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Evaluation on Thermal Protective Performance of Aerogel Fabrics
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Abstract . Filling aerogel to the thermal insulation fabric is an effective way to improve the thermal protective performance of
the fabric. To explore the thermal protective performance of aerogel thermal insulation fabrics and their feasibility as the
thermal insulation layer of fire-fighting protective clothing, three different specifications of aerogel fabrics were chosen for
analysis in this study. The comprehensive thermal protective performance of different composite fabrics was evaluated using
hot plate method. The time for human skin to reach the second-degree burn was also calculated by coupling with skin burn
model. The test and calculation results show that, aerogel fabrics can provide better thermal protection compared with the
traditional non-woven felt. However, due to the heat resistance of the adhesive, the AG-T-Nomex is easy to deform in high
temperature environment , thus it is not suitable for application in fire-fighting protective clothing. Based on the comprehen-
sive analysis, AG-ST-POF performs better in thermal protection, and shows the potential to be used as a heat-insulating
layer fabric for fire-fighting protective clothing.
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Tab.1 Physical parameters of thermal protective clothing fabric

% W ALY ) ALY/ e ) % E/ (g/m’)  JRJE/mm
‘ m( Nomex ) :m(Kevlar) :m(P140) = )
FEIRSNZ R 200 0.414
93:5:2
R m (Nomex) :m(Kevlar) = ) »

BiKE Rz 20120 KA Hi % PTFE Jii 105 0.453
fEH )2 17 m (Nomex ) :m( Kevlar) =80:20 &Il JC Y5 120 0.817
B2 2 AG-T-Nomex FHRITEY G Si0, B 308 1.010
B2 3 AG-T-Nomex FHRITEY G Si0, B 492 1.990
PR 47 AG-ST-POF FHRITEY G Si0, B 339 1.980

BTS2 m( Nomex ) :m( Kevlar) =50:50 & 120 0.292
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Fig.1 Physical picture of thermal insulation fabric
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Fig.2 Device forthermal protective performance test
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Fig.3 Appearance of insulation fabrics before and after heating
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Fig.4 Thermal protective performance test results
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Tab.2 Physical parameters of each skin layer

5 % FLE/mm SRER 22 % MR EE R/ ) 4
[W/(m-C) ] [J/ (kg C)] [m*/(s+m’)] (kg/m’)
EKEZE 0.08 0.24 3590 0 1 200
HEZ 2.00 0.45 3330 0.001 25 1 200
i 10.00 0.19 2 500 0.001 25 1 000
2.3.2 EBEGHEA T ORI IEE b T, =Tol, (7)

Bttt ] , 5% JH Henriques J2 [ £ A4 0 s
BBl S50 0, BARIF .
T <44 °C

dn 0
de {Pexp[ - (AE/RT)] T=44 C (4)
X (4) HATR, iIAE
2= [ Pep( - 20 (5)

X AE Sl Bz B35 AL 6 (J/mol) 5 PRy 4 R ] F
(s7") SR WBIARHAH K, 1 8.315 1/ (mol - K)
T 9 Bz W R J2 L R AR 3L (°C) P
W R IR, B R Betli— M kA 78 T > 44 C Y5

TEF o MR Rz IR 4840 1 1) 0 T R Bz ke 2 v #) 7%
b, 4 B R be i e SRR B ol 3 Y. — BB, — B
TR IR A5 3 2 25 R be i, fa e A A i
STABIRIT, W H LB EK)E (50 ~ 100 wm
Ib) s ZRERe, R AT, R E S H R Z
B 58 205 HLE R A 8UL A58 45405, Tt HUR 18
JREREE 1000 ~2 000 pm 4k, SEAGFUME Qi
0.53,1.0,104 W}, —MIA N EL o )20 8 40 i L T
— BB B R = R e
2.3.3 ZREH FIHR KRBT L ks
) TR Z R, T B B B A kAT
WioE o ARYEZRIGEE 1 &7 38 2 RS R Tk =Z a1 1Y
SRRREBCNEEME 1 mm, 550 TR RR
JE A, 22 W o U B B 23 R 2 AL R B ) A
JE IR B, 2 )2 A A T R A A R e T LA
0N

aTe O'(T‘;_T;) )\(Tl_T2>
Koy T ey + (a) <1+ d

(6)

