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Si0, SERFEME &R S RIEEF 5

BARA&R AR REEE BEH BFH,KRTEY R &
(1. PR ARA S L EE S9860% KD 4100832, ERMHERE S FE TR, L5 100190,
3. W BHTA R BRA F] L W 410300)

FE . Si0, TER MR A A BHA R A0 284 TN T2 R fR PR AEHERE S RBERAT Mk A i 52 Bt (B B AT
Si0, SEEWE M G ADRHE i 18 G AR & RO 5 oot R M 22 A R R IEE, AR R
FHEE B 45 A H R T T2 A Si0, SEERE, L Si0, B A% O JFURE, 18 13 9835 S10, S BER R R i [# &
i AT 2N % Sio, REERIREL, BE , FIR A B AR Sio, SEEIRE S 2L KR 4, 18 sio,
SERFEE G AR, B ROTE SERAE S5 HREIA, RERA T Si0, [BEME E & fEXT Sio, B LR A
RIEEF SHEREM R, 45 5REH, A Sio, KB RMEE R 0.07 ¢/em’, LR A 872 m*/g; 2 Si0, K
BERSE S0 8% (i A F0) B JERE N 1 mm 1Y Si0, KBER R R &M SRR BLE 0.023 W/ (m - K),7E
150 CRJE T AIFg# 30 C LA L, Bk 4TS Sio, SEERE &k 4% (845040 1 Sio, [EERFHEE &k
BEE BRI SHERER/IMUN 1.1 C, RSB E 2 Sio, TEREME A EHER IR  £15M
B N AR T EE S

KA S0, THEME; TBECUREL; BAMEL; HIETE,; WRERe; 20k, a4 RS
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Preparation and Properties of SiO, Aerogel Flexible Composites

PI Dengmiao', ZHAO Xiaoyan®, SONG Lisiying' , CHEN Jiaxuan',
YANG Ziang' , ZHANG Dingri'” , SONG Miao'
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China; 2. Institute of Process Engineering,
Chinese Academy of Sciences, Beijing 100190, China; 3. Hunan Alfy New Materials Co., Ltd., Liuyang 410300, China)

Abstract: SiO, aerogel flexible composites have become a research hotspot in the aerogel industry due to their good
flexible, processability, thermal insulation and other properties. However, SiO, aerogel flexible composites generally face a
series of problems, such as high cost, high thermal conductivity, difficult uniform dispersion, poor stability and low solid
content. In this study, SiO, aerogel was prepared by sol-gel method combined with atmospheric pressure drying process.
Si0, aerogel was used as the core raw material, and SiO, aerogel coating was prepared by adjusting the solid content of SiO,
aerogel powder and stirring dispersion process. Subsequently, SiO, aerogel coatings were compounded with spandex
substrates by coating technology to prepare SiO, aerogel flexible composites. The effect of SiO, aerogel solid content on the
structure and properties of the SiO, aerogel flexible composites was systematically investigated by microstructure
characterization and performance testing. The results show that the apparent density of the self-made SiO, aerogel is
0.07 g/cm’, and the specific surface area is as high as 872 m’/g. When the SiO, aerogel solid content is 8% ( mass
fraction) , the thermal conductivity of the SiO, aerogel flexible composite with the thickness of 1 mm is as low as
0.023 W/(m « K), and it can be insulated above 30 °C at 150 °C. In addition, the minimum temperature difference
between the material surface and the environment is only 1.1 °C after the copper foil is compounded with the SiO, aerogel
flexible composite material with a SiO, aerogel solid content of 4% (mass fraction). This study provides an important

reference for the application of high solid content SiO, aerogel flexible composites in the fields of thermal insulation,
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infrared stealth and so on.
Key words: SiO, aerogel; aerogel coating; composite; ambient pressure drying; thermal insulation performance; flexible;

