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Study on Improvement of Strength of Various CFRTP
by Ozone Oxidation Treatment

Hiroyuki Oguma
Graduate doctoral Program of Mechanical Engineering

Abstract

While efforts to reduce greenhouse gas emissions such as carbon dioxide (CO,) are
being carried out on a global scale, the research is underway to reduce CO, emissions
by reducing the weight of vehicles and improving fuel economy by increasing the
volume of Carbon Fiber Reinforced Plastics (CFRP).

Also, the CFRP widely used in aircraft uses thermosetting resin such as epoxy as a
matrix resin, but considering the possibility of recycling, reuse, repair, and shortening of
molding time, expansion of use of Carbon Fiber Reinforced Thermoplastics (CFRTP)
using thermoplastic resin is expected in future.

However, in general, the thermoplastic resin has high viscosity even when it is heated
above the melting point. Therefore, in order to impregnate continuous fiber bundles
with resin, higher temperature, higher pressure and longer time are necessary. In
addition, the thermoplastic resin has a problem that the interfacial adhesion with the
reinforced fibers is poor as compared with the thermosetting resin such as the epoxy
resin. When the interfacial adhesion is poor, it is thought that the transmission of force
from the resin to the fibers is reduced and the mechanical properties are deteriorated.

In this research, in order to solve such conventional problems, we tried to improve the
mechanical strength by improving the interface adhesion using ozone oxidation
treatment for both carbon fibers (CF) and thermoplastic resins. As a result of this
treatment, the mechanical strength of CFRTP was significantly improved.

This reason is that the interfacial adhesion was improved by the formation of
oxygen-containing functional groups on the CF surface and the matrix resin surface

owing to the effect of ozone oxidation treatment.
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Tablel.1 Types of matrix resin

Unsaturated polyester (UP)

Epoxy (EP)

Thermosetting resin Phenol (PH)

Polyimide (PI)

Polyethylene (PE)

Polypropylene (PP)

Polycarbonate (PC)

Polyamide (PA)

Polybutylene terephthalate (PBT)

Thermoplastic resin ~ |Polyethylene terephthalate (PET)

Polyphenylene sulfide (PPS)

Polyethersulphone (PES)

Polyetheretherketone (PEEK)

Polyamide imide (P AI)

polyether imide (PEI)
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Tablel.2 Past researches of impregnation improvement for thermoplastic resin.

Impregnation method

Refernce No.

Main Author

Matrix Resin

(1-26) Norio Hiramata Thermoplastic epoxy
(1-27) Norihiko Taniguchi | Thermoplastic epoxy
(1-28) Koichi Nakamura  [Polyamide 6
(1) [In-situ polymerization type resin
(1-29) Koichi Nakamura  [Polyamide 6
(1-30) Goichi Ben Polyamide 6
(1-31) Goichi Ben Polyamide 6
(1-33) L.Bao Polyethylene terephthalate (PET)
(2) |Solution prepreg method
(1-34) L.Bao Polyamide 66, Polyetherimide (PEI)
(1-35) A.C.Handermann [Polyetheretherketone (PEEK)
(1-36) Yasumochi Hamada [Polyamide 6
(3) [Commingled Yarn
(1-37) Yasumochi Hamada [Polyamide 6
(1-38) N.Bernet Polyamide 12
Polyami Polyamide 11
(1-40) A.Ramasamy olyamide 6, Polyamide 11,
(4) Thermoplastic resin powder Polyetheretherketone (PEEK)
(1-41) C.Steggal-Murphy |High density polyethylene (HDPE)
(1-43) Kiyohisa Takahashi |Polyetheretherketone (PEEK)
(5) |Co-woven Fabric
(1-44) Tsuneo Hirai Polyetherimide (PEI)
(1-45) M.Sakaguchi Polyamide 6
(6) |Micro-braided Yarn
(1-46) H.Gu Polypropylene (PP)

14




v o N
o O O

Elemental composition (%)
— N w £
o o o o

o

EC—C OC—0 @EC=0 mO—C=O0

0 10 20 30
Day

Fig.1.4 CF surface condition for past days.

15




2255 3CHK

(1-1)

(1-2)

(1-3)

(1-4)

(1-5)

(1-6)

(1-7)

(1-8)

(1-9)

(1-10)

(1-11)

(1-12)

(1-13)

(1-14)

T HERREREOTUR LB —COP21 & 4 1% o M ERIEBE L %}
IROHERE— | BREZHELN, 45, 1(2016), 4-9.
BREEH HIERER B fm [E PR HIERIRIE (L3t 3R 2 - Al EE D O /N U hE~,
A% L BREE, 61, 4(2016), 56- 60.
KA - HERIRBE (LG 1L OB 7o 72 EBRAIRE 2. —COP21 /X U g iE D
&R—,mzw%~val~36qmmymm
FBNRH AL R b U A7 4 A(GIOWR BREEA HERER B R s nlk
ﬁr%ﬁA%L BiE : HRIRZEHR T A A X MY fEE, [ESLf
jﬁ%ﬂﬁk.iﬁﬁm AT1(2017), p.2-2.
BENETAA X b U7 4 A(GIO)R Brbis MERER BT S5 il
(KRS HEME RS - AARIREDRT A A o~ b U EE, B2
ZEBRFIEN ENLEREEMIET(2017), p.3-41.
E LA EA - B ERE % (CERk 29 43 H)
FNFER] © BB BRSO R FERHETRIL 77 X F > 7 (CFRP)D it
FHOREEL (CFRTP Z M), F% L5aES, 81, 6(2015), 489-493.

[

BREEA  RAE (AFH - 2¥EM) oRE L (E&EL) O, Fik 28
FERBREE AT

/R B X CFRPIC K 2 H BB & ekt A, B HI T #E
(2017), p.8.

S B, REEE . ARERE(LEEAEME, = A — R
(2016), p.2.

K'g BAG, B8, EHAIT BB EEAMEOBUR & Bhm, R&D

KOBE STEEL ENGINEERING REPORTS, 57, 2(2007), 2-7.

SEHESEW - RFBRMERACE TN T T XF >y 7 —BURICHE LY
R -, R THREE, 81, 6(2015), 485-488.

IRy 2, KEFIIE © RBEHER(E T T 2F v 7 - HEVEREEM B~
S FH 2 LR L2 A 7 B AT R SR MIHE TRAL LB A B O BFJEBR I -, BB
T, 29, 7(2017), 227-232.

PRFBMHER S - WUZERE - BEhEE - JBH LCA 7 REMAMHEET L7
http://www.carbonfiber.gr.jp/tech/lca.html

16



(1-15)

(1-16)

(1-17)

(1-18)

(1-19)

(1-20)

(1-21)

(1-22)

(1-23)

(1-24)

(1-25)

(1-26)

(1-27)

(1-28)

— XM ENEN BEERAREIE RS - HE IR BB E (1B
41 FE~FpK 28 4F)

ARASERL © BEVHEOL ARG & FHEMER LICEIRT 2 ES BN O
—EWNIZI1T 5 FRP @ HBH S IR 2 B0k & RS2, CFRP # B &5
A D FM) LR EEE —, H AREGM B TEES, 32, 4(2006), 147-150.

H BT - BRI Sl O 72 8 O R FAHEAE 5 A BHCFRP) O £l B & R
PUZDOWT, it 84, 7(2015), 528-532.

i % B #h B O & PR E TR 5 15
http://law.e-gov.go.jp/htmldata/H14/H14HOO087.html

HIa S HENESEFICI T D CFRP Biff0HIR L RE, T A F v o
BRI T 542558, 28, 12(2016), 480-483.

[ EHE, AR 5, KB B, iR 3, & 5, 2W 3 IREKE—
JmgsEfb AR Y T u v Lo )RR EHE, B ARE A EFEREE, 32,

4(20006), 153-162.

AT & RBWHMEDIGH & isE, >—= A 2 —HRR(2008), p.47.
EWI VAT 4 T2 H—F : CFRP OFE - T+ U HA 7 Vi
IHIRR, BT « 7 ¢ — « = Z(2015), p.54.

J.Diaz, L.Rudio : Developments to manufacture structural acronautical parts
in carbon fiber reinforced thermoplastic materials, Journal of Materials
processing Technology, 143, 144(2003), 342-346.

FkfsE—, B B, FIRE, BHEES : BLEERARY T I N6 %
~ MU w7 AL %D GFRTP OSBRI RIT T BRI ORZE, R
REAMEFFEETE, 37, 5(2011), 182-189.

S SOAm © CFRP OMIIEERMER) b & ASHEMEREAE, BRI IG i =
(2010), p.95.

FlAeTs, AOGEAR, P9 SC PR R AR & DR 2 6 L7 FRP O
BR%E, 377 A F v 7 A, 50, 12(2004), 519-524.

B OEEZ, TEEEL, LAk, TS, JITHZZ BV o R % o
BillEz~ FYU v 7 2 &7 5Tt b E G B O RS 9R D Feik
A, FABEAR 2R SCEE (A #m), 75, 758(2009), 1284-1289.

HipfsE—, SFIACR, EHEBS  BGEAMARY T7IN64~ M) v
A L F 2% FRTP OBEMAIFFE, H ARG MEB 23, 35, 5(2009),
195-202.

17



(1-29)

(1-30)

(1-31)

(1-32)

(1-33)

(1-34)

(1-35)

(1-36)

(1-37)

(1-38)

(1-39)

(1-40)

RfsE—, B B, FIRR, MHEES: BIGEGHAY T IN6 &
~ Y v 27 2L D GFRTP OBMKAIRHEIC KT T RIS D%, A
REAMEFFESTE, 37,5 (2011), 182-189.

