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The Effects of Kevlar Pulp on Polyurethane Foam for Cryogenic Temperature
Jong—Ho Oh-Jin—Ho Bae*Jae—Myung Lee'
Department of Naval Architecture and Ocean Engineering, Pusan National University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons, org/licenses/by—nc/3.0) which
permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Polyurethane foam has excellent mechanical strength and insulation performance, and has been adopted as an insulation material for
-163C liquefied natural gas carrier. In this study, Kevlar Polyurethane Foams(K—PUF) were synthesized by adding Keviar pulp with
excellent mechanical strength for the purpose of improving the performance of existing polyurethane foam, Since polyurethane foam
has mechanical performance depending on the proportions of Kevlar pulp added, the mechanical strength of the K—PUF with ratios of
fiber0 2wt %, 0.4wt% 0.6wt % 0.8wt% and 1.0wt %) was evaluated, The compression tests were performed on the 4 different
temperatures(20°C, —50°C, —110°C and —163°C) in consideration of the environmental characteristics as a cryogenic insulation used
in LNG carrier, Besides, the effects of the fiber addition on polyurethane foam with closed cell structure were evaluated in a
phenomenological approach through SEM analysis, All the results were compared to Neat—polyurethane foam, As a results, 08wt %
K—PUF showed the improved mechanical strength, and the addition of Kevlar pulp in a certain ratio improves the mechanical
performance by enhancing the compression resistance,

Keywords : Liguefied natural gas(&SIHTIA), Keviar—polyurethane foam(AZ2-Z2IL2EF &), Cryogenic environment(ZAE 2F),
Compression behavior(JE71s)
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Table 1 Properties of Kevlar aramid pulp

Kevlar aramid pulp properties

Composition Para—aramid
Useful temperature range -200~350C
Standard nominal length 0.5~1Tmm
Tensile strength 3600MPa
Bulk density 48.05~160.2
Blowing
Kevlar pulp a8ent Polyol
) " 4500rpm

/& 6?5
SEYES »£ -

Isocyanate

Kevlar pulp  Mixture Freely foaming
& &
Isocyanate Hardening

Fig. 1 Manufacturing process of Kevlar polyurethane foam
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Table 2 Density of polyurethane for compression test

Type Content (wt.%) | Density (kg/m?)
Neat-PUF 0 170.8
K-PUF 0.2 173.2
0.4 172.5
0.6 173.6
0.8 174.4
1.0 171.3
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and photographs of ambient test
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Table 3 Compression test of Kevlar—polyurethane foam

Teomp. Material Content Cosntwrzrne;?ve Relative
('C) (Wt.%) (MPa) value (%)
20 | Neat-PUF 0 2.202 100
K-PUF 0.2 2.446 111.081

0.4 2.308 104.814

0.6 2.261 102.679

0.8 2.246 101.998

1.0 1.997 90.690
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Fig. 3 Stress—strain curve of Kevlar polyurethane foam

27.945% E7ts5101 MM 2%
EESAC,

BEEol AIg Z3f ~110°Cet —163°C AlojoflA] Al&mHof|
Feapt s FHYoHSS 2ACt SA20lM UFE
Of 7siZoll w2t AlgEo] &sk= S30| A HE[IH2H
YT FoiM= HeE0| STtelolT 3240] AAShe Stress
drop E&0| LIEKGT) Ol AlRHE 4, siF He| ZthFollA
oAl Tf7} Lrlislof WhE 2FS SHS0l et MEHAe| &

ogh ZESH XMolZ L= ddoZ H

K—PUF9—| LFAHS2 =
Ax7t Soteke A22 LER2H ol 2P A7olM 21
=l %isokJ_'-P UX|SIHLee, et al. 2018) 0.2wt.% K-PUF2
-50°CollAf et 0*’“71 = 2XCh shRjgt 250t
.3:.*01| 2l -110°Cet -163 C01|A‘|E 0.8wt.% K-PUFZ}
IEUEE AU Aoz LiEHo| w2t S22 et
THA ZIAA ZE Y ZEpt ASE =HelEU

ol H7izol sl25lo] FLEol SH0| LIEA] &
éﬂioﬂ thol el BZot & dfoll dsh Zei=(x]|

wel U ol 52 gsdes

r

S} ULTHE FEZAT B

o

>
b T
O‘I

(0]