infrared stealthy
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BEL R 52 AR 724 ML R XE BT B SR RS R B SIS R B A ARSI SCILIZ
P B TUR A T  R A HTY, LR (S0, ) “USER SEMS A RO IR RE 95 L R TR A5
SRR TR (AR SRR DL I B LA 5, 20 4 BT RERE R R E 22— 48
T 4 BT 10 10, “CREHE ¥R BRI 2 T 4 He AR MoH A7 A T 20080 ALK 87
A AT B, LA S0, “CHREEE RV (E3RFE 16 B 225 R DDA BSOS B BB 0 T i,
SCBECPPRHAE S 2 T TR TP . AT, 5 I R 1 20—, U
SRR TR S LA 6 B 2 56 0 AR ST 0 I, 0 BLE A 7 0 A (1 S5 8
Th. MeAh IS ATEAY) DOREFRS N RERELLS 5 10, R IEATIL A B, AT BRI Si0, “Usik
(O BUBRIRIE , 5GBSR S DU — PR JE TR SIO, “CRECAE T 2 MR R A 22 B
S i SR R b 505 U O

AR TE ) IEAF SR ORI PS5 TR YRS PTGV DURE oML SPERE T M L S5 0%
CLHL R 2 bR TE R TS 61, ST 4200 Gt S0, “CHEIEI A1 sk P BN, P
2 B PERENL 52 HL S ARG S0, “CREBCIRY . R BE TR IEAESE T Si0, “CHEBCHE R IO MR A B34
SR R A BRI T WP 5, R e 10, “CHEN 9 B PSSR 6 T T BRI . 44
B S10, “CRECI 27 R R BURECIORE I, SR 250 th BUA B L e 505 I, P TR Si0, “UREG
WL R S0 BEAERESE T, Oy TR DE — R, T LUK FFLZF 4 38 M e S0, ORI
BRSO )| N e B BN Si0, “UBEI AT AE Y JF LT SRR A,
SNy SR AT RSB Ty I R PE I B3R IE | TP 10 S0, ORI 12
BPRF . EIRS AU SR 25 SRR, 3T 1) S5 TP AR S A, Si0, “CBERO T 5 BT 4
O & JTHESS ARSI SI0, SR A BRI T A B0, L ) L PRI S10, SRS A6
BRI LRI A7 2) S BLET AR A A LT R A RE E R R PP 20 T Si0, “UBEIEH 7
BHRH SERRRA L 5

H T TR S0, BRI WEATHIA AR I8 S0, “CSEBERARAE SI0, “UREIE BB bR
AR RER O I B S ERL IR TR B 45 R SUFT LR ™) 3) Si0, SCHEE b L
FI 5309 % B4 A BETTIA 25 AL R RESE A PR T T AR B 25 2B M HOM B T 22 46 1t i,
SRR 2 RS 08-S0, “CRICTRE S A bh R, I ASBFSEAL R I S10, “CREIETENE S A bR
A RO Hy JRITIE R FRRAEE AR SF 375 TR IR Si0, SCREIE I & BRSO, SCBEIERIE LA hERY
S RPERE MRE WU  JRIE T VL bR AELT AN B SR B 5t , I FE LA B T B B R o
SPRLLAM K B 0 SR RE M AL, ASBRTEAT BRI SI0, “CHEIE BRI 5, 4y 3 A
SN BP R S OGRIIER R A S8

1.1 iKF 548

A SRR TERERR LR (53 Hr 2k, Pa B B2 e A BR A w) ) JeK B (A3 A 4k, 1 e 100 50 A BR
ocul) EZOK (At IARRHEAE A BR VG 24w ) FhER (/A al, Bl &3 R A |l (2RI K (Bl
G SERIAFRA ) S H I RERRE( T g, B e wafk TARRA ) KRR (Tk9%, ) /R
PUGHT A EERHE AT BR A F] )  RIREREN 800 ( Tl g, 7 S8 BT A LR A BRZA B ) B i A s 18 1 14
(T 2%, w284k TABRA D) Y] (7 NS R B R A BR A R ) 3W RO AT 4ER
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(Tolk g M AR TAHBRAF) pH FHN Tk g, IWRE RARBE A RAF) . RAME D EL
WA (90% (4380 5848 10% (i 080 &%) & a4 56 () 5F 100 mm x 100 mm x 0. 03 mm , 4[ &
99.999% ) ,