B B, KRB OBE, PAEE—, FReIe, AR, MRIER, R
GLHE - T — AR ik L B G BT PR IS A4 IV 7o CFRTP O BRI
Kotk & OB, B ARE A B EEES, 39, 4 (2013), 127-134.

B B, WHER, AW B[ U kit s Hv 72 HFRTP & HFRP
D SRR, B AE S MBS, 41, 4(2015), 112-121.

A.XU, L.Bao, M.Nishida, A.Yamanaka : Molding of PBO Fabric Reinforced
Thermoplastic Composite to Achieve High Fiber Volume Fraction , Polymer
Composites, 34, 6(2013), 953-958.

il R, th LR, BRIHARS, $UFF ¥, PEHEDLAE FRP e A OfHES
AR 2 ROk iR FRTP ORIiEDBSE, b7 7 A F v 7 X,
59, 12(2013), 438-441.

il DR, B S R OZE, W R SlfEE AR - minEWEE A
T 5 EkeilHEsR L FRTP ORIBIE, (L7 7 A F v 7 A, 61, 4(2015),
193-197.

A. C. Handermann : ADVANCES IN COMMINGLED YARN
TECHNOLOGY, 20th International SAMPE Technical Conference, 20(1988),
681-688.

BERRLL A5 —RS, flgct, w)IEA, R ER, [LARIERE
Commingled Yarn % V72 ZVATVEE S APBE O B (55 1 )t #f sAEIC
FAFRMGNR) |, BUBINT, 3, 2(1991), 157-164.

BERZRLL, A5 RS, Mgt W)IEA, R s, IARIERE : = 3
YTV R Y= O T R E B AT EVE S A B i RIS KA E
LA D528, #RHET- 23386, 49, 2(1993), 79-84.

N.Bernet, V.Michaud, P.-E.Bourban, J.-A.E.Manson : Commingled yarn
composites for rapid processing of complex shapes, Composites Part A,
32(2001), 1613-1626.

ANFRAINSE, HH B — 7 R SR A SR A L BN AT B AR R SR S A B D Bk
ick T o IEE R ZEE), HAESMEIFAEES, 38, 2(2012), 51-57.
A.Ramasamy, Y.Wang, J.Muzzy : Braided Thermoplastic Composites From

18



(1-41)

(1-42)

(1-43)

(1-44)

(1-45)

(1-46)

(1-47)

(1-48)
(1-49)

(1-50)

(1-51)
(1-52)

(1-53)

Powder-Coated Towpregs. Part 1 : Towpreg Characterization, Polymer
composites, 17, 3(1996), 497-504.

C.Steggal-Murphy, P.Simacek, S.G.Advani, S.Yarlagadda, S.Walsh : A model
for thermoplastic melt impregnation of fiber bundles during consolidation of
powder-impregnated continuous fiber composites, Composites Part A,
41(2010), 93-100.

G SR © CFRP ORRE IR MM I &SR, BRI W=
(2010), p.96-97.

rfETE A, A, JRINAIA, TR « TRMCR 3 & O 2 v
Te—J7 ) R FE e PEEK &M OFRME & BLG MB10R 0 K5k, HARES
B2 EE, 16, 5(1990), 188-195.

WHAETS, FlfEAs, o Bl I, SOKFHEE - SR m R
MBI L D R R E FRTP o % 41 R 1 82 35 K & o 5,
J.Soc.Mat.Sci.,Japan, 43, 487(1994), 464-469.

M.Sakaguchi, A.Nakai, H.hamada, N.Takeda : The mechanical properties of
unidirectional thermoplastic composites manufactured by a micro-braiding
technique, Composites Science and Technology, 60(2000), 717-722.

H.Gu : Research on the impregnation behavior of the micro-braided
thermoplastic matrix, Material and Design, 25(2004), 167-170.

B O ERHRMET R T P ORIEIE & Rk, BT T38RI 4E
(2015), p.120.

MR —2, HIFEFE, ERARE @ RFEF, {LFF A(2011), p.148.
B OB, RIHER - REBEHEORELBEN R, HRHETRES, 51,
11(1995), 461-466.

Wkr o il K< oD RFEMME= AR Ty AR, B LS E
(2015), p.16.

ATHE 5 e RBEHEO R emml, —= A2 —Hk(Q2013), p.67.
SFHTF f : CFRP OMHE/ASIIE S & s THEAfr, BRI
#£(2015), p.74.

Soo-Jin Park, Mun-Han Kim : Effect of acidic anode treatment on carbon
fibers for increasing fiber-matrix adhesion and its relationship to interlaminar
shear strength of composites, Journal of Material Science, 35, 8(2000),
1901-1905.

19



(1-54)

(1-55)

(1-56)

(1-57)

(1-58)
(1-59)

(1-60)

(1-61)

(1-62)

(1-63)

(1-64)

(1-65)

(1-66)

H.He, J.Wang, K.Li, J.Wang, J.Gu : Mixed resin and carbon fibers surface
treatment for preparation of carbon fibers composites with good interfacial
bonding strength, Material & Design, 31, 10(2010), 4631-4637.

g H o CFRPICKIT DML ~ N U > 7 ABEOHAE, A ABSE Y
25, 44, 10(2008), 387-391.

AN, ERHEEE, R LEA - BARHE S 14k & BRI L 2 RSl AR
U7 2 IR S O R ERH, A7 58, 7(2009), 635-641.

FARSRCSE, Ay 5, IARTE — o EBIRERAK SO 22 VN T SR SERHE D 2
fefb & HTBLR R B~ D)5 H, MATERIAL STAGE, 13, 10(2014), 38-40.
H A G B - A EHNE F L PE ST A 23(2001), p.402.

Rl A #METRIL T 7 2T 7 EEME O BB EA OBLR & Z e
5, 77 AF v AT —,62,52016), 82-88.

L.F.Macmanus, M.J.Walzak, N.S.Mcintyre : Study of Ultraviolet Light and
Ozone Surface Modification of Polypropylene, Journal of Polymer Science.
Part A:Polymer Chemistry, 37, 14(1999), 2489-2501.

Al AR Y 7 A<l Ko RERE —BiE, MHE~OIGH —, &
b2, 20, 4 (1999), 243-249.

Shen Chou, Chi-Hung Lin : A study of plasma treatment to the surface of
carbon fiber for interfacial adhesion to epoxy resin, Journal of the Chinese
Institute of Engineers, 15, 5(1992), 617-624.

G.J.Farrow, K.E.Atkinson, N.Fluck, C.Jones : Effect of Low-power Air Plasma
Treatment on the Mechanical Properties of Carbon Fibres and the Interfacial
Shear Strength of Carbon Fibre-Epoxy Composites, Surface and Interface
Analysis, 23,5(1995), 313-318.

M.A Montes-Moran, F.W.J.van Hattum, J.P.Nunes, A.Martinez-Alonso,
J.M.D.Tascon, C.A.Bernardo : A study of the effect of plasma treatment on the
interfacial properties of carbon fibre-thermoplastic composites, Carbon, 43,
8(2005), 1795-1799.

Yongping Hou, Tongqing Sun : Wettability Modification of Polyacrylonitrile
(PAN)-Based High Modulus Carbon Fibers with Epoxy Resin by Low
Temperature Plasma, Journal of Adhesion, 89, 1-3(2013), 192-204.
W.D.Bascom, W-J Chen : Effect of Plasma Treatment on the Adhesion of
Carbon Fibers to Thermoplastic Polymers, 34, 1/4(1991), 99-119.

20



(1-67)

(1-68)

(1-69)

(1-70)

(1-71)

(1-72)

(1-73)

(1-74)

(1-75)

(1-76)

DS, GH e 7T AR Y ~ — R ORife BRI O 5,
WS N PE SE BN S T S8R F, 3(2000), 165-166.

KISt A4 R LIS, RYEHK1996), p.198.

Soo-Jin Park, Byung-Joo Kim : Roles of acidic functional groups of carbon
fiber surfaces in enhancing interfacial adhesion behavior, Mat. Sci. and Eng.
A408(2005), 269-273.

J.Li, X.H.Sheng : Surface oxidation of carbon fiber on tribological properties
of PEEK composites, Mat. Sci. and Tech., 25, 8(2009), 1051-1056.

J.Li : Interfacial studies on the ozone and air-oxidation-modified carbon fiber
reinforced PEEK composites, Surf. Interface Anal., 41, 4(2009), 310-315.
S.Osbeck, R.H.Bradley, C.Liu, H.Idriss, S.Ward: Effect of an ultraviolet/ozone
treatment on the surface texture and functional groups on polyacrylonitrile
carbon fibers, Carbon, 49, 13(2011) , 4322-4330.

G —, RFERE, B, THR —, LA &, m% %, KR
BERE, g B, RJIHERT, ~ERIFITE, WEHIETE, ACKI%E, Hiead,
BRI, VTNR: By Tk~ R U v 7 A C/C EEMEHOMIRIC KIE
TR FBMEME D A AL X B3R, R5E, 170(1995), 247-254.

F o AREE: R Ta Ly 7 g v A0 VBB X D&
MR OZAL, FmEE, 40, 11(1989), 1251-1255.

T, BARIE . Y U BB L AR Y e e L o oRER Ol
E, FiEHI, 41, 3(1990), 273-277.

