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Effect of preparation condition on the thermal conductivity of xonotlite-silica
aerogel nanoporous super insulation materials

YANG Hailong, NI Wen, CHEN Deping, LIANG Tao, XU Guogiang, XIAO Jinyi, YANG Xiaoguang, WANG Haixia

School of Civil and Environmental Engineering. University of Science and Technology Beijing: Beijing 100083, China

ABSTRACT To solve the problems of the low strength of silica aerogel and the high thermal conductivity of xonotlite, silica sol was
prepared with TEOS through sol-gel process: and then xonotlite-silica aerogel nanoporous super insulation materials dried by supercrit-
ical drying technique were prepared with silica sol compounded into xonotlite- A transient hot-apparatus was used to measure the ther-
mal conductivity of samples at normal temperature in an environmental pressure range of 1.01X 10°—=1X10 *Pa. and the effect of
preparation condition on the thermal conductivity of the composite materials was studied - It is indicated that the thermal conductivity
of the composite materials decrease with decreasing unit weight of xonotlite and increasing composite mass growth rate, but they ex-
perience the changeable process from decrease to increase with increasing unit weight of silica aerogel -
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Table 1 Thermophysical properties of xonotlites and composite materi-

als
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1 220 65.9 64.7 1.82
2 170 62.5 60.0 4.00
3 140 54.6 47.4 13.19
4 130 47.6 39.6 16.81
5 107 44.5 26.8 39.78
6 100 42.5 25.3 40.47
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Fig- 1 Structural model of xonotlite
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Fig-2 Structural model of a single secondary particle of xonotlite
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Fig-3  Structural model of a single secondary particle of xonotlite

filled by silica aerogel
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Fig-4  Unit cell structural model of silica aerogel
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Table 2 Thermal conductivity of xonotlite
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107 6.7 37.8 44.5
130 10.4 37.2 47.6
220 29.6 36.3 65.9
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Fig-5 SEM image of an excellent secondary particle of xonotlite
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Fig-6 SEM image of a poor secondary particle of xonotlite
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Table 3 Thermophysical properties of silica aerogel and composite ma~

terials
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7 60 — 33.8

8 74 — 32.1

9 87 22.4 31.8

10 100 21.1 30.4

11 114 17.9 26.8

12 185 19.8 27.3

13 239 23.0 32.9
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Fig-7 Relationship of the thermal conductivity A and unit density °

of silica aerogel
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Table 4 Composite mass growth rate and thermal conductivity of com~

posite materials
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14 —75 64.60 25.3 13.3
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17 —20 60.96 32.5 —
18 0 57.26 36.3 26.3

HEMEE AR SR T 2 ARENAR, 1
B AR AT A A E R b FOR k. i
S T LA 4 SR M 5 kR oA
AL XL . 200 A0, N B
S AR BRI 4 X B 4 L BR T M5
o AR 47 17 7L IR 4% M 0 3 1R R T 2 3
FUBRAO AR R IO (75 B REAS 73 SIS B
W% R S AT N SRR XA
TR FLBRASEUR 52 4 S0 BEIRORTRETRE 5 73 1 7L B
LA WRER . 5 A R R R AR B

RALBE MDA IR PR J3E 3 e 4% TR I ) 40 K AL Bl 4
VAR ARG S T RRED . ik 4 52t 14
ANSEH 18 FE B BRI LR 5 80U
AFREATER 198 5, MZBOK- BrLk, BARAY
34 R R S SRR PR /IN s A IO R A £ 7Y £L
BREGAR R ARG S AN RE B AR 4% 41 1 A R
FRARAS L 2 - TR AR R e 5 0 A5 2 ey T2 B
TET ARG 2B, R L il f i P i A ol &
AHERNE G REBRRERN. X TRPE
— T Y REREAT A1 AR R g PR B T i —
ARERERS £ HALBUR 2, Tl —&F — Ky
EEWER, XA E & EN AL ERETS 41 7L
B A A BB A B A — A I R fE -

3 &g

LA Si02 “THERE S B MR A BE AR 75 41 0 SR &
a5 1 RERRPS & & AR FLB R 4 AR, R
T H A AT RE S £ BB R I/ DL A2 A
AR 1 NI AR T R TR R B R A RS
WEARIE T s - i LA 46 Xk A 5 B RH IR AT BB i
JAZENL BRI B /N AU b UKL T BR BCER A |

23 BE R BERESS A7 DL S 4 R RE L 571 Si02 X
BER IR IR R R E I E RN E SR,
A BEGEREREAT 41 1) T3 DL K BR B2 3t ARG 74521
2 SRR T I REA B B MG, 28 B PR RE A RE
LA

