE R 10 mm ; TR 2 21 4, %

JE 4 210 kg/m’ , PR RHE A FRAF
1.2 AEZEZSHESERNHE

WA Bt (9 1E RE R BRI T AN R 1) OB K
LR e S K S IR A TS, AR BT ECh
2% 6% M 10% MY REVS IE, 2 AR E ) BE IS B
A CEE R A TV N A, SR A (R ST
PR A (2X280L B, S M it R VT AL HL % 45 A BR A
A ST A CO, T4, ARAF AR 5 B 1 — S A ik
SHEML
1.3 FAEZE_SHESEREAHMEMNTISE

WA 9 I RER BRI T AR 1 LB K
R e 2K IS IR A TS, AR BT ROk
2% 6% e 10% MREE I SR G EIABE B h | 54N
WIE BB Y R LR A G A E AR
ISR HE R, SBREF S I, IR , R T
Il S CO, T ¥, il 45 % £ 4 30,80,120,260 ,320
ke/m’ B A EERBER A MR, 23 5liE S S-30
S-80.S-120 .S-260 Fl S-320, A< 3¢ i £ S BE M 5
B RE Y 4R B LR 1, R R A i R £ 4
v A MR A

Rl IR AR LLRA

Table 1 Composition and density of aerogel composites

, AR AEEKR . SEME Y
Bes D qeE, e
L B i W/ i/
WT o, ;. (kgm™) 3
/% (kgem™?) (kg'm™) %
S-30 2 20 10 30 33.3
S-80 6 70 10 80 12.5
S-120 10 110 10 120 8.3
S260 10 110 150 260 57.7
$320 10 110 210 320 65.6

1.4 NiX5FRLE

Hi4E GB/T 10295—2008 { 4 P Atk Fa A5 HBH K
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Fig. 1 Thermal conductivity of silica aerogel

composites with different densities at

atmospheric pressure and 25 °C
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Fig.2 SEM images of glass fiber (p =10 kg/m’) and aerogel composites with different densities
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Fig.4 Variation of thermal conductivity of aerogel
composites with different densities with

temperature under vacuum condition
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Thermal insulation properties of silica aerogel composites with different
densities in vacuum and low temperature condition

Al SuFen' WANG Shuai’ YANG GengXiang' HONG Song” QIU JiaWen*
MENG HaoXuan' LIU Jia'

(1. Beijing Spacecrafts, Beijing 100094 ; 2. Beijing Institute of Spacecraft System Engineering, Beijing 100094 ;
3. College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
4. China Academy of Space Technology, Beijing 100094, China)

Abstract: Fiber reinforced silica aerogel composites with densities of 30, 80, 120, 260 and 320 kg/m’ were pre-
pared by sol-gel reaction and supercritical drying process using tetraethyl orthosilicate and ethanol as raw materials.
The thermal conductivity of the prepared aerogel composites was measured at atmospheric pressure, 25 C and vacu-
um, -130 —25 °C, respectively. The effects of density and composition of the composites on the thermal insulation
properties of aerogel materials were studied. The results show that the thermal conductivity of aerogel composites
with a density of 120 kg/m’ is the smallest (0.013 W/(m-K)) among aerogel composites with different densities
under normal pressure and 25 °C. The thermal conductivity of aerogel composites with density of 30,80,120 kg/m’
decreases with the increase of density. The thermal conductivity of aerogel composites with density of 120, 260,
320 kg/m’ increases with the increase of density. Under the condition of vacuum and —130 —25 °C, the thermal
conductivity of aerogel composites with density of 120 kg/m’ is the smallest. The thermal conductivity of aerogel
composites with density of 30, 80, 120 kg/m’ decreases with the increase of density. At 130 °C , the aerogel com-
posite with a density of 320 kg/m’ has the lowest thermal conductivity (0. 0062 W/ (m-K)) due to the use of pre-
oxidized fiber reinforced fibers with excellent radiation resistance.

Key words: silica aerogel ; thermal conductivity; low-temperature vacuum; insulation performance; spacecraft
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