& HFEJL © CFRTP B 75 & % O, TR, 30, 4(2015), 76-79.

21



H2E MHHEM, Y UBEAER XURERBRTTE
2.1 (X BIZ

CFRP 1354 CF Tt L7=EEMEI CTH 5. EAEMEHIRL T DAl DR £
b ENDMOMEL (= b U v 7 ARG THESH, MELZEGTLZ L
kY, AR L ) b ENTMEESDS Z ENTEDLPD. F/, CF Offol
B, SR, SOV WEORED S, CFRP IZEEICHTZZME S i STV 5728,
SBITEENEE, FRICEERICHEMNT S Z LIk BHKOBRELEX Y, REM
EEEBRTH2HOGVILE R BB LTI STV B,

CFRP (I~ VU v 7 2R AN EGEALMERTAG 2B RT BB MR R 2T K 0, R Rk
AL A LA IR (Carbon Fiber Reinforced Thermosets)(CFRTS) & Sk ik 5 b 2L
AIYAMERIR(CFRTP)Z /0T V5 A8, 3T4E, CFRTP (Zxt9 2 B0 E > T
5. EOEFITIL, CFRTP [XAFEMO B SR EIOE D N3 X006, HE)
HLRo— W PE SR A~ DR 2R LR A S TP b E 2 bhb.
F7-, BIfE CFRTS THLE SN TV REB R FHIM OREEEF 2 CFRTP % H
WHZ EIZkY, #iEa X N A 20~50%KIKCE A REEMER H D L OWEL H
}Z) (2—4)_

L2L, %M CFRTP X CFRTS & bl L CTHENRL Y, ZORKED 1o
1% CF & DWatut, 351D =R % O BIIE S 2L R A & i U VAT MEAST
JEDFTBNERNT=DFV L EZ 55, Z D78 CERTP O3ER Fi2iE, CFIZT
KuET LD, £33~ M) v 7 ZRBIBIC T RZT 200 0NT 0 FEICLY,
KA B2 BT LR neOLigfsh Tn s,

AW CIIR b & L CHlismRzh R o @ el T o 5 /o CF %, < b
U7 AR & L CEATMERIIE TH DR Y 7 r v L > (PP), R U I —ARF— b
(PC), VU T I F(PA)Z A 7= CFRTP ZHFExt5 & LT 5.

ARETIL, CFRTP Z#AkT % CF k¥, ~ VU > 7 ZfHEE L THW PP,
PC, PA6 IZOWTHHT 5.

£/, CFe~ M) w7 AR E OREHE HEm ESELFELE L TEHY
FEALALER 24T o T RO W TR 5.

WIS, A LAV SRR B 2 BB A T D DI T o 12
TR, Bl EIC OV THT 2.

22



2.2 [REMBHERR

CF lZv—3y, Al ARE YT, KU T 27 VUnr=kY/(PAN)HE &)
HEIEIND. 2D ) LBIED CF OEFTdH 5 PAN & CF 1L, IR - Lk
ENERMEIO P TR TH D20, fiiZeH AT, @ik R—y fi
HIZZHEN TV S.

—7J7, CF O % e KIRIZIED L= CFRP % #9425 7= 0121%, #ksitf
WA 2 N2 D7 RS, CFRTP ZRIE T 28R, okt L 23 il Ak A O BVl (b
BiiE & bl U Ched TR W EVRT RG22 CF BRICEIR S5 Z L IXREETH
L. R, fk S R F MR L E A M BN B W T, MM 2 DR ED = Bk
MEEARICBIIEZRAIAEED (FRREIED) EEEEZL DD, KV
GRNVNEETH DY,

ARRFZECTIE, FRE - MIPERD 5 H oW EAL 20 oo K& O HE i 4 ORI ER
Ff~0 CFRTP O A% B L T\ 5728, PAN RO CF f##) % ifbifit & L <
IR L T2,

Sy

2.3 BTEEMERR

BT, PAN R CF O~ MU w7 ZBE & LTI, Stk L D R Z X
[ZHEN, CF & OFEEMEN B2 AR5 U BHIE NI ST 50928, Bl
BT D8, oM EREEEZ S < ARG - REEOWE "%+ 5
e, —EE{LTHE VYA I ARREEL D, £, LT DRI RS
LD TR AR 20 b, —J7, BVRTEPERIR OB T UL T ME 2 R
LS HITIUREAL L, (EZEO6 % fE D 720 72 8O B IR R A8 O AT REMESS U A
7 NARIZHEN DO BT, BMERIEL~ N v 7 ABHIE L L7z CFRTP 28
HEHESNTWD., £z, BTSSR 3B (LR & ik L <% < oM
HY, xR EROL O DL, KETI, 4% CFRTP O~ FU v 7
2R E LCTIRS WS D Z EN TSNS PP, PC, PA6 Z W50t 5 & LT-.
231 AU Z7rEL(PP)

PP |ZEEEEAS 0.90~0.91 OFERMMEDINHT 7 AF v 7 Thd. ZfiThy, &

23



BTN <, B, THEESME, ERMEICENTBIETH D Z LD,
a7, FKEMGOZEER RS, ENSE, SHEOEEMH T v L, iR
PONX b TIRHEPAICHE A S TR Y, HEVHM IR RS & b &S
CRTH %L, FREE LTIE, FERIETH B 72 OICTRILHE & OREEMERTS <,
CFRP & U LA E OMREN T+ ICIFRBL L R 0WED Lo - 8 Th
5.

232 R B—AHRx— ~PC)

PCIILLE 12~14 DIEFMED = P=T Vo I T T 2AF v 7 Th D, (MiEE
P E <, RS A S, EREHE, S0, e, SHEZESE, BC
HAPEEITEN D -0, ~y RT T, axr &, I ATEDIER, CD,
DVD 52 STV 5. BRI, PCIIERIBIREICB W T H IR ORE N & <,
VAT IR LAHE ~ DR DO R T HATRY, 2 A FEICEE L WEPD L0 9 S ThH
5.

233 KU T I K6(PA6)

PA IFLLE L4 BEORSEMEO = P =T Vo I T T AF v 7 ThHhDH. REH
72 PA X PA6 & PA66 Th 5. Ml HME, MEEEREMESMENL TRV B Bt
MWD, HHCHEMMEOMLELHMICZERAIN TS, £, Ktk
TIAF w7 THDIZDH, WMLAREHNI ST DMEEMLEISENLTND Z & n
5, HEIEHBRMNERIZEHAEINTEBY, YU F—~y RO~ KA —)L
Xy v, FEE T, TI7BARXEL, KT AV RLREICEHAILTY
B0 T, PA IFWKICE o T, M, MEERIIET L, REMSOSHENE
b+ 20D RICEERLETH D.

2.4 IV U LALEE

TV AIES VEOBRERF 20T 5720, AHRRTIE Y v3# (F) TR
TERWERIL 12> TV A ) U AL R LI, ZERSOmE S & JRRHC
WRBEREICL AV ERERL, AV 07t HERAL T, A%
PR E O E, Wit - BlR, WME & 21T O B ETH B

AWFFETIE CF BLO~ bV v 7 2R ORmIC S m S 2 LS E 258
&9 5 Frf iC—0), DAR=NLVEC=0), H/LRFILIILIEO—C=0)

24



LB LA EREL AR IS HLEEL U Y VLA E A5 L.

AV % Fig2l (T HEFEERXA Y R EH (ED-OG-R4, =71
W) 2V, BRZ RS U CTLREMRGEA RGN Th St & 20L/M, JRE
60mg/L DA/ > —FRFIRA I A % VT CF ik KL OVPP, PC, PA6 7 1 /L LD
A VBB E E N E AT T2 BEERI SL O T ATV —2pic7r& ho
Vetg# @ CF ##% 2W X PP, PC, PA6 7 4 )L L& A, AV 2 —RHBIRE T A
ERERR Sk, G E IRy, BEA Y UV EOMSETR, TV —
HZINHAERM ZID H LT, IRETAROL Y VREE, 2wt%d vkl U v A
(KD)KEEHRIZ 30 RO A v A il UIiEREETE & L7=%%, 0.1mol/L F A Hilig
FRUTATHEL RO (KIE) @0 . £/, 4V UBEAEE 22°Clcq
EENTERENTITo 72, HHABOT Y 3kt (Bb=v 7)) Z@ LT
FeEic L, HERERIEOHER L7z, Fig2.2 (24 Y VB ALPREE & O X % R
T AV UMBOUID B ZIFXPIR LTzay 7LD iTo .

