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Figure 7. EtAMS BHA2| ZF oA [12].

f ZEHo| CNT, Graphene 52| Y72
2 52 AEAA A A Fete A7 R

“?l— = O
oh Bagg EHe) Ut A ERAL7|9 uE

Carbon Fibers

Flame Treatment
&

Acid Treatment

Epoxy-terminated Silane Coupling Agent Coating

Derived from
s Epoxy-terminated Silane o /
.

Acid-treated MWCNT - - - - Coupling agent coated CF- - - - - - - - - - = - -~ — -~~~ N
g \
' H
i i - ‘
! LA
! Esterification " Sei ST !
1 =) ]
! U :
i i |
| Derived f bl i
i Flame-reated CF T N N
| 1

Derived from
Acid-treated MWCNT

Derived from
Epoxy-terminated Silane Flame-treated CF

Derived from

Figure 8. 7Z2IMIE 0|25t MWCNT7} EH0|| 22z ERAM

o
(= y

Catalyst related processes ———

Catalyst
B
\/‘/ Carbon nanotube
Carbon fiber (CF grafted CF
as hierarchical reinforcement

Problem ;
Degradation of tensile strength of CF
during CNT grafting processes

Chemical vapor deposition process
at high temperature

Figure 9. CVDE 0|88t EtAAF HHO| CNT 221 [14],

162 | Vol. 27 No. 4

W48 vopH oz F/T okt atfol Qrkad 4
X9} St Aol KT P71 EAGO RN HHO
??P} CNTE A frollAl F21517]

¥ (chemical grafting), 3}3}7]45-2H
(chemical vapor deposition, CVD), A ZHAE o|-83}o] 2}
Sk W Tl Al=E AT [13].

2|5t CFRTP M= 2X

je

3.2 G7tAM

Skx|1©
X RS

SR BN
2o Z7149] ko] §
R CE S B L e EY

Ao 2 32T 2= 9l TR o] Ffuto] WA o|c}

7|22 0] ML ElAM O GrtAA 427} ula] &3

Wzo] Ashzke] EAakA] 9] o)
olata A& A|7to] B AHo| Q)

-l

He %)
S0l 2| T (prepreg)E ©]-&ok= B ot} o] % i
gz 1s Jo}% Bzl P2 714 FFo| YA =

L EZYo]H X3
method) Q% G7F &= T4 (hot compression molding)S 5
of Alxgtch eESZEolE Mg 34 7MY =& el
o Bt Azt 7hsstn 53 2okl de AR
37 Hlgo] mi- st ool Wkl stz AE o] 83k A%t
U5 FHE AYHOR e Az oS A 2R o

& oA At

Bl 274 (autoclave vacuum bag degassing

Nl

<

Heating Cooling

chamber

Prepreg »

chamber

Fabric

Resin bath

Figure 10, @7tAM Za|maj| 1 M= 2H 2 MZE A=,

Figure 11, REZ|0|E 2158 IH,

AR Ao Arhad BRaAL RAHOR gy
7] NASHAN S ol AR B2 Fol7] $I3 A

LS



aoTr o

i ke 7l HRPSHEY A AT Y Y 5 i

7t ALEa Qlek diEA o] Al 2% thermoplastic injec-
tion molding (TIM) 343} thermoplastic resin transfer molding
(T-RTM) 4 7]20] 9ltk. TIM 7142 A=A (injection
molding)?} @¥E (thermoforming)S &35t 34 7|&=2 4
P SR A 2 gl B 1 A

I—l
semi-finished ‘ ‘ semi-finished
take Ttel 1t preheat

. @ l ‘ transfer in the
item removal mold
. |
back injection ‘ thermo

forming
Figure 12, KraussMatfeifit2| TM 28 7HEx.

