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Next Generation Lightweight Structural Composite Materials for Future
Mobility Review: Applicability of Self-Reinforced Composites

Mi Na Kim*, Ji-un Jang**, Hyeseong Lee***, Myung Jun Oh*', Seong Yun Kim™***"

ABSTRACT: Demand for energy consumption reduction is increasing according to the development expectations of
future mobility. Lightweight structural materials are known as a method to reduce greenhouse gas emissions and
improve energy efficiency. In particular, fiber reinforced polymer composite (FRP) is attracting attention as a material
that can replace existing metal alloys due to its excellent mechanical properties and light weight. In this paper,
industrial applications and research trends of carbon fiber reinforced composites (CFRP, carbon FRP) and self-
reinforced composites (SRC) were reviewed based on the reinforcement, polymer matrix, and manufacturing process.
In order to overcome the expensive process cost and long manufacturing time of the epoxy resin-based autoclave
method, which is mainly used in the aircraft field, mass production of CFRP-applied electric vehicles has been
reported using a high-pressure resin transfer molding process including fast-curing epoxy. In addition, thermoplastic
resin-based CFRP and interface enhancement methods to solve the recycling issue of carbon fiber composites were
reviewed in terms of materials and processes. To form a perfect matrix-reinforcement interface, which is known as the
major factor inducing the excellent mechanical properties of FRP, studies on SRC impregnated with the same matrix
in polymer fibers have been reported. The physical and mechanical properties of SRC based on various thermoplastic
polymers were reviewed in terms of polymer orientation and composite structure. In addition, a copolymer matrix
strategy for extending the processing window of highly drawn polypropylene fiber-based SRC was discussed. The
application of CFRP and SRC as lightweight structural materials can provide potential options for improving the
energy efficiency of future mobility.
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o 7144 54& TS 717] 93] LEZe ol B 43

Materilsusedin 787 body - WL AubA o & M 85hr(9,10). A7 B4 ]9 of ZA]
._.l‘li.“.‘;:ﬁl;::;, :E b chich o B 2 Bl 9E BHAA THE 2e)md g oo
e St X Compos Zslil, ol2 AgHoz WA 4TS FYstol AE AA

¥ S AHF F, 2R 0)H Yol 4 7t Fhekste] =g

ium 2 A5 AIA A s i olth11,12]. o] 9} Zo]

QEZd o] B A% CFRPE: F o] ul$- eHg 2 o] 7]

Aluminunr
- o 1EFE, s BRE sk F37] ARl AJHj
D o2 AMGE:. Ty, LESolHe ALt vge] =

a1 A3} Algte] dof vig)7] o]ejef mHlzjE| o] 28517

A& Al A d7kel BI7HAE S5A41717] of 3

Fig. 1. Various materials used in Boeing 787 Dreamliner. Reprinted 237} 9leH10,12].
with permission [7] Copyright 2022, MDPI Ltd.

wfebA], H 2ol @ B Sulo]H gloto 2 9 B Ieo]n
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OOA (out-of-autoclave) A o] F=&dk11 9Jt}[10,11]. OOA
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| emado|ze] Hgo] of2igld theret Hopo] Hgol 7}
DREAM)LINER'= otk &ElA Q1tH10,13,14].

1.2 43x8 B TZELM
A7) T £ o3l Y87 7 A A A
Fig. 2. Boeing 787 Dreamliner manufactured using CFRP. 020 i ! Efai = ‘;‘* = }/\ ;]] e ﬂi&“"‘
Reprinted with permission [8] Copyright 2022, ELSEVIER A olAksteta wiE A Ak w717k B AR|EAl
L1 ¥oko] AT 9low], ofof e AL Al7ko] AL
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Lifie-Modul with CFRP passenger compartment

Body suriaces

Lithium-lon Battery Electric motor with Power Electronics

Fig. 3. CFRP used in life module of BMW i3. Reprinted with per-
mission [21] Copyright 2013, ELSEVIER Ltd.

Fig. 4. Lightweight BMW i3 body. Reprinted with permission
[18] Copyright, BMW
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m{n

>l

Vacuum Vacuum

L J »

Preform placement in mold

Injection at High pressure Curi
and apply vacuum e

4 & L

L J s O

Curad CFRP Ejection

Apply High compression
force

Fig. 5. Schematic of HP-RTM process. Reprinted with permission
[24] Copyright 2019, MDPI Ltd.

