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Abstract

Energetic materials production has the risk of uncontrolled explosion at
high temperature which is hazardous for personnel and equipment.
Flexible aerogel blanket is fireproofing and has the lowest heat transfer
among the thermal insulations. In this study, aerogel blanket with 3mm
thickness have been used as insulating layer within multilayer composite
textiles contain clothes which are fireproof and compatible with the body.
Then, its performance as heat transfer barrier have been evaluated
against explosion of the energetic materials. Direct fire testing at
controlled conditions and field testing under uncontrolled explosion of
the energetic materials have been performed. Results showed that
aerogel composites have high capability in preventing from
the temperature rising and burning of persons exposed in explosion of
energetic materials. When aerogel composite exposed to explosion of
energetic materials, the temperature of the other side of the composite did
not exceed from the pain threshold temperature (440C). Also,
the experimental testing showed the aerogel composites provide sufficient
time for escape and avoid from burn injury. Flexibility and thickness of
the aerogel composites are such that it is possible to prepare insulating
and fireproofing clothes using them.
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Figure 1. (a) Layers in each sample and (b) overall structure of the samples used in burning room.

shell

Moisture
barrier

Thermal
| iner

Comfort

layer

UV CO S 1 Y PR P Wy | PRGDR: K PR Vi
Jigrm] clmgi sleslawl ;o (goaxio Slalllas [F43]0,l0s
aiile )l gblas slawld jo Jsdsiogl oK L—w
@‘)l_f Lﬁo—l b_f.o.c: 4 Cewloas u“)‘)f Lmul.w;u.wi sl wld
ialllas o [PV V- - Jwslos S 0ol 1) o J5e ] &5l eoldlgsd
Gle caols 0, jshieans Jispnl &Y () ) Ken 9 Silga
2ol 0, Sles dalllas g 00958l o\l an glas w5l wld )l >
5ol 0 Shee dalllae (ol o plomil puites 25T L 20
[\Y’]M‘OM osla_w! 1SO9705 ‘).,_:1 S Q)L).)L._M:‘ ‘.)5"’)1
5o wig b e o0ls 8 i 5T BB 6,10 (59, Waiges
3_:\1 9 U"HT S8bI Comvdy wu L.‘:”S)"" ZJY 05.‘.0(50 L.S]“?O)‘"\J‘
ool B g o ot Cawdy Wl Sl L )
LY Jols Y Lz 5 JSCicie anlllas 0,90 &iged [V V) V]0gl o
yobateds a5 cwl XDB602 (sa—wl )] BLII gy 80V .l
LY cculad) Say 658 S el g LS blae jo cladle
LY L saiosls b sauwsl,l GUI I JSCiie cugh, Laslxe
a3l o)l o 51 (Sl sl il Lslgels s L
o Lo )S il 30 sl cdadlrs gl @ile lgicdy a5 Cnloads
Cualis ol alad 0 lacy dx )b o], LY Lol oS

L aalllas ol o 48 ol yiosls YIOA 5l ), sl IS

(VE-Y) Slpam 9 340 0 loth — poanguzimn Jw — Ul pl Feud HwSige & s

M-8 i a0 - o) g (235

—_~

Sl Slgo puiitome G2 0> 2l > i ml 930 CuigselS LIS 2L

A&



M-30 1o - o )ep g (35 2

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

—~

&> Bl Jigml e CujglS SIS oL

f‘."a“. it

|).:. .>|9-o

SJIP

a

SSUS 4 a0 yo ouudidindlas Hls Blide sla@ale mbaws (slon yaadd g Jlaiddl 3L Jaks ju @s  slaal ¥ s
DYl Yo re (©) g aailide s (b) camaliVe e (@) (3> jaaa olo) He0 b

Figure 2. Fire process in burning room and IR image of outer layer of burning room insulated
with prepared samples after fire (a) 100s, (b) 500s and (c) 2000s.
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Figure 3- Direct fire testing of a manikin with temperature of 1100°C.
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Figure 7. The structure of the prepared composites containing aerogel blanket.
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Table 1. Composite samples for field testing with energetic materials.

Skin side

Outer side

Sample

Blanket

3mm aerogel blanket with low stitching

6mm aerogel blanket with high stitching
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Figure 7. (a) N, isotherm and (b) BJH plot of used silica aerogels.
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Figure 7. TEM and FESEM images of used silica aerogels.
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Figure 9. (a) Microstructure of silica aerogel with ~Snm nanoparticles with pore size of 20-30 nm and
(b) the used flexible aerogel blanket.
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Figure 10. Schematic of experimental testing of aerogel composite insulation.

(\&-Y) 9w 9 390 o losb — Py Jw — ol ST RETRN TR PPV-1)




RIFe

lgu.{bls Gab)ﬂ
M-30 1 o — ) Kon g (935

—~

»lson

JI

&

2> 2l d

«Sloxie iaslia ¥ C.\Al&él..\JS‘,J:JC%}‘,;MIS@‘gJﬁdJ:\&A6[&‘»4\,.\0@{:1@&?:\Lamwguoy‘}i.h Js

Figure 11. Testing of the aerogel composite with 3mm thickness at different temperatures.
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Figure 11. Cold surface temperature changes for the case of the hot surface temperature is 500°C.
Cold surface temperature reaches 44°C after 75s.
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Figure 12. Cold surface temperature changes for the case of the hot surface temperature is 700°C.
Cold surface temperature reaches 44°C after 69s.
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Figure 13. Cold surface temperature changes for the case of the hot surface temperature is 1000°C.
Cold surface temperature reaches 44°C after 37s.
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Figure 15. Schematic of the field testing of the aerogel composite exposed to the energetic material explosion.

Iranian Chemical Engineering Journal — Vol. 23 - No. 134 (2024)



[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

9]

Lo Gl 91 L 33 @ 93aa J9 T Bale ) gpels b pllions ulel 3 (55,005 9l9s Bapa (ud Hgelands N0 Jsud

i oualidia ci ) gaalS (Suu b o ouid joasw]

Figure 15. Aerogel composite directly exposed to explosion of the energetic material. No destruction or damaging
temperate rise was observed on the other surface of the composite.
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