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The Move to Mixed Materials:  
Unlocking the Right Combinations 
As manufacturers rise to meet government-mandated fuel 
economy and carbon dioxide targets, substituting lighter 
materials in place of steel is quickly becoming the most 
promising approach to weight reduction. With so many 
material options available, how do original equipment 
manufacturers and their supply chain partners determine the 
best route forward? In this article, John Johnston, Chief 
Engineer of Body Structures for Tata Technologies, sheds 
light on various mixed material approaches, including mixed   
intensive and lightweight intensive, which serve as jumping 
off points for many OEMs as they adjust their vehicle 
development strategies.  

 
WHITE PAPER: REDUCING COMPONENT WEIGHT FOR 
AUTOMOTIVE APPLICATION 
 
A move to lighter weight products and components often 
begins with prototyping, where material and manufacturing 
process selection is paramount. But sorting through all the 
different possibilities is a huge challenge because 
improvements to product design in the automotive world isn’t 
a matter of grabbing whatever material weighs the least and 
replacing the legacy steel or iron used previously. This 
overview examines emerging trends and available options for 
engineers as they embark on the lightweighting path. 

 

The Aluminum Powder Metallurgy Option  
 for Lightweighting 
Newly developed materials based on aluminum PM 
technology are viable options for significantly more 
demanding applications for advanced power train technology 
and to achieve vehicle weight reduction in automobiles.  The 
end result will be reduced CO2 emissions and fuel efficiency 
improvements.     
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Aluminum Powder  
metAllurgy

A Versatile & Cost-Effective 
Option for Lightweighting

By Wayne Daye, SCM Metal Products

Newly developed materials based on aluminum PM  

technology are viable alternatives for advanced power- 

train technology and achieving vehicle-weight reduction.  
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INtroductIoN

When discussions begin on the selection of metals for 
lightweighting applications, aluminum and its alloys are 
among the first options mentioned. The world of wrought- 
and cast-aluminum materials offers many options for this 
purpose. One of the less understood aluminum option is 
aluminum powder metallurgy (PM).
 The fundamental weight savings associated with alumi-
num alloys and the ability to produce precise and consis-
tent net-shaped parts have been two of the driving forces 
for growth in the aluminum powder metallurgy industry. 
Aluminum PM offers competition to wrought-aluminum 
castings and stampings because of its net-shape advantage, 
especially in high-production volume parts. PM aluminum 
materials are used to produce complex net and near-net 
shape parts that require minimal or no machining. Sec-
ondary processing (hot pressing, forging, etc.) and heat 
treatment is used to produce aluminum alloys that compare 
favorably with conventional wrought alloys. The niche for 

PM aluminum forgings is in the strength/cost gap between 
castings and conventional forgings for applications, such as 
connecting rods, gears and pistons. 
 The most successful application for PM aluminum is the 
camshaft bearing cap for overhead camshaft engines. Other 
key applications include components for shock absorbers, 
oil-pump rotors and camshaft phasing gears. Additional 
aluminum PM applications exist in hand tools and recre-
ational equipment. Figure 1 provides an illustration of parts 
produced by the aluminum PM process.
 Four of the most frequently used PM aluminum alloy 
families are:
• 2000-series (Al-Cu-Si-Mg),

• 4000-series (Al-Si-Cu-Mg),

• 6000-series (Al-Mg-Si-Cu), and

• 5. 7000-series (Al-Zn-Mg-Cu).

 Proprietary derivatives of these alloys are used in  
various applications.

A B

C D

Figure  [ 1 ]    /   Current applications of sintered PM aluminum (a) a camshaft bearing caps, (b) an end camshaft bearing cap,  
(c) sintered automotive cam-chaser rotor and a sprocket parts and (d) an aluminum power-tool hub guard
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oVErVIEw oF PowdEr ProductIoN

