29 KR 2% B PR B B BT 5 1 4

Z iR 7! T B 2= Bg 4 IR W iB k),
(1 FURMBR T AW, et IR E A MR AR TS 0%, db AT 100076 )
(2 VPHLREHRAFREIR S s ) TR AR, ARl 5 TR A IR E S 5L =, F9%E 710049)

X OHE R AR R R AR 0 LR B AR LE MY B AT T IR T R0 1 42 3R T AR KA
PG HA A G F 0 — RN R AT S0, & Si0, -AlL O, 24 K AR R G B A F xR e L b AT ), 4
R A . Si0, 47 Si0,-AL O, 24 K AR BTG HATH LA 3 469 5 5L M AL O, # AR EH T Si0, 41 K A8 2B At
Ay AT B AR DB Z LM, RBAFFMRA0.02 W/ (m-K) 3R $ET ALO, K& Si0, 2h KA
9 [ AT AR TR ILEE

KR HARRETRMA BT F B RN RAE TN

Designing and Synthesis of Nano-Superinsulating Materials

Li Junning' Hu Zijun' Li Zengyao® Sun Chencheng' Yang Hailong'
(1 Science and Technology on Advanced Functional Composites Laboratory , Aerospace Research Institute
of Materials & Processing Technology, Beijing 100076)
(2 Key Laboratory of Thermo-Fluid Science and Engineering of MOE, School of Energy &
Power Engineering,Xi” an Jiaotong University,Xi’an 710049)

Abstract A general principle of reducing the thermal conductivity of nano-superinsulating materials is proposed
in view of microstructure and ingredient factors. The SiO, and SiO,-Al, O, nano-superinsulating materials with con-
trolled pore morphology were synthesized. It is found that the SiO, and SiO, —Al, O, nano-superinsulating materials
possess uniform mesoporous porous structure. The addition of nano Al, O, particles improves the thermal stability of
Si0, material and the pore network is preserved and the thermal conductivity is 0.02 W/(m+K) at room temperature.
The stabilization mechanism of SiO, nano-superinsulating materials by doping with Al, O, nanoparticles under high
temperature was investigated.

Key words Nano-superinsualtion material, Thermal conductivity, Heat transfer mechanism, Thermal stability
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Tab.1 Parameters used for calculating the solid thermal conductivity of aerogels

compound A/We(m-K)™! p./kg-m™ v, /km-s™! ﬁ/lO’sm’z <(s*-K)™! v'/mes”!

Si0, 1.34 2200 5.90 10 150
Ti0, 6.50 4170 4.64 34
AL O, 30.2 3970 9.79 78
70, 1.97 5560 5.77 6.1

carbon 4.18 1450 4.00 21 410

resorcinol-formaldehyde 0.18 1300 2.32 6.0 115

melamine- formaldehyde 0.22 1340 2.74 6.0 160
polyurethane 0.15 1050 1.71 8.4
polystyrene 0.14 1050 2.60 5.1

1.3 iREHER AT = l6n’cT,’ (3)
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Fig. 1 SEM images of Si0, insulator
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Fig.2 Pore size distribution of Si0, insulator

Bl 2 iR A IR ARARBE , B B3 4 JLF-F
17, UL AT EHRA H /N — B BRI R HE AR T A
fLiF, 5 SEM 4558 —3, R Z LR th gt 5 3R
BJH FLAE 54 £ Wik B Si0, 989 K 38 ¢ b #A bt e 2
HRANEEY Sy An e LI, i T JLFLAR SE i 7E 20
nm, FERTAR 871 m*/g, HAM, MR FLIR R ik
3.5 em’/g, IEHIM RIS AR Z AN FL, LRI
SRR, R IR A AL T 20 R o 4% il i AL R
FHAEI T htp://www. yhelgy. com 2013 4E 45 2 H#1



FoK B, BE i PR 45 Si0, 40 2K 8 2% b b1 Rl 44 >k
TORL I A TR AR A3 AT, T Si0, 94 K B #1 bt Ak
(R TOURZE A 25 S PR AS 3] T B S 4 8

3.2 Si0,-AlL O, 44K B R E A RHE il &

R 1 N KR G R AR R T I 1 ZE RN 2D
Bl Si0, 48 K 8 9 b A Ry Rl 1 A T
BEIFLEEFIIG Si0, - AL O, 4K M bR, &
el 5 Si0,-Al 0,2 & 9 K R AR 7 102
KA BIBCE Si0, Fl1 AL O, ¥ HE , SR I K P 2 34 He 41
RA, &l e TGS 2], SR, T ALO,
AR 14 7K A T 08 2 T Si0, BT SR A&, $RA519 Si0, -
AL O, 4 KB P BB I oW S F AN 5], A s iR
IRTTIE R B A SR R R FH AR AR AR A R
A AL O, PHTIRAR >R 5 Si0, 24 K 4 9 b #A b4 RL A
I T 288 Si0, AL O, KB R #AA B, I B 5T
TR R

S HOR 9K E AR R AR 200 10 ~ 20
nm, 5 Si0, 44K 8 2 B T4 BB 42 1 R 7E R — o
G, PR LA T B 1 2R A B oK SR AR AR R A A B B
[i) , i 40T B0 8 K JB0RE 34 5 ik A B Si0, 44 K B 42
OB Si0, 49K B FRR A ABL) “ 40 oK kL
HEFR Z2FLE5H . Si0,—AL O, 40K 18 4% g HAbA e g it
TRPE LG S0, Z9K 4 2 b Aok LB S 48 5, 76 1 000C
PAbFE 30 min J5, VIR ZALE M, B 3 )2 Si0, -
AL O, GUK B B AR L) SEM BE

A

Y

(b) 1000 CHALHE 30 min
3 Si0,-AL O, A fR AR AH KL SEM iR
Fig.3 SEM images of SiO,—-Al, O, insulator
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Tab.2 Porous structure of SiO,-Al, O,
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sample Sppp/m? g™t Vp/cm3 gt d/nm
FAKb B Y 700 1.95 13
AL F ) 505 1.30 11

& 2 A1, Si0, - AL, O, 4K 8 2% i 1 bA B 228 0
1 000°C #ALFE 30 min J& , S, A5 F] 505 m’/g, FLIA
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