ALy ML, Sy BRI B AR DR, L hE K
BN TN AERFREE(W/ (m - C) ]5T,,
Ty 430 R &7 3 J2 R R BRTRLEE (°C) 5 Ay Bz Bk AT
RS R Z AN B (m) o o RS &, 2
F5.67x10 W/ (m® - K*) |, Fl a, FEFIE)ZE
5 R RR AW L, B0 AL 3 S B 0.9 Fi 1.0,

H R R B A RS R

K aiyelvzllr Kd T};ly=l,l (8>
aTd aTa
Kq ay |y:L'r =K Elyzq (9)
Tyl =T, (10)
Ts'y:L”r =Tc (11)

A L FL 3 B R A 7 LY L,
SR N B A S, R R R R
B BR 19 00 1 L B 5 kM A, A A IR B
34 °C, s M ANREZ D IREE 37 C L, 2 2R
T R 2

6 NAN[EIZH A THEPRHE 200 F1 300 °C Ay PR T
FEMREE T Bt 0 Bt e AR TR il 2

HE 6(a) ATLIEH, HATHAES,,S,, S fl S,
FE i 200 °C iy i 2 TH I, Bz JBR Gk 3 R e 475 Y B[]
MYk R 139.1,207.3,229.0 F1152.7 so K 2 mm
AG-T-Nomex {71 By Mz B& #42 , AAK JHz jk a8 21 —
FEREIRBSRIZESS T 89.9 s BUZESL T 0L F, S, Ml
BB K RGBS B B B 47 i it 8 1 B[R] A, A
B4 g s



X

Al

R 6%

- 296 - TR K
150
10 139.1 207.3 gt
: /[152.7 / /229_0
S
S S, ) % i
1325 / 1994/ / ]
0.5F 144.8 A2
0
0 100 200 300
R FR (A /s
(a) 200 C
151 |
|
|
o 69.2 933 ]103.9/[106.3 el
‘ | [1527(1 /
S 8
N 1 s, M
/55
67.1 902 /100,6//103.2 — bl
0.5F ]
0
40 80 120
SEFRI /s
(b) 300 C

6 AREIRE THRGSH Q FER EIL 2k
Fig.6 Variations of 2 with time at different tempera-

tures

HE 6 (b) AT 1, LG TR S, , S, , S, T S, 4 fi
300 °C Ryl ZR AT, B2 k3K 21 — B e £ i sk 8] 43 531
1 69.2,93.3,106.3 F1103.9 s, Hrr 441K S,
BiF4P T R Rk 31— B e 403 BT 75 S ) sk ] e A, AR
Kl 2(c)H 2 mm AG-T-Nomex &A= 1 ™5 (W4 A2
B, 520 2 TR BS54k g, SO0 67 3E 2 AR
IEEREZE T, AG-ST-POF {5 Ky [ #4215, AR Kz
FRISB) BRI AL J5 T 34.7 s, 256 KF,
AR S, BREARIB P REE4F
3 & i

SCHRATE Y5 IH B R B P2 Rk R IO 3
TAN [ REAR 14 A 5 B R T L I e M e X LG 20
FIFH BT A 2 98 T A [R) 20 65 TR 04 #5 B 4 1 e
D R £ SV B A8 2 i R s 1 8 WL 35 284k, 45
G B RAG G RY HEA T T Bz R e A T, AR 41
B Ik B 48 473 Pt e B () 6T B AN () Bl 2 1T R 1)
BidPRCR . el 5 s Rk .