Aluminum powders and aluminum alloys are usually pro-
duced by gas atomization. This process uses pressurized gas 
to disintegrate a molten-metal stream into fine particulates 
that are subsequently quenched (solidified) by the large 
volume of cooling gas. This also conveys the powder to the 
collection vessel for subsequent processing. The cooling rate 
in an atomization process is significantly more rapid than 
the cooling rates associated with casting processes—cooling 
rates can range from 102 to 107 K/s. This rapid solidifica-
tion not only imparts particle shape and compositional 
features, but it provides an opportunity to produce unique 
alloy compositions, as discussed in the section on rapid 
solidification processing (RSP). Figure 2 illustrates some 
particle shape options for atomized aluminum powder.
 To provide powders for aluminum PM structural parts, 
powder manufacturers combine selected particulate materi-
als by blending and homogenization. The manufacturer 
also adds organic lubricants, e.g. amide waxes, to produce a 
powder that can be compacted (pressed), removed from the 
compaction tooling and transferred to the sintering process. 
Quality checks before mixing each component and on each 
premix before it is released for packaging are performed. 
Testing methods have been developed (ISO, ASTM, MPIF, 
DIN, for example) to provide consistent methods for mea-
suring the unique properties of metal powders. A typical 
aluminum premix lot size can range from 5 kg to 10 tons.

PrEss/sINtEr ProcEssING  
ANd ProPErtIEs

The initial phase in manufacturing aluminum PM parts 
involves the consolidation of the powder particles into the 
physical form of the desired structural part. This is most 
commonly done by feeding the premixed powder into a 
coated, hard metal (tool steel or metal carbide) die set and 
the application of pressure from one or more directions. Af-
ter the compaction pressure is released, the part is pressed 
(ejected) from the compaction die. Compacted aluminum 
PM parts have a shiny, smooth metallic surface due to the 
superior compressibility of aluminum when compared with 

iron- or copper-based PM parts. They are typically com-
pacted to 92 percent of theoretical density at pressures of 
only 250 MPa (18 tsi). The high compressibility of alumi-
num PM premixes permit the fabrication of larger compo-
nents using standard powder-pressing equipment. These 
parts also have sufficient strength (“green strength”) to 
provide easy transfer to the subsequent sintering process. 
 The sintering process develops the part’s mechanical and 
physical properties. Fundamentally, this process involves 
exposing the part to an elevated temperature (approximate-
ly 85 percent of the material’s melting point) for a specified 
amount of time in a controlled atmosphere. One of 

Figure  [ 2 ]    /   Examples of particle-shape  
options for aluminum powder
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the most commonly used sintering furnace configurations 
employs a wire-mesh belt to convey the as-compacted 
parts through a multiple heating-zone furnace. The typical 
industrial sintering process has three key steps: delubrica-
tion (dewaxing), sintering and cooling. In order to produce 
sintered parts with good mechanical properties, it is neces-
sary to thoroughly remove the lubricant prior to sintering. 
In aluminum PM parts, this process is typically carried out 
at 400°C (750°F) for about 20 minutes in dry nitrogen. 
 Upon completion of the delubrication cycle, the parts are 
conveyed into the higher-temperature portion of the sinter-
ing furnace for completion of the thermal processing. Three 
of the key variables of the sintering phase are temperature, 
furnace atmosphere and time-at-temperature. For alumi-
num PM parts, the sintering temperature typically 
ranges from 570 to 630°C (1060 to 1170°F). The sintering 
time-at-temperature depends on the part size, furnace load-
ing (mass of parts/area of the furnace belt) and the heating 
capacity of the furnace, and typically lasts between 20 to 60 
minutes. The parts are then conveyed through the cooling 

zone, where they cool to near-ambient temperature under 
the furnace’s controlled atmosphere. Figure 3 provides an 
example of the microstructure of a 2000-series aluminum 
PM part after sintering.
 Just as in the case of cast- and wrought-aluminum alloys, 
secondary heat treatment can be used to increase the  
mechanical strength of sintered PM aluminum alloys.  
The four most commonly used heat-treated conditions are:

•  T1 condition: Sintered at the recommended temperature 
and cooled to ambient temperature

•  T2 condition: Cold worked (sized) and naturally aged  
at ambient temperature

•  T4 condition: Annealed in air at 500°C (930°F) for 30 
minutes, followed by rapid water/oil quenching and aged 
hardened at ambient temperature (typically 30 days) 

•  T8 condition: Cold worked (sized), annealed in air at 
500°C (930°F) for 30 minutes, followed by rapid water/oil 
quenching and tempering at 160°C (320°F) for 18 hours.