24.1  CF&RMEIZHZ D%

A U RACALER S CF RO IZ G- 2 DB E 572, Fig.2.3@IRT
CF HolERBA Z2ER L. CF RIL7 & b L% O CF &Y
(T300-3000, Kk, F = 0.25mm, HLERE) 76 1R (3000 A) #kEHy,
W5y 2 PP ook (20mm X 50mm X 2mm) THEA 2GS S THE A (#
7)) HELT-. Fig.2.3(b)D X 5 IZRER T & SRR R ICEE L, 5lRdE
10mm/min THIEMERRZI1T-7=. £72, 4V Vb L5 CF £ld
LR S DOIREELEZRR D720, Fig.2.4 (TR X $OLE A Eo ML E
(XPS) (AXIS ULTRA, MEHEEERR) %M\ T Cls A7 MO
ATV, AR A O & B a2 R -2,

T AV ALEERF ] & CF RO KGR E & Ok % Fig2.5 ITR”7. 20D
& & XPSIZ XL W HIE L7z CF REm DB EAWERT O/CE (RFE T3S
LHEBEZRDOHEIE) 0 TRT. o, &4 UBBAEERICKIT D Cls A
7 NV O RS B % Fig.2.6.1~2.6.4 |ZR T, BICZNZEN DUy s T
i C—C, C—0, C=0, 0—C=0 Ot %2 K Fig.2.7 (2”7

Fig.2.5 134 VERLALER S 2 B & Tl RS ERTEIZ A b3 O/C i |k
A B0, WEREER 2N 4 FETlX CF ROBEME T 5 Z L A2R LTS, —
FHTFig2 77T L5, v U v 7 2R & O R mEEEEEZ M ES 5@ =
I DM E R o 2R HFEE A EREI(C—O0, C=0, 0—C=0 ) D mEaiitix,

25



{LALERRER S 2 RERI DL E TR II A b 7ot 2o OfER LY, LI
DFEBRTIX CF R4 5 4 L ALEERE 2 2 B & L7,
242 PP RMIZE % D8

ALy MREDO PP (/35 w7 PP MH4, HARY FofRil) 2 240713
. (300mm X 300mm X Smm)DFIZE & 0.2mm D AR—H —ZFliE L CHeA, B
7L K (SA-301, 7 AKX —pEZEME) T 230°C, 2MPa OSFC 5 43 RIINIA,
METLHZEIZED PP 7 4 (JBEE02mm) Z/ERLT-.

A BB X D PP 7 4 )V ADFKMEDEL TR D72, Fig.2.8 I
AT EAAEE (CA-VP, W ftmEb e 2 HuvCZER KIS 2 8l %
KTz, A U FRCAVERRER] & Bl & OBEfR % Fig.2.9 12”7, Fig.2.10 (24
V UBRGALERRT & A R LA A 6 BEREAT o TR 0B O ERE AR L
7o, AV AR ORI IV AL 106.5°0 5 62.6°L 720, HUKMEDN
KigEzm L L7z,

WICAY VLA L0 PP 7 4 L AFEE FICAER SN EE S A E L
DR AETRD 20, Fig.2.11 (T T 7 — U BRI rEERE (Nicolet
iIN10MX+Nicolet 1210, h—EF 7 4 v v —HV A =T 10 7 ¢ v 7 &) ZH,
HRARANEI DRI AR MV ERIE LT, HIEIEL ATR #(Attenuated Total
Reflection, 4S5 TITVY, FT-IR AR 1 HIKET ATR 77 24 U (smart
iTR, ¥4 Y& i) Z3%E L CHE L. BIESMFITOMRE 4oml, R
#iPH 4000-525em1, FEE[EIEL 16 & L7z, A VERLALERRT# O FT-IR O
TR A Fig.2.12 (TR Lz, ZORERNG A Y UIBBAERIZ LD VR = v
(>C=0), &t FeXx (-0l ER LI ERHLNE RS-, 2 b DS
EHBRRIEICED PP 7 4 L AOREIHRM:ZH O, BIKME M B U7z EHEHI L
7z,

BN Y LA PP OWRIRFREINEIC 5 2 D B2~ 2720, BBt
WHFT#% D PP 7 4 LD AL h7a—L A NMFR)ZBEIE L. HIEHFET
JIS-K7210-1 ({2 U T Fig.2.13 [ZRT AN hA T 74 (2A, BB FERHERUE
FTL) CHIE L7z, HIESMT JIS-K7210-1 MEEA OF AL ICHESHLTW
LML, RBRIRE 190°C, RBRfrHE 21.2N & L. HlEHk R % Fig.2.14
R L2, &Y U BAERIZ LY MFR OfEIE 2.4 fFizm E L7z, Zhuud4 Y
> DIALERIZ LY PP O FHO—Ea 3Gk s, o F&0MET Lz
O EHEHI S Tz,

26



U EOFERN S A Y BB OHNRIC LY PP 7 4 L AREICREESAE
REIE B SN2 DI KR B L, 4 293 PP O F 80— 84y & Ul
L7272+ ENME T LZZ & CTMFR OEN 2.4 I EL7ZEvnDH Z &3
SYAY RSy
243  PCRHEIZHZ HE

PC 7 4 v (T4 F PC-2151, JE& 0.2mm, 7 AR (o4 (b
SR AT o T2 BR OB U ALBRIRE R & 288 KIS kb9~ B il /g & OBIfR % Fig.2.15 12
AT Y VBB A 2 KFLL BAT O &, BUKMERRIRIC B L7, ZauE
Fig.2.16 (TR RN L O Y VLALBEZ 2 RFfEIIT > 72 PC 7 4 VAR H
Z FT-IR THIE LSRRG, Y VBB L0 BUKMEZ R T ERATH
He Fafxvik (—0H) NEizicgEmanizzo s Bbns.

WA Y VB LALER % 2 BEAT o 72B8 D PC 7 ¢ L A ORI RENIE RS LY
FREEIC G- 2 DB L ~T-. MFR JERFORIESIFIE JIS-K7210-1 MEE A
DFEALVICHESN TOWDIEMAZZ2IL, REBEE 280°C, HER{E 21.2N &
L.

F72, PC 7 4 )V A O5ERE L JIS-K7127 (ZHE U CHl iR E AR 217V Bl L
7o, FTIHEMAERWCHEBRAF 247 5 OB Z/ER L, J7Hes kb
AUTOGRAPH (AG-I 100kN, (#EHEE/EFTR) |2 100N O r— FE/rz v,
FABOHEE 50mm/min THIE L7z, BB EIL 5 L L7z, SIiRM ST TRio
LD RERH L.

MFR, 5lEM S, RERRICT — O A8 %2 £ £ Fig.2.17, Fig.2.18,
Fig.2.19 (2R3, 2B DX G A Y U ERVALEE DR L ) MFR 23 20%1[7]
EL, BIEBEN 10%IKTT25Z ENHLNE o7z,

Om == (2.1)

O @ 5138 S (MPa)
F R EN)
A R oY OWiE A (mm?2)

2.4.4 PA6 RMIZH 2 D%
PAG 7 sV (XA T Iy C, JEX0.1mm, —Z47 I AR o4

27



PR LB 24T > o BR D PR (b AL PRIGE [E] & ZK R KISt 2 #efih M & O B4R &
Fig.2.20 |Z/~9. ARBFZECTHEA L7- PA6 7 4V AI R HIZ = 1 LB i S 4
TWb 728, 4V VERBALERRT Tl 2 v ALV O 5 23 B O /& < 7
Sfc. UL, &Y i v A 3T © & Wi & & BUKMED Rigizm =L,
i [ O BEfR A TIFIE R — L 2o T

WY ERCALERRT & A LV & 3 BREAT o 72 PA6 7 ¢ L A DFHE
22\, FTIR THIE LR % Fig.2.21 (/R L. WIEIL = v ALBmE &
ARABRE O HEIZ DV TIT o 7203, ERIGEVWR RN oTo7cd, aaT
WERERI ORI ERE R OB Z R L2, ZORNS, 4 VBB O EIZ LY
BUKMEZRTERECH D I LR= VI (C=0) BHIicERsSTnd 2 b
WRSNTe. Y VBB AT 5 L BIKMENT L LD, ZOFEREDE
BThbLEZDND.

X512, XPS 2L 0 B LALERRT & A4 VB LALEE % 3 BE[FAT - 72 PA6 7 ¢ L
LAREDOREERELEDIT 21T o2, Z OO b = o JAUHLE & AR ALERH O
IZOWTIT 272Dy, WIRITEWR R bR 7ol s, AR ] o H) &5 5
DR LIz, Fig.2.22(@) )iz Cls A7 LD B B4 rd. £,
Fig.2.22(a)(b) DI 4B L 72 A7 RV OIHEIFELL DS B B RERE O B Ak bE % 2K
WIkER % Fig.2.23 IZRT. TN OB A VEELABLIZ LY PA6 7 1V
LARMENZHARMEZ TR S A BEREIEC=0, O—C=0)3#EML TS Z &N
XPS ORPEMRND I LN E ST,

INDOFRERNSLUBEOER CTHERAT D PA6 7 4 NV AD A R b ALBERER
1T 3 & L7z,

I CERLALEES PA6 7 4 /LD MFR B L OGERSICH 2 58 A2 2
Z1 Fig.2.24, Fig.2.25 (3. 4V VEMCALFIEFRII S & L2, 2 b
DX A LR Z 3 EE T > TH, MFR B I OSERSIITE A EE
WIRERINZZNWT EWRENTZ. ZhUE, PA6 7 4 L ATA Y VB LAV DRI
N E T O SN D Q20 CThH D728, IRHEEREINE, SIEM ST E A
A B2 ol EZLND.

28



2.5 CFRTP RB T ORI ik

2.5.1 iR

Fig.2.26 (27834 (110mm X 120mm)(Z 5§ 7 ¢ /L A3 KO CF ik % 22 B
fRfE L7-#%, Fig227 \IRdET L ABEAREM L CIMA - INERICHEIT L2 &
(ZX Y CFRTP fefEth = fdfg L7z, =D&, 7 7 A 71 v Z —% AT JIS-K7074
IZHE STV D T RBR A ~HEICEI D H LTz,

252 SliEABRA

Fig.2.28 (234 (185mm X 250mm) (2t 7 « /v 8 KON CF ik % 22 HAZ
g L7-tk, B\ L AR UCINA - IERICHEIT S Z L2k Y CFRTP
ik eflE L. 0%, 774 v 2 —%HWTIS-K7164 |ZHE ST
WD B ERRER A HEICEI Y L.