1) 2045 T R 422 floh e A1 Uk B2 1) #4-F- 1T (200 °C)

ff, R 2 mm AG-T-Nomex £ 47 Bj i R #4)2 , w]
DABR AL AR BB PR B, 6738 )2 b R 2 H
A B THURHIR 20 °C (A4 Rz ik i 1) —
PRI RIZE S T 89.9 s5

2) 21 A TR il A i Ui R (300 °C) 11 $ROT- T
A, R4 2 mm AG-T-Nomex 1y [ #4225 21 6 i
FAEF I 25 I R HR AR, (% R & AR ™ I 4
AN, HLEFE 2 R R Rk b, AN E A
VA3 B I B i B . A L2 R, AG-ST-POF
VER BRI Z 0 20 G T RHZR 5 PE BB AR X TE 47, 715 )22
- T A L AR BRI A A T EMIC 18 °C fifi A
A R Rk B BB B RN AE f5 34.7 s

T 2 UL /2 : DAG-T-Nomex 351 5t b 4
TR E AR T (5 ] s B AT Ll e i £ %) 34 Bl 4
PERE AR T BT IR 0 00 8 6 70 i AR B 22 Bl i
B R il T 5 R A A2 Y . IR, AG-T-Nomex
FRINANIE A AR5 By IR B8 42 1w BHE FH . 25 A8 ek
X — FR AN AR BB P e, B 4 W A U TR
IS Ly CAnZE A 500 i & Rl i, @AG-ST-POF
HEHEAS R G 00T, AR 3 P R A7 AF I 3 22
SRR — LT b, s KA X IR
Jir DRI G TRk 2 S P oy FH Y AT o

SEH:
[ 1] B 4 7210 H A2 EIFRIEP &Lk k A L0
frah[J]. PEER;, 2019(4) : 8.
ZHONG Xiao. The special action of fire safety law enforce-
ment inspection was carried out nationwide from April to
October[ J]. China Fire, 2019(4) : 8. (in Chinese)
[2 ] Juded, hate, Ry, KRNBIEA Tk [ M].
JEnt: BhefHiRAE, 2004 258-265.
[3 ] BRF4. &2 830k IORs i B ie v s [ ]. M
K, 2008, 27(8) : 162-163.
CHEN Pingjun. Characteristics of high-rise building fires
and countermeasures [ J ]. Coal Technology, 2008, 27
(8): 162-163. (in Chinese)
B NGRS KR R R A Tk [T ] BB
i, 2013, 11(18): 207,209.
HUANG Shipei. Discussion on fire causes and investiga-
tion methods in shopping malls[ J]. Science and Techno-
logy Information, 2013, 11(18); 207,209. (in Chinese)
BEECEL, SRS, A, A5 BT IRV AT RHAGE
EREPELESIPAN [T ], PR R, 2012, 22
(4). 132-138.
QI Zhengkun, ZHANG Heping, HUANG Dongmei, et al.
Comprehensive evaluation of thermal and moisture

comfortableness of fabric for firefighter protective clothing



%4 X)W A RSB E H E A B B b A ] 2R =297 -

[J]. China Safety Science Journal, 2012, 22(4): 132-
138. (in Chinese)

[ 6] KT THB AL I PERERERLLL T ] TR

Bl S5HE AR, 2011, 30(11) ; 1044-1047.
ZHU Fanglong. Numerical simulation on thermal protec-
tion performance of textile used for fire fighting suit[ J].
Fire Science and Technology, 2011, 30 ( 11). 1044-
1047. (in Chinese)

(7] Fusbl, i, #YEeE, 25 7R s AR &

PP PELE G IO )], IR A=A, 2019, 4(2) : 102-
105,116.
WANG Hongbo, MA Jingjing, DONG Weifeng, et al.
Comprehensive evaluation of flame retardancy and thermal
protection of fire-fighting fabrics[ J]. Journal of Clothing
Research, 2019, 4(2): 102-105,116. (in Chinese)

[ 8] BRA, fbwmlde, RGEMR, % RE Y TBER WIS
[J]. BkS4, 2016, 30(13) . 55-62,70.

CHEN Ying, SHAO Gaofeng, WU Xiaodong, et al.
Advances in polymer aerogels [ J]. Materials Review,
2016, 30(13) : 55-62,70. (in Chinese)

[ 9] mfhih, SR, SBIEHE. Si0, B TE B 1254

s NI T ], 9i8UR A5 TR AR, 2018, 35(2) ¢
113-117.
FENG Jingjing, ZHAO Xiaoming, ZHENG Zhenrong.
Application of SiO, aerogel in thermal protective textiles
[J]. Journal of Textile Science and Engineering, 2018,
35(2): 113-117. (in Chinese)

[10] /Y EEaiHRRAAE A & S EREDF e[ D].
kg BiETRSORKY, 2011

[11] BRFAHME, HeRE, ZEMH A Si0, BRI HORIZ S YK

Wil s LAEREME TS [J]. RKMHAR, 2014, 43 (3):

95-100.

