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Insulation Mat Reinforced Polyurethane Foam

Byeong-Kwan Hwang*, Jin-Ho Bae*, Jae-Myung Lee*’

ABSTRACT: In the present study, composite insulation mat was reinforced over polyurethane foam (PUF) to improve
the thermal performance and impact resistance of the PUF applied to the liquefied natural gas carrier insulation
system. The composite insulation mat used Kevlar, aerogel, and cryogel composite mat that can be applied in a
cryogenic environment. The thermal conductivity was measured at 20°C to investigate the thermal performance, and
the drop impact test was carried out under impact energy of 30 J at 20°C, -163°C to investigate the impact resistance.
The measured thermal performance was compared with neat PUF through effective thermal conductivity theoretical
value. The shock resistance was evaluated of contact force, contact time, and absorb energy. In experimental results,
cryogel composite mat was the best performance in terms of thermal performance, and aerogel composite mat was the
best performance in terms of impact resistance.
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Table 1. Specification of composite insulation mat

Materials Density (kg/m®) Thickness (mm)
Kevlar mat 230
Aerogel mat 150 10
Cryogel mat 150

(c) (d)
Fig. 1. Photograph of (a) PUF, (b) Kevlar composite mat, (c)
Aerogel composite mat, and (d) Cryogel composite mat
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Fig. 2. Measuring principle of heat flow meter
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Fig. 3. Schematic design of impact test machine
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Table 2. Experimental scenario
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Table 3. Thermal performance of PUF and composite insulation

mat
. Specific
Materials I()ke r;s1t;y Thermalpconductivity
g/m’) (W/m-K)/(kg/m®)

PUF 150 0.00019574
Kevlar mat+PUF 236 0.000294483
Aerogel mat+PUF 154.5 0.000121456
Cryogel mat+PUF 154 0.000119656
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Fig. 4. Thermal conductivity of PUF and PUF with composite
insulation mat

_ total

keff_Rl+R2+R3 (v
71N, ke AHAES O] 2 b, L= A HA| Lo, R,

£ PUFS] & A% 3t Rz 3wl vj=e] o A% 35 R,
L AR A AY gL oulsich. PUF 9 =3t ol o)
E9| & A7 gk Aze] dojof tfste] A7) 74 €4
E&S o] Atetg on, Y35 o 27t m R
0.3 mm®] F7°f| 0.22 W/m-K®] I rea-2 o] Aibst
Sic}. Fig 4= PUF @ 2¢ ¢+l = 17} PURS] Wi o
H dd=8 374 W o2 = YEhiich

BAHA G PURE 7| €02 B vd W=7t 87
5l PUFS] 97 4% 274 Aste Agel 28 fE9 3
&, Urdy] AUESS fAH] ASE Lo, AU
9] gh2252% A ASE U ool =27 v E o) 7§
e WEtu] GAERE 191% FAA00, AHEE
O] 2 13.1% sk qieh. Adto] oA B3 i E o] 79
e WG QRS 1% dasislon, AU
o] ghe 16.4% 7H2310] 7Kg et

Drth] dH=g o] ghofl gt %%s‘%bﬂ éﬂ% H

,mE gk b oA Sggko] o] 2 ghutt 715
Fo| UL, o= PUE of|ZA],
]94 Az o x15Loi o]gH IHEgo %7}@} A

H

=74

UH_E_ /\]—0

o2 morETh10]. Zkzke] A Ho| st A& g A3 o)
2E 20, A2 29 25 29 12 @ A9 27
R 2L 63% 2715 gom, ool 22 v Ee] 49
o] = 5.6% =715}t Agto] 9 A E3l mE o] Ao o=

3.4% Z715H9.00, B2 G el Qo] b4 AA vt
weh o= o EA] H2FI HEHE Actoled B3t v
Eo] ruli 49 ehuylo| vt 497t HEH L AR

e 9 ofo] 24 MENT 5 @ AFS FaAE RO

=2 HeEh
4. 53 %= M Z

I,
o
m
;z
o
;é:i
O
U
i
X
ﬂod
_&
ko
EL
find
o
oo
oy
z
o

EHH‘%M Flg 5
A& AAAH R

16000
Temperature(20°C)
12000 — -~ - S------- T PUF
2 PUF+Kevlar mat
= —{— PUF+Silica mat
2 —— —— PUF+Cryogel mat
S
—
Q
<
Rt
=
(=3
Q

0 3 6 9
Time(ms)
(a)
16000
Temperature(-163°C)
12000 — —4— PUF
2 PUF+Kevlar mat
5 —{— PUF+Silica mat
od PUF+Cryogel mat
(=]
8000 |/ -
9
«
&
=
(=4
&}
4000 —
0 - | | =
0 3 6 9
Time(ms)

(b)

Fig. 5. Impact force-time curve of the (a) 20°C, (b) -163°C at
impact energy 30 J
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Table 4. Absorbed energy and strain under impact energy of 30 J
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Materials eomp sorbe Strain (%)

(°C) energy (J)

20 29.08 23.09
PUF

-163 27.47 15.77
Kevlar 20 29.71 28.12
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Aerogel 20 28.96 28.74
mat+PUF -163 23.42 13.82
Cryogel 20 29.09 30.01
mat+PUF -163 24.39 15.51
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