ealad) Canll g Aad) asdasill 3 ) 5 9
Aeatigh A6 — o Aadls

Silal! LSS iall a) g3 Sind g _pudand deuf 4o
( NiAI-AI O 1) (itead i (ulesd! i 48 pal)

L ot Al
uigall

et lYLasls e

S Araly 8 3 gall duria and ]|
3 gal) Ausin (B agle piicaball da o Ji clilbia (e s 2 A

) iy
Lgasal) LSl MLy

AR pdl ds e v s Ol




Ministry of Higher Education
and Scientific Research
University of Babylon
Department of Materials Engineering

Study of Preparation and Improvement of
The Mechanical Properties of
( NIAI-AlO ) IMCs

By

Ahmed Mudhaffer Hashim

Disstertation submitted to the department of Materials Engineering in
Babylon University in partial fulfillment of the requirements for the
degree of

MASTER OF SCIENCE

In
Materials Engineering Science

Supervised By
Dr. Kahtan Al-Khazraji  Dr. Haydar A.Hussain

September Y+ ¢







Abstract

The great development in many major sectors of idustry, particularly
in the aerospace industry and the need for the development of new and
improved materials for potential high temperature structural applications
as alternatives to Ni-based superalloys, has led to work this search.
In this present study, the NiAl-based composites containing a dispersion
of AlOy particales are prepared by sintering technique at Y¥e+°C for 9.
min. in an argon atmosphere. Intermetallic compound NiAl was prepared
from a mixture of nickel and aluminum powders by using reaction
sintering technique at 1+ +°C for Y Hrs. In an argon atmosphere. Both
NiAl and Al:O- are brittle at room temperature; nevertheless, they are
potential high temperature materials.

The ductility of NiAl can be improved by adding a small amount of
boron and chromium. In this study three weight percents of B and Cr
added to NiAl for each one and together. The relationships between the
microstructue and mechanical properties of the ( NiAI-AlyOr) composites
at room temperature are investigated. Al«O- reinforced NiAl composites
show better mechanical properties than monolithic NiAl. The grain
growth of NiAl and Al:Or in the composites is constrained by each
component. The increase in strength and toughness in thus partly
attributed to microstructural refinement.

The bonding between NiAl and Al<Or is weak, the crack in thus
deflected by the weak interfaces. The strength and toughness of NiAl is
enhanced significantly by adding boron and chromium to NiAl. The
bonding strength of NiAl and Al.Orx is also increased by addition of them.

The addition of ( Y+ wt% AlOr ) into NiAl led to obtain the
maximum compressive strain of ( Y).1Y % ) for the composite ( % - NiAl-
V+AlOr ). While the addition of B into NiAl greatly increases the
ductility of this compound.The maximum compressive strain of ( Y. %)
in the composite containing () *AlOr ) and ( +.© wt% B ). Also, the
ductility of NiAl is increased by the addition of Cr. The maximum
compressive strain of ( Y4.'¢ % ) was obtained in the composite
containing ( )+ wt% Al\Oy ) and ( £.© wt% Cr ).

The compressive strength of NiAl is greatly increased by the addition
of Cr. The maximum compressive strain of ( ¢A°.7 MPa ) was obtained
in the composite containing ( Y +AlvOr ) and ( £.© wit% Cr ) as compared
with compressive strain of ( YAY.Y MPa ) for the composite ( 7+ NiAl-
¢+ AliOy). Also, the compressive strength of NiAl is increased by the
addition of B. The maximum compressive strength of ( ¢vV3.Y) MPa )
was obtained in the composite containing ( ¢ +AlOr ) and ( +.° wt% B ).



The ( NiAI-Al O+ ) composites cantaining B and Cr together have
mechanical properties intermediate between the ( NiAI-AlOr )
composites properties without any additon and the ( NiAI-Al:Oy )
composites properties containing B and Cr for each one. The additon of
(+.) wt% B, Y.© wt% Cr ) increased the compressive strength and
compressive strain of NiAl. The maximum compressive strength and
compressive strain of ( €YA. AY MPa ) and ( VY.£Y % ) was obtained in
the composite ( 7+ NiAl-£+ Al O+ ) and ( 9+ NiAl-) + Al«Or ) respectively.
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Room temperature modulus of rupture , MPa
Typical Weibull modulus

Room temperature tensile strength , MPa

Room temperature compressive strength , MPa
Room temperature Young's modulus , MPa
Room temperature hardness , kg/mm’

Fracture toughness ( KIC ), MPa\m

Poisson's ratio

Density , kg/m’

Thermal expansion coefficient, m/m.K ( +-Y+++°C )
Specific heat , J/kg/K

Room temperature thermal conductivity , W/m/K
Thermal shock resistance , ATK
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High temperature strength; oxidation,
carburization and nitridation resistance

High melting point; high thermal
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Oxidation and sulfidation resistance
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carburization resistance

Low density; good specific strength
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