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Effect of Fabricating Conditions on Tensile Strength of B/Al Composite
Yoshikazu SHINOHARA, Koichi HONDA and Akimitsu OKURA

Synopsis : ;

The effect of hot-pressing conditions such as temperature, time and pressure on the tensile strength of
B/A1(1100) composite was investigated quantitatively. The B/Al(1100) composites were prepared in
vacuum by hot-pressing the sandwiches composed alternately of boron fibers and the thin plates of
aluminium. The reaction products at the interface of B/Al were identified by X-ray diffraction and trans-
mission electron microscopy (XRD and TEM). This indicates that the (100) plane of a-AlB;; crystal
formed with the interfacial reaction reaction orients in parallel with the aluminium plane at the interface of

B/AL

Increasing press temperature, time and pressure led to the degradation of the tensile strength of

the B/A1 (1100) composite due to the growth of the a-AlB;, phases. ’
The rule of mixtures was successfully applied to the tensile strength of the B/A1(1100) composite, on the
assumption that the notches which were formed by fracture of the a-AlB,, phases caused loss of the tensile

strength of boron fibers.

The dependence of the tensile strength (o.) of the B/A1{1100) composite on

press temperature ( T) and time (#) can be expressed by the following equations :

o.= (2Ey,/nX)V?V;+ 0,,(1—V,;)  (Pa)
X=12X10"8X exp(—16000/T)Xx¢}V2  (

m)

where E is the Young’'s modulus, 7, the surface energy of boron fiber, V; fiber volume fraction, o, the ten-
sile strength of aluminium and X the thickness of the a-AlB,, phase.
Key words : tensile strength; B/Al1(1100) composite; hot-pressing condition; the a-AlB;; phase;

interfacial reaction ; the rule of mixture.
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Fig. 2. Shape of tensile test specimen.

(Size unit, mm)

temperature for 900 s under 100 MPa (a) and press
time at 843 K under 50, 100 and 150 MPa (b).
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Photo. 1. SEM images of surfaces of boron fibers
extracted from B/Al composites fabricated at 843
(a) and 888K (b) for 900 s under 100 MPa.
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Photo. 2. SEM images of fracture surfaces of
B/Al composites fabricated at 843 (a) and 888K (b)
for 900 s under 100 MPa.
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Table 1. Effect of degradation oz on op/0 7.
Press temperature IBF &y oy Vs ar ,
(K) (GPa) | (%) |(MPa)| (%) | (MPa)|%P/°T
843 3.1 0.82 57 16 560 0.71
888 2.3 0.61 43 15 380 0.61
933 2.1 0.55 39 16 370 0.54
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Fig. 4. Distribution of length boron fibers ex-
tracted from B/Al composite pressed at 843K
for 1800 s at 100 MPa.
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(a) TEM image indicating matrix-fiber interface
(b) Diffraction pattern of area I, (c) area Il and (d) area [II

Photo. 3. SEM images of B/Al composite fabricated at 888 K for 1800 s under 100 MPa.

Intensity

26 (deg)

Fig. 5. X-ray diffraction profiles from B/Al
composite fabricated at 843 (a) and 888K (b) for
1800 s under 100 MPa.
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Photo. 4. Electron diffraction pattern of a-AlB,,

and Al, showing overlapping patterns of a-AlB;;
and Al.
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Fig. 6. Tensile strength of boron fiber as a func-
tion of gage length.
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960 1800 3600
Press time (s)

] 1 ]
843 888 933
Press temperature

(K)

(a) A solid line is calculated from press time and a dotted line
from pre-press time + press time Plots are measured values of
B/Al composites fabricated for 900 s under 100 MPa.

(b) A solid line is calculated from press temperature. Plots are
measured values of B/Al composites fabricated at 843 K under 50

(O) and 100 MPa (@).
Fig. 7. Variations of op/0or as a function of press
temperature (a) and press time (b).
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T B ALO; B REIS 2 ML 2R 75 5
SLEBRELTWAI LR, 7L AESA 50 MPa T
I3 AlBERED ALO; BOHWIESNE I LBV Lo
ALOBICRE S 2L T AREIFR- - EZOHN
5.