HP-RTM Process Technology
Layout Production System

Fig. 6. HP-RTM Process Technology. Reprinted with permission
Copyright, Dieffenbacher
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Fig. 7. Carbon fiber sizing and CF/PEEK composite material
manufacturing process. Reprinted with permission [35]
Copyright 2020, John Wiley & Sons Ltd.
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Fig. 9. Fibre embedding system. Reprinted with permission [45]
Copyright 1975, John Wiley & Sons Ltd.

80 ely] ool 3l ol e A
ehuit. wrebA, ol el gt 2ol A1 9] obd I} PE 3L0] 1t
& AE AEE 8] JT Yo ATEe] 49
=9k,

REE T ST LEA AL o ¢ geo] 24
722 G457 g2 o £ 848 Yeho, uj=
gro] A om e 847 Aololx] 24 LEE A
43ko 24 SRCY| A\ %7k 7Hs et o] ek Ye) 2

Capiati 2! Porter[45]+ Ultra-oriented strand high density
PE (HDPE) Z &} E 4 HDPE wjEEAE o] 835} A%
Sl SRCE X 115}¢ith HDPE 74k SRCE E4= A48 XA
A5 o]-&35}o] Fig. 9ol A UEt = JAAEE Y engE
0]-8-3}0] SRCE A|ZJWc}. SRCO IFSSE & o= AJdS &
3lo] 233191l A =HE SRCY o} IFSS= 1.7x10° dyn/
cm’e 2 W8}t ®35F, HDPE 7]4F SRCE| AW 7% 9]
FQ3%F 2918 I E | EZ] A A}o]9] epitaxial bonding
o = 25513 on, HDPE SRCE| AW =5 Ao 4
Q&= olxjetar B skl

Deng Y Shalaby[67]+= ultrahigh molecular weight PE
(UHMWPE) mjE2/~ 9 UHMWPE 442 o] 8319
UHMWPE 7|5} SRCE 9% 43S Ealo] Alzs%r}. 4
Z=-2 UHMWPE 497} ©=9]¥] UHMWPE SRC9] @13} 7}
&, I BAE W AYE Aol o5 4Fs ol A=
¥l UHMWPE 4] Eﬁ‘r H|ste] 7| F7hehe Aeke o
3l E5t, &350 HAlof gl UHMWPE SRCE| 4
$ R W A A= Aololis 48 WA 215
A5k, 3 7w A6 weo] 7% ofshe w st sttt
1 washgich. ®at, Q14 A AR vk SEME §
5}o] UHMWPE 7|5} SRC2} UHMWPE A| E 9] u}3] u7]
U o] 9 AA -6 Hobo] A8l et WAlele B

Skt
Guan 5 (68> 3 Hzo| X 5FulpE 7hel|lF=HA ALE/d
< 2 5}o] HDPE SRCE 7] 23+ 2, 73 %7t 4]
£ SRC2) 7| 44 9 w)A] o] el vl Al
o wnskgth AL x% 29 2%7} Z7ksk] wet
A AzE A5 oA St ET) 3HE ) 4AS)
ARE Slslol. Efah 9 2ol Holof o84 ]
Z =] SRCO| A A EL 1 GPaol|A] 3.5 GPa7}R| 3FATS}
a1, BHE 7r = 23 MPaoj|A] 87 MPa7tA] At e = A2
Husieich. olagt 71414 AEe] =295 AJA-AM (shish-
kebab) A7 2 HA} A& 9] HigFolefal A5}tk Zhang
5 [69]2 oscillating packing injection moldmg (OPIM)S
o]-g-3to] A|=3F HDPE SRCO| W2 QA2 7iAdst7] 915t
o] HDPE/LDPE (low density PE) Edg 7|¥F SRGE Ha1s}
9Jt}. HDPE/LDPE (80/20 wt%) SRC= HDPE 7|4} SRC®}
AR 0] AYFEES Yepf AR 914 Zkslc.
Huang [70]:2- ThF3l tho] ¢FgoflA] (30-60 MPa) 1< QF
& 0| g3}o] HDPE 7|4l SRCE A X & o1& 7= W 34
Em%g 24359}, A %% HDPE 7|4k SRCO| Q1A7 =
£ 40 0P ol Sfelol 3l wel 4]
Al AT At T olol s FANA 223
L AgRe zs—}edr;} 40 MPaoﬂ/q HDPE SRCO] @147}
1 HDPE QHHA| E9] 01271 (28.1 MPa)2} H|ws}o] ]
tf] 229.2 MPa(@F 7.28)) 9 HF 192.2 MPaZ 2HAdsigict. A
A= SRCO| 33 Fks-0] ¥st o7t o1 =9 HlwR
S o W A AL Selsiela, el oiet % Fuke
9] AL A=} FAMSE A& B 1135} T} Fig. 10=
oJul HDPE A|E 9 HDPE SRC9| 3 E3}-&o| tjat ALHS
veldich 2ul HDPE A|EQ] 3 E3l8-2 9.1%E =AH
ZAof ¥lsl] SRCO| E8-2 40 MPaojlA] 51.2%= =4 T
ok ARk 4 4] S Eeh At 882 557 (Flow

o BN osL

fr
o.

