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Effect of Inorganic Filler on Carbon Fiber-reinforced

Composites to Enhance Their Dispersion Properties
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1. M B

B2 F 23 gaEZ2 ERAs (B84/842 EFAR)E AsAQd d2xdF9
dAAAL % dhFgol £ 2R FXE ATAZ AL FAuEH2Z FAH
o] gt} olHF w©a/eA EFRAREY EAL wEY2 FIA Alele] AW HFE
sl A3 F3Fe el ol AW '1-4 2¢L W 1}%4]‘411 (Gibbs
surface free energy)®l 34 7]€% F Jev, nAY ¥4 AFAUAE st=
g olgHE Wy sd HEZD SAYHLE A7 AT doive JJﬂ-J %
(adsorption), 23S (wetting), ¥ #H& (adhesion) AT L 4371534 I dx/a8x
B3 g slojA wEY2E FAd 2HAZN f7] B 7] FHAE HAFoEHN
Z1AA BERE TAANNE 77 @3] AP gloil], old nEA EFAHEY
NAR B 717 1A 2d £ AWAAMY A B4 LR A 2 EuF
oz wte gE AAolH.

weld, B AFNME WEG2 £Xd £& §3 2 900TAH
(brittle-to-ductile transition, BDT)% £4& Rol: Agd &4 Siz%:[Z] A7Het A
S A% da/dx EEARY EsEy AW 544 mAE 4TS gotEr] A8
Ed Afoda] 2 27 ADPE BEAE A e AHE Rz o

FoH H4-a4 Aol
A M

2.4 8

2.1. M2 % AIH H=

E AFqN 2AAE 29 #@ixdfE HEAdE)9A A4 Polyacrylonitrile
(PANYA 172E &24H (TZ-307, 12K)E AHdFE AMRSROH, @4 vjEE29 A
FARME AR EF) A AdE dEA AsrA (CB-805NE AHE3 At FHAR
A&E MoSize Aldrich Co.2HE AT oF yme] L& WEHE F9 F7Hd 9
3 Bl 29 FHE FE3] A7 At 05m Axe EEE A ARE
sttt BA/EA BEiAgY AXIAL ¢4 dAzFAd MoSig 0, 4, 12, 20%9 F
Fujz n2A H7E, ogr)d dLHFE FHst] dWFOE filament winding3H 3
o, ojg8A A ZZHIE HF % HAIHAAH ¥ (green) HHAEE A F3A
o} olZA AW ztzte] BEJARE HEEE olgsted BFZA EH7944 1100C7HA
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2.2. &Y H3

E AT EW ARAdUAE YolRr] $Hstd EH¥E HZ£Z2 Rame-Hart
goniometerS AM&3}] sessile drop HHOE 20=-1TCe 2x2A4A A I3 4
27} 232 A8 A1ed AgdozE FHF, diodomethane, ethylene glycol®] 37}
E AHg3t9 o, Table 1& A4 E A gig AW (& gw)dda Zzbe] 4
9 & Jerddri4, 5]

oA B¢ EB3AA da/d4 BEFRARE Axs)

AN

Table 1. London dispersive (7 1") and specific (71"") components of surface tension
(71) in wetting liquids (subscript: L), measured at 20TC

Wetting liquids yi* / mJm* 71> / ml.m* y1 / mJm*
Water 21.8 51.0 72.8
Diiodomethane 495 13 50.8
Ethylen glycol 293 19.0 483

2.3. 7|78 B8 AlE

Azg Bda/gh BFARY 7|AH AUEALLS short-beamd] &3 44 2IAFL
ZHE d& 4 g 27 AIAAE (interlaminar shear strength, ILSS) &4 8 %3td
oto} 1 9kth. Short-beam testE= ASTM D2344¢] w2} cross-head speed™ 2 mm/min,
span-to-depth H¥]= 4:12 nA3 HAYPsPen, zt 203 78S FAstd O FT
#oe2He Fagn.

