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Comparison of Resin Impregnation and Mechanical Properties of
Composites Based on Fiber Plasma Treatment

Seong Baek Yang**, Donghyeon Lee*, Yongseok Lee*, Dong-Jun Kwon*-**'

ABSTRACT: In composites manufacturing, increasing resin impregnation is a key way to speed up the manufacturing
process and improve product quality. While resin improvement is important, simple fiber surface treatments can also
improve resin flowability. In this study, different plasma treatment times were applied to carbon fiber fabrics to
improve the impregnation between resin and fiber. Electrical resistivity measurements were used to evaluate the
dispersion of resin in the fibers, which changed with plasma treatment. The effect of fiber surface treatment on resin
spreadability could be observed in real time. When inserting a carbon fiber tow into the resin, the amount of resin
that soaked into the tow was measured to objectively compare resin impregnation. Five minutes of plasma treatment
improved the tensile and compressive strength of the composite by more than 50%, while reducing the void content
and increasing the fire point impregnation flow rate. Finally, a dynamic flexural fatigue test was conducted using a
portion of the composite used as an architectural composite part, and the composite part did not fail after one million
cycles of a 3 kN load.
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Fig. 1. Schematic of the composite manufacturing vacuum bag
molding process
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Fig. 2. Schematic of resin impregnation evaluation methods: (a)
resin impregnation evaluation technique using electrical
resistance measurement; (b) resin seepage weight detec-
tion technique by impregnating fibers with resin.

2ok el A B S g H 02 3] 9l
F719HS ZH o0, el ZFAI L helo] FUSHA 1 bar
o Felo] F1shH = AT 449 A3HE 915 &
e 8009 5718 Fsisic

fol EAX S AW )5} Fekzot H e )
(ZPXMH FUL, AU E ol gty o, )¢ =
2ol M ek th7] Eetzxot Helg AR 1 Bol =
YT HS AP 91 ARel Fekzot e 3
sp 2ABHgIeh Hel ARhE 183 sEo R Qgsteo
u, 1082 ol Helg A5 M a7 £AEE BAZ 2
of 7 oAb Ao Ay ergrehil.

A2 oA A

23 ol 288 B} 7l

B AE AR £A Y E4S Bk 99
YA 599 5 FAA B7E 4B mslick. Fig. 20)
o o] AT ZHWE ol g3te] Ay B $XE
1 gHolmd 49, M4 SAel Aol uret A v

o] Wakstar, S fokel & At Skl kel

AL 714 ekE AT ol g oto] ANTIoR 4
Ao) THaae BAaslrH2223). B0l HIIATE 24
317] 95 HE|u|E| (344014, Agilent Co., LTD, 0]=)5 AME-
SIS, 217 910] T f E9 50 mm £ Hlo|ZE X
AA171 5] 40 mm Zolo] that 271415 24 Sl Fig.
200) A% #A2) BHHE BAok eow 5
o 445 9L AT A

o] 20 mm7hA] AP SFU T 11 °V‘0—4 Z—LOMWL
Ae] Falo] wAEo] dolelol gt wal} A A

£1907] w2l o}, 41froll 25HE A0 BFE AR
/\]617]94 EC/%li =] o]—OZ] ‘6]71—.% o] ’8]-0:] '/T\‘Z]A 31
DAL LA, BE Bl AUE 249] o] 27}

ol whet WetEl= ok gk A4y %% FA] l EHI =
B o Y= 5k ko] &olE Hlalste] A9 T
AL HIIE 4=t FE A0 2 AV Ao R %] 9
e B, 1 Ak vhEes $2] AR A

B9 W2o] o] o2 wstE S5 ATE o] st
IAZE x10] g sks wEshar.

- :10[1

2.4 SEMES 7[HN 24 "ot

A EHA o] whet HatE AW ol HFA=
of A= dF= B8] 8l 71414 E4S B
o}, E3kA| 20 o1& == ASTM D3039 202 Al33}
a1, ¢F=7 e = ASTM D3410 7|20 &2 H713tgict. A
2 93| Alg8 TSR A E 7| (AGX-V) = A|up= Afo

Fgteh HA BAHY 2Pow
2 AABHY AL, SRR AL 3, 4, 5, 6 kN
s A0 S B, 4

Sl 9 3o 50

O 47 Z=n|5he], BtER AL

AM Shute 2 1008k 312 21 ogo}
H. 8 Hy 20w ARsETh AU ko] 43
2|3 A ] (EHF-LV50kN-40L) 2 8-8-3}9ich.