HE Xiangmei, XU Bi, CAI Zaisheng. Preparation of

silica aerogel coated fabric and studies of its performance

[J]. Surface Technology, 2014, 43 (3): 95-100. (in

Chinese )

TERCHE, ARER, REEE. R AL REBE A B

KBRS HEORIESE [T Y 2URHE, 2011, 39

(12): 53-55.

REN Qiangian, LIN Lantian, ZHENG Huigin. Research

[12

[

of fireproof and insulation composite fabric by use of silica
aerogels[ J]. Shanghai Textile Science and Technology,
2011, 39(12) : 53-55. (in Chinese)

[13] sk2édR, Rt e, FLAEU]. By 2a & =03 B IR iy 47
PEREZMTLT]. PEAMAR 44, 2013(6) « 20-24.
ZHANG Xingjuan, WU Hongfei, KONG Xiangming.
Analysis of thermal protective performance of aerogel-
based new combined firefighters * clothing [ J ]. China
Personal Protective Equipment, 2013 (6): 20-24. (in
Chinese )

[14] JABBARI M, AKESSON D, SKRIFVARS M, et al. Novel

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

lightweight and highly thermally insulative silica aerogel-
doped poly ( vinyl chloride ) -coated fabric composite [ J ].
Journal of Reinforced Plastics and Composites, 2015, 34
(19): 1581-1592.

TR T BRI M RERBIT 4 25 SURT BRI BIF 5
[D]. K@t RKETolkR:, 2017.

QI Z K, HUANG D M, HE S, et al. Thermal protective
performance of aerogel embedded firefighter s protective
clothing[ J ]. Journal of Engineered Fibers and Fabrics,
2013, 8(2): 134-139.

SHAID A, WANG L J, PADHYE R, et al. Aerogel non-
woven as reinforcement and batting material for firefighters
protective clothing: a comparative study [ J]. Journal of
Sol-Gel Science and Technology, 2018, 87(1) : 95-104.
CHAKRABORTY S, RAO A V, KOTHARI V K, et al.
Radiant heat protective performance of clothing assemblies
with flexible aerogel-nomex nonwoven composite as thermal
insulation [ J ]. Indian Journal of Fibre and Textile
Research, 2019, 44(4) . 396-403.

KRZEMINSKA S, GRESZTA A, ROZANSKI A, et al.
Effects of heat exposure on the properties and structure of
aerogels for protective clothing applications [ J ]. Micro-
porous and Mesoporous Materials, 2019, 285 43-55.
HEBALKAR N, KOLLIPARA K S, ANANTHAN Y, et al.
Nanoporous aerogels for defense and aerospace applications
[M]//MAHAJAN Y R, JOHNSON R. Handbook of Ad-
vanced Ceramics and Compo-sites: Defense, Security,
Aerospace and Energy Applications. Berlin ; Springer,2020 ;
121-163.

i, =, PR A AR BRI S B K TR B4
PERERY 2w [ R[], 25 U7 4, 2020, 41 (11):
116-121.

MENG Jing, GAO Shan, LU Yehu. Investigation on factors
influencing thermal protection of composite flame retardant
fabrics treated by graphene aerogel[ J]. Journal of Textile
Research, 2020, 41(11); 116-121. (in Chinese)

XA ISR I 2R B A2 By JIRARE 2 B I Y P 47
WHFELT]. PR S mER, 2018, 31(1) : 67-69.
ZHAO Shinan. Conception and application feasibility of
aerogel thermal insulating fire protective clothing[ J]. Fire
Technique and Products Information, 2018, 31 (1). 67-
69. (in Chinese)

HE H L, YUZC, SONG G W. The effect of moisture and
air gap on the thermal protective performance of fabric

assemblies used by wildland firefighters[ J ]. The Journal of
the Textile Institute, 2015, 1-7. (T34 304 1)



