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Effect of a-AlB;» Phase at Interface on Tensile Strength of Mono-filament
B/Al Composite

Yoshikazu SHINOHARA, Koichi HoNDA and Akimitsu OKURA

Synopsis :

Laminated B/Al films and mono-filament B/Al composites were prepared by ion plating aluminium onto
boron films and boron fibers respectively. The formation of the a-AlB;, phase at the boron-aluminium in-
terface and its influence on the tensile strength of the mono-filament B/Al composite were investigated
quantitatively. It was found that the o-AlB;, phases were formed continuously on the boron films and the
boron fibers and also partially in aluminium matrice in the determining process of boron-diffusion rate into
a-AlBys. The activation energy of the formation of the o-AlB;, phase was 130 kJ/mol. Thermal expo-
sure decreased the tensile strength of the mono-filament B/Al composites due to the formation of the

a-AlB,; phases at the interface.

Relation between the tensile strength of the mono -filament B/Al com-

posite and the thicknness of the o -AlB;, phase was represented by a Griffith’s equation.

The a-AlB;, phase is brittle and fractures under small strains, forming notches.

The formed notch has-

tens fracture of the boron fiber, resulting in loss of the tensile strength of the mono-filament B/Al

composite.

0.=8.3X107|exp(—16 000/ T ) X 1} "V/* (Pa)

The dependence of the tensile strength of the mono-filament B/Al composite on heat treatment
conditions can be expressed by the following equation.

where g, is the tensile strength of the mono-filament B/Al composite and T and i are heat treatment

temperature and time respectively.

Key words : laminated B/Al film; mono-filament B/Al composite; a-AlB;,; tensile strength; interface;

reaction.
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Photo. 1. Electron diffraction patterns of boron
fiber (a) and film (b).
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(a) TEM image of reaction products (b) Electron diffraction pattern of area (A) and (c) of area [B]
Photo. 2. TEM of reaction products in B/Al film after heat treatment at 833 K for 4 h.
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Photo. 3. SEM images of cross section of jet-
polished B/Al films after heat treatment at 873K
for 1 (a), 2 (b) and 8h (c).
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Fig. 1. Thickness of reaction product as a func-
tion of heat treatment time at 873 K.
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Photo. 4. SEM images of cross section of jet-
polished B/ Al films after heat treatment at 753 (a),
793 (b) and 833K (c) for 4 h.
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Fig. 2. Arrhenius plots of thickness of reaction
product.
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Fig. 3. Tensile strength of mono-filament B/Al
composites as a function of heat treatment time at

743 (%), 773 ((J), 803 (A) and 833K (@).
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Fig. 4. Tensile strength of boron fibers as a func-
tion of heat treatment temperature for 8 h.
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Photo. 5. SEM images of fracture surface of
mono-filament B/Al composite (a) and extracted
boron fiber (b).

Photo. 6. SEM image of cross section of jet-
polished mono-filament B/Al composite after heat
treatment at 833 K for 4 h.
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Fig. 5. X-ray diffraction profile from mono fila-
ment B/Al composites after heat treatment at
773K for 1 h.
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Fig. 6. Auger electron spectra (a) of area A in
Photo. 6 and (b) of area B.
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Photo. 7. Electron diffraction pattern of area B
in Photo. 6.
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Photo. 8. SEM images of a-AlB;, phase in
a-AlB;,+ Al phase (a) and a-AlB;, phase on boron
filer (b).
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Fig. 7. Tensile strengths of B/Al (@), extracted
fiber (¥ ) and extracted and then etched fiber (O)

as a function of heat treatment time at 773 (a) and
833K (b).
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Fig. 8. Tensile strength of mono filament B/Al
composites as a function of thickness of reaction
product. - Range of dotted line may have no influ-
ence on the tensile strength of composite material.
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Fig. 9. Variation of tensile strength of mono-fila-
ment B/Al composites as a function of heat treat-
ment time at 743 (%) and 803K (4). Solid lines
are measured and dotted lines are calculated from
the equation (11).
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(11)31x B/AY B AR OFIREE © MALEEE (T)
EMBSLEEER (1) ORBE L TERRLZLDTHS.
(11)5 % Fv T 743 K 0 803 K THIZWMLEE L 72 B/AI
HEEROTIEMELFIE L &% % Fig. 9 ([Z7RT. 803
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R O

x=1{2X10"8e(— 16 000/T) X #}'"2 (m)

3) B/Al AL MBI L7 L & OWERT 0K
W FREICAER L 72 a-AlBy, TH Y, a-AlBy, OBE
WEDRELEYZ S v 755K 0 Y MIER SR v
WAMEABEE T 5 2 L ICX ) B/Al HAKOBE R
5.

4) B/Al EEERDFRME (0.) & a-AlBy, DA
A (x) & ORI TS.

.= (2 Ey,/mx)'?
ERU 7, 3ZnZhX0 V@M RBER K KT
IANVF—TH5.

5) B/Al HEKROFREE T MEALERE (T) &
MBS (1) »oRKXNEHACTFHT S I LA
BETHD.

0.,=8.3 X107 e(—16000/T) X t}| "1* (Pa)
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