
Conventional manufacturing from
wrought bar stock typically involves
extensive machining, creates signifi-

cant material waste (scrap metal), and requires
numerous steps to obtain the final part geom-
etry. As a more efficient alternative, powder
metallurgical (PM) processes are now available
to cost effectively fabricate both simple and
complex shapes with minimal material waste. 

Traditional PM methods involve pressing
powders at relatively low compaction pressures,
typically <50-55 tsi[1-3]. However, a new PM
method called combustion driven higher pres-
sure powder compaction (CDC) for near-net or
net shape manufacturing[4-7] was recently devel-
oped by Utron Kinetics. CDC offers a unique
way of forming near-net or net shape high-den-
sity powder metal components both cost effec-
tively and at relatively higher compaction
pressures (up to 150 tsi) using powders of var-
ious sizes and morphologies.

CDC also works with difficult-to-press
metallic powders, ceramics, and composites by
employing rapid high-pressure powder consol-
idation. Unique advantages of CDC include im-
proved densification in both as-pressed and
sintered conditions, reduced part shrinkages,
enhanced materials properties with wrought-

annealed equivalent behavior, improved
machinability and weldability, and the capacity
to fabricate both single and layered material
combinations. Other benefits include rapid
powder metal alloy development to improve
material properties and performance, minimal
need for post-process machining, and signifi-
cant potential for cost reduction in parts man-
ufacturing. Major progress has occurred during
the past several years in both R&D of unique
powder materials[5-7] and cost effective produc-
tion methods.

Advanced applications
Various powders have been compacted into

both simple and complex shapes and success-
fully processed. Powder materials include: 
Ferrous (steels, stainless steels); nonferrous
(copper alloys, titanium and Ti alloys, alu-
minum alloys); superalloys such as Inconel 625;
refractory materials including Mo-Re, W-Re,
Re, Ta, Ta-W, TZM, Mo, Nb, and W-base com-
posites[5,7]; ceramics (e.g., silicon carbide, boron
carbide, tantalum carbide, hafnium carbides,
tungsten carbides); composites (carbides with
metal matrix composites); and various other
combinations depending on the application
(Figs. 4-7). Commercial high performance ap-
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Fig. 1 — Combustion driven higher pressure powder compaction (CDC) process schematic and rapid
pressing cycle time for near-net or net shape CDC fabrication. CDC converts chemical energy directly to
mechanical energy for high efficiency. A pressurized mixture of natural gas and air is ignited to drive a 
piston (ram). Fill gas creates preload and pushes the piston or ram down, pre-compressing and removing
entrapped air from the powder. An ignition stimulus is applied, causing combustion and rapid pressure
rise, further compressing the metal powder to its final net shape.
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plications using CDC manufacturing include aerospace
and automotive parts, rocket motor components, x-ray tar-
gets, sputtering targets, and other high-density parts using
advanced refractory materials[5]. Other innovative applica-
tions involve high performance reactive materials and
components, power transmission parts (e.g., gears and
bearings), permanent and soft magnets with superior mag-
netic properties[6], RF microwave components such as
flanges, seals, and windows, fuel cell electrodes/parts, op-
tical mirror and heat sink substrates, vacuum seals, armor
ceramics, and dissimilar powder pressed layered parts.

High performance PM parts often require demanding
material properties, in addition to reliable performance,
cost effectiveness, and tight tolerances for geometry, di-
mensions, and surface finishes. Some of these include high
vacuum leak resistance, erosion resistance, electron emis-
sion attributes, RF voltage hold-off, high temperature en-
durance, and high electrical and thermal conductivity
attributes. Low alloy steels such as FLN2-4405 are popular
rotorcraft transmission materials, while stainless steels are
useful for corrosion resistance. Popular candidate materi-
als for RF applications include copper-base alloys, stainless
steels, and microwave absorbing ceramics such as SiC,
moly-rhenium, tungsten with barium and other electron-
emitting compounds in the structure, ceramics such as

beryllium oxide (e.g., waveguide windows), OFHC copper,
niobium, aluminum, magnesium diboride, and Nb3Sn or
(Nb,Ta)3Sn.

Refractory materials such as W, Mo, Ta, Ta-W, and Nb
are useful for various high temperature applications. Ex-
amples include advanced superconducting cryogenic com-
ponents (e.g., Nb in superconducting accelerator
structures), optical mirror substrates and heat sinks (e.g.,
Cu, Mo, Mo/Cu), x-ray targets (W), erosion-resistant, high
temperature rocket motor components, electrode compo-
nents (Mo/Re, W, W/Re, Mo, or Re-base materials), Ta and
Ta-W alloys for advanced defense parts and capacitors, and
high performance fuel cell electrodes made of stainless
steels and other corrosion-resistant materials.