2 £ x Mk

[1] Smitha S.Shajesh P, Aravind P R.et al- Effect of aging time and
concentration of aging solution on the porosity characteristics of

subcritically dried silica aerogels-
Mater, 2006, 91(1/3) . 286

Microporous  Mesoporous

[2] Wang C T-Wu C L- Electrical sensing properties of silica aerogel
thin films to humidity - Thin Solid Films,2006,496(2),658

[3] Schultz J M, Jensen K I, Kristiansen F H. Super insulating aerogel
glazing. Sol Energy Mater Sol Cells, 2005, 89(2/3),275

[4] Reim M, Korner W, Manara J,et al- Silica aerogel granulate mate-
rial for thermal insulation and daylighting- Sol Enrergy. 2005, 79
(2).131

[5] Rassy E H,Pierre A C- NMR and IR spectroscopy of silica aero~
gels with different hydrophobic characteristics- J Non Cryst
Solids.2005,351(19/20),1603

[6] Marliere C, Woignier T Dieudonne P et al- Two fractal struc-
tures in aerogel- J Non Cryst Solids,2001,285(1/3),175

[7] NiW.ZouY M. Chen D P- A study on the production of high
temperature resistant thermal insulation materials of calcium sili-

cates by using natural quartzous powder- J Mineral Petrol 1998,
18(1),28



- 62

=

B R X % % #

£30%F

(530 AR — B BRI~ R I R ARy A SR ] ATt v i R R 475 1
RAPRIRIBESE. 7905 41, 1998, 18(1) :28)

lation Materials- Beijing: China Petrochemical Press. 2005

210

[8] Ni W. The characteristics and developmental trends of xonotlite- (BT RERCEE . SKAEMS . BRBPRLY FHEA . dba . E A
type calcium silicate thermal insulation materials- Adv Mater B it 2005, 210)
Ind~ 2002, (11),32 [11] Lee O J.Lee K H.Yim T J.et al- Determination of mesopore
(RS- HERS A AR TRIEM B R S S R RS Bkt wt size of aerogels from thermal conductivity measurements- J Non
=k, 2002, (11),32) Cryst Solids» 2002, 298(2/3) ,287
[97 Yang HL. Ni W. Sun C C. et al- Development of xonotlitesilica [12] Ni W, LiuF M. Song C Y- A discussion on several mineralogi-
aerogel nanoporous super insulation sheets- Aerosp Mater Tech~ cal and petrological issues in the material study and processing-
nol » 2006(2) , 20 Bull Mineral Petrol Geochermn» 1999, 18(4), 290
(it - 30 INBRIL. 5 - REFRYS &2 & 9K FL B R 4 $h i i (530 XURHE  RAF - 4 BHIIE S 51 2 3 72 P B LA 9
BB SABHELT 2. 2006(2) ,20) SR, B BRI 1999, 18(4),290)
[10] Zou NY. LuC B: Zhang D X- Application Technigue of Insu~
(EEFEB W) single crystals. J Mater Sci.1993.28,5301
[5] LeeJ C, Ahn J P, Shim J H- Control of the interface in SiC/Al [10] LeeJ C.ByunJ Y.Park S B- Prediction of SiC contents to sup-
composites- Scripta Mater, 1999, 41, 895 press the formation of AliC3 in the SiCp/Al composite- Acta
[6] Rodriguez M s Pech-Canual M I, Parras E- Effect of Mg loss on Mater,1998,46(5) . 1771
the kinetics of pressureless infiltration in the processing of AI=Si— [11] Narciso J» Garcia Cordovilla C, Lous E- Reactivity of thermally
Mg/SiCpcomposites- Mater Lett, 2003, 57, 2081 oxidized and unoxidized SiC particulates with aluminium-silicon
[7] Zhang Q. Wu G H. Jiang L T- Thermal expansion and dimen- alloys- Mater Sci Eng B,1992,15,148
sional stability of Al —Si matrix composite reinforced with high [12] Lloyd D J.Lagace H. Mcleod A. Microstructural aspects of alu-
content SiC. Mater Chem Phys, 2003, 2, 780 miniumsilicon carbide particulate composites produced by a cast-
[8] RenSB:YeB:QuX H.et al- Preparation and properties of SiC,/ ing method- Mater Sci Eng A,1989,107,73
Al composite parts with complex shape- Chin J Nonferrous Met [13] Iseki T. Kameda T Maruyama T - Interfacial reaction between
2005,15,1722 SiC and aluminium during joining- J Mater Scis 1984,19,1692
(fEWRME o, iR, 6. 2 29Ik SiCp/Al S EMRIERY [14] Hasselman D P, Johnson L F. Effective thermal conductivity of
& S5me. PEAOLIR¥R, 2005,15,1722) composites with interfacial thermal barrier resistance- J Compos
[9] Viala] C,Bosselet F,Laureat V. Mechanism and kinetics of the Mater, 1987, 21,508

chemical interaction between liquid aluminum and silicon-carbide



