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Effect of Diffusion on the Interfacial Adhesion of
Poly(hydroxy ether) Coated Caron Fibers

H. M. Kang” and T. H. Yoon™

ABSTRACT

Carbon fibers were' coated with carboxy modified poly(hydroxy ether)(C-PHE, water dispersed), water
soluble polymers poly(hydroxy ether ethanol amine)(PHEA) or water insoluble poly(hydroxy
ether)(PHE). Interfacial shear strength of polymer coated carbon fibers was measured by micro-droplet
tests with viny! ester resin, and approximately 30 samples were tested. The interfacial adhesion of poly-
mers to carbon fibers was also evaluated, and diffusion behavior of polymer films in vinyl ester resin was
investigated. The carbon fibers after testing and diffusion samples were analysed by SEM in order to
understand adhesion mechanism. Interfacial shear strength of carbon fibers was enhanced by the coating
of PHE and C-PHE which have good or marginal solubility in viny! ester resin, respectively, but not by
the coating of PHEA possibly due to the poor solubility in vinyl ester resin.
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g ZA] £ acrylic acid =& methacrylic acid
£ HSAA Az F29 7HAEE E0)7] 93k
ZE|Jlo] #71E W 2H2 FAe A¥E 7H, ¢
% 7Hg, Weud 2 R es dsto 18
2 EFAE Fooll 98 AMSH T giTk [1, 3]. o] &
ol aH 2 FAE dZA] FAge g9 Als 2
of At olFAY Aty Wl olste] ZsiE
o, w2 o] FAYE 71X 2l =3I st 3t
& F Ave ol Aot ol S22 st |
dol2H 2 FAe feldtdd BdAge] e
2 de] AMgHo] gtom, A2 e g {E o &
B g Az Algo] STt n Jioh

agtzog EfAge Hed AFste FoT <
2 F9 shirt BAA S} A9 A Aoelny, uld
d2vl2/gad g EFARAME ARHIY o]
8% JAZ ciFE T ok [2, 3] A HEAY &
< Sfste B7Mfrel iAol 7Y RustE
ofn, fejd o) FEAA Pl 4 ZHAL 4
g AHgED Aok [4, 5]. AT g fe FEAdR
% o& gtA 548 7T 7] dEe AEA 2
84 Rohe FHAE (6, 7], #7152 electrochemi-
cal deposition) [8], E2ef=u} T Z2 o] [9,
10] F2 AHgHo] gon, Hzde #7438 &
oz el Zetzo niEx I (11, 12], ¥
dol ¥ rtad nEA z”e] de d7Hn
Aok [13, 171,

2EZ 3 o daHFl HIAY A
poly(vinylpyrrolidone) [15], phosphine oxide & &
3= poly(arylene ether phosphine oxide) [16]
4 polyurethane [17] 5ol AMg= gl on], +43 A
HHAEE de Ao Hadm Yok 2EA ZH
o g P A iR} £29] ukgA,
A3 84 £= compatibilityd] wz} Wsle Aoz
F25 3 Utk {18, 19]. AT ol n@Ate] 28
o AHEEE f7] Sl 89S fEshy] o &l
2ol 8449 2oV 9% #8484 nEA 2"
of 4ol U= At [20].
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(poly(hydroxy ether ethanol amine))$} Bof EAls]
= C-PHE (carboxy modified poly(hydroxy ether)
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Fig. 1. Chemical structure of polymers for coating of carbon
fibers (A) poly(hydroxy ether), (B) poly(hydroxy ether
ethanol amine) (C) carboxy modified poly(hydroxy ether)
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(poly(hydroxy ether))Z Alg3lgich. AWy dee
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2.1. 48 g=

Hdo~g 2 42 DERAKANE® 441-400
(Dow Chemical, Mn = 690g/mole)2 33wt%2] 2
gag Fastn JdAey, /AAA 2= benzoyl per-
oxide (Aldrich)E, &4 dH+ unsized AS-4(Her-
cules Inc.)8 AHEslgc) e4a4§ ZEE REAZ
poly(hydroxy ether) (PHE)$} PHE¢®] carboxy
group& I EEA F carboxy modified
poly(hydroxy ether)(C-PHE) 28|11, o ZA] $F£R]d]
ethanol amine group& %%J3 poly(hydroxy ether
ethanol amine)(PHEA)Z Phenoxy Associates
(Rock Hill, SC. U.S.A.)9} Dow ChemicalAl22¢
Ztzh Agdol Argsgitt (Fig. 1). C-PHEE 2o
A aRAE 2wt %] 8§92 gaidfol 3yt
fou, PHEAE 84322 opAig 4t (3.75 vol.%)
o] A7t B 3o 1¥lm vj444% PHEE= THF
o %o 2wt.%e] n¥A FAE FHlet] ARSI
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2.2. Micro-droplet A[E9] MX

