A EFRS o= BTRH

gt4 4§ (Carbon Fiber) 7} 2] 02 <ajx
2 1879412} € =4 Thomas Edisone] Wdad
T2 el R Abgstay Yejejh olw)
) B AdE =g o2 AAE eb4 3} (Car-
yonization) sked =lE9vl. Zelv 1910W o &
d2u Delol Eof A Yof] whal sbE4LGL <
o] F=)= el BlEAf7F opA] BAlg FA
d AL 1950 29 dRA jetall K19 o
2wk ok ulg o] A zho] b5l Aol et
P a ZhEel sb & 52 sAld AAe] 24
FFEAE e A7) o -Fole) v]F US
ir Force Material Laboll4] Graphite Whi-
cer?] 4A-& AL A3 Al, Mg 53 2
cESAERC ST JAREE 30 o] AL,

AT 1Tl A Ay A4S g
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Carbon Fiber

A Q0
| =)

-

=

gl
=l ad et ag

A% AT FEE 2E 44E L 94

& AL M Aolekle dAbshl A fo13Hg

L BREH Bad4-E x99 AT A

= gnt, 22 Ast 19590 ©}=2) Union
Carbide Co. (UCC)ol 4" Rayono 2 %¢ &}
£RFE Alzdlgdon A2 z2he A7 el Jap-
anese Bureau of Industrial Technisc®] Sh-
indo & PAN 2R Bl4£45E A FstA
on] 7k @432 W, Watt 52 High Modulus
T w4 A e R eq?UCCH 4+ High
Tensile Strengthst &4-4d-4< “Thronel 25,
40, 507& AJAkEr] A ARk g Aol A
PANS 285 atE sB4£4HE Rayond 28
HER 2op T sk S 9ls] dfel PAN-
Process7} &4 wbokr}, b4 fE 5 8
FAkdzk T AT Rokll A Mgz ARg U

Hel ghont @A b gFFok, 42}
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Sports SFFok 5 rlutw e 2 o] &1 glrh
BAARE Aaabeld A7 wFast 23
B R ForE ARFAYR vl L R
A ey, wepd 2, A& R FH T
Aol A A% aEs dof adfe AE7
&) e ERER Yrh LR AT B
#2 Az, 54, 4% 5ol A4 ot B
= e

2. EtxdRe) mx

7t ElxHRESse THITH
(1) &ststaol A EshshA W 53k BhEAL

H7 ¥¢ A

(2) &bEhF&o] & A

(3) Spinning (9-4}) 3+ After- Treatment 7} &
ol & A

4) 952 At AEg A

Lt, B4 Re HRY BFR

(1) PAN (=Polyacrylonitrile)

7wl ARREIAL e AEAREA wha
A48 2 Methyl Methaerylate, Methyl Ac-
rylate, Vinyl Acetate, Vinyl Chloride Mon-
omers& 5~6%HT T TEY PAN¢]
F2 | 4H 3 gleh Y.

PAN-Z Rayon¥ch 7pA el A Aeds]  olat
b &R A A2 Fuho] 7] w Fol] EhAA
8 4R2 o] ARgslR glvt

(2) Cellulose

Acetate Rayon @ Vicose Rayon ¥ =&
A A fe i AfAlEe) 4EARE AHES
o skou} A& o} F el &2 Spddier T
Aol ohef elalrE Y 10~15%2 X 53] @
7w ol AR Aol AL et

- 8-

(3) Pitch

A4 f9 %2 PVC Pitch, Asphalt Pitch,
Petroleum Cracking Pitch 5ol ¢]%& Pitch
I 240--340CoH 4] &% ub4lsled Pitch Fiber
S e F AL 0CAA Ozoneo 2 11Xk}
gt g T2l FollA 260C7hA 7hE Akt
54 98447 "eh 30 AHT% A As
¥ 2 PitchAl B4R oz 4
dAql M 45 o WA FT ek

