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Consumption of Liquefied Natural Gas (LNG) has increased due to environmental pollution; therefore, the need for LNG carriers
can efficiently transport large quantities of LNG, is increased, In various types of LNG Cargo Containment System (CCS), Membrane—type
MARK~ Il composed of composite materials is generally employed in the construction of an LNG carrier. Among composite materials
in a Mark—1ll system, glass—fiber composites act as a secondary barrier to prevent the inner hull structure from leakage of LNG
when the primary barrier is damaged, Nevertheless, several cases of damage to the secondary barriers have been reported
and if damage occurs, LNG can flow into the inner hull structure, causing a brittle fracture, To prevent those problems, this
study conducted the applicability assessment of composite material manufactured by bonding glass—fiber and aluminum with epoxy
resin and increasing layer from three—ply (triplex) to five—ply (pentaplex). Tensile tests were performed in five temperature
points (25, =20, —70, —120, and —170° C) considering temperature gradient in CCS, Scanning Electron Microscopy (SEM) and
Coefficient of Thermal Expansion (CTE) analyses were carried out to evaluate the microstructure and thermos—mechanical properties
of the pentaplex. The results showed epoxy resin and increasing layer number contributed to improving the mechanical properties
over the whole temperature range,

Keywords : Liquified Natural Gas Cargo Containment System(QUSFHHATIA SEEA|AE]  Cryogenic environment(2A12 2H4),
Secondary barrier(0|xXH2H), Epoxy resin reinforced glass fiber composites(0|ZA| £=X|7 M= QLE|MS ZeiR),
Mechanical properties(7|A& SA)
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0 QI SEX|TH EE i miide| e 7|Eol| sl 48%
Z715t UHH, O|xjHo|| CHEH 242 O[ROX|X| k2 A2
BrEct weiM IX2 oMol okt J|HE SAX|of
Ciet 4727t 8l =|ofo of, HZHEl O|XEH = Tl of
Foiqtot LAo|c.
7|& o|xfEHol=  Triplex7t ARRE|=H|,  FSB(Flexible
Secondary Barrier)2t RSB(Rigid Secondary Barrier) 2 A1 |04
RUch FSBE R9Eh RSBE CichelmiM =2 TS 8oz
7FK|0{, FSBR} RSB= 242t CH2 ol 2Ix|sl0d dstg st
0f, O|XfoiAd =il RSB, FSB, YAfoid ol =Mz MEE|
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510 A|6—°FEP (Yoon et al., 2013). ololl 2} FSB= &l & <
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Fig. 1 Structure of Secondary Barrier in MARK=IIl type
(a) photography, (b) schematic
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Pentaplex

50mm

300mm

Specimen
(Tension Method)

Furnace

Rod

Force Sensor

Displacement
Transducer
Actuator

Fig. 4 Apparatus for thermo—mechanical analyzer
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Fig. 5 UTM with cryogenic chamber and Liquid nitrogen

Fig..6 Pentaplex mounting specimen for SEM

2.2

Al&]
=

AR i

2
1o
r})li
2
>
oo
e
o
F

i
i
ro
0
=
g
o

AT
oz
i
)
0
od
g
=
2
(0]
Q
@
g
o
=
=

2oy

k27t -163C2le 135t A20iM SA27HK12|

NeEs MEsiolct 2t Aol

oY 12
tol

264

chetRMsts|l=2%! x583 M4= 2021 8¢



HSF - YSd-HoAM - Halef- e 2 -4 EEf - 27 0|HY

Table 1 Tensile test scenario for evaluation of secondary
barrier with material, test environment (temperature,
direction for test)

Material Temperature (C) Direction for test
25
—20 WARP (X)
Pentaplex =70
-120 WEFT (Y)
-170
Circulation
@ > Fan
|
/ N
b ] _ Cryogenlc
Pentaplex n\ | ;I > Chamber
/\ s
Liquid / ]
Nitrogen
/%,

Computer

Fig. 7 Schematic diagram of cryogenic tensile test

oM HIAEl 2THelolA AlEEHe| dnEMeie Dafsp| 9

sl 1A1ZF 302 S¢te| ofn| E2ts MAJsH = RE AlLf2| 20|
A B2 Mo gRleZ 5 mm/mine] EASIE T2 QIEH
512 3519009, Fig. 701 72ROl 2 QlAMAIS|o| pAlE S
LIERHACE
3. A &t
3.1 2 Y QIEAH

571K 2EWLR|(20°C, —20°C, —70°C, —120°C, —170°C)0oi|A]
& o|x S5+ ORI Pentaplexe| M7atai
Ehd A=, IF 2, S Table 201 LIERARACE

Table 2 Tensile test results of pentaplex with young’s
modulus, tensile strength, elongation