¢

2 |
<]

o°1’

oess 1= repeated. As can be seen, near the
Ak radial movement must eviet to achies

DT TIRUTE 0. ASSUITINE INE aUowir-un
Wiaws Ol polyimers are positive (€. 8.,
wr with a feed zone), the flow m
fid particle is described in Figure 6. (b)
he thicknesses of melt blocks C, and D, v

tert s the functionof 2 only, The flow fie
= vincks are locally two dimensional an

n of the local pressure gradient

Fig. 10. Comparison of the transparency for the normal (a) and
the self-reinforced (b) sheets 1.5 mm thick. The latter
was prepared at a die pressure of 40 MPa. Reprinted
with permission [70] Copyright 2004, John Wiley & Sons
Ltd.
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' MP-UHMWFE 1487 £45.3

J CM-UHMWPE

44B.5 £12.7

655431

Yield strength  Ultimate tensile Young's modulus Impact strength  Fatigue strength Elongation at break
(MPa) strangth (MPa) (MPa) (kdim3) %) (%)

Fig. 11. The yield strength, ultimate tensile strength, Young's
modulus, Izod impact strength, fatigue strength and
elongation at break (from left to right) of MP-UHMWPE
and CM-UHMWPE. Reprinted with permission [72]
Copyright 2014, ELSEVIER Ltd.

field)of] 7|23t o] 24 74 W Ao ozt ke HArsiei.

Lei 5-[71]2 Dynamic packing injection molding (DPIM)
o]-§-5tof A|x3t o]S HDPE 7|9t SRCO] 57 ulj7l| ¥
9 7]A2 EAo] tial sl 9iT). Packing module®] 3
Fap 7t =R QI == ©|5 HDPE SRCO| A Hj
Al 3FALE] 9 0, DPIMS &3| A %% HDPE SRC:=
bl w2 AL A oS e S ek
#0] Erha 1B,

Huang 5[72]2 UHMWPE®]| ultralow molecular weight
PE (ULMWPE)E solution blending o 2 =QJ3}t 5 o|=
A=715 Fdto] T3 | Al&ste] UHMWPE/ULMWPE
SRCE A %3}1, UULMWPE®] ©¢]o] UHMWPE®] AR ¢]
g 2NN T24 A ATHOR AT
thal BRIy B3k, A 37804 AT 352 SRCY
ol A AA AN W e et Txo] GAS
&5t} Fig. 113} o] A|2% SRC= raw UHMWPE A4
=3} vl weto] 7| AH FE FAEE AS Bl
o|2}5} Ao we} UHMWPE/ULMWPE SRC7} 217U} 1
2 BEAA B £F AT B AT 8 7HsA

[}

o] A& AT

my A Ho o > o
oz
o

ox oX
L

2.1.2 PLA SRC

AEBY TEAR) PLAE £& BHE, 954 7
hBA e felst B4 A FHse Alolet
wlol A Sehae Aejo] pek 347 ol4e} B w
A7k 531 3 QIeh73]. PLAS] 450} | E 2 2(§-5-7:
173-178°C) Afo]2] §57 Zol7k AhHOR =7] wjite
SRC Aol R2Jgt ZHo] ZAJFITE. 12, PLAS) 55-60°C
W919) e o] Ho] L& (Tg) 2 =¥ Ao HEL 7}
34 9 GRS AT ST BB PR B
k3 FAA7] 43 e e Qe nfe] AYos

K1
g

o rlr
o N ¥

o
E&

Q1) B Hopol K] Fl9lat 2§ olri74]. SRC 3
B2 ALgate AL ol PLAS) A2 Bl gl
£ W % shit 9 % dek

