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Interfacial Reaction of C/Al Composite and Influence of Reaction Product

on Its Tensile Strength

Hyung-Suk YOON, Akimitsu OKURA and Hideki ICHINOSE

Synopsis :

Interfacial reaction between PAN (Polyachrilonitrile) based and Pitch based carbon fibers and pure
aluminium was investigated. The C/Al composite was prepared by depositing aluminium on the surface of
carbon fiber in vacuum. The degradation in the tensile strength of C/Al composites was associated with

interfacial reaction produect, which is aluminium carbide (Al,Cs3).

Al,C; was observed by transmission

electron microscope (TEM) after heat treatment of C/Al composites.

Experimental results is as follows;

(1) The reactivity at the interface between carbon fiber and aluminium differed with the surface
structure change, which ascribes to the internal structure of fiber.

(2) The intrinsic crack length (Cy) in C/Al composites can be calculated from the relation between the
thickness of reaction product and the tensile strength. These values were 0.036 um and 0.049 um of PAN
based and Pitch based C/Al composites respectively. The relation between the tensile strength (o) of

composite and the thickness of reaction product (X) can also be expressed as follows, 0 = K/(X

)1/ 2, where

K is proportional constant. Kpan = 66.4X10% [kg-m™¥?] Kpien = 70.8X10°% [kg-m 372
(3) The activation energy for the formation of Al,C; at the interface was 63 kcal/mol for PAN based

carbon fiber and 82 kcal/mol for Pitch based carbon fiber.

These results suggest that the reactivity of

PAN based carbon fiber is high in comparison with that of Pitch based carbon fiber at the interface. The
high reactivity must be due to the amount of edge carbon atoms on the fiber surface.
Key words : interfacial reaction ; carbon fiber ; tensile strength ; heat treatment ; aluminium carbide.
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Fig. 2. X-ray diffraction profiles of PAN based

and Pitch based carbon fibers.
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(a)

Photo. 1.
Pitch based (b) carbon fibers.

Table 1. The effect of coating aluminium to ¢ and
E of carbon fibers.
. Al coating [4 E

Fiber thickness (um) (kgf-mm™2) (kgf.mm~2)
PAN — 350 22 000
PAN 0.1 335 22 500
PAN 0.5 345 21700
PAN 0.75 340 22100
Pitch - 320 37 000
Pitch 0.1 325 36 800
Pitch 0.5 315 37 010
Pitch 0.75 322 36 900
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TLNIZYLBBEESORLLE C/Al HAKRDTIR
WE (o) KRUsMEER (E) OfEi% Table 1 II/RT.
Table 1 127”7 & 9 12, TTORFHBHME DG BRIRE (o) K
Ut (E) L7V 3I = 2% 0.1~0.75um #E L
PIRFHEOF NS EOBICIZII L ALENED LR
o7z,

Fig. 3(a)(Z PAN &K 0F(b)iZ Pitch FRkFEMAMEIZ X
%, C/Al EAEKROBIRME (o) & EILBLRE K UFF
L OBRERT. Fh0 OREIC I ASUBIRE IS
{7 BIZoNT, F-REEREAEICE b % - TR &
LMK TS A2 &2 bh5b. Fig 3(a)® PAN R

(b)

Electron diffraction patterns and (002) lattice images of PAN based (a) and

RFEBMEDOW A, 550°C, 4h 25, (b)® Pitch FjxFE
WA OB E, 600°C, 8h 2 HFELLHMEIFEKTT 5.
¥ 72, PAN % & Pitch ZiHEORERT 2 LB T %
&, Pitch R FHHMEICH LT, PAN R FE#MEDH
R TR E L, WEFhDBE L b, ABIREH X 00
REICKEEIFET A, 72, 600°CX24 h DB T,
MM O RER L b TTOBMEHREDK 1/3 T TETL
7. LA L, ZhD EMBEREERCLTHLMEIZKRE
HEALRRD Sk o 7.
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R AR & b R ICHRIBATEIE S h, BULTRIREE,
B L LB ICFDBEVFREL BB I LI L.

Photo. 3 {2 600°C ¢ 4h #0L¥ L 7z Pitch ;& C/Al
EEKROREE TEM CEE L/, (a) I TEM &R
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Fig. 3. Tensile strength of aluminium coated (0.5
um) PAN based (a) and Pitch based (b) carbon fi-
bers as a function of heat treatment time at 500°C
(@), 550°C (&), 600°C ([J), 640°C(O).
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5 R HETHZE L% C/Al BEEROHE 4 o B LM
KB AREREDOIKEE% Table 2 (2R3, O
ALCs #EE & NBAT, XANLEE Sz d o728
BThHbH. ZOKRIZLBE, PAN RiREMMOEE
i 550°C, 4h 25, —7J5, Pitch Rix EZiHEOYE,
600°C, 4h » 5 Al,C; DERAEE S -,
3:3 C/Al EEMHOBEDORERVCREBRE