(4) Lignin

245 i o Krapty o8 gojA&
Kp-Lignin¢] 1} Sulfated] 2 2 oojzlE= SP-
Lignin

+ FF BT 92 AHEEY Lignind Alx
iAol Fapstn AA Aol 2ol o E] A
9] ARgskR] g glwl

(5) PVA

PVAE 371 A 200CE 2447k o4 7h
Qshd 44 LRAGIF Sua, Az o
A ALEE) sk sl FA 2ok

(6) Aromatic Heterocyclic Polymer

Polyimide, Polybenzimidazole, Polybenzi-
midazoniuon Salt, Polytriadiazole-8& %322
5k} High-Modulus &t stA4f-F A2 3
o wElgol ok

(7) Nonheterocyclic Aromatic Polymer

Phenolic Polymer, Phenol Formaldehyde
Resin, Polyacenaphthalene 7+-& Po]ymer%o
RE Agsant o] 282 FdTEE =
] 23L Cyclization®} B4 0]9) 2] k2 ¢
28 AAF Golsteh gl FL A%

< A ek

™
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(H 1) Weight Loss on Heating at 1000C
in Melium for Different Fibers

Weight 5

Polymer type Tm:f (%;05
Rayons 87-89
Polyacrylonitrile 60, 67
Polyacrylonitriles, preoxidized 38
PRD-14 52
X-101 53
Saran 74
Poly (vinyl alcohol ) 93
Ramie 91
Pitch 30

o,

ch E

—_—

aElet Zodztel A"

B4 g YL 2le Fo1SEES A2 e
2 Bk o] 99 ohE Y4 (H:.0, HCN, NH,,
CO, CO,-+) Bafule] AA=RT 223, ek
Z3l2 A2 4 Fused Aromatic Ringe] 445
=dl, o] 345 =k4A3 (Carbonization) 23
gol, g4 3} gl E AHA 2EE AS A
7] 7t93lw Sheet Polymerd 27X #
717 Z249) Sheet Polymerz} %3} slA) wjod
skl Sheet Polymerd] 42l T4 & #H=A =

=d|, o]AL ZFod3l(Graphitization) 2} Ttef

2h, ElH7el Mz

(1) PAN

7} A ZAM e

(D Thermal Stabilization . Tension% - 7}s}
44 F71FolA 220C0~250C 2 2~ 347t
) AkshA) 7)o},

@ wk4d 224 71454 1,000~1,500
SR X eseh
@ &3} L 34 7R Tl A 2,800CE &

SBEFWEE 1987, 10
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() 484 Mechanism
AR 222 AT A4 AaA 4
& s+ Methyl Methacrylate 52 ¢ 5% %
F %3k PANe| A}g¥r}.

=84 AAlFo A jhas wkg-e z7)d=
Acid®} +&  Electrophilic Group®| Reaition
Site7t Eo] 4l(1)3t 7ol Ladder Polymer&
HAsAV ’54(2)9-]-1%01 w27 Al 2
Cyclizatione] & el el ” 260T o] Aol A& o]
% Ladder Polymer 238 NH;7} A A ¥ =4
AB)=h 2l Aromatizatione] 18 A}

900C ol&tel & N, 7F s sh43) -
Zod3lrt A4 A et (H4).

e

w\‘/\l/\("’" heat ""m
SSNSNTE

C=NC=NC=N

& C=NC=N

0~ "OH
— {1)

—
NN SN SNH



MR G TIH s s

E24 714 Fol 4 Stabilizesdk PANS o
5B Fhedsl o waEEEls} dojuly)  w) o
#sal

0] A2 Main Chain® 23 & ¢ o5 =

T
N N Ry .
N .
+N:

N
1O
(4)

o]

Ly,

|
(& 2) Effect of Preoxidation on Carben
Fiber Yield and Their Mechanical

I AA Al A gt
A

Al FRASA ook PAN L4} spele]  Abi
2315 o] Ladder Polymer & 4 4dle] =27-9)
+7t Chain 8] £&4 W& dxska F
WS FoRAg) 7] el Fell LRHAS Bl AR}
dejzl= Ao A=t (4(5).