  Just as in the case of cast- and wrought-aluminum alloys, secondary heat treatment 
can be used to increase the mechanical strength of sintered Pm aluminum alloys.

Figure  [ 3 ]    /  
Microstructure of 
2000-series aluminum 
alloy pressed to  
2.5 g/cm3 and sintered 
at 590°C (1095°F)  
for 20 minutes in  
dry nitrogen
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 Table 1 illustrates the impact of heat treatment on the 
mechanical properties of a 2000-series PM aluminum alloy.
 Sizing (calibration) of aluminum PM parts is much more 
common than other PM materials. The ductility of PM 
aluminum makes it comparatively easy. The sizing process is 
usually carried out before precipitation hardening in order 
to reduce die wear. The T2 condition is the most frequently 
used heat treatment in the industry. 

AluMINuM PM stANdArds

Industry standards have been developed to aid designers and 
engineers in the selection of materials. While there are many 
industry-specific standards available in the United States, 
ASTM has been a source for design-related information for 
a variety of materials. ASTM Standard B595-11 provides the 
“Standard Specification for Sintered Aluminum Structural 
Parts” (Ref. 1). This standard covers two materials: a 6000-se-
ries PM aluminum (AXX-6061) and a 2000-series grade 
(ACXX-2014), where “XX” denotes the heat treatment. Key 
information includes chemical composition, density, me-
chanical properties, dimensions and tolerances. 
 The Metal Powder Industries Federation (MPIF) devel-
oped materials standards for PM parts to provide design-
related properties. The MPIF Standard 35 (Ref. 2) provides 
such standards for the PM structural parts, and it uses the 
concept of minimum strength values for the PM materials 
used in structural applications. The data provided in Stan-
dard 35 not only gives the defined values for listed materials, 
but there is also data on typical mechanical, physical and 
engineering properties achieved during commercial-manu-
facturing processes. One will note in this standard that the 
PM process offers equivalent minimum tensile strength over 
a wide range of materials. It is seen as an advantage of the 

process that equivalent strengths can be developed by varying 
chemical composition, particle configuration, density and/
or processing techniques. To define a PM material in both 
properties and cost effectiveness, it is essential that the part 
application be reviewed with the PM parts maker.
 In the case of PM aluminum, recent work by the MPIF 
provides standards data for the 2000-series (Al-Cu-Si-Mg) 
aluminum PM structural parts. This alloy has the grade 
designation AC-2014. Standards information is provided 
for two final (sintered) densities—2.50 and 2.60 g/cm3. 

HIGH-PErForMANcE AluMINuM MAtErIAls 
VIA PM-bAsEd tEcHNoloGIEs

Another key advantage of aluminum PM alloy production 
is in the manufacture of new alloys and composites with 
metallurgical structures and chemical compositions that 
cannot be created using traditional ingot metallurgy. Rapid 
solidification process (RSP) extends the solubility of alloy-
ing elements, particularly transition and rare earth elements, 
and refines the structure of intermetallic phases. Many of 
the newer aluminum PM products exploit RSP to produce 
pre-alloyed PM materials with strength, toughness, fatigue, 
corrosion resistance and elevated temperature performance 
not achievable with conventional wrought alloys.
 The industry has used RSP for more than 25 years to  
produce improved aluminum alloys for ambient- 
temperature service. The most successful alloys have been 
derived from the 7000-series (AL-Zn-Mg) alloys, where 
more highly alloyed variants develop transition-metal  
intermetallic phases to strengthen the alloys. As shown  
in Table 2, the mechanical properties developed depend  
on the mill product form and thermomechanical history 
(Ref. 3 and 4). 