Micro-dropet AjHL £&o] Ruy uie} o] &
Azl YEYPE o|gdte] Az (16, 211, ¥id
g2 A= AA A (benzoyl peroxide) 1.1wt%
g 2347 e freeze & thaw ¥hioz AZE &
BoF S AMEste A Be] < 30-80m 2719
micro-dropletZ BAaAch Al HE A 3d A3t
279 130TcolA 208 3% BLEA7IAA 2]
Aok 2Rl AHEE DEAE o] &3 AL nEAE
Hdgoz TE T L£3AA micro-droplets A 23}
grh. PHES} PHEA: 180¢C9 =#A=2 <k 100-
150m FAY EE wEo] [.Smmx10mm A7 2
AZ2 g, 7hed 282 FE 2A s Z2H
Frt} o2 350C BolA oF 1087 whx| sl o
30~80m 279 micro-droplets #Adc) A
7t C-PHE+= 7}d3l® dEo] =2 gx 4857 o
o, 35wt%ef A 8902 micro-droplets ¥
g F 65T BM IAERF AEAIA ABE A
Z3tAch
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ARAGZEE micro-droplet test iz A&
(Mettler, BB 2400)c] %2 Instron 5567% o] &
atod 0.3mm/ming] &£E2 2Fsg o, ofegje] 4
o278 AU
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=L

3

714 Foe Hd 39 315, die 824489 3
73, L& droplet o] &44% Zolg vepddt. AW
AGFEE 3070 ol 4e] AlEo] i FE e Hsigle
W, ABAERE 24 F AU RAUEL
SEM(JEOL, JSM-5600)2 o}&sted HMatd Mzt
WAUFE TR ek

2.4. 3 NEXQ} HHHAHZ $X219] SAtE A
FZEE nEAS] v agE X749 S-S
3123}7] 93t PHE, C-PHE$} PHEAE 72y
22 ¢ 100~150m FAY & AT F 3mm
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Fig. 2. Interfacial shear strength of the polymer coated carbon
fiber with vinyl ester resin
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SEM(EOL, JISM-5600)% o] 838l EAstgict v
doAH 2] H7M8 A G337 A n)
e PFE A8 st 33B3wt%d] ~EIE
sty Ao 2E S Ariste] 2~Eldl geko] 40
2 50wL.%o] HEF st AE-HA T

o 38 £

3. 723 gl 3%

3.1. 12Xx TEE EBAMFO| HHAGYE

HidolAH 2 X9 EAE FHH SgAMR
ARAGZGT &3 A3 PHEzaH®e] 45.3+8.3MPa
2 A% e Ad9e Bglen, tges C-PHE=
Elo] 41.3+6.4MPa9] kg H23th 3% PHEAZ
FgE AlHEe 30.54+9.4MPag FEHYA ¢ AH
Az @e AUALGEEE Jeldd (Fig. 2).
SEM ¥4 A3 PHE 2 C-PHE=Z z¥H g€A2M&
o] #HdA nEARZ AEHe EFdo] 2F dot A
%o}, PHEAZ 3®E @248 EdHde A4
Holx] gighzd), ofe AHADZE A} & dX3)
1 e} (Fig. 3).

Ags gdH BE4E 98 load-displacement
curve® EMF Ax FEEHA ¥e AHe gd F
friction force7t 433 2 olx 7} HJdAH
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Fig. 3. SEM micrographs of polymer coated carbon fiber after
testing (A) As-received carbon fiber, (B) PHE coated
carbon fiber, (C) C-PHE coated carbon fiber, (D) PHEA
coated carbon fiber
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Fig. 4. Interfacial shear strength of the polymers for coating

2o} gaidfe] A doltr] WEoz wddc
(16). W0 2o ARAGPEE HolF PHE 2 C-
PHE 2®]¥ Al#E #yrt 36ZdA dolyr] w&
o] friction forcez} vj-¢ ¥ Aoz Haxny, PHEA
2 3YE AgHe w7 18x 3-HI vjdoaga
AP BIA dojity] wie] ¥lwd $& friction
forceg Holv Aoz gudr) (Fig. 4). ol % Fd
© SEMoz R dojd ZAzte} & YX|Fch