CDC fundamentals
Combustion driven compaction (CDC) converts

chemical to mechanical energy during the controlled
combustion of natural gas or hydrogen and air. The
process then uses this energy to compact powders at
higher compaction pressures than traditional PM meth-
ods, up to 150 tsi. Such controlled combustion reactions
that combine natural gas or hydrogen with environmen-
tally friendly end products using the CDC method result
in a “green” manufacturing technology. In operation, the
following steps occur: The chamber is filled to high pres-
sure with a mixture of natural gas and air; as the chamber
is being filled, the piston or ram is allowed to move down,
precompressing and removing entrapped air from the
powder; the gas supply is closed and an ignition stimulus
is applied, causing the pressure in the chamber to rise
dramatically, further compressing the metal powder to its
final net shape (Fig. 1).

The CDC process is unique in that chemical energy is
directly converted to mechanical energy for rapid powder
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Fig. 2 — Various CDC presses. Left to right: 300-ton manual press, 400-ton
manual press, 400-ton automated press.

Fig. 3 — Examples of CDC geometries using Cu-base alloys for linear collider accelerator applications, and refractory materials
such as Mo for disks and W for x-ray tubes. CDC near-net shape copper has wrought-equivalent properties including high density, 
excellent thermal and electrical conductivity, mechanical strength of 32,000 psi, and higher ductility of 45-48% (3a). Improved
densification of CDC refractory metals (3b).
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compaction. The process can produce either standard or
super high compaction tonnages resulting in very high-
density parts with improved mechanical properties. In addi-
tion to the unique loading sequence and high tonnage, the
process occurs over a relatively short time frame—only a few
hundred ms. Figure 3b illustrates improved densification
with the CDC method compared to traditional PM
processes when compacting iron powders, as one example.

Another benefit is that the CDC press itself is rela-
tively simple and compact. For example, a 4137 MPa (300
ton) mechanical or hydraulic press is typically two floors
tall and contains many moving parts and complex hy-
draulics. A 300-ton CDC press is not much larger than a
phone booth and has one moving part (Fig. 2). When the
fill gas is ignited, the ram rapidly presses down but does
not slam into the tooling or powder. The process is not
only fast and powerful, but also smooth and continuous.
The CDC process routinely operates at compaction loads
of 2069 MPa (150 tsi) in sharp contrast to conventional

compaction processes, which are generally limited to 690
MPa (50 tsi).

Because the CDC press directly converts chemical en-
ergy into mechanical compaction energy, it is highly en-
ergy efficient and capable of producing enormous
compaction loads. To date, several presses of increasing
size have been constructed, including manual 300, 400, and
1000-ton presses as well as an automated 400-ton press in
full operation (Fig. 2). Based on application needs, it is pos-
sible to further scale up the CDC press to very high ton-
nages without dramatically increasing the press size.

CDC material properties
The CDC process operates at compaction pressure

loads of 15 to 150 tsi compared to conventional PM press-
ing by mechanical or hydraulic methods, which are gener-
ally limited to 50 or 55 tsi. It is widely accepted that
controlled higher compaction pressures generally make a
large difference in part quality, both in the unsintered and
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Fig. 4 — Examples of controllable sintered microstructures under optimized processing for CDC Mo (a), TZM, a Mo alloy (b), Cu (c), and W (d).

(a)                                                               (b)                                                               (c)                                                              (d)
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sintered state. Another benefit of high part density is min-
imal dimensional change (shrinkage) after sintering. CDC
optimized high-density PM parts exhibit exceptional prop-
erties equivalent to wrought products in terms of mechan-
ical strength and toughness as well as high temperature
resistance and ductility (Figs. 3-6). The CDC method also
features the ability to press a variety of powder types, in-
cluding composite materials, to yield much higher pressed
and sintered densities than those achievable by conven-
tional lower pressure PM methods.

Future applications
Potential commercial and military applications for

CDC higher pressure compaction near-net or net shape
manufacturing technology are endless. Some examples in-
clude high vacuum grade microwave tube components,
vacuum flanges and fittings, cryogenic compatible metal-
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Fig. 5 — CDC compacted and sintered/heat treated advanced stainless steel parts (Custom 465) for naval applications feature 
wrought-equivalent properties of 250 ksi tensile strength and 17-25% ductility for improved toughness[6].
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Fig. 6 — CDC optimized Custom 465 stainless steel exhibits
properties and fine-grained microstructures equivalent to

wrought materials.
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lic lightweight (aluminum) and composite seals, RF ceramics for
microwave compatibility and absorbers, dissimilar bonded struc-
tures, and high temperature components for rocket motors.
Other potential applications include reactive fragments, war-
head parts, shaped charge liners, military ammunitions/projec-
tiles/penetrators, advanced armor, high performance magnets
(both soft and permanent magnets), heat-resistant tiles, engine
parts, leading edge components, heat shields, igniter compo-
nents, x-ray targets and tubes, and automotive/aerospace piston
rings, valve seats, and gears.
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Fig. 7 — Thin-walled (60 mil wall thickness) bonded Nd-Fe-B 
magnets for automotive and other applications[6].
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