DI

To| &7

rlo

(a) ambient (b)

10

Temperature(-50°C)
> 0wt% = 06wt%

8| = 02wt% = 0.8wt%
0.4wt% —+— 1.0wt.%

Compressive Stress (MPa)

| I | |
0.2 0.4 0.6 0.8

Nominal Strain (mm/mm)

(b)

Temperature(-163°C)
> 0wt% = 0.6wt%
8— | = 02wt% = 0.8wt%
0.4wt% + 1.0wt.%

Compressive Stress (MPa)

o \ | s |

0 0.2 0.4 0.6 0.8
Norminal Strian (mm/mm)

(d)
-50°C (c) -110°C and (d) -163C

UdIEoz MRUSH ZEH AUEBIB0| JKHXIH PUFS
BelAZl AT

M3E H-—r!Jlo{|A-|: Al ol 5150| 7IsHX|H ol Zglo] gt

Msp| Eick Aol 7fsixlE s1E0| YRS Euisp sl A4
sh0] Sispl| slei BEK 2700] ARkt Heke 72l

&=0|
Me M Ho| pEdhd 2 2|7 LEK- o] MTIHez
SISt S 2 Aol SIIsHA| fk=Ch. o2k 4 Ajo] 21=0]
2P = IUE FZbiME Ao FEIF SI=0 M ZAL
H2 352 KXo =HM 3240| 243 S7tetct

Fig. 42 LFAIR0| TAE Al AREIS LiERACE 8=
Al o]% &20lIM 24A12F E|=AIZI 5| O 2E&S BESI
Cf. PUFS| mlEEM2 20| 37 of&Fsks A2Z LIERS

JSNAK; Vol. 55, No. 6, December 2018

517



A28 Z2PE Foll olxlc A St Bxol Jet

-.tl}-:.::l!

Fig. 4 Fractures of the compressed specimens according to four different temperature; (a) ambient (b) =50°C (c)

-110°C (d) -163C

of O|SAj =22l 2fut upEgoll= 2 o7t ATt
AI-EO-"A-I K-PUF B2 ol=02 ol ti3i0| L3I0
E4o[Lt it glo] 1 HENS RAISIC, SIRIZH 22T 2
?:.‘Oil et AlgdEe| BEHFE uitol 2hlisE| AlRisiod —110°C
9P—163°C01Ik| uko| Y| LIEHHLCE Fig. 4 (d)= SA=20
M UZ0| TRE AFHOR A7| AFAIRIM LIt Biet 2
ol ’é'gl FMst2 2o mkto| 3A SksINCh

3.3 OlMI7 = =4

Ea| et Fo| T[AA M52 dof F7|et =0l ofsf 2
HECL OIBMES HMIb= PUFS Mo H&ks 7|x|0] A
ddg dolstod Bel 4 =& mhlg & 7] HEoll olAl

Z

dolde ol8st do| =& 2ASkE 20| SR23Ict Fig. 5

+ Neat-PUF2t K-PUF MEZoi CHsll &
(o]

ol EHES o2 EAT ARKlo|ch

Fig. 5 (a)= Neat-PUF2| si0|d ARRICZ MHFHo = M
o 37|17t fYstn] == HElE JiF Bl A 2xZ2 7Y
o] 2Ack Fig. 5 (b)-(f)= H=S2t BZ &= “‘é‘ K-PUF2
SEM ARZlolch 0.2wt.%5E] 0.8wt. %7kX| Meo| 37| 3! &
Ef7 H|mA AMSID =2l= SFsl Al IxE Zh= 718 &lo|

25Utk

2| oo w2l 2 =0l H|Hsks ZEkE 7|
Tl o= sy ofEX|eE o Aol HIHTZE 2B
XM ZA Rh2si] e jcl:"o}_T'_ " FMsick=E B
7t AcHLeung et al., 2012). w2t AHE2F =t A Alo]
Jtmedstz =t2st 7-|O§ morElC) Fig. 5 (fle E©z=o| szt

o] 1.0wt. %22, SEM A4}, 4 dMo| MUz =X X
St 377t 2oty Ag selg &= qlot ol AESEt R

CHSRMSIS=2%] 1|55 ® X|6S 2018 128



Zs-oM™

r & tmiform cell

g\

(e) 0.8wt.%
Fig. 5 SEM photographs according to weight ratios (a) Owt.% (b) 0.2wt.% (c) 0.4wt.% (d) 0.6wt.% (e) 0.8wt.%
(f) 1.0wt.%