2.5 Ho|E &} ol §M ™I}

A BHA 7 5AR Uil 9= vAle RS
TFH317] 93l ASTM D2734 7| 22] Ho| & dlak B} A3
= BT 7ERAIR 1 em Zo]o] AlHE o]-§-35+4 600
12§ 2ol AEE B 50 AL F AT R
15 27st0] 2ol= gk ARksisich ol2iat Ao of
stel W2 ool el Eelstel Auulne siaich

ISO 5658-2-2006 ;-2 0 wlel A4 A d2ee =4
shodth B Ao A AJLE L Bl g Aulzog A
5§ Ba g 22 AL Y] gholet shed Ant ol A
o] e EAS Basfor 5] mhie] AT, A6
ERH 7 BGAR 7)5 ko] 1HE dgFe HAs)]
el Akt drba o= Aok YA A7 (critical flux

starmy ol sl

2 Ko

op

J{

O

H

d



Comparison of Resin Impregnation and Mechanical Properties of Composites Based on Fiber Plasma Treatment 391

at extinguishment, CFE)o |2k A|79] o4 A] 3}go| ¢ oA}
AR A ohshz A Hol Aol erelw o] Azk whs o
& i

3. 20 A nH
3.1 E2t=0t M2|of e M7l Hatyt =X A Mol
Ojxls A&

Fig. 304 2hld o= Ql5%o] &y AEol o=t

Fig. 3. Changes in surface morphology as a function of plasma
treatment time on fibers: (a) neat; (b) 1 min; and (c) 5 min
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Fig. 4. Results of real-time evaluation of the impregnation sta-
tus of the resin using electrical resistance measurements:
plasma treatment time (a) 0 min; (b) 1 min; and (c) 5 min

He) Azbell whek 6o abo] ol Pete Feld 4
A1t Fig. 3(a)oll A A9 stro] vjshe, Hdf
ol o] Hou], 4 ¢ Ao eHAsHA BHelE|3ict. shAInt
Fig. 3(b)oll A= 4% 32| of=2 o] A7) Al&Fs}aL, Fig.
3()oll A= Aol Aol 4o WA o] 20| ¥}
B glelgch. & Sehxo} Ao gt 4ge) wo)
Il Qokal A h24]. Sek=nt 22 E 6FA] 92 Neat
Aol Aol Aol Aol AQH Fej g wmolix,
12 ek Bahxo} HelE s19lS Aol BAT Fe
o] ¢ Ewo] SelE|giet. 58 For Fetxnl A 2

ke Aol 21 Fejel HfEro) ShelE i,

Wz o] ue) sl Fei7l BelE ok Sepzo} 44
Ao 88o] AR A F7HE

i, 3 220 o] o= gk & 4= qlrk.

Fig. 49} 5= 27|48 ZAWL o] g5to] Ax|7ko = 3}
QIgk =219 R A Aafolnh. Aol HETE 71 AIAY
27l AR EY viEE HAA17]7] W 2ol &4
fobBrad g7t 4Eelw ks AN YEEFE o
oA 579 FAA A7 G| F7HEE ArkE fst
Al Fet25].

ol2igt AALS olgstel SAlo] TS FI 5
931, Fig. 4(a)2} o] dutaQl B0 X270 A= 3
ol ehgH o )7 Eata H7|AGo] Mtz - ok
9ol EAfH= AHE BT 5 ek o] SH|o) A=
Q5] B G2k FETol Z7hEIly] otk Fig. 4(b)
o] 5 obFd A& sHA| g Autol| wisl A A3
< vpeh gick. FubE o 2 350 AlZk 7 g Al
=S5k o W, 11 o] % A7 A g o] Tt = BEE
eh gl

olelgt et AT AG B W T Az
< 9u|git}. ulx|H e 2 Fig. 4(c)Q] -9 X7} 30 Y2
A B9 UE Anes das et lar, ol 23k A
£ AgHom £2)9) 34 At S1EE ATE v
WAtk =347 A A = G437 =2 9] o =
et 4= Sl W A7k WA E AT & Bz} 52 2
of wzt 2] TRl ¢ A=l Hish FAsHA A
HZ 2hIskelet. Fig. 59 Aol A A7 A B HE
el

P N =< R
o
olN
N
ot
=2
=
)

(b)

Fig. 5. RResin impregnation of fibers after 5 min of plasma treat-
ment: (a) Contact angle at 0 min, (b) Contact angle at
0.5 min



392 Seong Baek Yang, Donghyeon Lee, Yongseok Lee, Dong-Jun Kwon

(a)

Load (N)
i

-
- L] -
-
.
L]

= JE-0% = 00000

Displacelﬁem (mm)

(b),

Load (N)
g

¥ 280+ 0,007

Displacement (mm)

(c)

Load (N)
£

= 109 - 00002

Displacement (mm)

Fig. 6. Comparison on loads based on the degree of dipping to
impregnate the fiber into the resin: plasma treatment
time (a) 0 min; (b) 1 min; and (c) 5 min
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