(2) Pitch

(7h) MEHL

@ Thermal Stabilization : &7]56| 4 200~

)
)

Properties 400CE 7} AkE}
o @ uidsl EEA A FA4 1,000CR st
Loss in weight Mechanical o3 )
Temperature (%) Properties 22
f =1 e N -
carboonizatiori Tensile | Young's @ &3} . Tensions}el] 4 3,000C = 7}d 7
© Preoxidized | Unoxidized | strength | modulus )
fiber fiber (GNm?)| (GNm?) (4) Ry
y .
400 15.9 52.2 - - 84 Mechanism
600 28.4 5.1 _ _ Y& 2= T2 Petroleum Coal Tar Asphalt,
800 373 6.9 1 105 PVC2%-5 odojz)= Pitch® AH8-3tc} Pitch
1000 3.4 68.0 1.4 161 = 4 hEAS H) dFo eh4lsl) o] P
1500 2.2 238 e A o 2 8] vbA] (250400 ) o] A AkS}bsle] A
2000 18 | a0 | AR ohe i -SSRy ashgs
2500 1.8 384 °] Mechanism-& BEs1A FR6] 9= @o
2800 1.5 | 46 1} 4 (6)7 7] Back-Bone Chaino] Akg}ol
CN CN
CN CN ] [
| | Lo l l
CH CH CH CH c C
\c&/ Sor” N . i T Y g
1 7 Oxd&tm2 (l) l ‘I) Carbonisation H l l
CH; CH +0y ~2H0 &
<N New” 21,0 —ZHON "N NP N
H” en 2H; P - C c
o o s r
CN CN | |
CN CN
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~—Ar=CH; —Ar—CH: =R (A) —— Ar—CIH—Ar -CH-R (B)

o]
B

Q

o8 Crosslinkig = 7] =gl 284 ZE=}7
WA= AL 2 AR Celluloses) ohakst
212 Pitch4dfr2fs Led§ st d/E
2% = 2] AEAHE N F= Ao] Hasteh

(3) Cellulose

(7}) A FAHQ

(D Thermal Stabilization : F71Fol 4 250T

z 5&%k 7

@) st43} EZA ZlAFolA 7T00CE 2 e
@ Zods) @ B3y 7)A Sl 4 2.700C R A=
(1}) 494 Mechanism

Bacon3 Tang2 %222 Cellulose®] &4
ghub-2.2] 2k4] gk Mechanism-2 A 4] 5}9+&=u] L
Viechanism-& 21813} ZelY,

Cellulose-s HCla} & wabslAd 4 7] 535}
N4 o Zalstel 4bo| Fof 283 sle g 2
4 714l A 4 dalshe A} i) &
dgich'? B e g0 A-8sly) gl A 3
to} BhAlFo] B} 3t shAAf7) 87
12 Zods} ool A & 7}l Stretch-
1wl T el Hasio}

A2l 7t PBAFBEE Q1O thadd el 4
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[CELL -ou] = HO

25— 150°C

STAGE 1 l wp

150=340°C
STAGE 2 l -ro
o W oW ]
o an CHOM
240 4w 400°C
ETAGE 32 1 THERMAL
SCISSON
cH——0

n OH OM Se -
P 240 =400
STAGE 3t 1 M0
CH—== 3
" DEHYORATION 5 W
+
THEAMAL Lin CYRN)
o g M CLEAVAGES '65 -
BEADH;
Levocudasan STAGE3e =2 240w axPC
l TITHERMAL  SCISSION
ar CARBONACEOUS OF £40 cio
INTERME IATE 2) FORMATION OF M,0.
cm,, €O, ETC
FOUR
EARBON
ESIOUE
1 400 = T00°C
STAGE 4 ARDMATIZATION