3.2. IS DENY DANFI| HHFEYS
Y3 o7hEe AR Sleked 298 2EAG

Fig. 5. Load vs. disptacement curves of micro-droplet samples
of vinyl ester resin {A) As-received carbon fiber, (B) PHE
coated carbon fiber, (C) C-PHE coated carbon fiber, (D)
PHEA coated carbon fiber

[433] ()

Fig. 6. SEM micrographs of carbon fiber alter polymer micro-
droplet testing (A) poly(hydroxy ether), (B) poly(hydroxy
ether ethanol amine), {C) carboxy modified poly(hydroxy
ether)

g ARAGAEE 4% A7) PHE (55.2
+6.7MPa) 2 PHEA (53.2+7.4MPa)& o5 4
3 HHEE H3lew (Fig. 5), ol °olf mEA=z
FHE EAFERE dojd ARAGHE Het 1.3
~1.89) F= g2 Aot olgF e ©rdHF
o} =¥ n¥AEe gl 2 nEA] Hd~
Hea £xz2te] H2E ¥ o $5¢3y] fEes B
ojzlt). A% C-PHEE 27.3+5.2MPag of% g
& HAY G BHEY, ole C-PHEY} 52 &3 €%
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Fig. 7. SEM micrographs of diffusion layer of PHE/vinyl ester
resin (A) 33wt.% styrene (x300), (B) 33wt.% styrene (X
3,000), (C) 40wt.% styrene (x3,000), (D) 40wt.%
styrene (X 10,000}

o] 35% F8AL Ag-ste] micro-dropletg Al
zdte] 7]Fo] 2 droplete] FPHIN HELR
#dgnt (Fig. 6). ARAGAE 34 F d2d#
F9& SEMeg #A3% Az PHES PHEA7ZL AHE
A AR BaURE BE P 1¥AZ PeiY)
= AL B F 3d9en (Fig. 6), ol PHES
PHEA7} g2 f9F H&Ho] 43t w37t AR
¥t PHE ¥+ PHEA ZdjA] dojyr] W=
gadch

3.3. TE DEXIG} HILHARIE $XIo| HAEA

Ml AHE A% ARE LEA Alole] FE ]
iz FHel) $1% B4R A7l PHEA A
AN E E28 ANE Bolm Ausol A2 Dol
x| g& wiele] PHE 2 C-PHEA ABolMEe ¥
s Ado] HolA %m AWM 4T Fave] Yol
Aoz Rt (Fig. 7, 8,9). b 4a8A 84
o ugdze(EE 28BN 2P 28R
galzo} e Bo] Yk Ao AR

PHE/M]Qol2E|2 $4)

PHE7} AHE-€ Al®olA HE3} vidd2H 2 4]
(33wt.% 2E|d)e] Aol Fag Ane s
okgton, Asaatd olFt FitEo] FHHASE ¢
= A9t} (Fig. 7). 3,00089] v oA = FE NS

Fig. 8. SEM micrographs of diffusion layer of C-PHE/vinyl ester
resin (A) 33wt.% styrene (X500}, (B) 33wt.% styrene (X
3,000), (C) 50wt.% styrene (x500), (D) 50wt.% styrene
(x3,000)

KN S

(&) (B)

© D)

Fig. 9. SEM micrographs of diffusion layer of PHEA/vinyl ester
resin (A) 33wt.% styrene (x500), (B) 33wt.% styrene (x
3,000), {C) 50wt.% styrene {x500), (D) 50wt.% styrene
(x3,000)
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o] Hjde|ag| 29| #ito] 7b3dly] Wl WieiA
£ 2Edl 9l 22 Yo BHo|, 1 AW
RadHe A9 wddas st gitsle) Zh
2 789 o] Y4E Aoz RHoAr)

2E]d9) FeFo] 40wt %9 FA]7} ALEE AlHo|
MEe B89 diio] falsio] WE JFo] uie
ofx UL I & Yo, AF JdLe & 73
o] 2B A sle AAF RHoled (Fig. 7-D),
ol WE U 7HA 2Eld Byt oz} HdojAd 2
7Zb a7 dEog Alg"HU. 2Eld@le] oo
50wt. %N e BEo] nF L350 EAE FolE
4 fils=dl, o= PHE nEx}e] v|dolAHZ &
2Bl i3 ST} ol AdiHo] B L3)EA
o], 3 73} Fole Tl o Fol A BYS
Uo7l e Ang HojAd. wetr PHE :Eo
ojgh Ak e Hatde g2 Sz AT
43 E3lwo] V9sle Ao wudn.