3.8 %

B34ge AW 2L ¥ AFGUAE Ee8d € 7AH 5F& gl F8
3 d&g 3ot 1960t Zvwhd] Fowkes[5leE W A4 A9 71d-S London B4
849 T4 842 YEF Jvdzn 2o

RA FARdA ZA & EAE /M FAA ol AAME ALEstd JHELS &
A% o, Wulbl 2 Owens$®t Wendtl6]l= geometric mean methodE o]&% 9]
Fowkes? /Nd-& =948ty oS3 2L 4 (D& Fres 9ok

yi(l+tcos®)=2 (ri-yH"+2 (-2 H (0

A7) M, y& W ZAFAIR], r*& London A=e] e van der Waals &
guln »5F= 2ol4d 4324 (Debye, Keesom 218 t)d van der Waals 3, 42
g, a8l g e 34 a3h)e ZE FA4 848 YEdTh
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AL A (DA w2 F7ER 9] gAe] date g ddstd Y X ¥A AH
AUAQA ys'a ™ol dF A (29 Doz Y & A3l

v L =Ti (14 cos 6, ?’LlL' (73152 11//22,(1_,_(;05 D) 71'/52 (y SRY12 ‘2 (2)
(-7 = (rize 7
Lyl TR
751):71 l (14 cos 8,)( 7L2L' (75{‘1)1/2_(1-'_;05 081) 7{/51 - (7 B) ] (3)
(rn-r) "~ (re-rn

&, 4 x A7HA ol e AAd st thEe] A 9% Fol y = mx +n 9 ¥
HE #28 + Av6]

v (14 cos8) §P\ 12
o= (e (L) G @

sebd, 4 @AM 7127 m3t AW ne TR ARV T, yiE 47
% %+ ek
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Figure 1. Surface free energies of carbon-carbon composites as content of MoSiz

using a two-liquid geometric (a) and wetting angle data reduction (b) method.

Figure 19 (a)¥ Two-liquid geometric methodE ©]-&3 2] (2)¢} ()o=2X ¥ z7z}
o A g3 ¥H AFAURE AL Aol ysE @A/EA EFRARY dE
MoSiz9] H7 o]l Z/AESE F71ES Boltrt 12wt.%eld AZMHWA 238 AAES
Jetuigdth 398, Figure 19 (b)= Owens®t Wendtell 93 AQtE wetting angle data
reduction method® ©]-4% ZAAS ehhdth Figure 19 ()% vla7tA2 yF B
B 7Y 9Fel rsol mAE FF] E AL FUY F UAYoH, o|2H va/wL B
FAFEA MoSixE H7IAE B9, 54 82EYE MoSi® 7IAA digt 44,
Z London ¥]34 840 9% g3l & RS & F UUeH, 53] 12wt.% o} 7
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Figure 2. Dependence of the ILSS on content of MoSiz (a) and 7s (b) of the
carbon-carbon composites studied.

Figure 29 ()t ©4/84 B89 MoSi; #713d @& [LSSE ettt o
A7 A g =93 B AFoUX e FAE FFE HYS & F e, o
24 ga/84 BEFAEY MoSi:E H/MFo=2H AW FHE S F/AA F= 2 &
A& F AY3, B3 IdAF oS H/E A9 23y BHE Al wE JAH =B
A BAE L F AU

Figure 29 (b)llAd & AolA 8 Ed AfAdR 33 Figure 29 (@)l el
A ILSS9 Y] #AE et B addAA & F %ol EFEgHoen 7 Y
Afodx g 7| AH AVHHELS ol ILSSo= AHT FAN} A-ETS ¢ F IA
o, 53] o3 MoSixol 93 LSS FAL di/dx EFAEY WU AFoAnviA
7}& 9 London H|FA 849 Z7ld 7|Q3tts RS ALAT 5 A
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