 

 

 

Table 1 

 

Heat Treatment Tensile Strength (MPa) Hardness (HB) Elongation at Fracture, % 

T1 190 60 5 

T2 230 63 3 

T4 260 75 2 

T8 310 80 < 1 

 

 

 

 

 

tAble  [ 1 ]    /   ?Mechanical properties of sintered and heat treated 2000-series PM aluminum alloy
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tAble  [ 2 ]    /   Comparison of the nominal mechanical properties of pressed and sintered 7075 PM aluminum alloy  
and RSP aluminum alloys

 

Table 2: Comparison of the Nominal Mechanical Properties of Pressed and Sintered 7075 
PM Aluminum Alloy and RSP Aluminum Alloys 
 

Alloy Nominal Composition Heat Treatment UTS, MPa Elongation, % 

7075 Al-6Zn-2.5Mg-1.8Cu T1 300 5 

7075  Al-6Zn-2.5Mg-1.8Cu T76 450 2 

7090 Al-8Zn-2.5Mg-1Cu-1.5Co  T7 620 9 

7091 Al-6.5Zn-2.5Mg-1.5Cu-0.4Co T7 595 11 

CW67 Al-9Zn-2.5Mg-1.5Cu-0.14Zr-0.1Ni T7X1 614 12 

 

 

EXPLORE ROCTOOL TECHNOLOGIES CAPABILITIES ON ROCTOOL.COM
Engineering services, Lightweight enabling technologies & turn key process solutions for Composites and Plastics
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LIGHTWEIGHTING TECHNOLOGY.
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A hybrid process combining composites for lightweighting  
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 The R&D team at the SCM Metal Products group of com-
panies has been working on new, PM-based aluminum alloys 
that apply RSP. These alloys use aluminum with the addition 
of transition metals (“AL-TM”). The alloys are strengthened 
with non-periodic structures, amorphous and quasi-crys-
talline phases, which are made possible by RSP. The alloys 
exhibit a homogenous microstructure with very fine (30 to 
250 nanometers) and evenly distributed transition metal-rich 
nanospheres in the Al matrix. The nanospheres are largely 
quasi-crystalline and have exceptionally good thermal stabil-
ity, as illustrated in Figure 4. Development work continues on 
improvements for the Al-TM aluminum alloys.

AluMINuM MEtAl MAtrIx coMPosItEs
 Conventional and RSP aluminum PM alloys are mixed 
with nonmetallic powders to produce PM-based metal 
matrix composites (MMC). These MMC-based compo-
nents have high strength at elevated temperature, as well 
as improved stiffness, fatigue, wear and physical property 
control relative to wrought and cast alloys. Research has led 
to the development of MMC products that can be processed 
via conventional pressing and sintering techniques. Table 3 
illustrates how a modification to the basic 2000-series PM 
aluminum with ceramic particulates (Al2O3) can increase 
the stiffness (Young’s modulus) and mechanical strength 
(UTS), while still maintaining the ductility of the material. 
 In addition to press and sinter processing, mechanical 
alloying (MA) can be a key method in the production of 
aluminum MMC materials. MA is a dry, high-energy mill-
ing technique that disperses insoluble oxides and carbides, 
particulates, whiskers or fibers that stabilize the microstruc-
ture and produces a discontinuously reinforced aluminum 
(DRA) composite. Through deformation processes like 
pressing, forging, rolling or extrusion and related thermal 
processing, the PM-based MMC powder can be converted 
into a form for the production of a structural component. 
 Aluminum MMCs have been aimed at the aerospace 
industry, and they have found application in both new air-

craft platforms and the retrofit of aging aircraft systems. The 
relatively high cost and limited commercial applications 
have resulted in limited usage. Nonetheless, the technology 
could solve challenging “next generation” material needs, 
especially in non-aerospace applications. For example, Ishi-
jima et al. (Ref. 6) developed forged PM aluminum-silicon 
aluminum alloys for connecting rods for general-purpose 
engine applications, and their work found that the mass of a 
conventional die-cast rod could be reduced by more than 30 
percent via the aluminum MMC route. Takeda and Hayashi 
(Ref. 7) fabricated net-shape compressor parts from Al-AlN 
and Al-AlN-SiC composites, and the MMC parts were 
found to have superior wear resistance. 

