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a b s t r a c t
Hot pressing of metal powders is used in production of parts with similar properties to wrought materials. During hot pressing processes, particle rearrangement, plastic deformation, creep, and diffusion are of
the most effective powder densification mechanisms. Applying ultrasonic vibration is thought to result in
great rates of densification and therefore higher efficiency of the process is expected. This paper deals
with the effects of power ultrasonic on the densification of AA1100 aluminum powder under constant
applied stress. The effects of particle size and process temperature on the densification behavior are discussed. The results show that applying ultrasonic vibration leads to an improved homogeneity and a
higher relative density. Also, it is found that the effect of ultrasonic vibration is greater for finer particles.
Ó 2016 Elsevier B.V. All rights reserved.

1. Introduction
In powder metallurgy (P/M), failure to achieve desired densities
and/or the presence of residual porosity in the compacted powders
strongly affect mechanical strength and process performance [1].
Usually, high levels of stresses and temperatures are simultaneously applied to the powder materials inside the die during a hot
pressing process. As a result, densification mechanisms might be
expedited resulting in a higher level of densities (close to bulk density of the powder material) due to the simultaneous application of
temperature and pressure. To reduce the press forces and process
temperature and to achieve full densification with greater
strength, research on the use of assisting methods continues.
Hot pressing (i.e. pressing at elevated temperatures) is typically
performed in two different forms: Vertical Hot Pressing (VHP) and
Hot Isostatic Pressing (HIP). In the first process, powder is poured
into a die and then both temperature and pressure increase over
the time based on a specified diagram. Sometimes, the operation
is done using an axial press machine, applying constant forces/
stresses in isothermal conditions, so called VHP. In the second
one, the powder is poured into a flexible elastomer or stainless
steel die (near to the final form) and then placed into a furnace
for a few hours with an inert gas and very high isostatic pressures
and temperatures. However, manufacturing cost of the parts produced by the HIP is too high and therefore the method is limited
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to be mostly used in some critical applications like P/M superalloys
and hard metal tools [2].
The main weakness of the VHP is achieving not high enough
densities and material homogeneities (in terms of density distribution and microstructural characteristics). This is due to the friction
forces between the powder particles and dies wall and also for the
frictions between the particles in the linear movement of punches
during the VHP process [3].
Powder densification at elevated temperatures can be facilitated using assisting methods such as applying external stresses
[4,5], transformation mismatch plasticity of phases [6,7] and
applying low-frequency [8] or even high-frequency ultrasonic
vibration [9–11]. Using the mentioned techniques, higher densities
as well as more homogenous distributions can be obtained and
hence without needing to high consolidation time and pressures,
a successful compaction process with higher mechanical strength
is achieved.
In the recent years, ultrasonic assistance is one of the most
attractive methods to enhance manufacturing processes. Ultrasonic has many practical and industrial applications such as ultrasonic plastic welding and machining of hard/brittle materials [12]
and is under research and development in many forming and
machining technologies as an improving agent [13]. Research findings show that the application of ultrasonic vibration in metal
forming leads to a reduction in material flow stresses and frictional
forces [14,15].
The effect of ultrasonic vibration on the mechanical properties
of materials was firstly reported by Blaha and Langenecker. They
show that by applying ultrasonic vibration in tensile deformation