2.6 CFRTP RB ) O ERERFIE

2.6.1  #hiFRBR I
A UBRACALER A CFRTP FEEAM D J1FRITREE IS 5- 2 2 B A 5T 5 72,
SASHITRER 21T > 72, Fig.2.29 (2R L= T Res kBRI AUTOGRAPH (AG-1
100kN, (bR ESEEBLVERTEY) |2 SkN D o — K& /L% Fvy, JIS-K7074 |2 % U T Fig.2.30
D & F 0 OB H CERBOEE Smm/min, 4 EEEE 80mm DOFRBRSAIZ LY
3RHNTRERZIT o7, S ix rTeoRUc LI EH L.
3PpL
b = Jbn?
[ oy, : P50 S (MPa) A
P, : H KA E(N)
L : ZJE T FERfE(mm)
b : BB T DO (mm)
L A B OE I (mm)

(2.2)

F 72, HRIFHEERIE, JIS-K7074 IZHE I TWD LBV fiifffE — 7= /i

29



FROEFREBOMH O Z 5 B a T, FrRoXick v EH L.

Ey=-—"= (2.3)

CE,: i EE(MPa) )
L : 32 AT (mm)
b = FABR T O (mm)
h o RBRF OJE = (mm)

00|"U

W — 72 b AR OB O Z 9 Ed (N/mm)
/

-
262 SliEABITE
Y R RALER Y CFRTP FEEA O J) PRI 5 2 2 B A T 5 729
SRR 21T - 7=, Fig.2.31 /& L7z Tieb ik AUTOGRAPH (AG—
250KNI, (#RSHRIEFR) % AT JIS-K7164 [C#E U CHlERBREZ1T - /2.
F70, R OMONT Fig.2.32 12~ Lz B 5F AR IEEfAlB 0% (DVE-201, (##
SEHERUERTR) A L CRlE Lz, IR SIx@Q. DRI XY, SIIRMHMESR
T TFREORIT LV RDT-.
E, =22 (2.4)
€2—&1
E; : I MPa)
o1 1 O Hre (2B 505 71(MPa)
0, 1 T By lo B 58 /1 (MPa)

27 %S

AREETIX, AW CHEM L7 CF ki L ORI B MERIEIC B3 2308, =
O OERAFEMITK L TH Y U RAGILER 21T > T2 BR O EIZ-DU T, CFRTP ik
R ORFETT L, MRERBRFIECOW TR0, FRICEHEMIC LT Y
bR Zfi 9 L LR D X 9 RN ENDL Z LN E o T,

(1) CF#mizA U ELABRAAT 5 &, JLPERER 2% 2 REf £ TiX CF RO

SRIE IR A G 2 7\ s, ALEREER 2N 4 RERIIC 72 2 S B KB IEATE A 10%
BEKTFTS. iz, &Y VB LABEOMFICE Y, CFEmIZIT~ Y v

30



7 AflE L O R EHEEEE M LSS5 @E 2T oMM A R o BEESHEE
BEFL(C—0, C=0, 0—C=0 )tk En 5.

(2) PP 7 4 )V AT AY U ERLALER %A 6 RERTT 5 &, BUKMES KIEIZm E L7,
ZHUXFT-IR OFERMN D, 4V VERLALEE DI RIZ LY PP 7 ¢ )V AFKMEIC
HNVR=VEE, B Ra S UERAERINTZRETT )V AOF PG %
WOl OBUKMERM ELT2EB X bvD. —J5, MFR (3 24 52 EL
7o, ZHUTAY D3 PP OOy HO—E 5y 2 I L7272 F &R T L7
Z & T MFR OfEA A b L7z & HEH & -,

(3) PC 7 4V BITHY VERMLALER 2 2 BEFT 5 E RimIC e Fo o BEnAk
L2728, BIAKMENR B35 2 R I N, 72, MFR (£ 20%[M L L,
PC 7 4V ADBIRIESIX 10%IE T35 Z L RS-

(4) PA6 7 4 )V ITHY VERLALFR A2 3 BEMAT - 721, Fifi%& FT-IR THIE L
TofEB, AR VENEREN TS Z ERERENT-. &5 XPS T
ORIEIZ LY, AFRFTE BB L CHR = VI L BV R VRO EIE N
ML TWD Z ENRfERINTZ. ZhOBETHEREDARIC LV BIK
HrRmEL7=EEZBNTZ. —J7, MFR BLXWPA6 7 (/L ADF|HEIR X (C
DWNWTIE, TV VBB O BT E A E R oo Tz,

31



Fig.2.1 Ozone generator.

CockD) Cock® Cock@

AN

Flowmeter 2

r’
Buffer

Ozone generator \ Kl Solution

Desiccator
‘—_.___‘

B
m Decomposition

Catalyst

Stirring device

CF fabric or
PP, PC, PABG film

Oxygen

Fig.2.2 Ozone oxidation treatment equipment.
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(a) Tensile specimen of CF bundle (b) Tensile strength test of CF bundle

Fig.2.3 Maximum tensile load measurement of CF bundle.
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Fig.2.4 X-ray photoelectron spectroscopic analyzer.
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Fig.2.5 Relationship between maximum tensile load and O/C

of the ozone oxidation treatment time for CF.
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Fig.2.6.1 Cls spectra before ozone oxidation treatment.
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Fig.2.6.2 Cls spectra after ozone oxidation treatment for one hour.
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Fig.2.6.3 Cls spectra after ozone oxidation treatment for two hours.
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Fig.2.6.4 Cls spectra after ozone oxidation treatment for four hours.
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Fig.2.7 Relationship of ozone oxidation processing time and elemental

composition of oxygen functional groups for CF.
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Fig.2.8 Contact angle measurement system.
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Fig.2.9 Change of contact angle in PP film to ozone oxidation processing time.
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Before ozone oxidized PP (106.5°) After ozone oxidized PP(62.6°)

Fig.2.10 Contact angle of water droplet before and after ozone oxidation

treatment.
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Fig.2.11 Fourier transform infrared spectroscopic analyzer (FT-IR).
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Fig.2.12 Infrared spectra of PP film surfaces before and after ozone

oxidation treatment.
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Fig.2.13 Melt indexer.
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Fig.2.14 MFR of PP film before and after ozone oxidation treatment for 6 hours.

43



100

— 80

[=1+]

Q

2 -

o 60 E

g -

S 40 I B 1

&

T

£

S 20 -
0 T T T T 1

0 1 2 4 6

Ozone oxidation processing time (h)

Fig.2.15 Change of contact angle in PC film to ozone oxidation processing time.
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Fig.2.16 Infrared spectra of PC film surfaces before and after ozone oxidation

treatment.
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Fig.2.17 MFR of PC film before and after ozone oxidation treatment.
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Fig.2.18 Tensile strength of PC film before and after ozone oxidation treatment.
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Fig.2.19 Typical stress —strain curves of PC film before and after ozone oxidation

treatment.
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Fig.2.20 Changes in contact angle of PA6 film surface to each ozone oxidation

processing time.
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Fig.2.21 Infrared spectra of PA6 film surfaces before and after ozone oxidation

treatment.
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Fig.2.22 XPS spectra of PA6 film surface before and after ozone oxidation treatment.
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Fig.2.23 Relationship between ozone oxidation processing time and elemental

composition of oxygen functional groups for PA6 film surface.
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Fig.2.24 MFR of PAG6 film before and after ozone oxidation treatment.
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Fig.2.25 Tensile strength of PA6 film before and after ozone oxidation treatment.
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120mm

Lower mold Upper mold
Fig.2.26 Mold for manufacturing flexural test piece.

Fig.2.27 Hot press.
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250mm

Lower mold Upper mold

Fig.2.28 Mold for manufacturing tensile test piece.
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Fig.2.29 Universal material testing machine (AG-I 100kN).

Fig.2.30 Three-point flexural strength test jig.
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Fig.2.31 Universal material testing machine (AG-250KNI).

Fig.2.32 Digital video extensometer
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PP 7 4 /L A THL L CF#M 6 A A8 HAZHERE LARIC AqL, 247 L 28§ T 220°C,
HEJE T 10 43 ERFF U CHHIE 2 18 S 7%, iUJEE /% 2MPa T 5 2 NE L,
2MPa Z4FF L7 F £RIEFE T30 0MGHEIT 5 Z L2 X v #E CFRTP R % 1% 2
L.
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ZDW%, 77 Ay X —EHNTIS-K7164 ([ZHE STV 5 5 HERER i ~THE
(250mm>25mmx1.7mm) 28] 0 i L7z, BB AL 5 AR & L7z,
324 ERE AR SRR ERGE

PP 7 4 /L N 134 L CF/lM 12 0% R BACHESE LA i, BV L 28T 220°C,
HEJTC 10 43 AR U CHHIE 2 78 S 7214, iEE /1% 2MPa C 5 23 BNE L,
2MPa Z{rfF L7c £ £ E T 30 oMmAIT 5 2 &1 KV ¥ L7-fHfE CFRTP
W%, Fig.3.1 I8 L7z JIS-K7092 @ T HiEWEIR B A | RIS T L7z, R
BRA ORI ()X 3.5mm & L7z, BBRAAREII S AL Lz, et BBk
AUTOGRAPH (AG-I 100kN, RS HSR/ERTR) |2 Fig3.2 (IR Lz L FRIRES
RiE L, B OmINERZP LT DALY 7 TR A 28, 3Bk
P Imm/min CIEMERFE Z 207, MUK E OEEIZIHE > TR A Bk E 2 5%
SR, GO RKRMEZRBRA O L UIREBBEOREICL Y RSN DK
T CRR L CEME AR S 25 L.