AluMINuM IN AddItIVE MANuFActurING

Additive Manufacturing (AM) is one of the most rapidly ex-
panding manufacturing techniques in the industry. As the 
name implies, this technology produces three-dimensional 
(3-D) objects by adding layer upon layer of the material, 
which can range from plastic to metal to concrete. The 
common components of AM technology are a computer, 
3-D modeling software (Computer-Aided Design or CAD), 
machine equipment and a constituent material. Through 
the CAD file, the AM equipment reads the input data and 
lays down or adds successive layers of the liquid, powder, 
sheet or other feed material to produce a 3-D object. AM 
includes many technology subsets like 3-D printing, rapid 
prototyping (RP), direct digital manufacturing (DDM), 
layered manufacturing and additive fabrication.
 In the case of a metal component, the AM equipment 
typically involves a metal powder bed and a controlled heat-
ing system to fuse the powder particles. The heat system is 
frequently derived from an electron beam or laser, and the 
working atmosphere must be controlled to avoid oxidation. 
There are a number of active development programs on op-
tions for the delivery of the metal feed and fusion technol-
ogy for the AM of metal components. 

  Additive manufacturing (Am) is one of the most rapidly  
expanding manufacturing techniques in the industry.
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Figure 4 – Comparison of the loss in mechanical strength of the AL-12.4TM, 2618 and 
7075 alloys as a function of temperature. 
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Table 3 – Examples of the Properties of AL MMC’s (Ref. 5) 

 

 

Material 

Nominal 

Composition 

Al2O3 

Addition, % 

Heat 

Treatment 

 

UTS, MPa 

 

Elongation, % 

Young’s 

Modulus, GPa 

AC-2014 Al-4.5Cu-0.8Si-0.6Mg 0 T1 209 3 60 

MMC-A Al-3Cu-1.5Mg-0.6Sn-0.2Si 5 T1 240 3 70 

MMC-B Al-3Cu-1.5Mg-0.6Sn-0.2Si 10 T1 226 3 76 

 

tAble  [ 3 ]    /  Examples of the properties of Al MMC's (Ref. 5)

Figure  [ 4 ]    /   Comparison of the loss in mechanical strength of the AL-12.4tM, 2618 and 7075 alloys  
as a function of temperature
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Figure 5 – Example of Aluminum Powder for Additive Manufacturing 
 

  
 

 While materials like stainless steels, nickel alloys and 
titanium alloys are most often associated with metallic AM 
parts, aluminum and its alloys are finding more applica-
tions. The aluminum-based materials most often used 
in AM include high purity (>99.7 percent) aluminum, 
aluminum-silicon alloys, aluminum-silicon-magnesium 
alloys and aluminum-magnesium-silicon-copper (6061). 
The powder particle-size distribution, typically < 63 µm, is 
controlled to meet the customer’s requirements, as illustrat-
ed in Figure 5. Figure 6 is an example of an aluminum part 
produced by additive manufacturing. 

suMMArY

The fundamental weight savings associated with alumi-
num alloys and the ability to produce precise and consistent 
net-shape parts have been two of the driving forces for the 
growth in the aluminum powder metallurgy industry. The 
conventional aluminum PM industry produces millions of 
cost-effective components each year. Newly developed ma-
terials based on aluminum PM technology are viable options 
for significantly more demanding applications in advanced 
powertrain technology and to achieve vehicle-weight reduc-
tion in automobiles. The end result will be reduced CO2 
emissions and fuel-efficiency improvements. lw
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 Figure  [ 5 ]    /  Example of aluminum powder  
for additive manufacturing

 

 
 
 

 
 

Figure 6 – Example of Aluminum Additive Manufacturing 
 

(Courtesy of:  David Leigh of Stratasys) 
(Thanks to:  Joseph Tunick Strauss of HJE Company, Inc.) 

 
 

 

 
 
 

 
 

Figure 6 – Example of Aluminum Additive Manufacturing 
 

(Courtesy of:  David Leigh of Stratasys) 
(Thanks to:  Joseph Tunick Strauss of HJE Company, Inc.) 

 
 

Figure  [ 6 ]    /  
Example of  
aluminum-additive  
manufacturing


