
Journal of Materials Processing Technology 171 (2006) 295–300

Fabrication of MMCs from metal and alloy powders
produced from scrap

V.G. Karayannis1, A.K. Moutsatsou∗

School of Chemical Engineering, National Technical University of Athens (NTUA), Laboratory of Inorganic
and Analytical Chemistry, 9 Iroon Polytechniou Str., 15773 Athens, Greece

Received 5 December 2003; received in revised form 30 June 2005; accepted 6 July 2005

Abstract

Metal matrix composites (MMCs) present a lot of advantages over conventional engineering materials due to their improved properties. In
the present work, Ni3Fe–Al2O3 and (3Ni + Fe)–Al2O3 composites with a 100–65 wt% metals or alloy content were prepared. For that purpose,
lower cost Ni, Fe and Ni3Fe powders, recovered from ferrous scrap by a hydrometallurgical process recently developed, with properties
similar to typical commercial grades, were used along with commercial Al2O3 powder. An established simple and economical fabrication
technique was applied, comprising uniaxial cold pressing and sintering. The composite microstructures were characterized by optical, scanning
electron microscopy, EDX and XRD analysis. Density measurements were also performed by the Arcimedes’ method. The used metallic
powders generally showed a satisfactory behavior in the fabrication steps leading to the successful development of particle reinforced MMCs
containing no phases other than the constituent and exhibiting a sintering degree varying with the ceramic content. Important porosity levels
were revealed, that were more pronounced in the Ni3Fe-based composites, in which zinc stearate was demanded as a lubricant.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Due to their improved properties, the metal matrix com-
posites (MMCs) present a lot of advantages over unreinforced
metals [1–3]. Consequently, the commercial applications
of MMCs are increasing rapidly today and the market is
expected to expand considerably in the near future. However,
the final barrier to be overcome is their higher cost in compar-
ison to conventional engineering materials. Therefore, there
is a challenge of developing such composite materials, while
reducing the production cost.

Samuel has already introduced direct conversion of gran-
ulated Al-2014 scrap alloy, as a low cost raw material, into
ceramic fiber reinforced MMCs[4]. In the present research
program, the use of lower cost metal and alloy powders
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recovered from ferrous scrap, a largely available and low
price waste material, in the elaboration of MMCs reinforced
with a commercial grade ceramic powder, through an estab-
lished simple and economical powder metallurgy route, is
attempted. The powders production from scrap was realised
by a hydrometallurgical process recently developed, with
many advantages in its steps[5–7]. It must be noticed, that
the recovery of metals from scrap is nowadays more than ever
necessitated not only by economical but also environmental
reasons.

The encouraging results from the application of so-
produced Ni powder to Ni–Al2O3 MMCs development[8,9],
suggest a similar elaboration of Ni alloy matrix compos-
ites, expecting an improved behavior. Intermetallic-ceramic
composites represent an interesting class of materials for
high-temperature applications. Recently, Ni–Fe alloys have
attracted much attention due to their interesting mechan-
ical and magnetic properties. Ni3Fe in particular, is also
known for its high ductility and its insensitivity toward the
testing environment[10]. In addition, there are ordering
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tendencies near this composition, generally improving
mechanical performance. Bose et al.[11] have fabricated
Ni3Fe–Y2O3 composites starting from Ni and carbonyl Fe
powders. Nowadays, there exists an increasing interest in uti-
lizing prealloyed powders, produced by mechanical alloying,
to develop alloy matrix composites. In the present research,
Ni3Fe alloy powder, also produced from ferrous scrap by
the above mentioned hydrometallurgical process, was used
as a raw material, instead of the elemental powders, in the
development of Ni3Fe matrix composites, a novel approach.
The aim of developing lower cost MMCs suggests the use
of commercial grade Al2O3 powder as the reinforcement.
Besides, a significant stage of the present study should be the
comparison between these composites, developed using the
Ni3Fe alloy powder (Ni3Fe–Al2O3), and those prepared by
mixing the appropriate amount of Ni and Fe powders (weight
ratio of 3:1) of the same origin ((3Ni + Fe)–Al2O3). From an
economical point of view, if the elaboration of comparable
performance composites was achieved, the use of the metal
powders mixture would be preferable to the corresponding
alloy powder. The effects of several fabrication parameters on
the composite microstructures are also discussed in this work.

2. Experimental

2.1. Materials

The starting material that yielded metal and alloy powders
for use in MMCs in the present study was ferrous scrap con-
sisting of discarded cutting tools. It can be classified as stain-
less steel 316[6,9]. This waste material was cut into smaller
pieces and then treated by the aforementioned hydrometallur-
gical process: Ni and Fe powders were produced by reduction
with hydrogen of the Ni and Fe chlorides, respectively, which
resulted from dissolution of the scrap with HClaq and were
selectively extracted by Versatic acid 6 (Shell Company Ltd.)
from their acidic solution and then crystallized. Ni3Fe alloy
powder was produced from the Ni and Fe chlorides mixtures
of the same origin in a similar way.

The characteristics of the produced and then used Ni, Fe
and Ni3Fe powders are listed inTable 1. It can be seen
that their values are generally similar to these of typical
commercially available powders produced by atomization,
thus encouraging for powder metallurgical purposes. Typical
SEM micrographs (Jeol JSM 35 CF) of these powders are
presented inFig. 1.

Commercial�-Al2O3 powder (corrundum, 0.9�m mean
particle size, 99% purity) from Aldrich Chemical Company,
Inc. was selected as the ceramic reinforcement.

2.2. MMCs fabrication

(3Ni + Fe)–Al2O3 and Ni3Fe–Al2O3 MMCs with a
100–65 wt% metals or alloy content, respectively, were elab-
orated through powder metallurgy route: the metal (or alloy) Ta
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