1.2 SiO, SERH R H &

K U I -BE e 48 Si0, B W IERER ST TC/K OB ZER/KARYI BT EE LG 1: 4 41R G JFIMA
R AN KA AR S, 78 S IR AR BRI s BRI 43 24 h 2240 5 B TC/K ZBEAE R 1 U, R F 7S 3k
RIETEE L N BRI 24 h, FRETOK CEEE R 1K, Z %0t 60 °CH s HA Bk Sio, <
B UKL 5 F Jo W JORE 28 S BB AF IS J 2 20 um 119 S0, BEHT K .

1.3 SiO, SRS EIEH &

PREFRRH TR — 2 , HelAE Sio, SEEROB AR A & i 3R B K etk 1 Sio, SEERB AR S KP4
FRFLIK A RRIREN 0 HGH B B IK VIR TRIE B C 8™ Pl IH LR D 3W B O HELLF4E R E pH 155 F |
EEF/K HIRG , &fik s T 26115 Sio, [EERIREL, Si0, B IRE P RY Si0, SRS & &= W2
FRE p' K PR,

F1 HBEERER

Table 1 Experimental sample information

Mass fraction/ %

Sample No. 3 A B C D G m m Volume fraction of S/% p'/(kg-m™%)
1 4.0 30.0 0.5 0.5 1.0 0.2 0.5 63.3 31.4 550
2 6.0 30.0 0.5 0.5 1.0 0.2 0.5 61.3 42.9 500
3 8.0 30.0 0.5 0.5 1.0 0.2 0.5 59.3 51.4 450

1.4 Sio, SRREME ARG &
B EIRANE Sio, AEEM & B Sio, REEM IR 1.2.3 S0l 5 i ME AL WA (%
444. 4 kg/m®) LI, RBUEE A 1 mm, $il 5% Si0, SERZME AR Z W, 3T R 30 em x 30 em
AORE L T (AR AR IR I i B P R B, S R i (8% (T 44k, T IRl) ) /Y Si0, RBEE TR E T4
WG TP T B 2 BN RS BB B IR 250, [ 8 8h 4% F1 6% YRR S A IR — K /)
Al UL BFEAR I ARG Si0, SEERCIREH , Si0, S EERS AR AT B3k 42. 9% (IR 40 B #E i 51. 4%
(RBSED) IG5 Si0, KB FEE ARSI P RE
1.5 MR
Si0, EERHJE p & . W I i Si0, ACHERE I I AR SR 5 AR 25 B A SR % i . R ks
JE R Si0, SEERA T m, FHHEK R Si0, B HIIATR v, % Si0, BT SEA 2 mL 7K i)
HE (RN 0 ~5 mL) i il Sio, KB # K 58 2= %, K IRFUVE L & BN Sio, KB AERFL vV, Sio,
B 2 s =X (1) B,
p=7 (1)
Si0, SEEIIRBHE S E p M . F A4S BE KO R 250 mlL B 1R m, 6 Si0, BRI R 2218 £
N P — 2 AR SRR R AR Vv BRI RRH BB m, R (2) PR Sio,
BRI RN p’
p'=(my—m)/V' (2)
Si0, REER MR A MR p & . i TE &M AR (30 em x30 em) SE A MEIEE D(E
AR SRR R Z M) A, R A E TR AMREE S K ErRM, R RE A
R AT v R A B AP S A AR R T M RS (3) TG H A A AR B T o7,
M,

T (3)
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Si0, SEEAELR B IR BT B A N
Vvol =

X2V, 08 Si0, TEERAETRE R B, M Si0, SBEIAEG R P Y [ 5 i

TOESFAL R RN B RO 2 A R ml Bt B i 2= 80 (P D) A BR2 R A 4 i T
BIEE(SEM) SR Si0, “TBE LR A AR R AP ETEE5T ; R HIZEER MR BHL 23 F /Y Spectra 300
XUER 2235 51 HLBE (TEM) RAE Si0, BB AL B 22454 5 ICR 40