Majola 5-[46]-2 poly-l-lactic acid(PLLA) % poly-dl-lactic
acid (PDLLA) tE 2120 PLLA A9-2 A554S Ea}o]
Alzstol BakAre] 7w @ 7hwgAS v wskect. PLLA
SRCO] 23] ZHEl 27] 250-271 MPao||A] 365 3of| 10-20
MPaz 2t 4:5He A& SRRIBH AT, 485 A\ ol 912
RHE whaol ols)A Brhekal Fakolct. At AEl 2]
98-94 MPaoll 4| 1277141 §ALEE ZS Lheb A1, 48
% Aol 6 MPa7FR] ol & ¥ 3sleich. PDLLA
SRCS] 27] #3 ZHEE 209 MPag AT 2 9 Ak 7
L= PLLA SRC®} v]uLsto] GASHA Fadhs BFE 2
2151t Wright-Charlesworth 5-[47]2 hot compaction ¥
& o]-&sto] PLA SRCE A|xskaL, d=54= A%l PLA
% raw PLASH B3l Beime] 7|42 B4 248 Bt
Stk % WO FA A BAE Ba) 14K 5
A £&2o] H]1 %] 9] © 1, Nanoindentation® 2 A %% 23}
ANzl ¢z W AR Al7to]] 7] %35} local mechanical
propertiess 4= AT} E3h A S8 9] 7H Aol &
YO HgY 4 Uty 2Pt

Zakir Hossain =[48]-& 8§ AA1o & A| x5t HH A
11 £ 0.9 umE 7}A]+&= polyvinyl acetate (PVAc) 2! cellulose
nanowhiskers (CNW) &3M52 FE = PLA 485 5359
QF=TA S 0]93}0] PLA SRCE A|Z51901, PVAc Y CNW
o] =3 A mAl= el sl Harstich. CNW
9 PVAcZ} I8 ¥ PLA H{-E ©|-&5fo] A|x3F SRC =7+
raw PLA SRC®} vluLste] =3 549 gF4fo] Sl= Sl
t}. E3], 8 wt%2] CNWE FE3} PLA A2 SRC(EIL 7%
122 MPa 9 =+ ekAJE 5.5 GPa)= raw PLA SRC(EI-7t=
82 MPa @ 23 EMYE 3.9 GPa)o} H| a1 2L 71 (48%)
W 22 SR (G9%)0] 27 Z7keke S W skt of
25t GFAF 90102 PLA Ao ZAJ5H= CNW 2 PVAc
= BalAlRs} e BeiR o FolE A%ol Wl &
Aol ae wlA7) tEolek sttt

Gao 5[492 &5 WAE o|-83sto] A|23 PLLA /-5
PDLLA/ethyl acetate 2200 SF2A|7] &, ethyl acetate A|7]
TS 53lo] Y= PLLA SRCE A|=3}%tt. Ethyl acetate
2] %, PLLA A-9] o] &4 A TH(Fig. 12), gk
& gASHHAE Ao ZFoke AThE B ekt
E3h F 25 2% PLLA SRC(QIA7}E: 50.68 + 1.75 MPa)
L PDLLA IEQIAZE: 16.56 + 0.91 MPa)} H|w5}o] 7]
A A w4 o] S7FsTt A AR= ethyl acetate
He] TALS TPSH SRC AR HPHE 7% 4L o] g3t
o] A|£38}= PLA SRC AlxHHERET} 7|44 44 9 o
oPA Zwol A=A M= STk K skelc

Kurokawa 5[50 PLLA ¥ poly-DL-lactic acid (1:1 wt/wt)
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Fig. 12. (a) PLLA fibers before (a) and after (b) ethyl acetate
treatment. Reprinted with permission [49] Copyright
2015, ELSEVIER Ltd.

CE
i

Fig. 13. Optical transparency of the sc-PLA/PLLA composite
films: (a) pure PLLA, (b) sc-PLA/PLLA 5.0 wt%, (c) sc-PLA/
PLLA 10 wt%, (d) sc-PLA/PLLA 15 wt%, and (e) sc-PLA
films. Reprinted with permission [50] Copyright 2018,
ELSEVIER Ltd.

9] Z3HE2 7 wt% dichloromethane 2 pyridine -g-ufjo]] &
SAIZ] T gole A7|Asko] A 23 stereocomplex PLA
(sc-PLA) 414 9 PLLAZ 1% 43 242 01§81] SRC
& Axs9, A28 SRCe] Aojsta W YaH S4L
Pareloie. 4 25 SRCE se-PLA 41-%-9] o] 2712
42 SRCO| 7| A1H 7wt g glon], B3], A% B
22 80°Coj|A] raw PLLA (2.9 MPa)X.t} sc-PLA/PLLA” |5}
SRC7} 24.18}) 2=-& 70 MPao|2}il ¥ 13}t E3}, sc-PLA
O] gFgFo] 15 wt%71A] SRC7L & FH =5 Yehdrtar &2
8l chFig. 13). ThebAl, e w0 delaty 5y
S UFERJ|= sc-PLA/PLLA SRCE 7juFgicks Hmatgich.