process

T-RTM #4& Zgjopn= $x]2] T4 (monomer)?Q]
e-caprolactam?} U5 Eslo] Aol AT F ol T
U5 E3) A7taAl RS AH3Fsh= W ol e-caprolactam
O] M 3~5epsE BO] Hweb ulssly oS Falf 43} ut
S AIZES 55 o5t £ 4= 9lo] CFRTPY] AAMAS =17 3
AAHEE TRk 7Rk e-caprolactam} Zulj7F S2of ull-$- F
oFsto] 781 Eel FAo] oS W= Zle WHoE Falch
[15]. TRTM 532 4523 Aol Zejotn]= 57] o]9]
of chopst A7ka S7)0] ATA Ee TS Al
ThaA) R 2 Zalshe 24 Ay AsE T Qo)

m O y o

e-caprolactam &-caprolactam /
+ initiator + activator y

11_'|" E

eee s oo
Ohd o

Figure 13. T-RTM 2%

FToll= E7teAd RIS A FEE AR 5 Qe
o Aakelol BAURI} WA 24 MRS T A
(commingled yamn)& =Jdto] 2] oh3] F4S thAlSkH=
=o] LEA Alx & 8= A B 280 wet e
=1

2R WA $A HRE BABR 0|8 HBR VIS

(

A A= 52 LESHOIE 34e T A e £F
Froan Bads Axsks Aol ok Wre| TS
o] 8| ¢7] wjZof CFRTPS] AAHI} A= vl &7]
Hog ANT 4+ ol Pato] FRF AEA YAE FHo
27 Al A8 QI [17,18].
Unique fiber mixing technology -
Carbor; fiber Commingled yarn Resin fiber

NCF Woven fabric

Tubular braids

Figure 14, CFRTP M= 2{st Commingled yarn.

33.CFRTPS| 8 E4= 0I8%t 7I&

CFRP$} CFRTPE] zfo] 82 7]x]xH 27]9] 4§ EAo|t}

olefat Whad 4410] 88 E4L o|8slol 7| CFRPo]
A= A8o] 7 &3 —rﬂ 9 7l1& A8l 75
stk FRARH GBI, A5 5 Az AN o
o £E0] A (joining)> Aoy A4S 7H 53
2] g WAL 2 5o Z1AIA el ot 39 A
ol FoFsltt. o]of| 2} (adhesive bonding) 54 0] AREEL
HE o] A} A7k AZAS Faste] YA b8 A7HS
S7HAZIH CFRTPO| A% 85 R A7t 7Fsste 55
7} 170] 84 o] Rsalet. 2 ol olg e &
A B8R 7ol MEEAL Qivk F7keA A AR EE
AL ABeH= 7kA 87 B8 olg 848 HQo| B
5L}, 22384 (ultrasonic welding), 0] 483 (laser weld-
ing), T8 (friction welding) 52 ©]-8-5F01 553} o|F
o AERE T 5 AT [19]

HR7IEn A 27 45 | 163



Laser beam
‘ Cross section of laser lap joint

Metal 8K }icat transfer

Laser beam

High pnswm due to Metal

rapid expansion

Nanometer-sized oxide film

FRTP 0|5 Zgt [20].

Carbon fiber

Figure 15, 2i|0|x{ X2 0|88t 24

o3t §-§ SAo] 7Msto] /1% CERPAE v of i3]
¥ el 3% oA EQED gtk CFRIPE F45H 87t
SREE 9 AT et ofel oLt Gk 7)AAhe] Ay
o 7Y B S AL BN 88 F 1A B4
&

Fel7k Ths e,

4.7 =2
2 o)X= AFGA 1G] Q= H3tof| wE CFRTPE] A
ol A Wkt Atsako] dieljA ATfskelch A AlA A ]

F 9719} oluiA] sy o] Hskeel et BaviE A
A3} oA B PHE ALE S G B0, 3 Bl
MfEg e 1 5 SRS ek ol et Bet
o ool BafuTAY Aestnd By, H3A 5
o) RFE} ol Yor, BA4A A2 A7) 5ol A
S7RSAT Hed A4 94 ATE R gk olefdt a7
W3] 918 QY SN Dokl SA R A
BAole), el B GHOR Bk 449}
2480 ARATES Y] 9T TR AT A
2k vl A7) 9% 4 Aol olFolMn ek
b BRade] 8¢ SAS BEstol AT AT
o), $40 7e] ol 54e 59| A7 o4 Bkl olel
Gtk F Y TEAE FHoIA BAHERTLAE
g Aol 7 S A7k Baadst | Aol

H 4 e > o rlo m{m

oz

1. Lee DG, Suh NP, Axiomatic design and fabrication of

164 | Vol. 27 No. 4

10.

11.

composite structures : applications in robots, machine
tools and automobiles, New York: Oxford University

Press; 2006,

. Zhang J, Lin G, Vaidya U, Wang H. Past, present and

future prospective of global carbon fibre composite
developments and applications, Compos Part B—Eng,
2023:250.