F 7o, PBRE ORI 2 ARV E 7 BEMEE (SEM) (S-2150, (R A S /ERTEY)
THIZEL, PP & CF & ORI ORI OV TRRET L7z,
3.2.5  CFRTP OZE{R=RHE 71k

Fig33 IR LzE B0, —MIERHEME 2 ]V 72 FRP O 2= 3 ] & fikiE
WA SN D, BB O ZEiH 21T JIS-KT7075 ([ZHE S - REEEICREW,
Fig3.4 |29 EBVRABRA (& 02~05g) N7 B _—FOETR (F
%) OLLUEOEGOROFTITHEF 2ENADLIICL, BRESEZLEZD
FRATY) DB 5 % I SR AIHE 5 FE ChR U 7 PR SR IR 2 BUBHATE CRR L 72 il (AR
FEEAH, W% BRSOk L= BB (R 2 3UEHATE Bk L 7= iR 5
GEHEEREANC, UToRIck v EHLE.

Vv=100-(Vf+Vr) G.1)
Vv @ ZEi22(%)
VI fHEIARTE 2 A 2R(%)
Vr : BHREIRTE S A (%)
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33 BRBIUEBELE

3.3.1 7 b YR ALVERIE R O R

T b YR AVERRE R A MR B 726, ALEREERT 30, 60, 90, 120 4y DH A
DU THEIOBRERE CF oL BEEAEN LA LY. CF %Y
90mmx300mm (F#EPE & : 5.4g) & AV, FAFRERK TH%ICHAREBR S, CF
W OEEEZNE L. EEEREALEIFH L OBRERDT- & 25 Figl.s
DEEY, T PRELEE 60 5T AITE BRI —EILRD Z LR
Shizie, LD T & b Bp L BiRif % 60 77 & L7z,

332 AV UERLAVERAN T R I E T R

B4, CF B X OVPP 7 4 )V ADORELFLDIREE S Table3.1 (2779, =
B OFEHE VW TITRERM BB AUTOGRAPH (AG-T 100kN, (/5 HERERT
B AL CHITRBR AT > 7R E Figl.6 177 . £72, KilEtofiEAs
FE & A RV % TIS-K7075 ([ HLUE ST TV D BREEE TSRO TZHE 5, 38% Th - 7=

CFin & PP 7 4 LV A DE HITA Y VERALALEE 21T - 72 30E D TII ARG
EE A) & bl U T R S 23509 2 £5(99% 0] ) & 7o o 7o, ZiudA Y bt
IZd& Y CF & PP & ORmEEBEMENME E L2 & &, 3D OZERERN FHE A D
1B3UTICRo7Z ENBEATHD B L. £/, 3B D OZEFRNMET L
72DI%, Fig2.14 TRLIZEBY A Y VEEABEOFIZ L D PP OFRRLFFE
PEnm bl &, 7T M oREFBEETCHWCBEERLAHE, £$-20%0A
VU ERALALEL O FE T CF R L PP N EIR LA leo 22 &b — K Tlx7R
VN & HEHI L 7.

PATRK AL & {1 R S & ORRZREHEIC BT 5. B A & B &g+
HE, WEFBIZAICX LT 25%mEVWMEZ R LTz, CF OFREAIIRAE & 221 =R
BRI LD, ZHUX PP 74N LDF Y VLA L B CF & PP
EOREEAEEOM EICL AR EEZOND. £, HEIB & CEHELE
EZA, ABFCIEBIZX L 39%mVMETH 7. 3B C TIEX7 & Fodeid LY
AV THNEWEE LT CF 2N TWD0, ZORENDS CFREITEA ST
WABZRF VROV A DU THINPP & DFEEMZILE L TV D A EEMENE N 2
EPREINT.. RZICHREIB & D OB EIToE A, B DIEBITxL
59% < 72 o7z, ZAUX CF O Y VERLALERIZ L 0 PP Sl & OBEE M M |
L7272 E3EED O N ZERRIMEN o T2 EE 2 biLD. £z, B DX
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CFOY ATV 7HIZRELTFEIC L LTH 4% EmVMEZ R LTV Z &
25, CFIZxd 54 VERLALVERIT PP S & o2 s, i s
A LS LIDICANRFIETHDLEERS.

HE T MR ORE R %2 Fig3.7 (27, 3k D Ok A 12k % 1m E2R13 39%
otz M ELZEHBIZOWTIE, IR S ERRICA Y VB LALERIZ L 5
CF & PP S #E MM b & 22RO T TIX QW E B LT,

Fig3.8 IZHABIONRKRN RIS — OFT B E2 =T, ZOKEY, FRilT
JET) (TR ) OIE ORI, HEETEIEA A< 70D 2 & DS 8 S L7z,

Fig.3.9 (T s A3 A U 7o A il O 6 FBAIMER 5 5 4 7~ L 72, JIS-K7074 (2 ¥
U % P RBROBE, B O ERICIZERIS /), TRNZIES RIS 3 E T 509
MASLELD CF & PP CTHE L7cilBl A (Fig3.9(a)), A VEA{LALEE L 7= CF &
PP THJE L7#EE D ((Fig.3.9(b)) DOMiJ7 & & akER A LIz 2302 EMG 11 &
KR & MEHEROSFIBE LR ICE - TR Y, BB T 5 518RIENIC &
2 WA W & DI R S o 7o, SIIRIGS 1R T OfikiE 2 58 2 iz
o % T2 O EL Z V2 < WS, EME I TRHEZ 2 20 252 5 <, CF D
EWGIRIRE 21572, Zo7=®, CF # W% H L TH CFRTP Ohif5E
SNTHT DM RN FEFICRE SN TRV, 5o T, BRESEMEND &S
PRI AW BT 570, CF & PP O mEEEM L +o3I2m LS5 2 EBART]
REZBZBND.

333 Y R CALER D 5 AR GREE (R IF T

Table3.1 (T L7=3EE A, 3B D IC oW T e BB AUTOGRAPH (AG
—250KNI, M&HREFTRD) 3 L Oe T A IR OF (DVE-201, #&HE
RUEFTRL) 2 L, JIS-K7164 2% U CHBRRBR 21T - 7= AR EEEE X 50mm,
BRI L SR, RBRHE X Imm/min & L7z, 519EM S OFE R % Fig.3.10 |2
SRR OFE R A Fig3. 11 177, KREO VEIX38% Th-7-.

Fig.3.10 LV, CEf##n & PP 7 4 L A DE HITA Y VERLALEE 21T > 730k D
%, ROFROFEE A & Hl U THliRIR 2% 36% M L, Fig3.11 72» 5 ofERIx
13% L L7=Z2 ERREnT-.

Iz, BB A LB D OREH RIS — OT BB Z Fig3.12 127, 350k
A, B D & LN B 2R LTotk, MarkaoicmssE L7-mxXz2 R L,
RIE O HEIC L DEWT R oo T,

BT Fig3.13 128 R B O KRB O B H 2 /R, 4 VERLALEE O A T
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SRR OMERRE OBV ITHER SR o 7.
334 Y UERABALER DN E R AU MR S IF TR A

Table3.1 {Z/R L7z sl 2 Al Claife AWms S 2 H1E Lz, &#Eto Vi i
38% T o7, Fig3.14 (T L B0 FTRebrBlalreg i cilis B | L, AR
ARG B 2 B U7z, BRI OFRBR T O YRR 5 1 % Fig3.15 12/~ L
7o, EMERTEIC L D U1K & ORI - T AWE NS R A L2 IRie )
.

JEARRIE & 2207 & DOBIfRZ Fig.3.16 I7" 7. Z DI L D15 57z i KA 5
Z BT OhE L BR X RIBR OFEIC L 0 &£ S AW AR TR L CE R A WE
SEBEH LR E Figl 17 1R LT, ROAEHORE A 28 H1K<, CF ¥ &
PP 7 4 /L AT A Y U ERAVALER U 72508 D 23 b m R EE & 72 v, 30K D o @i
AR SITEEE A LR L T 68% miv Ml & e o 7o, BB A R bR o 72Ok
SOOFKE LT, RUE CFIZBELNTWDHZRFVRIA VU 7HlE PP Tl
RETORFEENMENZ ERRTFTOEND. S5, EHENENSTZZ LMD
R NOREIREIEDEL R &RV ERE TS oo 2 & b EME AWHE
SPMED o TR R EE 2 7. —T7, VD 2330k B, 3B C & i L TR
ICENRVNCH D LR EREE > 7-01%, BLAFEIZLY CF & PP DS
HHEAEMEN E LT EB 2. ZNDOERND, 3E D O A W]
SENEEEA L T 68% < o T=dIE, AV U EREALERIC X v Rl B
PEDSE] B U2 MK R L2 & &, CF & PP Ot EL=ghR T
bHELBERLI.

