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In fibre-reinforced composites diffusion processes at the
boundary surface between fibre and matrix may occur at
considerable rates if the material is subjected to elevated
temperatures.,

In the case of metal matrix/metal fibre systems the following
mechanisms have to be taken into account:

1. The formation of solid solutions which may proceed to
the point of complete dissolution of the fibres in the
matrix material,

2, Solid state reactions resulting in the formation of

intermetallic phases,

These processes will change the mechanical properties and
the fracture behaviour of the composite materials., Detrimen-
tal effects due to these processes may be:

1. Embrittlement of the components, which in case of unfavoup-
able shapes produced by the growth of tne layers formed
by means of the diffusion process may lead to premature
failure of the material (notch effect).

2. The formation of pores, which occurs if the diffusion
coefficients of the atoms constituting the components

differ markedly. These pores will not only reduce the
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load bearing cross section, they will also act as
stress concentrating flaws,

Deterioration of the bond between fibre and matrix
Or even delamination of the components, if g volume
concentraction occurs as a result of the solid state
r2action,

In
£

the three cages mentioned above tne conditions necessary
or an effective utilization of the principle of fibre rein-
farcement are not fulfilled any longer. On the othep hand,
however, it is possible by selecting suitable fibre-matrix
combinations and appropriate diffusion heat treatment to
broduce composite materials with interfacial layers provi-
ding an improved transfer of stress between fibre and
matrix, As the interfacial layers produced by means of heat
treatment are of higher thermal stability they may, in
addition, serve for the protection of the fibres at elevated
temperatures, The thermodynamically most stable composite

is Obtained, if the fibres are completely transformed into
the phase which corresponds to the state of equilibrium in
the temperature range under consideration,

12 investigaticns have been carried out on composite mate-
rials produced by means of liquid infiltration. The different
fibre-matrix combinations investigated, the temperature of
heat treatment in each case, the reaction products, and
their morphology are given in table 1.

In combination T (aluminium/pure iron wire) a diffusion
layer consisting of FegAlb is produced which grows into the
iron wire in a quite irregular shape because of its aniso-
tropy of growth due to the crystallographic structure of
the Fe2A15 phase. From the results of the tensile tezts it
Way bLe assumed thnat the irregularities of the growth front
lead to a decrease in strength of the composite. The pela-
tively high inhepent strength of the intermetallic phase

cannot be utilized since brittle fracture occurs at quite

ViI-332

low loads in the F92A15 phase because of stress concentra-~
tion at the notches.

This irregularity in growth and shape of the intermetallic
phase is not observed if high alloy steel wire (AIST 302,
DIN 4300) is used instead of the iron wire (combination I,
This is due to the presence of the alloying additions which
serve to impede the diffusion process, In the case of com-
bination II a uniform layer of the transformation product
is observed, which does not show delamination at the fibpe-
matrix interface, Within the diffusion layer,which again
consists mainly of FezAls, however, a seam of pores is
formed which, in turn, weakens the composite. Scanning
electron micrographs of the fracture surface indicate that
fracture is initiated at these pores,

In combination III (aluminium/nickel wire) the intermetallic
phases NizAlB and NiAl3 are formed during heat treatment of
tne composites, whnere NiAl3 is the thermically more stable
phase. Composites thus treated show an increase in tensile
strength over tnat of the matrix. This increase in strength
is considerably higher for elevated temperatures than for
room temperature. Examination of the fracture surfaces
showed tnat at room temperature fracture occurs at grain
beundaries in both intermetallic phases, Macroscopically
the fracture surface resembles that of a normal-stress
fracture. At temperatures in excess of 200°C a tendency
Towards a shear-type fracture is observed,

In all three combinations described above the aluminium
matrix shows ductile fracture with narrow ridges in the
immediate vicinity of the fibres and dimpled fracture in

the remaining spaces. The necking of the matrix leads to de-
lamination of fibre and matrix in the region of the necked
fracture surface for the last phase of the fractoring

process,

VII-332

SR S SN AL G R o v e

9 i A S A s e S 5




In combination IV (nickel/tungsten wire) a nickel~tungsten . g § Sy
solid solution is produced by heat treatment above 1000°C, a g 3 1 §
Due to the mucn higher rate of diffusion of the nickel %’ :S :.‘ o .g . é -
atoms during the formation of the solid solution a quite o 9 § ™ E B £ T
marked seam of pores is produced in the nickel matrix. The > o "6 "8 s e | ’g ‘5 E
diffusion processes cause, as scanning electron micro- g & 8_ s ﬁ 8 & g 3 &a
graphs show, a very strong bond between fibre and matrix, 2 g 2 g€ 8 Eg\ 8.;: _gs
The cohesive strength between nickel-tungsten solid solu- 8 m k‘, @ 8 3 - e »3 aa-, ‘3 @9 i
tion and remaining tungsten wire is higher than the frac~ f ..g 3 § :le. § § € ’t‘ é % o
ture strength of the tungsten. This is seen from the fact g; < a g\ " 8‘&: g - o B g‘ g
that tungsten particles are torn out of the remaining t g 2 o s l;..' 3 s g < E gL X
tungsten fibre material, The pores, however, cause a : .8
decrease in strength of the composite material. % " E
D $5(8
By adding carbon to the nickel matrix and subjecting this g . § § ‘a 3 ]
composite material (combination V) to a suitable heat c éﬂ ;{_‘ﬂ g g ] .Lg) § 5
treatment it is possible to produce carbide layers on the 8 é\. 0‘\‘ Qﬂ ! a .
fibre surfaces which act against the formation of a solid W hy N 2 ) k k‘ )
solution. They prevent the formation of pores and the dis- < § i ‘:
solution of the fibres, The bond between matrix and carbide ]
layer is enhanced by the volume expansion of the reaction ‘5% S
product. Examination of the fracture surface confirms that E & :"‘1’
the bond at the boundary surfaces remains intact in the «E E -~
moment of fracture. The brittle carbide phase fails by o 8lT o o § ' 8 §
cleavage in a plane perpendicular to the direction of the g_f 2 8 8 g S
applied force, At temperatures beyond 700°C radial cracks §.§ '3
parallel to the fibre axis are observed in the carbide s b
phase. The occurrence of which may be explained with a & N t
tri-axial state of stress and the anisotropy of growth of o § § (?)
the carbide phase, § [2 Ky .‘3 2 > 2
« $3 =
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