-Hy
GRAPHITELIKE
LAYERS

{Z18] 1) Reactions Involved in the
Conversion of Cellulose
into Carbon Fibers

22 B3¢ vehigis?,
3. Elx-SHHRe E3

(1) Ao} BhAd-go] $-3tek (E4).
(2) Creep Resistance$} Fatigue Resistance
7b S5kt
(3) Brittle s} W&2 4.2 £x) o),
(4) AAHATA 0] Fr},
) o

(5) AAEELE v FE¥cl=E 23 F4Eohs
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(E 3) Comparison of Properties of Carbon

Fibers from Different Precursors -

Young’s | Electirical
Precurson Density |modulus |resistivity
(gem®) | (GPa) |(107*ohm-cm)
Rayon® 1.66 390 10
Polyacrylonitrile® 1.74 230 18
(PAN)
Pitch (Kureha)
LT® 1.6 41 100
HT* 1.6 41 50
Mesophase pitch® 9
LT 2.1 340 1.8
HT , 2.2 690
Single crystal”
graphite 2.25 1000 0.40

“Union Carbide, Thornel 50,

*{Jnion Carbide, Thornel 300.

°LT, low —temperature heat — treated
“HT, high- temperature heat —treated.
®Union Carbide type P fibers.

"Modulus and resistivity are in—plane values.

(H 4) Specific Strengths and Moduli of
Some Fibers and Their Epoxy

Composites

Specific
strength
* Carbon Fiber
1.5 T D
\ N type
Glass Fiber
# Boron Fiber
1.0
Beryllium *
(erude metal) Carbon Fiber
* (type )
0.5 (o
* Stelel Wire
# Aluminum
(crude metal)
0 0.5 1.0 L5 2.0 2.5

Specific elasticity moduluss/mass units

(arbitrary units)

—12-

o] r;]_
(6) X~-Ray S-ml4o] Zc},

Z"‘-‘_Ci. _}f;“vj"&:o] 1'}‘ 2 T"ﬂ'

7) whaA$E AT WukEde]  panR
£G4l Frh,
(8) W erEAe] ﬁ—vﬁ:} FARSA]

Halogenol] &lsl £4

sbA 4 f-5 Brittlested £ 7] 41 F4
of 42l ke) A aAe] A ¢ @&l CFRP
52 Composite & ut5" F7F Shear Strength
(ILLS)7 o Aol sleh. olsk 28 23
2 ALs AT kAR BRARNE
s S

E 3 2= Oxidative Treatment?} Nonoxi-
dative Treatment® 2-F3c} (F5),

Emxeld g ILLSS| kA XS HE 6ol

vh-:hﬂ et
) AbEted
E“/“ —ZdHGE HNO,, KM,0,/H.50,,
K:Cr:0; NpOCI (3 Ah4kshd ), , Akk

Ozone, CO: (71443 )2 A&

H* 5

Surface treatment

oxidative nonoxidative
| .
" [ [ |
whiskerzation polymer pyrolytic
gAseous Bquid grafting  carbon
oxidation phase depositio
oxidation
oxidation  oxidation Catalytic
n n oxygen Oxidation
air and oxygen .
gases
(0, COs)
chemical electrochemical
(HNO,, Hzo,) (HNO,, NaOH)
KMnO.. 10

chromic acd)

KEERBES 1987, 10



(X 6) Surface Treatment of Carbon

Fiber and Improvement of
Composite ILSS

Improvement
Treatment in ILSS
(%)
1. Gaseous oxidation 10-15
{air, ozone, RF plasma)
2. Liquid-phase oxidation 100- 200
(HNO,, NaQoO, electrolytic)
3. Whiskerization 200 - 300
(SN, TiQ,, 8iC)
4. Pyrolytic carbon coating 60— 100
(CH., FeC, SiC)
5. Polymer grafting 80— 100

of 7234717 wo] 4AH Fx 9] A H4
o shArElel HALAEE-L Al4baLskyel i)
A Mildgk 224 A dk-go] 753t

|

(2)