PR RN - SR FH 56 [ 22 Tk 482 e 2 ] ) FE R T AR A B0 A A ( BET) E Si0, BERZ 1Y Ho 2 i AR
LA,

SLEFORL 2 EEREI A SRR Tl RGEA R R R E44/304 B3 RENE 1R L0 52 45 AR fif
Wi BEREA T I, F R L B 100 mm/ min, AR IEBE N 25 mm, 25 (J540 SIDHIHTERE 26 1
43« W 2458 ) AN R R A I (ZRE:) ) (GB/T 3923, 1—2013) M ARIEN

SRR AR T ol TSI A RS ] A ol B S R S A S AR S R B
S (Y A BRETIE M RS AR T AR AR RE A I 22 (28 R PRI ) ) (GB/T 11048—2018) M ARifisif it
SRR BB RS Clo, K (5) FoR,

(4)

Clo=1.136 x% (5)

LD WEAMREE , m A WEAMESIEAR, W/ (m - K),

AP RHBR AR AR . b A4 s A8 15 SR AR o8 At R 1000 A 5 A R 1) 52 o o AR
BEEIREE R 150 °C , it [E] 4 20 min,

AR S B PR REIAR . (LT 20 & S5 3R 4% (50500 -Si0, SEEIR R 2 A4 RHE
8 ~ 14 wm ML AN 55 for i s A & A 5 SR, IR A 50 °C, IR 1814 5 min , F]FHZ0 2R H4AL
BAL ST RSB 2 28 A A VBT + 4% (BT 5380 -Si0, KB R EE G M R LL AN B RBUR , 2%
(gl LA AMERER A I FIPFAT) (GB/T 30127—2013 ) M7 ARt

2 HRE5

2.1 SiO, SERMEREHSIEREROH

K1 K Si0, KB RIE G 50 E i, W 1 (a) B, % R TG4 8 Si0, BRI IRl 1R
0L (P G TR , R R 0.07 g/em’ X EEEHLIEA Si0, KEERT, Si0, SEEHE N FRAYYN
KA LR e A B SR RN, R 3 A DGO B ™ B A OC . K PR R, Si0, A BRI 7% T Y 5
BB, R T KR, R R IR R R A K AR A > T B AN E T 1A S LB A T
RTEEENY Si0, SEEME =AML, B 1 (b) UEB T8 T 615 1Y Sio, RBERE HAT 350 40 A0 1) = 4E 4K
B S KLLIR G54 5 3 XL F177 5T (selected area electron diffraction, SAED ) AT FRAR , BERHAE i P58 Ji
FHAEAAERE, Bl 1(c) ~ (d) BITR AR RIS T ITR o mEy sy, B2 4 Sio, B R
AL A g S, B 2 AT, 0 T 25 19 Sio, KBRS A FLAREE TR AE 2 ~ 10 nm, LR TH A F 1A
872 m’*/ g, W BF- It B 450 Hh et S 30 TV B APRH I RAAE . DRIt A X0 ok V5 e - R e 1 o 4 1
Si0, SEEREEA B REAL ALAR/N | R S R L X il & Si0, SBERS S TER & Rt T B 2k
FERl,
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(@) SiO, aerogel particles (b) TEM and SAED images of SiO, aerogels

200 nm 200 nm

(c) Elemental distribution map of Si (d) Elemental distribution map of O
Bl 1 Si0, SEBERITE A5 503 4010

Fig.1 Morphological structure and elemental distribution of SiO, aerogels

2100 35
To —e— Adsorption curve o 8
< 1800 Desorption ¢ + 3.0
& p urve £ 7
3 p 2 N i
= 1500 / g 2.5 6
= =]
& 1200t = 20} 5 8
= z «— 4 =
2 900F 5 1.5+ &
3 =, 3 =
[72} [} k=]
= 600F Z 1.0 =
o = 2 5
E 300} gt g 05f -
G -t £ !
> 0 1 . L L O ol , . . L L 0
0 0.2 0.4 0.6 0.8 1.0 0o 2 4 6 8 10 12 14
Relative pressure Pore radius/nm
(a) Adsorption and desorption curves of SiO, aerogel (b) Pore size distribution