PR\ AW RO SEM G HE % Fig3.18 1Z/x L7, 0k A (Fig.3.18(a))
TIX CF FHEIZITE AL PP BMfIE L TCWieno72. ZORIKE LTIE, CF &
PP & DR HIBEEMENS S 72 CF & PP AR HEE L T L X - 7/- etk &, 2=
KINTENE N SN LPPAER L CRWRERE NS - =T DftIE A5 L
TV T2 ABEMER H D L ELR L. —J, #FD (Fig.3.18(b)) TiX, PP
CFIZELSMELTND Z LR TE, CF & PP Sl ChEEMEE L= 2 & 39
Hinkirols. THHDOREEMNS CF & PP 7 4 )V AICA Y VEBLALEET 5 2 &
IZ& Y, CF & PP ORI COREMNM L L2 &8 SEM BEEND LR S
7z

fEkE FRP TlE, &) 5 LR R O RS AW Iz K- TlE A &
U0 Z I AW IEHEA I E & A CEPTEC0, si ik Ol
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RN ENE LN NS THD. ZHUL, FEE FRP 05 R ThH EEZXOLND.
L7 L CF & PPIZXIT D4 Y VB bALER Y, EREAMRI Z2n E3Es2 &

A AThE

3.4

ThHdHEHERLT.

k=
ER=]

ARETIIPP 2~ MV w7 AfE &35 CFRTP (Z2D>WT, CFf#& PP 7 «

JL T

Y APRAALER & fi U 72 BRI ) SR E IS 5 2 % s % 2 i o R AR,

FIoRFRAETAER, EHEEAWRSOREZITI ZLICXVREELTZ. £ OREREL
TOFEENPPLNE Lo T,

(1)

iy (R P R

CF i & PP 7 4 W BITHY V(BB AT 5 &, R E iz LT
HT IR S 256 2 £5(99% A1 1), i sMeRIE 39%m Lz, Zhiuday
VERGALEE OB EIZ LY CF & PP LoRmEEENm ELZ L &,
MFR 23] E U722 ST L0 ZERE DR OFEL & it LT 1/3 BLTIZ
ol Z ENBBTHDL EEELT.

5 | o R B R

CF i & PP 7 4 W DITAY V(LA AT 5 &, R L iz LT
SRR X 2% 36%, BISEMMESREN 13% M L L. OB G dhiF 5B R
TOELZEL RIS, Y VBB ORNRIC L D CF & PP & O mEiES
PEDE F, MFR 23\ L U722 SIC KD ERBOIKR TFTORELEZLND.
J& 1 AT &

CF #&t & PP 7 4 VLAY VEBLALEE 24T 9 &, KRR L Hlz LT
JE M AR & 2% 68%IA E L7, ZHhUE, Ao SEM BEEOFER LY,
ROFEOMEENZITIZE A E PP AMIE L TE LT, 4V U bils LR
BFCIE PP BELSMHELTWHDZ EnD, AV VLB O EIZLY
CF & PP ORmHEEMENA E L2 &, ERIBMETF L2 &N &
EZD.
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Fig.3.1 Interlaminar shear strength test specimen shape and dimensions.

Compressive load

Prevent
deformation jig

Test specimen
— ]

L-shaped
pedestal

Fig.3.2 Jig for Interlaminar shear strength test.
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Void

Fig.3.3 Optical micrograph of the cross section of the laminate CFRTP

Fig.3.4 Photo of combustion method.
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-1.2
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Mass change rate of CF fabric (%)
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—

1.6
0 30 60 90 120 150
Time of CF fabric soaked in acetone (min)

Fig.3.5 Relation of mass change rate and time of fabric soaked in acetone.

Table3.1 Sample names and conditions of surface treatment

Sample name Conditiog of surface treatmgnt
CF fabric PP film
A Untreated Untreated
B Untreated Ozone oxidation
C Acetone wash Ozone oxidation
D Ozonfe oxid.ation after Ozone oxidation
washing with acetone

* Ozone oxidation processing time

CF fabric: 2hours, PP film: 6hours
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OFlexural strength  ®mVoid content
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Fig.3.6 Flexural strength and Vv due to difference of surface treatment.
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Fig.3.7 Flexural modulus and Vv due to difference of surface treatment.
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Flexural stress (MPa)
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Fig.3.8 Typical stress —strain curves of sample A, B, C and D
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|
500. 00um

(a) Damage morphology of sample A

[E—

500. 00um

(b) Damage morphology of sample D

Fig.3.9 Optical microphotographs of damage cross section after flexural test.
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OTensile strength mVoid content
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Fig.3.10 Tensile strength and Vv due to difference of surface treatment.
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Fig.3.11 Tensile modulus and Vv due to difference of surface treatment.
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Tensile stress (MPa)
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Fig.3.12 Typical stress —strain curves of sample A and sample D.
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(a) Sample A (b) Sample D
Fig.3.13 Photographs of test piece after tensile test.
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Compressive load

Fig.3.14 Photo of interlaminar shear strength test.

$1mm

(a) Before strength test (b) After strength test

Fig.3.15 Optical microphotographs before and after interlaminar shear strength test.
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Compressive load (N)
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Fig.3.16 Relationship between compressive load and displacement.
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O Interlaminar shear strength
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Fig.3.17 Influence of surface treatment on interlaminar shear strength and void

content.
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(b) Sample D

Fig.3.18 SEM images of shear plane after interlaminar shear strength test.
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BAE RUI—RR— <) o7 ZBIEL L= CFRTP ~®
ZhR
41 XU ®IZ

RY T =R x— NPOIE, TEVEIZEN A S, BT 7 AF v 7 O Tl
& OME RN A AT 54D, Zo=o PC 2~ F U v 7 Zf5 & L7= CFRTP Offif
R OBEEZ~ ) v 7 AL 325 CFRTP LV b EVMEZ RT EE X BN
TRV A%ITMEE, MR, ®El, mmENRD LR DEETH &
LTHEAESNS Z ERTHRERTNHED,

L2vL, AR L&Y PCIIRIZIRE £ CTHIE L THRIEDOREREW =9,
FrlE s L E~ OB O ERIINEECTH Y, HomE L ES & 572012
IXCF L O mEESEEZ M LS HLERHD.

ARBETIT IO OFREBEICKLT 5728 CF ##) & PC 7 4 )V ATA Y R AL
B0 L, REERER, BB AIT ) Z LT, 4V UL ) SR sRE T b
252 D8R EREE LTz

4.2 FEBRFIE

42.1  ROBSME & HEAS

PC 7 45 (X TA K PC-2151, JES 0.2mm, 75 AREL) 9 K& CF Ffik

(T300-3000, /&£ 0.25mm, UML) 8 # 4 &2 BICHEE LU AL, AT LR
BT 300°C, HEJET 10 rFIPRFF L THRIIE ATl S ¥ 721%, BOBE 1% 2, 6, 8,
10, 12MPa @ 5 /K¥ET 10 s3MINE L, BOIEE ZOrFF L2 £ £ £ T 30 7
MmAT 2 Z LI L VIEE CFRTP RZ2 B L. £0%, W LicZnZho
CFRTP #R(110mmx120mmx1.7mm)% 7 7 A > 7 v #—"T, JIS-K7074 |Z KL % #ifft
T OB 7 ~HE00mm>x 1 5mm> 1. 7mm)Z81 0 H L7, F72, &4 ORER T O
HEAREE B RV 5 NTLERE (Vv) 1, JIS-K7075 IZHE STV DA
WL RDTz.

FalBl & b 5SRO IZ OV T, TREMEFREREE AUTOGRAPH (AG-1 100kN,
RS EERUERTRY) 12 SKN o r— REba vy, sRBREEE Smm/min, 32 FERE
80mm C JIS-K7074 |ZHE U 7= 3 siphiF kbR 217 - 7=.
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422  CF##oT ¥ b o vt

—#%D CF XHIZBMH SN TWD YA P FHNL, PC L oREEEILET S
AR DD Z D, A VU TRIDOREEZBRNE LT, CFET & v
ICIRE S 60 M E RS AT ook, HRSEbOE AW
423 A B ALER N TR I M E TR

RAEE, 78 h iR S SO Y U LALEE U7 CF fk &, RALEER &
O VR LALER L7 PC 7 4 L A% AW T, 4.2.1 DIE TR L7- FJE T CFRTP
Mo RER A A2 /ER U ERR AT 7. R T VE Vv 2HlE L7, B4
BXOCFf L PC 7 4 v LOXMALELDIRTEL Table 4.1 [T-7.
424 A UFRCALER SRR T RIF TR

Table4.1 (27~ L7=3EF A, iE D ICDWT PC 7 4 /LA 9 ¥ & CF #8408 ¥ A2
HIZHERE L, B\ L A8%C 300°C, MEJEC 10 2y ARFE L CRHE 2 A S 744,
JRFEIE 7] 3MPa T 20 43 [EINE L, 3MPa 2488 L7- £ £ =IEF£ T30 0@ E+
%5 Z LXK D FEEE CFRTP #H(250mmx185mmx1.8mm) % /EHRL U, B~k
(250mmx25mmx1.8mm)(ZH) V) H L7z,

Y AV G RIR B RAE TR B A TN T D72, ST REM BB
AUTOGRAPH (AG—250KNI, ) EEEA/EFTR) 6 L O 7 A OFH
(DVE-201, (& ERERrS) 246/ L, JIS-K7164 (2 U CHERBR AT - 7=
FERR I EREE L S0mm, FRBR A AREIL 5 A, BB X Imm/min & L7z, F7z,
RERTZ OREWITE % Figd. 1 \Zr 9 ERME - BMEE(SEM)(SU3500, (R H LA T
7 )uay— X TCHE L.
425 AV UFBBALEN v L B —TEERAE I RIF TR

PC Z#~ bV v Zfitg L L7z CFRTP O S 2542 HikE LT, &
WATZERER, TEIEATRRER, T4 Y MERRBRE M TR TV 05,
AGm L Tl Figd2 TR d 2 v b B — R 2 ¢, JIS-K7077 IZHELC T
A VERLALER S CFRTP O ¥ v /L B — B E I I T B RGE L. N~
OO X 9B SI, FI¥ O Figd.3 (1 & B0 R OE S FAICEATT
AR DILWENICHREZ 52 505 (77> hUA XfEE) L Lz, ABRAAR
B oARL Lz, vy LB —@EBMEIE, @10 L VRN 1L F—%2KD,
@20z XV HEH LT,

AR 1T Table4.1 128 L72ilEt A~D 122\ T, 4.2.1 O TR LZFIATH
CFRTP W ZKIE L, 774 vy X —% WV T L v L& —HERBR IR
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(80mmx>10mm>2mm 281 0 H LikER 217> 7-.