UtokEdrs, B/Al EEME O REE R, Rl

FOGHERY) a-AlBy; DEADEEE LTRRT AL
&Y, ZOBBEEPLTFUT LI EHFTERTHD L
BR5.

4. #4 E]

Pk, B/Al (1100) #HAME 2 EHERy P 7L Rk
WCEOBEL, ZOTPRBEICRITT SV ARE, TV
ARBE ST VAENORE R L. £0
FRERIRODEBNTHD,

1)B/Al HAME OB E 21, 843K, 900s, 50
MPa U FO&EAESE LTS, 7L AENPMERVEE,
Al BEED ALO; 2 X > TRES L NS &
bbb,

2)843K BLED 7LV AREDOHE, 7L AEE, K
BMMECEDOBEMIZE b % 5T B/Al (1100) A& # 8
OFIEEEGET LTCw . ThIZRERIEOFHERILIC
ERATLZLDTHA.

3)B/A1 (1100) # & 440 BE R 0> FHE SOG4 B
i3 a-AlB, THY, 7VARBOLAIZE b5 Ta-
AlB;, BEE LT, #RIE L7z e-AlBy, & Al
EFFTICED (100) AECIAIT 5.

4)a-AlBy, DERIZE A B @BHOMERT 2 ZET
52 EiZ& B/AL (1100) EEME OF IR 7 L
2w (T/K) & 7 v AR (i/s) »5XRAEHNTTF
W5 ENTRETHA.

o.= (2EY,/ nX)'?* X V;+ 0, (1—V;) (MPa)

X=1{2X10"8 X exp (—16 000/ T) X t}'? (m)
SZTERU v, 3ZFhFh BT RMMERB X
CERZANVF—THY, VRV 0, 3FNEFH B M
MOBRBER U B MM ORI EL ST 5 Al DF|
EEHTHA.

%2, TEM KB OER KLY TEM 8% % #HiEET
B o HERZONEEEEE LICRHEB L 7.

X 73

1) fEH—B: TEMSH, 31 (1983) 13, p. 27

2) E. FITzER and G. JacoBsen: ICCM-IV, 2 (1982),
p. 1315

3 ) M. A. WRIGHT and B. D. INTwaLA: J. Mater. Sci., 8 (1973),
p. 957

4) H H GRIMES, R. A. LAD and J. E. MAISEL: Metall. Trans.
A, 8 (1977), p. 1999

5) I W.HaLL, T. KyoNo and A. DiwaNst: J. Mater. Sci., 22
(1987), p. 57

6) W.H KM, M J Koczak and A. LAWLEY: ICCM- I (1978),
p. 487

7 ) S. Ochiay, Y. IRIE, K. OSAMURA and Y. MURAKAME: Z.
Metallkd., 74 (1983), p. 44

8) BEE—, AHME—, KEHEX: ML 7otx.1 (1988)

— 148 —



B/Al HAMHEOF RMBE I RITTREREORE 285

p. 1406 12) B. D. AGARWAL and L. J. BROUTMAN: Analysis and
9) S. OcHIAI and K. OsaMURA: Metall. Trans. A, 18 (1987), Performance of Fiber Composites (1980), p. 75 [John
p. 673

Wiley & Sons Ltd.]

10) T. Kyono, I. W. HALL and M. TAva: J. Mater. Sci., 21 13) R. SupLINSKAS, J. CoRNIE and A. HAuzE: National
(1986), p. 1879 SAMPE., 11 (1979), p. 1036

11) T. Kvono, I W. HALL and M. Tava: J. Mater. Sci., 21 14) MERFHE: SEMAEEFR (1967), p. 261 [ 20 F#t]
(1986), p. 4269 15) M. MoORITA, H. TAKEDA and I ARiMa: J. Inst. Met., 12

(1972), p. 1213

— 149 —