P4k 2 gl ~Fod 4R Tul g o v)4kst
A7) v-g dbg4 Ak R Coatingdbel ILLS
7F gkAbslet L o] Amine FEES AP E)
71x & 53 AedE-A7E da4HfE
Silane 3382 agjstd ILLS7 5~ 6 )
Ak o

(3) W hiskerization

AH-Fd #ol| Silion Carbide, Titanium Dio-
gide, Silicone Nitride 3 722 F{F-S )
ok IZE whFP 07 Ay AA L
Whiskerization¢]| 2} &}, Rayon, PAN2 &%
8] do]z elA4-H= Whiskerizationol] 2|3}
3~5uiel ILLSS 34h& 7hx-2o}

5. ElxHRo 82
SaAfE T AAEO R AgaE $EE

ke ERIGE IS 1987, 10

MEHLE o FEH

A9 glom s HE CFRPE4 ¢]4sr} CF
RP-£ Resin-® Nylon, Polysulfone, PP, PVC
3 2 d7k44 $2} Epoxy Resin, Ph-
enol Resin 53 & 47434 $x S i
2| Resine] o|-§-9 4 glc}. CFRPY 43L&
BAAdfo 4d, EdeE U e, Resing
ZFoll wel4 k2w Unreinforced Resin =}
Axct 7AA Aa, "ArlA 421, dA4431 5
o] v ey o2 gkikmEct X3 Carbon-Metal
Composite= 4 AEX, A7l AT:E 5 F5
o] 7} ¢ & el kA] o] A& s 4 g3
Carbon-Carbon Composite’™ & F2 a2
A ol gxiet 'hAARY] EEld 543 1

g3l S=ol del A E76 vehg et

(& 7) Characteristics and Applications

of Carbon Fibers

Physical characterisitcs Applications

1. Specific strength, Aerospace,road and marine

specific toughness, transport, sports goods
light weight

2. High-dimensional Missiles, aircraft brakes

stability, low aerospace antenhna

coefficient of

expansion and low

abrasion

3. Good vibration
damping, strength

Audio equipment

and toughness
4, Electrical Automobile hoods
conductivity
5. Biological inertness Medical application in
and x-ray permeability prosthesis, surgery, and
X-ray equipment
6 Fatigue resistance, Textile machinery and
self-lubrication, general engineering
high damping
7. Chemical inertness, Chemical industry,

high corrosion nuclear field

resistance

- 13-



MEFCR 04 FRM

T A LR EC I

2 el Bl

7}. Strength and Stiffness

(1) gERop

Wing Spoilers, Rudders, Aircraft Wings,
Tail Parts, Helicopter Rotor, Blades, Wea
pon Bay Doors ¥ AZA s ZE7 875«
Boholl o] %, AL FTA ABE AT A
vk Ags § 4 oA AB B fAuA
A ypslmz F4uck Y4 A ol

(2) B sHar2B S0}

B3k (Load) & o] ¥+ 5341 Drive Shaft
Body Springdl] #to]x
Beam$dl| o]-§=rt

(3) Sports BEL0f

Golf Club Shafts, Fishing Rod, Vaulting
Poles, Ski Poles Cricket Bats, Tennis and
Badminton Rakets, Bicycle
Cars, Etc.

Bumper, Collision

Frames Racing-

L}, -Thermophysical Proper ties
A drEAo] Zol4 .8 e 2
A7l Aale] 9922 Gears, Bearings,

Break Disks, Friction-Related Products,

Ax EHZH MHBERE BE &f 6452 HTE
HREF Bk - W 5 A% W frgRvE 5
Bol mapaksich. olol we}l EE(ERBE whAbssl
2 kst R BB HEANA Sgdn

olaulAljite ehel, AR, AlThel, el L o]FR
& gt EFHREFA M (FEIYEE WES UL

5 7k S 2REe) BB ATEY gle AL

2 AHAT gloh

g oMESE

W e RE Sl v SAUANY U HEEEE

Cryogenic Process Equipmentol] o] &, 9] 8}
A 6 2 CF—Rein forced Phenol Resingd &

= A-gjie}

C}. Chemical Inertness and Corrosion
Resistance
B} 4484+ o2 712 Reagent (4}, €47], 3t
LA F)oll Inert 3R 3s1F ] A4k 2ol
22 A12% v Rotary Compressor?] Blades