) 1)

E = WR[(cosB — cosa) — (cosa’ — cosa) ( -
a+a

[ E: WINTx/LF—(J)
WR : N~ DEERDE Y DOF— A (N + m)
o N ORF T AEC)
o NI EFRFLETAE a0 bERY SETEEDIRENDAE()
B : RBRA MW DN~ DIR ER D AEE(°)

E
Qe = £ % 10° (4.2)

Qye @ ¥ L B — BT (KI/m?)
E : W)L F—(J)
b 5k A oD H L OO b (mm)

t : BT O RES DR & (mm)

4.3 WERBIUEEZ

43.1  RIEESIDN R KT TR

CFRTP FKJERE D 7" L ZARIEHE ) DZEALS, TR S, VI, Vv Il h X 58 %
HONZT D700, BIIREEZIC T VARIET 2B OIE % 2, 6, 8, 10, 12MPa
D 5 KUEIZERE LC CFRTP Z/ERL L, thiFRER A2 1T - 7=, B & il ik &,
Vf, Vv & OR%R% Figd4 \ZRd. ZDOXITIEIE 2 2MPa 75 10MPa (21
M4 25E, HIFRID S0%RERETHZ 4R LTVWS. ZOHBE LT,
FRIEHREDIE TN EA 5 Z & T Vv MK TF(5.8%—3.4%)L, S HIZ, &M
ERE TR LTIZZ & T VEDR 45% 05 57%I B L7288 CRltEDm kL,
JEFRIBED IR SN & B2 6 b, e, BEIES % 10MPa 725 12MPa
W BT, iFRE, VI, Vv OfEIZE(EN 2N D, LIBEOFERTIE
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7V ARRIERFDOIE )% 10MPa & L7z,
432 AV U CALER D Bl TR R IFE

Tabled.l (2R L7245 % OFEHZ AW CTHIITRER 21T > 72, ihiF RS ofE R %
Fig.4.5 (27”9 CE## & PC 7 4 L A DWIFITA Y VERLALEL A 1T - 7270k D
IEARALEGRUEE A) & il U Tl 58 S 28 31% 1) B L7=.

T, RELA L BEETDHE, AV UL L7 PC 7 o VLB L
T2l Ey, PR EN 2%mELEZ E2vREnz. ZHUTEEIA L BT
VEIGEWRRNWZ &b, PC 7 4 VLD VLA XV Fig2.17 (2R
F LB MFR 23\ EL Vv ME F(3.4%—3.1%)L7=Z &£ &, CF & PC & DRk
EEERm ELESRICE Db bDEEZLND.

WIZHAEIB ERELC 2R L7 & 2 A, TR SICEWVTIR OGN T2.
B CIZ CF REIZBAINTWVWD TR VROV A V0 FHINPC L oBEENE
EHETDIAREENS D EEZ, T MR LT A VU 7ElZBRE LT CF
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Table 4.1 Sample names and conditions of surface treatment

Condition of surface treatment
Sample name

CF fabric PC film
A Untreated Untreated
B Untreated Ozone oxidation
C Acetone wash Ozone oxidation

Ozone oxidation after

D washing with acetone

Ozone oxidation

* Ozone oxidation processing time : 2hours

Fig.4.1 Scanning electron microscope (SEM)
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Fig.4.2 Charpy impact test machine.

Fig.4.3 Placement of specimen.
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Fig.4.4 Relation of flexural strength, Vf and Vv to change of molding pressure.
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Fig.4.6 Flexural modulus and Vv due to difference of surface treatment.
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Fig.4.7 Typical stress —strain curves of sample A, B, C and D.

88



+— Compressive stress side

+— Tensile stress side

(a) Damage morphology of sample A

= «— Compressive stress side

(b) Damage morphology of sample D

Fig.4.8 Optical microphotographs of damage cross section after flexural test.
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Fig.4.9 Tensile strength and Vv due to difference of surface treatment.
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Fig.4.10 Tensile modulus and Vv due to difference of surface treatment.
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Fig.4.11 Typical stress —strain curves of sample A and D.
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(b) Sample D

Fig.4.12 Fracture surface of CFRTP after tensile test.
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(a) Sample A (b) Sample D
Fig.4.13 Photographs of test piece after tensile test.
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Fig.4.14 Charpy impact strength due to difference of surface treatment.
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SAITEE 15.0kV-x500.SE

(b) Fracture surface of sample A (X 500)

Fig.4.15 Fracture surface of sample A after Charpy impact strength test.
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SAITEC 15.0kV x500 SE
(b) Fracture surface of sample D (X 500)

Fig.4.16 Fracture surface of sample A after Charpy impact strength test.
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GI~GID - Uasl, ZAbDOFETIE, ESREDO F TREZ (LAY RS-
BREECTOWKIZLDRELLOREFILRINTELT, HBZEOERESRMFIC
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EIZLVRRGELTZ.
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Fig.5.1 Temperature and humidity chamber.
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Table 5.1 Sample names and conditions of surface treatment

Condition of surface treatment

Sample name

CF fabric PAG6 film
A Untreated Untreated
B Untreated Ozone oxidation
C Acetone wash Ozone oxidation

Ozone oxidation after

D washing with acetone Ozone oxidation

* Ozone oxidation processing time
CF fabric: 2hours, PA6 film: 3hours
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Fig.5.2 Temperature and humidity cycle (JIS-C60068-2-30).
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Fig.5.3 Measurement of water content by Karl Fischer method.
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Fig.5.4 Flexural strength and Vv due to difference of surface treatment.
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Fig.5.5 Flexural modulus and Vv due to difference of surface treatment.
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Fig.5.6 Typical stress —strain curves of sample A, B, C and D.
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~ < Compressive stress

< Tensile stress side

(a) Damage morphology of sample A

(b) Damage morphology of sample D

Fig.5.7 Optical microphotographs of damage cross section after flexural test.
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Fig.5.8 Tensile strength and Vv due to difference of surface treatment.
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Fig.5.9 Tensile modulus and Vv due to difference of surface treatment.
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Fig.5.10 Typical stress —strain curves of sample A and D.
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(a) Fracture surface of sample A
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(b) Fracture surface of sample D

Fig.5.11 Fracture surface of CFRTP after tensile test.
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(a) Sample A (b) Sample D
Fig.5.12 Photographs of test piece after tensile test.
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Fig.5.13 Relationship between environment conditions and water content of PA6 film.
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Fig.5.14 Typical stress —strain curves of PA6 film for each environment conditions.

119



80

60
50
40
30
20
10

HH

Tensile strength (MPa)

Vacuum drying Conditioning Temp. and humidity
(J1S-K7100) cycle

Environment conditions
Fig.5.15 Relationship between environment conditions and tensile strength of PA6
film.

w

N
(&)

N

Tensile modulus (GPa)
=
wu

1
0.5 =
0
Vacuum drying Conditioning Temp. and humidity
(J1S-K7100) cycle

Enviroment conditions

Fig.5.16 Relationship between environment conditions and tensile modulus of PA6
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Fig.5.17 Changes in water content of CFRTP due to difference in environmental

conditions and surface treatment.
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Fig.5.18 Changes in flexural strength of CFRTP due to difference in environmental

conditions and surface treatment
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Fig.5.19 Changes in flexural modulus of CFRTP due to difference in environmental

conditions and surface treatment.
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Fig. 5.20 Typical stress —strain curves of sample D due to differences in environmental

conditions.
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Fig.5.21 SEM photograph of laminated surface of sample D

(Just after occurring first damage)

124



SAITEG 15.0kV x1.00K BSE-3D

(a) Specimen of vacuum drying
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(b) Specimen of temp. and humidity cycle

Fig.5.22 Fracture surface of CFRTP after flexural test.
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Fig.5.23 Relationship between environment conditions and water content of

sample A and sample D.
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Fig.5.24 Changes in tensile strength of CFRTP due to difference in environmental

conditions and surface treatment.
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Fig.5.25 Changes in tensile modulus of CFRTP due to difference in environmental

conditions and surface treatment.
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Fig.5.26 Typical stress —strain curves of sample D due to differences in environmental

conditions.
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Fig.5.27 Fracture surface of sample D after tensile test.
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Fig.6.4 Plasma-Ozone oxidation treatment equipment.
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Fig.6.5 CFRTP structural member.

Fig.6.6 CFRPT impact absorption corrugate.
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