C-PHE/M] oA 8|2 4]

C-PHE Ao = PHE AlHoAet o] #
FEelx] gokor], st o7 Fikze #
et (Fig. 8). =¢ PHE A|HojAj e} o] Fi+x
789 EZo| #AHAeH, 78 49 7t
99 WHEE ZFE AL & F ddeY, #A 9
UM YoMz 78 EA FA77 AL Re
Rol C-PHE AlHoA & ¥|do=H 2 gure] &
Ao Bz 29t Aoy Roach Agdo] 40wt %
A AHAME 33wt%. AlHY ¥|&T ATE B
S50wt. %9} 2Eldle] ¥ AJHo|A XElY] HE
9] FARMA FdHe] 7YEE BIE AT AL
89 & 4 9oy}, C-PHE ¥Eo] A9 488 &
A&t YUArKFig. 8-C & D). wt&tx C-PHE HE9
e dell~e 2)o] it L3 =7} PHE FEof
vjgled @2 Aoz Ags, AddMe o =
f350] 43 FAgge] YA Aoz wdd) C-
PHEZ z&ld A#He PHEZ 38d AlHHET dix

2 AAYE EYed, oje C-PHEY &8=xrt
PHE®] &38% Rt} ylol A58t o] 23ty of
Fog Zoldr

"ol
2

o4
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PHEA/M] Qo ABE 4]
PHEA A|3& PHE 2 C-PHE A#3E& g2
3,000u2] vlEoM T o9 M AWE Holx gl

on, gilgdo] EF i AJHd vlg] of ¢ A2 A
< ¢ 4 UG (Fig. 9). e 3 Hope &
Ejdlo] dwtA o2 PHEA U 990 #atd Ao
2 AsHY, 78 29 & 7|2 Kol vddx
Hae A9 52 28 Aoz wddd. AP
o] Sowt%7tA] F7tstole AHE AN /A
g1 en, AF Aoz Fikzo| ot AAE
RAE 89 § Ui} o2 A= PHEA n¥x}
o] 2g]dl E= vjddAH 20 U ¥E L3x o
Tog Alsdt mepA udoxE e} nkA ZH
A 7t ot ARY o] uf$ B Ao
2 guEn, o) Fig. 39 Ane} & dx)gc)

A9 Ao 2 (Ex vddAdH ) Ui
PHE, C-PHE % PHEA9] &3j=& AwE o PHE
7} 7v4 &3, C-PHE 28l: PHEA <o|t}. ol &
oA Aoz AdAGRzdE & dXHE Ao}
EZ 100% 2~Ejdlo) that Sz &3 Az (PHE>
C-PHE> >PHEA)9E 7 Ax|3c}. £3l27t =&
PHEd 93 $4& ABAGATs 282 87 ¥
doagl2 A7t 43dile g e inter-
phase® #A3%7] gz Alsdrh B2 AAY
micro-droplet A|#oljx|9] 254t 4T
B3t dAdele Aolrt YRR FE Y o A
interphase?] FAL& 3 AP LA
Aoz Atgdr.

4.4 &

m

1. g2 /8 dojag 29 ARAGZEE PH
2 C-PHE z¥¢| o3l Z71g uidl, PHEA=RE
g FA R3gct AN nEAE 0|8 ABEA
97w 244 s PHEA7 PHES} H|£3 Ans
Bgow, ol ni FHd| o3t AWAGT T Y]
3t A9 2B x FUct

2. AMgAA A PHEd 23 dagitgdyde
Hwd & A= on, 2E|de] Frlo) o} Fo)
f3)=o] 50wt.% 2E]@ME Eo] TF LHHNA
t}. ol PHES] 2gldi(H| DA 28 2)o] AT &2
= fEoz Bz

3. C-PHE% PHE$} vjwatd] Aol v|£g gy
3 BF o, e F7te] uel WEo] 2Edd|

N rto
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A EAte} 1% Poly(hydroxy ether) 25E BAY 4 ABYHY vig A7 21

Ele AEHPo, S0wt. %N T FEo YL
Ae #Astn YU @A C-PHEQ &3z
PHE®] uv]3le] o} o= Az fau]7] wfo] &
Aol A Zog HojRdl

4. 3127+ PHEAS] &3 vf$ 7] w2 v
do s 2(2E]d)e] LA Fabal, 2E]R@ o]
PHEA £%0328 #4ls|o] F3ig AlWS 7k e 4t
49E Pyt

& AROIN AT oF BaHEe W4 WE
Buse, gepy 4E8ae] 88 gl PHEAZ
ARAGAE 9%S 32 R
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