.| Temperature | .. . Yowg's | Tensie Elongation
Material [C] Direction| Modulus | strength /]
[GPa] [MPa]

2 warp | 10.4809 | 312.0922 | 0.0268

weft | 10.8049 | 303.9007 | 0.0255

20 warp | 12.2466 | 359.1490 | 0.0279

weft | 12.7603 | 365.6028 | 0.0258

warp | 13.2628 | 404.1489 | 0.0293

Pentaplex =70

weft | 13.7987 | 405.2128 | 0.0268

120 warp | 13.8324 | 438.8777 | 0.0333

weft | 14.3590 | 434.6521 | 0.0360

170 warp | 13.9139 | 477.3591 | 0.0364

weft | 14.7577 | 491.7228 | 0.0369
wElMRE tEAHel FMA=e| SME KN, 2T AlH
Al =} &b=st| &of| micto| 2Asio S| A27t 2
SHA| SF=rt mEpM I Al Al MaHel 33— H_cigJﬁl—

Hol7| 2ol 7[AM NS HoksP| i cddlg ol &
SICh (Kim, 2019). Table 32 7|& RSB°| % té$| '—Hoﬂ)\‘l o
AE& LIEKH Hlo[Eo|ct (Jeong et al., 2019). R =
T #He| 25, 20, =70, —120, 170 C°| 9.;F :’OﬂA‘I EHIHMOE
N2z ZE odgo| Tkl dEe 2T, 3X2
(-170°C)oliMel odrlg2 A2(25°C) iu| X disk Y aralof|Ad
24zt 2k 17%, 18% S7151%iCk

Pentaplex EEst 2 Q| UjoM X2oz Z=E odAlg0]
Zolole 4Es Hol=t, A2 | 2X20fMel drlge X
a5k v gistof| Al 242t of 36%, 44% S7ISIC) O|X} i o)
A 2Moll Hsks o|xl= ReldRel S-S ERlsh| 2l
£ oo SR Mg cl |R2l-|[E 20°C, -807C,
—-170C 2% PofM 2IF AAlgS Y5 T, dilg 5F
Al Z3IE Table 40l LIERHACE 1 22} ReldF SEES
7|AA EMofl 3A deks olxle B |EIMFe M2 ol

Table 3 Elongation of RSB (Jeong et al., 2019)

Material Temperature ['C] | Elongation [mm/mm]
warp 0.0273
25
weft 0.0253
warp 0.0249
-20
weft 0.0258
RSB 20 warp 0.0291
weft 0.0283
warp 0.0283
-120
weft 0.0282
warp 0.0320
-170
weft 0.0298
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. 7IeIct 7| A eke warp) 22| Pentaplex= =AI20A At
CHH| QIRMZETL oF 53% &F&3Iin, 71AH1E Bakweft) -

Table 4 Elongation of Glass Fiber in 20°C, -80°C, —170°C Pentaplex= =X|20|A A2 CHH| QIRUET} oF 62% Ak&st

(Shindo et al., 2006
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. . Qch ol SRS M2 FMsPL ddsto] 7|AHIH HS0|
Material | Temperature ['C]| Elongation [mm/mm] : _
SRAE(QICH AFZREICE 55| ERMA= 25C ~ —20°C Afo[of|
20 warp 0.02355 M 71 2 Afolel o 18% B7teS =RISIRIC Ol o ZA|
weft 0.01653 #=X|2| DBTT(Ductile Brittle Transition Temperature)7} —20°C
. warp 0.02721 ZHMOIM LIER-F= Zin RAISE ek Holn, welMwoll EFE
Glass floer | =80 welt | 002013 slof Zsfel 4} Sl=olLiNIE E4siol ReldR =amiz
warp 0.03504 o| LMol dekg & A== AZECH (Botelho, 2004). Fig. 92
~1ro weft 0.02609 Pentaplex2| THA(XY, YZ)& 50818 injZdoz Zldst ARRIO|
Ct Fig. 8(a)= LeEQl Rekdwel tiHE 1000:12] FHH|2

Aluminum Glass fiber Resin

Resin Glass fiber

Epoxy resin
(b) Glass Fiber with Epoxy resin

(b)
resin Fig. 9 Photography (a),(b) cross section(YZ, XY)