. Zhu WY, Fu HG, Li F, Ji X, Li Y®, Bai F. Optimization of

CFRP drilling process: a review, Int J Adv Manuf Tech,
2022;123(5—6):1403—32.

. Yao SS, Jin FL, Rhee KY, Hui D, Park SJ. Recent

advances in carbon—fiber—reinforced thermoplastic com—
posites: A review, Compos Part B—Eng, 2018;142:241—
o0.

. ANTRO CC. Antro, 2019, http://antro.co. kr/default/

technical/technicalO1, php.

. Qiao Y, Fring LD, Pallaka MR, Simmons KL, A review

of the fabrication methods and mechanical behavior
of continuous thermoplastic polymer fiber—thermo—
plastic polymer matrix composites, Polym Composite,
2023;44(2):694-733,

. Meng FR, Olivetti EA, Zhao YY, Chang JC, Pickering SJ,

McKechnie J, Comparing Life Cycle Energy and Global
Warming Potential of Carbon Fiber Composite Recycling
Technologies and Waste Management Options, Acs
Sustain Chem Eng. 2018;6(8):9854—65,

. Arif ZU, Khalid MY, Ahmed W, Arshad H, Ullah S,

Recycling of the glass/carbon fibre reinforced polymer
composites: A step towards the circular economy, Polym—
Plast Tech Mat, 2022;61(7):761—88,

. Rebecca Bernatas SD, Auriane Despax—Ferreres and

Anais Barasinski, Recycling of fiber reinforced compos—
ites with a focus on thermoplastic composites. Cleaner
Engineering and Technology. 2021;5.

Hassan EAM, Elagib THH, Memon H, Yu MH, Zhu
S. Surface Modification of Carbon Fibers by Grafting
PEEK—-NH2 for Improving Interfacial Adhesion with
Polyetheretherketone, Materials, 2019;12(5).

Yuan CC, Li DZ, Yuan XY, Liu L, Huang YD, Preparation

of semi—aliphatic polyimide for organic—solvent—free siz—



12.

13.

14,

15.

16.

ing agent in CF/PEEK composites. Compos Sci Technol,
2021;201.

Raphael N, Namratha K, Chandrashekar BN, Sadasivuni
KK, Ponnamma D, Smitha AS, et al, Surface modification
and grafting of carbon fibers: A route to better interface.
Prog Cryst Growth Ch, 2018;64(3):75—101,

Cheon J, Kim M, Impact resistance and interlaminar
shear strength enhancement of carbon fiber reinforced
thermoplastic composites by introducing MWCNT—
anchored carbon fiber, Compos Part B—Eng, 2021;217,
Kim KJ, Yu WR, Youk JH, Lee J, Degradation and
Healing Mechanisms of Carbon Fibers during the
Catalytic Growth of Carbon Nanotubes on Their Surfaces,
Acs Appl Mater Inter, 2012;4(4):2250—8,

Semperger OV, Suplicz A, The Effect of the Parameters
of T-=RTM on the Properties of Polyamide 6 Prepared by
in Situ Polymerization. Materials. 2020;13(1).
Lewerdomski L, Schitz, C. Interfacial Adhesion
Optimization Using 2—C Silane Compounds During the

17.

18.

19.

20.

T—RTM Process. Lightweight des worldw, 2019;12:38—
43.

Motochika T, Ohishi M, Matsumoto N, Ohtani A, Nakai
A. Pultrusion molding of continuous fiber reinforced
thermoplastic composite pipe using partially—impregnated
commingled yarns, Adv Compos Mater, 2023,

Hasan MMB, Staiger E, Ashir M, Cherif C, Development
of carbon fibre/polyamide 6,6 commingled hybrid yarn
for textile—reinforced thermoplastic composites. J
Thermoplast Compos, 2015;28(12):1708—24.

Jiang BC, Chen @, Yang J. Advances in joining technol—
ogy of carbon fiber—reinforced thermoplastic composite
materials and aluminum alloys, Int J Adv Manuf Tech,
2020:110(9-10):2631-49,

Su—Jin Lee J—-DK, Jeong SUH, Basic Study of Laser
Direct Joining for CFRTP and Metals using High
Power Diode Laser. Journal of Welding and Joining,
2019;37(6):572—84.

HR7 st M 27H 45 | 165