El2  Si0, KB LR T (@ STP Fn TERs R MK 1 T ) FfLas s i
Fig.2 Specific surface area analysis (@ STP represents standard temperature and pressure) and

pore size distribution of SiO, aerogels

2.2 SiO, SERKEME AWMU LR IERE
2.2.1 JESREEH B

K3 (a) ~ (c) M Si0, KEEL TG SRR SCY) B Sl 45 5%, WA L&, = FPASTH Sio, Sk
JUE 1 i 1 Si0, BRI TR A A0 7 55 7E 2 26 X A 2% 1, 2R 11 4 RO T, JC B 8 UK RS 9 B Sio, A Bk
WA S F e WA 2 A B I I R RITE R, =R Sio, REER MR A MRl 0 YT RKTF
90.0°, A —EmiAKlE, B 3(d) ~ () Si0, KB F ML A PORMETH Y SEM R A 2 A PPE R S0R
(1) 2 26 LU T 2 5 W 6T IR ) 2 AL BRI S5 I AL AR, P L 5% R B BT, Si0, BRI U BLHFLBR 73 A1 24
5, 30 oL W 5 IR ZE A AR B 4 T R — AR BN IR EHE . B 3 (g) ~ (i) MEFESTREISC A SEM ]
RS, Si0, BRI AT SRR Si0, EEME & S B Inmg it 2, HSME e L, K3(G) A
6% (Jii 340 -Si0, SEER MR G AR Si0, KBRS SEM B8 -, Kt Si0, &R UKL 1o 41 5%
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MERR M H AT = AR SCIRF AR () P SR 2 S F R AT A BEL 1 B i 1 % | AR BV S e
TREE Si0, B EE S I IBR IR RE

B, 7 \ 12.0°
o |
|
|

1cm 1 cm 1cm
(a) Physical image and contact (b) Physical image and contact (c) Physical image and contact
angle of 4%-SiO, angle of 6%-Si0, angle of 8%-SiO,

aerogel flexible composite aerogel flexible composite aerogel flexible composite

\ Interfaces
]
!

(d) SEM image of cross SGCt]O];lr (e) SEM image of cross section (ﬂ SEM image of cross section
of 4%-Si0, aerogel flexible of 6%-SiO, aerogel flexible of 8%-Si0, aerogel flexible
composite composite composite

() SEM image of fiber-coating  (h) SEM image of fiber-coating (i) SEM image of fiber-coating
interface of 4%-SiO, interface of 6%-SiO, interface of 8%-SiO,
aerogel flexible composite aerogel flexible composite aerogel flexible composnte

(j) SEM i 1mages of 6%- SiO, aerogel ﬂex1ble composite in same region at different magmﬁcatlons
K3 Si0, TEIREMEE SR E AL S I 5 SEM I

Fig.3 Contact angle results, physical and SEM images of SiO, aerogel flexible composites

2.2.2 Si0, BB IEE AR Y B E
R 2N SiO, B RIER G FRRE AR, o, Vi, S0, BERTE THE Si0, TBE R PEE A4k
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AR, 2 2 W0 R 1 mm BEAR[E Si0, SBERE [ & 1 Si0, BRI 2152 4k kL% B 78
190.0 ~227.8 keg/m’ , HLBHF SiO, “HEREE & w5 (3G, 25 MRk B 2 A, 2 Sio, ABEC [ & h
8% (JIT 4140 B, A MARL Y 2 B /N, X ] g e 22 FL A BE UKL I A7 AE 20U T &2 A M BRI AL
8, MM S 80 B R AR AR 0

R2 S0, SERFIUSAMENERER(EAMHAKIRAIX10° m’)