2.1.3 PET SRC

1975 o] Capiati®} Porter[45]7} ¥ 113t PE 7|4l SRCS
PE M EE A0 o 7|A#] S o= Qg =9 A=
Upebich ufetA), oleld A Belsts] Slstel chokat
HEAEO] AGE|Sl=H], PET= Witof| EAsk= WAl
zof OJafA] Adds] =2 71AIA = (7 e 55-75 MPa

[75DE e 7] wizofl SRCE 2]-8-= it}

Hine S[51]¢ PET t}Z"alWlE 7]uF SRCE hot
compaction H'H-&- 0]-&35}o] A% PET SRCO] 7|A|1A E
& Bkl w3k A A dlolg e 7utsto] o5
g Algte] STV waA WS 7he Ee= <l
SRCS] 7414 Bo] okslEli: AS WAL, U
J AlZko] SRCO 71 A4 E4& AR st 5a% At
il BHuskglh AAES AR R 40 wi% 29l
PET (Glass/PET 40 wt%), 54 PET @ PET SRCO] £4
2 v| w3}tk PET SRC (2020 J/m)= Glass/PET 40 wt%
(940 J/m) 9 ¥/ PET (140 J/m)@} v]arsto] Fulf o) =
O A= E JEeR AL, Glass/PET 40 wt% (120 MPa)X c}
< 7= (130 MPa)E e

Zhang “5-[52]:% PET H|o|Z (857 250°C)o] F7}4] co-
PET BE(887 115 8 125°0)2 247 Beghomn B8
1= ©]&3sto] PET/co-PET SRCE A|£35}3th AA=
I 271 % elof W SRCe] 71AH SAdol v
FE 2AFstaL, 2 A 2] sl Harskgich. w3k, PET
o|sL2 F Q1% PP 60|39} 37, Al E PET/co-PET
SRC 7|AA E4< #8 Af7F £ PET 54w 9
PET 7]4F SRC A=} v]us}ech. PET g|o]3Z (A4 5.4)
£ fARRE AALEIE ZhH) L PP Elo] (A AlH] 6)
AAH]E 7HA= PP H|o|Z(A4lH] 17)9} At 452 H]
WBFGITE 100°C oo A PP Ho|Z 52 A 50 2

of 2 okt J

Yy ar

L of rlo
o

A ZISHARE, PET o]t 4§ 450] F715He &%
7 FIHE A2 HAFORA o £ ANYHS B

sheict.

Duhovic =[53]-& PET nanofibrilse]] #-§-% PET Z&5&
Egtemy F5 A5 WS o]8sto] PET SRCE A=
31921, PET nanofibril®] annealing 370] A|Z% SRCQ] 7]
AA 540 n A= dFS A5 th Annealed PET
nanofibrilZ ©]-§-5}o] A2 SRCY| QI eHdE 9 1%
Z3% = pure PET nanofibrilE o|-83}0] |25 SRCe} H|uL
ato] zFzF 2.41 GPaol|A] 2.90 GPa @ 39.58 MPao] A
46 MPa2 7}7}t Ar4st= A3kE AQlt). T3, nanofibrillar
compositeS 3+ HIHOE Yle HR7F %% SRC A
Z A9 A§ 7ol el Harseit

Jerpdal 5-[54]2 A| 2% PET 7]%}t SRCo]| polycarbonate/
PETE overmolding 340 A&, 34 =5 259
w2 SRCO| 7| A& £/ of| u| 2| = FaFoll sl A-+5+3
t}. E3SF overmolded SRCE| F/ ¥ == 2L of w2 B3}
Mzo] o G EY s AFAeE AT &
5], A A= Tg o) doll A s E 20 ZF5HAf Afolof Al X
0| k3t 7] wfiZof overmolded SRCE| Q174 T E0|
o 18% #Ashlthal Haskglch welbA], SRCo|
overmolding 7|&& EUT 0, &% =&2 SRCY| Q1% W
YA Ao JFE A= Fagh drteln W st
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A¥HAQ1 FRPO| 7| A2 54 AAsh=
A= FRP %oﬂ TANE ol A SYon
e He) |
2 fzvow J19] slokel mee A5 EUe 47
o) WE|GTH77]. T2 PET A1518] %, 2k A 1
Hof 2A5t= WA L2 9Jste] EXIrlEo| RS EA
= YER 7] wiizoll PET 4472 ¢14lefl eAI7F SARte). wh
kA 46 7]HF SRCO] 71 A1A EAL o A 7]7] 3
A& PET 4d-3-9] dAlef| theh A7t 712 Q7= 9)