Fig. 8 SEM images of glass fiber, glass fiber with epoxy
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Fig. 10 Mechanical Properties Graph of RSB, Pentaplex
(a) tensile strength, (b) elastic modulus
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Fig. 11 Stress—Strain Curve of Cryogenic Tensile test (a) warp
direction, (b) weft direction
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drelol| et 7(AM MsAtol7t Bol LElTtn EIFEICt (Bai

et al., 2020). SHX|ZF 2 AA70A Pentaplexe| 2

ek Heleh LIMA| greol| chsh et
2zt

AN, @ =

H 32 HHE ML 20| BE 2T HRoA H|opA| LIEt S 2 AATe| SRiEs ok fe MELQIX| 7o YRR
ok Fig. 1101| Pentaplex2| gfekd 2zof w2 Z} 70|29 oz ClE Mzt Fet=lch FSBe} Pentaplex Afolol= PU glue
Es QIEA e S8 HYE MTZ2 LIERACE S Table 7} Al2=|1, TBP(Top Bridge Pad)2t FSB Alololl= Epoxy
29| 2, Wkl 2 QIFAY Zikgts s o, hekE et glueZt HEHZ ARSE=0|, O[RHHET HEH el AHEA
A= ¥ BT 2| 7IAXN EM £t 2E 2EHLM 2 = Xtolof| w2} TR-Sedo| Lstnd HFEo| LME FF
A2l 10% olufe| d|=tt +x|S E04ZECL Ol= Pentaplex SH2 7|AY SN Y H5E XMotrlFle Aoz BEiE
T FENRE YF0ls St HEE 0 of|ZA| XIS ARt C (Shin & Lee (2006)). Table 501 O|AtHE HEF A| ALEE|
=, et FX7F SHE FHISIHM ZAIRE 2IARe] 1! R} = HEH Lt Pentaplex, RSBL| YWEATE 2xof w2} Lt
olofl 2|5t stick—slip sA0| LASEK| k11 oYMl FAMo| A Epfien], Fig. 130 Z™gtg =2 EssIch
52 Hof, AM=ze| 2 SHFM(transverselt isotropic) SAJ01 &t Pentaplex, 7|&0l| AL2El= RSBE THEHH|Qe| ATEAH | X}
S £ 2422 AZEIC) (Humberto., 2014). 0|5 EAM5H Z1} PU15, PU45, Epoxy 22t RSBE 2& 2%
HR|oM HAHOZ 2F 79%, 69%, 65%2| A0|S LIELHK]
3.3 Uz =5 F Pentaplex2| 2 k2t 2F 38%, 24%, 15%2 7|& RSB
H| 2Ll FHEFAL| SUEA| K07} #Al5] Z0IE ZuE
PSH oM SEHZS| 7 Wekd d EMS EAEP
2|50 2 d7o| T Akl PentaplexE warp, weft 2isko=z Ziz} Table 5 CTE (Coefficient of Thermal Expansion) of Resins
AWA S EMHS $l5|E D EXZAD} uisk o QWAL HA) applied to secondary barriers bonding, Pentaplex,
M2 CIgS ERISICE Fig. 1201 M7 wKwarp, weft)of ot RSB
2 dmEi|4o| Xj0|2 I 2 LIERYQIC Temperature | CTE (Coefficient of Thermal Expansion)
~160°COIA 10°C Ajo] BE 25 BSlojA BBAAHe| 3t el Lmm/rmrm]
o= ©19% olfe] ZZHE LIERIRIED], —20'C~20CAOlolA PU45 6.1578
SISl 2o} BHS| Bulske A selg + gict PUTS >.183
Oli= O EA| FAHS| F2MOIREI}-20C~20CAlRl 242 10 Epoxy 4.4112
TR I, 20°C BCt We ex %‘0401IH =52y} o2 Pentaplex 3.5593
Hxjol 242 o7l SeiM 471 Aotz AREICh mei Aelxﬂ RSB 1.9803
LNG CCS Sx{2 sHziolld 285ls ollue =pmize| Z2 PU45 5.2140
DE 25 ool M7 ek SUEAS Fjol= 5% Ol of PUTS 4.4419
o= XKeIel 2 Ko7} gl ZNE P2 % Uw, Mz 20 Epoxy 4.0476
Pentaplex 3.3709
18 RSB 1.9443
PU45 4.4085
—4A— PENTA
- PU15 3.7616
< 2 RSE =70 Epoxy 3.5457
;}’m I______“_”fff_i_ivjrﬁ____; O Pentaplex 3.0461
8 Fog : RSB 1.8506
§ | T TRe | PU45 3.7554
5 " : PU15 3.0715
2 ’ i : -110 Epoxy 2.9040
E O ¥l I Pentaplex 2.8694
= I o e RSB 1.6053
F A T T T T LA T T T T T T T T PU45 1.1611
weftzwae 1y i | st %-EMMMMAS PU15 1.8809
R T NS I -150 Epoxy 2.3036
° “‘°Tempera'fjre ) e 58 Pentaplex 2.7148
Fig. 12 The difference of CTE for Pentaplex and RSB RSB 1.0747
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