W} 83y 4E Ba o] §Avh

2}. Rigidity and Good Damping

22 7% F%3 A" 4 Y52 Rigid 3
I okAd g4 d F U A FL ASF
4% 1A ok sk 2 vl ARl o] &xlrt

CFRP& Y& mlEojale 2¢e 34+
Speak Diapharyms, Speaker Cone-Edges,
ton: Pick-up Arms 5| gi=b. EZF wle] L3

olu} 7 ek Sl 5 o] H T YehY.

Of, Electrical Conductivity

Aspaka] A4, AAS A7 AR Y
A e, A7 F BILOE o] gFrt

Carbon Fiber — Reinforced Polycarbonate
= A7)zl ald o] g1 4 ek, ol HE

Silicon Carbide Fiber-Reinforced Resin2

HE, k@A Re FREN KR FRENA
it (CEGB) & = 7 H ZEB ==Y A Size-
well B #EF 2R TR vk AF71x ER
< 7t 2 (AGR) HAE A9d fo

CEGB7} &AL AU 571 B#E AGRY
BiEFIA AR 23, It L Adhe] S8 57l AEF
olel, Sizewell B FE-2 94d7] FEEEme] Seolz
Belet,

— 14—
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= AHRRE 0= kit

gkt — Zod A f-oll ®lsl 130~20,0000% 2] Elec- R

trical —~ Resistance & 7}zl e} 2

bt. Biological Inertness and X —Ray
Permeability

(1) elg&0f

Surgical Implants (1812 ~5)

(2) X —Ray Equipment

Computerized Tomography Equipment

Therapeutic X—Ray Equipment
43 3}e] Filter 9 Colliment® o) &

(2] 4) Carbon Fiber Prosthetics

fpr Joints

{12! 2) Carbon Fiber Prosthetic for
Tendo Achilles

{3l 3) Carbon Fiber Prosthetics (12} 6) Air Slide Valve for a Loom
for Joints Made with CFRP

ABEFIRBE 1987, 10 ' — 15—
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At, Fatigue Resistance, Self - Lubrification
and High Damping
(1) |70k
- Knitting Machine (Heeled Frame, Picking
Sticks Knitting Bars, Push Rods, Etc)
- Air Slide Valve (O™ 6)
(2) LprEE=0f
Bearings, Gears, Cams, Fan Blads, 713
£ #7717, Etc

6. Eladfol &2 MY

B A5 el ARl el 2}, ARgE
a} ohje} AAl Sale] o) 27| 7kx] Al Hake 02
H7beta vk, #H2el] BaAdfe Fot A5
T 50% o)At Erlal show shFol X 40~50
%9 REAQAo| dlZFcl nFodl e FT

Aboj oo A2 a7t dAl 82 50%8 A
Add YR e 2E2-AA FERRY 5
a7t geh 1983udel] whAAR-9] AR 40004
ol 213 glov 1990 el & 22,000tonel] ¢
Ao dagdel, Tl AL ofAl w44
AFIL QA shont 1 e AgFAl A £
s} A&tz olel, L AEAE, =
T2 LE 5L TE FHAOE 45
w3 HA skadRe R b g
3L ol PAN| o7k 3] A 4lske] 16
o

o

‘|}~ A ok

O

1AL
o
ol Abel] &t e BlA41-R-9 Y4t
Z323 THEe ok HTu BA4L R
AR T3 BadAbde shFEs% =)
o] Abers] f-bgk wlef Abdoleb & < 9l
2 oAY Erlsle kel 49 FYd=
T-7} o]l Folx oF drix A} Zghet,

2 W o ool o

FF—’
ooy

rlo

~
-

]

H

al

_‘iL
il

o

q

rt
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