2.1.4 PA SRC

PAL QlA|Uo]e) Sepaomm AIHoR Bol o]
g7] At S5t 711 54e vEhdn). mEkA, o
213t SA4Joll F55ko] SRC| 2-8-3517] 91k thgFet =¥
=°] T A

Hine 5-[55]2 %= PA 66 ¥ hot compaction F}'H-S- o8-
3} PA 66 7]} SRCE #| 25kt ARSS A 2H SRC
o H4l o] SRCE] 7] A H Aol u A TS RAL
aHAT} 2.2%9] Eo] 2= SRC| EFJE(2.8 GPa)X 2]
Z4EA 42 SRCO| BHAE(4.1 GPa)XEt) 7FA4stglon,
9178—701-5_0,] 73 O"‘— 7]-_{:‘8}1] %}—0 7—] 2 \:11—7:] o]_th:]— SRC
9] =B &%= local chain interactionso]] 2]&3H= E4J9
2 gwe

fr

u] 4 A 9k, large-scale properties of the
molecular networke]] ©]&3}= £ ujx|= g vjn]
ek W skt

Bhattacharyya 5[56]2 PA 6 Ad-f-¢f PA 6 ZE2 film
stacking YH O 2 = FAS =3O 24 SRCE A=
kit $b,0,2 Zuj2u] PA 6 HetulEe] Eolsto 2y
PA 6 JEJEH*JE 9 dFAte] o] Al g 2tes 7 A skl
SEMO & THas} SRCO| thHo 4] oF% AL E351o] PA
6 At E 49l FFo] A om Ba) Hgivka a3l
t}. Z0E =93t SRCQ] BHAJE-L 531 +0.1 GPa= PA 6 &
29| g4 E2] 1.5 +£0.07 GPaQ} v d}o] 254% AF43}S
a1, QAT = 47.75 + 3.1 MPaoj| A 359.07 + 77.3 MPa&
650% AF&3lo] AJE& 02 SRCE A 2319tk B sl
o} E=3h, Sujjo] mQlof w2 A% SRCE| 7141 429
b Zujo] ol PA 6 WehllE W WE Ajolo] S
W87 witoletar K arsglct.

Gong 5[57]& A28 PA 6 AL hot
HPH o2 SRCE A|Za}oit). Eat cloket B LEE 2
§3to] 34 w7} SRCo B|X| - e EARLAT) B
A L7} 222°Cof|A] 228°CE =7} o ufalba] A %% SRC
ol Enin "l Wy} AbEle A8 FolEt Tt oA e
9] A2 222°CHE 226°C7}A] AFS3}% 1L, 228°CHE <A}
w7t sk AR BRIskIT 226°Col| 4] A% SRC
= U ETE 138 MPaz T2HE| Q) 3L, SRCY| I E=
raw PA 6XT} 105% A3t 32 LEFTH

t compaction 3}

Fig. 14. SEM micrographs of fractured surfaces of all investi-
gated SPCs systems. (a) Y24, (b) R24, (c) Y30, (d) R30, (e)
Y36, (f) R36. Reprinted with permission [59] Copyright
2017, ELSEVIER Ltd. (Y and R indicates yellow fabric and
red fabric, respectively)

Gong 5[58]& RIMS- 0]-§3}o] e-7pZ 22}k So]2
%aur Alo] PA 6 Aol $H335le] SRCE A| %35}l tf
T2 E3lo] 3Lt A ZE SRCO] 7] A
7} —TL?)‘WPE 2 %+ S8l A=

= 7 1] Aae] B S A BREECH 160°C
o AZE SR the: L0 A28 SRC3 vl ststol
S5 1AM RS Jepith AE S el etet
50| SH= o8] HFA o= PA 67]‘3} SRCE Az
st RIME TH2 345w ulmste] ulid §& 34
ol 7Hsstrkal Baskgict.

Vecchione 5-[59]2 PA6 Z-& o|-85}9] hot compaction ¥
Hoz SRCE Azt ARz PA 6 HS vkt 54
2 X3 5 SRCE A|25k1, % %7} SRCE] 0] 2= g
2 B35}t A 2% SRCE= PA 6 o] A= 47} =7}s

of we} Tl ksl AR WH(Fig. 14), Wizo] o]a] A
NBEL A A Gerith B3 7| A4 54
A%, SRCol QIS PA 6 2o} 45 51 371910 uke
3 4% 9 22 e Bo] ASshe 4R Eusiolch Raw
PA 69] -‘,;.Lt;; 7E 4 23 ek B2 747} 555+ 4.2 MPa U
1.418 + 0.077 GPag AT}, PA 6 o] 364 £ % SRCO| &+
AR ‘3—< =4 EAAEL 1146+ 7.4 MPa 4l 4.012 +0.299
GPaz 717} 100% = 182% Z=7}3ich.

