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Thermal Conductivity Variation of Nano—Porous Thermal Insulating Materials

YANG Hailong HU Zijun HU Shengho WANG Xiaoting SUN Chencheng

(Science and Technology on Advanced Functional Composites Laboratory , Aerospace Research

Institute of Materials & Processing Technology , Beijing  100076)

Abstract To understand the variation of their thermal conductivity, nano—porous thermal insulating materials
loaded with carbon black and silica fiber were synthesized from tetraethylorthosilicate ( TEOS) via a sol—gel process
followed by supercritical drying, and they were characterized by thermal conductivity tester, nitrogen adsorption—de-
sorption, SEM, laser particle size analyzer. Test results indicate that the thermal conductivity of the materials without
carbon black at atmospheric pressure declines linearly and then rises linearly with increasing apparent density, and the
lowest value appears at apparent density of 203 kg/m’. The variation rate of thermal conductivity in the rising region is
higher than that in the declining region. With the increase of doped carbon black, the thermal conductivity of the re-
sulting materials with the same porosity at atmospheric pressure decreases first and then increases slightly, their ther-
mal conductivity under ultimate vacuum drops, and their gaseous thermal conductivity at atmospheric pressure grows.
In semilogarithmic coordinate, the gaseous thermal conductivity reduction of the resulting material as a function of gas
pressure can be divided into 3 stages according to decreasing rate, it decreases rapidly by 6 mW/(m+K) from 101.
325 to 30 kPa and then decreases slowly by 2 mW/(m-K) from 30 to 0.1 kPa, while the reduction between 0.1 and
0.01 kPa can be neglected. The lowest thermal conductivity of these materials at atmospheric pressure is only 16.62
mW/(m+K) and it can be further reduced to 14.50 mW/(m-K) via doping 5 wi% carbon black into these materials.

Key words Nano—porous thermal insulating material, Thermal conductivity, Carbon black, Ultimate vacuum,

Gas pressure
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KR P 2095 1 — Bk e 1 45 A B I AL T M
ARG A R, # TEOS EtOH HCl & H,0
RE, =B 1 h i TEOS /K, #E 24 h £
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Tab.1 Synthesis condition of nano—porous

thermal insulating materials

[TEOS] : [EtOH] : [H,0] HCL NH; -H,0 IR
(E’E;J_\'Hﬁ) /mmol -+ 1,”! /mmol - 1,7 /wt%
1:30:3 2.99 11.0 0
1:34:3 2.99 11.0 0
1:3.6:3 2.99 11.0 0
1:42:4 2.99 11.0 0
1:50:4 5.88 22.1 0
1:65:4 5.88 22.1 0
1:7.0:4 5.88 22.1 0
1:75:4 5.88 22.1 0
1:10:4 5.88 22.1 0
1:13:5 5.88 22.1 0
1:20:5 5.88 22.1 0
1:75:4 5.88 22.1 1
1:80:4 5.88 22.1 5
1:9.0:4 5.88 22.1 10

FHIM BT Z,  http://www.yhclgy.com 2019 4F 52 H

Ve EtOH &4k 7 d J5, R H & R &
(FYX, KGR A e fil & A R AR DL EtOH
R IG A BT TR T, SRS IR
T 5TE 2 250°C F1 8 MPa 51545 3 h, B 18 16
EtOH THBE B, A0 S22 e PR AERE 5 ) 7 55
SR 3 wt% il 0~ 10 wt% .,

1.3 HaENiR SR

KR 3 HE S & S L 4R (S—-4800, Hitachi,
Japan ) WS MR A0S 44, G A2 A ot 2 T 2R A 7
s 4 b P D B v b ORE B S E 1 5 SR H OG R B AX
(CAMSIZER XT, Retsch Technology , Germany ) 3 iF 7%
SRR ; DL N, W R BT, >R FH LU SR T AR 43 T4 ( Au-
tosorb 1, Quantachrome Instruments, America) 7£ 77 K
U FE T XA REEA T FL IR 25 #4 FRAE, 247 02 — 358 B 0 3K
HI KA BHE 150°C FECZS BREE T AL HE 10 h, ok
FHAAW B T SA R FLAARRR , I BB it 2k
FH BIH 3553 R LAY FLAR 20 A 5 2R 3RS SR IR AY
(HC-074-304 ,EKO, Japan , {266 XK FE A £1% | B
YRR 22N £0.5% , ML AREN GB/T 10295—2008
(AT RS S T BH B A DGR 0 2 — PR = 1
B2 MR R By VR R RS B R T Y
PR AEAE AR SAH AT R AR R RN
H, - RF- R A5 A il 9 RS R B s, b 3 5 3R 0 %%
JERSE RS EE R 0.02 mm fOFERR R R3S, R
HHAEE N 0.01 g lH T R34,

2 #£R5itie
21 MAEXRERUZTEMTLNE

AR I 1 44 K B A ) A T 3 B LR 285
FEZ R RE 1 R, aTLUE S MRS 32
HF BE (IR, L 203 kg/m® K435 s 0] LA
K153 R ARG B B, e 110 kg/m? BB 19. 06
mW/ (m-K) Z# EMLZE 16. 62 mW/ (m-K) , i J5 &
Wi BT = 365 kg/m’ A AY 30.45 mW/ (m-K) , IbAh,
P e I e L 2% 1) A8 AR TR B A B B 3 2 IR R AR
1k, I B A T LA, BT B B a2 fh R
298 T REHT B 3.3 1%,

ZALIE R (0 A A% a2 T R I | SRR
ESHERE R e, TR0, AR FLBR 1
F/NF 4 mm B RGP A 1 A 15 3 0 ] Z2 6 AN
T2 T Ak R A FLER RUE —fEAE 50 nm
g, RO R PAPE BB A A VL & | R A
FIEESHE AP IRE o Bl 5 49 K B P Rl 2 00 25 B8 1)
R (BALBR AR ) |, AR A FL IR RO 25 A
/0N, L 2 Bl i SR ot R0 B X 345 Y L AR
G e T DAE— A5 UE W fEL A AR R > 2 ]
Az fl e A T 2 FLBR RO B98N LR 3R 1Y



40

o MHE
— BIAES,21.70-0.0255, R*=0.98
32F —— HIA L, -02140.085x, R=099
/‘p/‘/
24t I
. /‘O

/MW - (m - K)!
>
Z
\

0 1 1 1 1 1
100 150 200 250 300 350 400
PP kg - m™
BT ZOKBR PP RHA G2 5 R T Z B G R
Fig.1 Relationship between thermal conductivity and apparent

density of nano—porous thermal insulating materials
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Fig.2 Pore diameter distribution of typical samples

with different apparent densities
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Tab.2 Thermal conductivity of nano—porous

thermal insulating materials

HHR/mW (m-K) ™!

TR/ Wt
IR e B L2 W, S
0 16.62 8.19 8.43
1 16.03 7.66 8.37
5 14.50 5.99 8.51
10 14.66 5.30 9.36
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Fig.3 Particle diameter distribution of carbon black
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Fig.4 SEM image of nano—porous thermal insulating

material without carbon black
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Fig.5 Gaseous thermal conductivity of nano—porous thermal

insulating material as a function of gas pressure
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