Table 2 Sample information of SiO, aerogel flexible composites ( total volume of composites is 9 x 10 ~° m®)

Sample No. Vsio,/ % D/mm My/g p"/ (kg - m~?)
Spandex substrate 0 0.2 8.0 88.9
13.0 1.0 20.5 227.8
2 17.9 1.0 18.8 208.9
3 21.7 1.0 17.1 190.0

2.2.3  Si0, KEEL TN A M RHR BRI 240 BE

M Si0, SEER M E SR E BT IH R S R 7 em x 2 em FOIIHRE S A5 F0 A BT 24 R B AN 3
iR, AR WA (JREEN 0.2 mm) FUWTLEREE o, 5.0 MPa, Wi KR 6 N 166% . AF] Si0, S EEME [
EHEA S0, SERRMEE S MBI W LR EEAE 7.9 ~9. 2 MPa, WS4 K R IFAE 102% ~ 145% , %
Si0, HEME [ & AN, Si0, KEER R PEE A& MR W 2408 B 2 e s TRt s, 7EmTid, i T Sio,
BRI BURL LS R RE SR L — B RO W VE T, H. Si0, REHIR 5 R L LR F 468 il 4R - <BEIR” Hpish
F X FP SSRGS T R ZE G T R AT T S A3 ) T8 1 Si0, SEERS R VEE & MBI W 245 E
TEJG I, BARE L FLRAE 2 A MR 28, R AR BT, I Sio, KB Z L4 AR TE Bl T
Si0, Bk Uk A B HA BG4 50 B AR 22 B HLAR I RE , BEE Si0, AEEIE & & 52 Wi n 2 8% (i &4y
), EZL) Si0, [EEI HI R ALYk 2 [0], A R B = £F 2 37 4 Ry 1 S | i B AR, X T i
2 1 55 A R A S ) S Al A R 4l Si0, AR L, Si0, BRI e A bR K S A
JE 5 2RI RIS E R e AT 32 yu N AR BI04 . AR pE o ya B, il 85 19 Si0, REER R R &
MORLELA RAFAUIIME | 3K — Rtk A B T3 s AR IR B h Bt B8O 5 8 R RE 7, I A 24 1k
Si0, TEEM LB G AR R A i RS,

&3 Si0, SERFMNE AR R ET R iERE

Table 3 Tensile fracture properties of SiO, aerogel flexible composites

Sample No. o,/MPa 8/ %
Spandex substrate 5.0 166
8.5 102

2 9.2 145

3 7.9 114

2.2.4  Si0, RBEHLF ML A MR R IPERE

4 h Si0, RBEFMELE AR SR L, B 4 IRIZIERE 1.0 mm B AN [A] Si0, SBEREE & 51
Si0, SETMR AR Clo (EAMRIAMZE, &4 & 4 0751, 24 Sio, KBERC R & &0 8% (i /40
A, SEAEBCH0.023 W/ (m - K), Clo {H#EE T 1 125% ; H AT Si0, B [ & & 1) Si0, B FZIEE &
MRS A B R ARCR 76 150 C TR AIFg#A 30 C UL, I LRSI T Reny i A2 . 1) Sio, SBE M ARR Y
ZAL I 25 A0 AT 2 B v G AR T AR AT M BE, FLBR P 1928 SRR R A AT I AR A Ak JF B
YR FLRE X B ) RO VR P S BRI S S 0R X T3 — SR IR 2 2R Ui, 76— [ & B N, B
# Si0, S BERE E & E K, Si0, REERFERE A MORHR IR R i) RO AR S S R B L, Clo
EIEAR;2) At Sio, BB IREH S B L MM LG, 228 WA LF4EVE 548, vkt fe Si0, “BRERE R 32 k1 1
BCALBRIH , AR R, 445 Si0, KB MEE B MR IATE A, T PR R 47 1 R P RE 5 107 Si0,
S BESIFFTAF AR RIS , 0K 22 FLA5 R4 T 75 %5 LRI 2T 24k (] 1 A0 5 A Tl sl 300 ot 28 24 FL B A 18 28 SO
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i Si0, REER TN SRR R IR T R — DR, R PP R >, 25 b FE A e v L, 1Y
K Si0, BEME I i, w] 7 ] A4 L 8o 5L Si0, B RNMESZ G  BHR AR RE RS BEAL .