PA 7|4k SRCI= PA T1.§-0] 5T 7|44 o] of8) v
S g2 7144 EA4L Uehiths 3ol Qlek. e, 1
B} Aol ZAJ5HE ofntol= 1871e] AATS 5
7] whio] LAAE HHE A7) FETH FRPO] A%, y
ol A3k A0 7144 42 FRPO] 7] 4|4 4 Aol
B S W] o] 67t LAle] HA] eherhs
opge Sualof 3 wAlo|ch.
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2.1.5 PMMA SRC

PMMA:= =2 5984, 34 179 =2 4= 9 A%
£ YER7] dizoll @ol A=Al QIoH78]. E3F PMMA
+ AAA S el 7] wiigoll SRC= AlzE o Qg &
ol AFg = BAWERR & -go] 7]djx] et upetA,
PMMA SRC= tjFEo] A A7 8o et EAHS
AR Q7 2 BREgh Ba 2Y A7EL A
2 WS 53 PMMA 419-2] 253} 2 SRCO] tho}
3 20 R ADS o4 Y HHs AYS
Fspolck.

Gilbert 5[601-2 PMMA®] E412 AFe] EAHEo] #g
517] 95te], A2 o2 A7 (120 Y 40 ym)S HER =
PMMA A& o] &35}o] PMMA SRCE ZHZh A& & EHA]
HE 9 raw PMMA®} 91| 7| A2 EA4S Halstie. A
%% SRCEE E% raw PMMA 9 EAHIEQ} v w35} Q]
A7)z 9l o2k BrA F o] ASslE A9E et &
3], 40 um A& Yel= A= A2 SRCY A
T = raw PMMAZQ] QA7 =2l 41.5 + 6.67 MPaX.t} 103%
=715k 84.49 + 12.5 MPaE Y EFH A7, Q1 A &9 H &
raw PMMA®] 2.21+0.1 GPaEE} 26% =7}k 2.78
0.29 GPaZ UYL} E3h A7 o] Ao o2 EA}
AR S tebilch ARE F $579) SRC BF raw
PMMA 5l ZAJH E e} H]wsto] o Qldo] w2 A
LR, £, 40 pm A4S UERfE A92 425 SRC
9] =7 Q1A ZF2 3.17 + 0.57 MPa-m'*& raw PMMAZS] T}
T 91449l 1.28 +0.20 MPa-m'?X T} 148% A3}t

Wright 5-[61]2 A|7}A] th2 A 2] Z =5 7}R|+= triaxial
braidsE ©]-83}0] PMMA SRCE A|Z = t}oFst 2o A
ZA¥ SRCO| 23] 4 uly] EAJo|| thafjA] H sk} SRC
L 302 59 37°C 2L of|A] A= Qolo] 22| W 22| &
Zmprlo] AR SRCO] 7] A% BAE ZAte] uliwsty
ok A2 SRCE A7 o] uel 7)E Ao AupEel
BAMES] F2 4w} fAR L BE FRLES
e on, ket A8 ol uhel 27 S40] 4o
AEFS WaEIG Tt B3}, SRCE 44> gollo] 3027t A
A @ 5 53 BF SR L FEE SAANL Pt
A AL Folt 23 SAE D ok ol HA) SobAe
A2 R sk ofeidt ATRs 7ubd 24K wet PMMA
2] backboneo] A}& AR 11, Ex}eFo] Yol A 7] wl &
olebx wekatgich A2 2w st Z7hE4% 5t Q4o
F71BH AR FASAAT, A 2 9l gopd 2
A} & 238 shajelg e v Agk SRC} Ak AL B

AT AAES A2 SRCE 7|29 AT AnpE<
BAGES} v iste] GABHALE Fod 7|44 EAS
Bl a2 E Al2sH AL, PMMA SRC7F A Al &
24 589 7H5AS AN st AT

Wright 5-[62]2 X35 75 o]o], simulated prostheses

o (3 r
¥ oft

Lo

S ZAHESLS] Aot g A AR Al
%l SRGE Cobalt-chrome rodef 2]Z3}o] 304 521 37°C &
LoflA A 4ol AR AlX1 5 push out Al HS X3
sk3ith A2 SRCE % 4 rod 7+ AW Aol 7]Eo]
A B AW E ] us) A AE = AR thebleh A
%% SRCE A A 27} 27182 v) A 9 2] 274