Fig. 4 IZ PAN RixFEMME L HVCEE L C/ALHE
EE (V,20%) O51REE & 7L ARE & oR%
KT, TV ARENEL LI ONTHRENMET TS
LH5bH b, Photo. 4 127V AES (78.5MPa), 7L
ZHEE (15min) #—F & L, 7L ZEE 500°C (a)
B U 640°C (b) THE L -2 AME OB MR % SEM
THELZHREEZRT. (a) D7 L ZRE 500°C T
WHERBIA~7 VI = AT RDAATES Y, 20
BT 2 3D 7V 7 P EIEE S A, LA L, (b)
DTV AMRE 640°C OE, MHERBIc T VI A
HBHSEOAHR, DO TINI =y AFOVBLHEA T
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FRETOfREENGE L, BRI LT M) v 7 A

(a) PAN based C.F. (No treatment)
(b) PAN based C.F. (600°CX8h)
(¢) PAN based C.F. (600°CX24 h)
(d) Pitch based C.F. (No treatment)
(e) Pitch based C.F. (600°CX8h)
(f) Pitch based C.F. (600°CX24h)

Photo. 2. SEM images of the
= surface of carbon fibers after
e dissolve the coating aluminium.
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AL, Cyl

Photo. 3. TEM image of interface (A : carbon, B :
Al, C:reactant) (a) and electron diffraction pat-
tern (b) of aluminium coated Pitch based carbon
fiber annealed at 600°C for 4 h.

Table 2. The reactivity of carbon fibers and alu-
minium examined by electron diffraction.

Specimen PAN-CF Pitch-CF
Time (h)
1 4 1 4
Temp. (°C)

640°C Q Q X O
600°C O O X O
550°C X O X X
500°C X X X X

O ; Al4C3 was identified X ; Not identified

SHEME % L TN DICEEF AT T THH I L %
R, E£72, TUAREIEL 2BICLIH - THRET
DIEEDELH, REKSIC L AEERTOEZL 2T
X% 670,

Photo. 5 {2 7 L AR 640°C THizE L 727, 5X107°
Torr DEZETF T 640°C, 10h ZRMLEE L 7z C/Al &M
B oW s TEM CEE L7z, (a) @ TEM &R (b)
DOBEBFHRE 85 — v 2RT. BELLERICI,
REWHEL TNV Iy 2 L OBICRENIERSIN, 20
RECOERY (AlCs) PR —ICERL TWA,

ik / & i .:.(N:f . )
Photo. 4. SEM images of fracture surface of

PAN based C/Al composites pressed at 500°C (a)
and 640°C (b) for 900 s under 78.5 MPa.
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Fig. 4. Tensile strength of PAN based C/Al com-

posites as a function of press temperature for 900 s

under 78.5 MPa.

Photo. 6 iZ C/Al HEMEOREOEFHEERT.
(a) ® PAN 2k FEiHE O¥F1£13 Photo. 1(a) ® (002)
DHFHEFRKTH Y, AlLCs (003) & OFRMTIEH
ML S -FTIHEA LTS, FRICH~N, (b) @ Al
& ALC; OFRE TIE Al (111) & ALC; (003) & 25K
ML > TRELTWA Z LAbh D,
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Photo. 5. TEM image (a) and electron diffraction
pattern (b) of the interface of PAN based C/Al
composite annealed at 640°C for 10 h.
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(a) Interface of carbon and Al4C;
(b) Interface of Al4,C3 and Al

Photo. 6. Lattice images of interface of PAN
based C/Al composite annealed at 640°C for 10 h.
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DIEEIREH S, FHETOBEEIR I 7 afI2I3 R FEHE
L ALC, OREE A SIEET A ENHER SRS, o
T, C/Al BEEOBIEIZO VT, RESIZE DA
B L 7= i85 7% AlLCs A SBIEHFER D, ThIHER
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U Pitch REFHBHEIC LB C/Al EEKRDOF R &
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Fig. 5. Effect of the thickness of coating alu-
minium on the tensile strength of PAN based (@)
and Pitch based (%) carbon fibers, after an anneal
at 600°C for 24 h.
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(X2 gHIT DL,

0=K/(X)1/2 ............................................. (2)

(K: IbBIERK)
ORDEONS. 7, Fig. 5 IR LIEE L KISE
2oflEE(2)RITRAL, BOBOD KDtk b
&,

Kpan=166.4%X103[kgf-m™%2]
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Fig. 6 13 Fig. 3 O AKOTHE & 2L &4 O BR
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Ko oE s & V2 SHPIBGRIC R L 5bh 5.
Fhbb, REKGCESD AlLCs &R iR T
HHEEAA. Fig T IIEERE (k) & 1/T oM
BERYT. BOBODOEEIZLD, ALC; DAEKT RV
¥F-2EHET L L, PAN ZRREMEOEE, 63
keal/mol, Pitch RRFEBMHEDHE, 82 keal/mol TH N,
PAN R FE@ME L 1) Pitch REFERHEOH 2 RETT
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Fig. 6. Reactant (Al,C;) thickness of heat treat-
ment time at 500°C (@), 550°C (&), 600°C ((J),
640°C (O) in aluminium coated (0.5pm) PAN
based (a) and Pitch based (b) carbon fibers.
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o=K/(X)'?
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Fig. 7. Relation between parabolic rate constant
of reaction and temperature in aluminium coated

PAN based (@) and Pitch based (%) carbon fibers.
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