F4 Si0, SEREMEAMBHNSRRY

Table 4 Thermal conductivity of SiO, aerogel flexible composites

Sample No. A/(W-em™ - K™)

Spandex substrate 0.057

0.032
0.032
0.023
0.06 45
8%-Si0,
0.049 z
6%-Si0,
o 0041 0.036  0.036 301 A
E <) 4%-Si0,
S >
~
o
5 <
0.02 + 15}
0.004 0%-Si0,

0 1 1 0 1 1 1
Spandex 1 2 3 0 4 8 12 16
substrate Time/min

Sample No.
(a) Clo value (b) Thermal insulation curves

K4 S0, TEEFEMEZ G FPRL Clo (H R BRI (AT FoR A RPRHER T 5 I & Z AR 22)
Fig.4 Col value and thermal insulation curves of SiO, aerogel flexible composites (AT’ represents

temperature difference between composite material surface and heating platform)

2.2.5  Si0, KB FIEE MBI SN B P fE

R S PR A B B AR 22 S AR R 204 & S R AR A 0 BARASIR IS il & 1Y) Si0, RBEIL
TR A AR A S BRI GG H i T HOR A b R) 32 5 1 PR 5 R 1 0 T 6 S 1% 3% T RRURITEBU 3L
N R AN RS, B S (a) WAL A I LLAMA AR Z5 S, 4228 WA BT 50 °C AT, 228 W A
(TR SRR E 2 257 30.8 °C, & 5(b) N Si0, KBRS A FRHNLL AN K 55 L0 40 K 5 %3
il 0. 89 ~0. 98, ZLit K TAFFULE R LM R 3(0.60 ~0.70) , B, A5 40 M 5 Sio, KRR
PG LN B BOR 2% R D B LT AN SRR . Sy T AR Si0, BRI RS S ARSI A A%, =5
BHI G A BRI TLLAN R B R AL P B A AR TR Bt T T AR (IR 4 ) RSB
BT SR B Si0, SBR[ S iR 4% (R ME0) 19 Si0, SRR MR A MR S R S R (R
0.28) i —E &, RGH T I 5 76 Si0, B M2 G AR R , A RO ZLA R B P RE . B S () h
HASE LT ANARAR 45 5 45 R R S 96 BT 50 °C AR B 9 i 2 TR SERBEIRE > 5 0 8.3 °C , M
55 Si0, KEERIREHE A LLAMRBUR S R 5 (d) Fos, 25 R E8 W B 58S — 22 55, S0, <
WM T A A ARl 2 T R 5 ] PRI R B O R AT 22 M 1. 1 °C /N Tl 48 A il -5 ] BB A58 1) o L
22, XJEFONEERAY Si0, S et & A kRl A sk B SR A5 S 1 2 10 RO AR 9 LA IR LT A1 & S S
Pk, IR 2R Si0, SEERTRTER A MR AR ZFL A5 R s, PR 22 31 01 R R RE 180, 90 3 34
5 AH Si0, KEER LM A MR IR 5 PR AIG, SR A I e th v S AV 9 TR K, SE Bl 5 R BE R
JE R FAOTAT , 75 PRIV IR IE + IR SR " B RIVE AT, Si0, BRI 2tk & A bRl 1 21 51 4
AE 0 FRAC, BB ABRE R RS, L, AW Si0, KB F k= A PR AT BT A M
ISP I SR E YA SE I I N S 8= X R
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1.1

Spandex fabric

\
AT=-30.8 C }
r=issic) | 2 10t 0.98
- i = 0.95
i ‘ 8
‘ = 0.8
T=49.3 C |

0. . . T L
7 0%-Si0, 4%-Si0, 6%-SiO, 8%-SiO,
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