2t FLHdo| HOX|A =HA x Al 4 HYS Wolsiod

A% 5152 KXok 4 Hol S22 o[oj7l Aoz HEkECt

5,2 E

—

2 olTolME St BIE 2o 2 Bal2eg of
el XS ASAIEES SUslol YT 5 IAN S &

Damaged cell
.’ g

Hgel ®rl= PUFO| Le s &
e cigt Zo| 2o

« K-PUF2] 2

g0l w2t BlEske

:._‘—Alo-l (=] _/IEB

o

(d) 0.6wt.%

(f) 1.0wt.%

okz|C},

ot -50CollAM 0.2wt. %

2.446MPa/3.563MPaZ 7I&
0.8wt.% K-PUF<
6.535MPaZ Neat-PUF2} H|1l

3CoALE

2

otx7

—

o=

g2 BAERICh @7el 2

23, 7lset Bzof Hot

[ =]

TS HOIX| oL, A2

UFQ_I OI-§7I—I:E 7I—7I—
Cet -16
.740MPa/
ArEl 7|AIX

JSNAK; Vol. 55, No. 6, December 2018

519



=XM28 Z2|aE ol 0|zl AS2t HZo| Fat

£ gwslozy N2oz 24% B9
S7pl HE 2% AE K50l Bymic

(]
[e¢]
2 4
O\O
g
fu
N
"_>T
rir
o ﬂJIO
é
1
B
rir
E
El
>
d
v
ne
ra ox

0.8wt. %S =2
sto] Aol S3|Z olo{C.
dwel z[M SEHIE BSIIIAL 92
22} IV} 0.8wt.% A7IE m MEE 2
0°C, —-110°C, -163°C) LollM 7|AHX AMso0| 715 <
o= Eolg|ict 02|t ZT}E HIEIOZ NG 24 3124t

o CldMZ XMBspP| flet 7|ZHTE 28slo] & dHE
i3

T EH 9 WEE S0 oZEel thy MR e UEH
S2 WENS YT oFolct

ol =22 20184 HESUF)2 Maez

iE
=l
o
N
i

SR Alcte| X[l dhof =l o472l (No. 2018R1A2
B6007403). 0| =22 2013dE HE(NED|&HEEAS)
o| rjeloz shEiTxicte| X|le ghol 3=l 472l (No

2011-0030013).

References

Kim, J. M., Kim, J. H., Ahn, J. H., Kim, J. D., Park, S.,
Park, K. H. & Lee, J. M., 2018. Synthesis of nanoparticle—
enhanced polyurethane foams and evaluation of
mechanical characteristics. Composites Part B:
Engineering, 136, pp.28-38.

Kutty, S. K. & Nando, G. B., 1991.
fiber—thermoplastic polyurethane composite. Journal of

Applied Polymer Science, 43(10), pp.1913-1923.

Short kevlar

Lee, J. H., Kim, S. K., Park, S., Park, K. H. & Lee, J.
M., 2018. Unified constitutive model with consideration
for effects of porosity and its application to polyurethane
foam. Composites Part B: Engineering, 138, pp.87-100.

Leung, S. N., Wong, A., Wang, L. C. & Park, C. B,
2012. Mechanism of extensional stress—induced cell
formation in polymeric foaming processes with the
presence of nucleating agents, T7The Journal of
Supercritical Fluids, 63, pp.187-198.

Liang, K. W. & Shi, S. Q., 2010. Soy-based polyurethane
foam reinforced with carbon nanotubes. Key Engineering
Materials, 419, pp.477-480.

Pearson, A. & Naguib, H. E., 2017. Novel polyurethane
elastomeric composites reinforced with alumina,
aramid, and poly (p—phenylene—2, 6—benzobisoxazole)
short fibers, development and characterization of the
thermal and dynamic  mechanical properties.
Composites Part B Engineering, 122, pp.192-201.

Semmes, E. B. & Frances, A., 2008. Nano—aramid fiber
reinforced polyurethane foam, 40th Society for the
Aadvancement of Material and Process Engineering,
Memphis, United States, 8-11 September 2008.

ol A o

520

CHEIRMEISI=F7] |55  X|6S 2018 128





