B E R R
MATERIALS CHINA

F31E HM

2012 48 H Aug. 2012

FHE4 )

MAKBLEBEAMBEERFTHARER

WFE, T, ik, WER, TR
(LR R T AW et hae B SRR B A 5250 % db At 100076 )

B OE: WK R BB T, 15 ORI MO AL B 45 MR 2 vl 2 HOR 75 5T < 8 G R 4 P i 11 O e PR
Fo UHEEETHRTE0.02 W/m - KA HER, BRI T 99K B SR ERFLFL R ST B AR 4
IR, FHRA Si0, gkBa#t kMR 25 Vb 47 T I UE, AL 1000 C LA i FZRAE M BER, H4T 1200 CF
ST e RPN S10,-AL O3 & &K MMHAT R, SR BT i 48 G T 3 AR ML AS [R]85 R ) 260 T IS
AT, 540 YA P TR 2 5 3 I S 5% EEAT T X b o R B T AR S 1 (1 B A, R R T 4k
2R B A AR 1) A Ok e ST T

KEEI : AORBAREHIR; TR RALABUME; etk

MESHES: 0613.72  XEARIER: A XEHES: 1674 -3962 (2012)08 —0025 - 07

Recent Developments of Nano-Superinsulating Materials
HU Zijun, LI Junning, SUN Chencheng, YAO Xianzhou, HE Fengmei

(' Aerospace Research Institute of Materials & Processing Technology, National Key Laboratory of Advanced
Functional Composite Materials, Beijing 100076, China)

Abstract; Nano-porous superinsulation materials have ultro-low thermal conductivities, which depends on the micro/
sub-micrometer porous structure. The macropore volume limitation is calculated and validated for silica aerogel of 0. 02 W/
m - K at 20 C under atmosphere. SiO,-Al, O, nanoporous insulation materials with high thermal stability at 1 200 “C have
been synthesized. The thermal conductivities have been tested and compared with the quartz lamp heater experiment
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results. The potential development of nano-porous superinsulation materials in future is also reviewed.
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Fig. 1 Observated result (a) and its principle schematic diagram (b) of structure of silica aerogel insulation material
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Fig. 2 N, isothermal adsorption and pore-size distribution

(inset) of silica aerogel
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Table 1 Experimental design for preparation of silica aerogel
Factors
TeSting No. HZO: EtOH . HCL: NH3 : HZO:
TEOS TEOS TEOS TEOS
1 1(4.5) 1(10) 1(0.0008) 1(0.005)
2 1(4.5) 2(17) 2(0.0013) 2(0.006)
3 1(4.5) 3(24) 3(0.001 8) 3(0.007)
4 2(5.5) 1(10) 2(0.0013) 3(0.007)
5 2(5.5) 2(17) 3(0.0018) 1(0.005)
6 2(5.5) 3(24) 1(0.0008) 2(0.006)
7 3(6.5) 1(10) 3(0.0018) 2(0.006)
8 3(6.5) 2(17) 1(0.0008) 3(0.007)
9 3(6.5) 3(24) 2(0.0013) 1(0.005)
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Table 2 N, adsorption results of silica aerogel samples

Measured results

Calculated results

: Appearance Vol f total , Vol f
Testing No. . s -3 Specific area  Average pore- otu‘me oo d‘ Volume of f)flme o Volume ratio of
densitg/g + cm ) . e I/ measured pores total pore macropore o
S/m* « g size D/nm Vj/cn13 g V/em® - g Vk/cm3 g macropores/ %
1 0.174 1 858.9 8. 814 1.893 5.289 3.396 64.2
2 0.1214 801.0 6.958 1.394 7.783 6. 389 82.1
3 0.090 7 803.7 7.341 1.313 10. 571 9.258 87.6
4 0.178 1 816.8 9.474 1.935 5.16 3.225 62.5
5 0.088 8 816.6 7.938 1. 621 10. 807 9.186 85.0
6 0.082 7 795.5 8.411 1.673 11. 637 9.964 85.6
7 0.1540 826.5 9.101 1. 881 6.039 4,158 68.9
8 0.1130 769.7 8. 308 1.599 8.395 6.796 81.0
9 0.076 9 856.3 8.75 1.873 12. 549 10. 676 85. 1
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Simplified ball-par physical models of typical nano-insulation material
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Fig. 5 Influence of macropore volume fraction on thermal

conductivity for nano-insulation materials
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Fig. 6 SEM images of silica aerogel nano insulation matorial
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Table 3 Pore structure of SiO,-Al, O, insulation material

Samples Sgpp/m? + g7 ! Vp/cm3 ‘g d/nm
Si0, ( heat treated ) 400.0 1.06 8
Si0,-Al, O 700.0 1.95 13
Si0,-Al, O ( heat treated) 505. 4 1.30 11
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Si0,-Al, O; insulation materials
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