HE Ao Ho| olx|= AL o159 1L, £35] 80° 2%

2 M J4E AZE SRCO) A9 7|20 A8 EE B
A|H E o] Ath-2-2 Q] 15.2 + 0.5 MPay} B &}o] 24% =7}
3l 18.8 +2.63 MPazZ UElYtTH AAEL A 2% PMMA
SRCE 7]20] AHS-E|= AluEe} H]Wsto] )41 metal
rodobe] AW AAE B, $d RABA S8
g5 M2 7HsAS AlAS e 18y, PMMA 11-4-9]
wro o=l oz Uo]g ZalAEe] H]E|] HE3F 7|4
4 540z qls) 4§ ok Ho] et -2lo]

2.1.6 PP SRC

PP SRC= T} SRCO} H|wE uff 9423} A/ dat A&
gk 7tA 0 & Qlaf theket A Hofoll &80l 7hs ﬁ}ttl Nl
AT Y 4% 7AH EASRE 1 &7

719] Bgst 2= Aeto] il L %@[79]. PA 11
EAE AREY ohfol= A7) W ARl o3k ARt
AR 7F Qo Qlaf PP i EA}9} v wate] 9451 7]
2 E4& el A eh L A4S gk A 7L & Ho}7l
m Fo]] PA SRC 7| A& EA 9] AL A|5Hatc}. vhd
= 15-174f0]] o]2= Za¢d4lo] 7HsdE7] witell % P
LA o] 7| Al A /g o] PA] H] 8 WZo = &5}l PA
SRCHT} B 93t 7|44 5/439] PP SRC A|x7} 7hs5}tt.

Kim 5 [63]2 Fig. 153} o] 4ttA|9] oldt A]AHE](drawing
system)& AHg-5ko] 37 9) eHek PP A=} 279 35S
152 HE HE 45 345 &9l PP SRCE A|x35}%]

II‘_4

F

@) Y—

15t drawing 2nd drawing
(wat) {hot-air)

extruder  wet cooling

3rd drawing 4th drawing collection winder

(hot-air) {hot-air)

pressure
PP-UD fabric

copolymer film ') T, Tz T3 .

PP-SRC

Fig. 15. Schematics of (a) the four-step multi drawing system
for PP tape and (b) the continuous double-belt press
process for PP-SRC
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]
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0 — 613480 L 6 i
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strain profile (°C)

0 - .
000 002 004 006 008 0.10

Fig. 16. (a) Stress—strain responses and (b) tensile strengths and
Young's moduli for PP tapes (A = 15) before and after
double-belt press processing. DBP refers to the double-
belt press. Reprinted with permission [63] Copyright
2021, ELSEVIER Ltd.

t}. Fig. 160 Boli= Ak go] HUT HF A v &L 7}
A AHE 7 e ool BAGlo] A o] HUT S-
W3 75 UEIL, 215 2A41H]7} PP Hlo]mof 477
o2 R uA|n], F7 o] FAY S Yrhs AL
uFs| . Y, A4lH|7} S7htel ntet 7)A1H E4o] W
A A=) ) A A = 15 4 AAAE W A
A%7} 22} 8.2 g/de 9 158 glde 32 247k el ek T
3, PP SRCO] 7] 4% EAT A% L profile Afo]2] T
2 2ABIYT Profile L7} Z7kgto] wheh AW Aol
27 e len] $4E o 8 o He g3 R
57} WA AR, PP Elo]Zo] S| LES kolw
Te14l H PP HAbe] o]eko 2 Qla) 233 SRCE] 7] A4
E40] o}k ul3r}. weha, PP SRCE 87 (T,)-148 (T,)-
80°C (T,)<] 2% profile® 75313 wff 2|2 2] QI7E (292
MPa) 9 E4A%:(7.6 GPa)2 LrERT.

Lee 5[64]2 PP SRCO) 2] 20] 8§ Lug U3 &

i

O:

A 2 =<¢]38}aL, PP/LDPE blend, PP/ethylene 553X

PP/ethylene/butene A} F 5T A| & W EY AR A5}
PP SRCE A|x53itt. Fig. 179 Uebdl AA " 7Hs-2=7}
Eers ARV E N AdFFEAE ol &
sto] AlxE AlHO [ ZFert 7Y 9-eskeleTl, ol
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