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Powder metallurgy (PM) is an established metal forming 
technology that has existed for over one hundred years. PM 
allows for optimization of metal properties and produces 

net-shape or near-net-shape parts minimizing secondary 
operational costs. Today, PM uses several primary methods for 
producing parts: conventional press-and-sinter, metal injection 
molding (MIM), cold and hot isostatic pressing (CIP/HIP), and 
metal additive manufacturing (AM).

Applications for PM abound and the Metal Powder Industries 
Federation (MPIF) tracks and recognizes new and groundbreaking 
uses to share these part production successes with the 
manufacturing community.
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Powder Metallurgy Manufacturing:
A Quick Process Primer
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BASIC CONVENTIONAL PM PROCESS

CONVENTIONAL PM PROCESS
Also known as press-and-sinter, the process consists of mixing elemental or alloy 
powders with lubricants or additives to produce a homogeneous mixture. Additives 
may help improve machinability, wear resistance, or lubricity of the part; compacting 
the mixture in a die at pressures typically as low as 138 MPa (10 tsi) or as high as 965 
MPa (70 tsi) depending on the density requirements of the part and the compressibility 
of the powder being compacted. In the typical sintering step, the “green” component, 
meaning a component that has been pressed but not sintered, is conveyed through a 
controlled-atmosphere furnace. The parts are heated to a temperature below the 
melting point of the base metal, held at the sintering temperature, and then cooled as 
the part exits the furnace. Sintered parts have the strength levels to meet functional 
requirements of the components.  Many PM parts are ready for use after sintering. 
Value-added properties or features can be obtained through repressing, forging, 
impregnation, machining, vibratory finishing, plating, shot-peening, or heat treatment.

Most conventional PM parts weigh less than 5 pounds (2.27 kg). While many of the 
early PM parts, such as bushings and bearings, were very simple shapes, today’s 
sophisticated PM process produces components with complex contours and multiple 
levels.
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METAL INJECTION MOLDING
Metal injection molding (MIM) offers a manufacturing capability  for  producing  
complex  shapes  in  large quantities. The process utilizes fine metal powders (typically 
less than 20 micrometers) that are custom formulated with a binder (various 
thermoplastics, waxes, and other materials) into a feedstock. The feedstock is fed into 
a cavity (or multiple cavities) of a conventional injection molding machine. After the 
“green” component is removed, most of the binder is extracted by thermal or solvent 
processing, and the rest is removed as the component is sintered in a controlled-
atmosphere furnace. The MIM process, like plastic injection molding, can produce 
highly complex, intricate three-dimensional shapes that otherwise would require 
extensive finish machining or assembly operations if made by other metal-forming 
processes.

Advantages of the MIM process lie in its ability to produce net-shape components 
with good dimensional control, excellent mechanical properties and high-production 
rates through the use of multi-cavity tooling.

Sintered Part
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METAL ADDITIVE MANUFACTURING
Metal additive manufactur-
ing (metal AM), or metal  
3D printing, has the poten-
tial to change the produc-
tion, time-to-market, and 
simplicity of components 
and assemblies. Unlike con-
ventional or subtractive manufacturing processes, such 
as machining which creates a part by removing material, 
metal AM builds a part using a layer-by-layer process 
directly from a digital model, without the use of molds or 
dies. Metal AM has been used as a design and prototyp-
ing tool for decades, but the focus of metal AM is now 
shifting to the direct production of components for the 
aerospace, medical/dental, and jewelry industries.

There are multiple metal AM systems. All systems employ 
a common layer-by-layer approach and use a wide 
variety of technologies, materials, and processes.

Metal AM technologies utilizing metal powders include, 
but are not limited to:

•  Material jetting
•  Directed energy deposition
•  Material extrusion

ISOSTATIC PRESSING
Isostatic pressing is a con-
solidation process that 
applies equal pressure in 
all directions on a powder 
compact, thus achieving 
uniformity of density and 
microstructure.

Isostatic pressing is performed “cold” or “hot.” Cold 
isostatic pressing (CIP) is used to compact powder at 
ambient temperatures to create green parts. Hot isostatic 
pressing (HIP) is performed at elevated temperatures to 
compact and sinter powder to full density. HIP can also 
be used to eliminate residual porosity from sintered PM, 
MIM, metal AM parts, and castings.

Powder Metallurgy Manufacturing:
A Quick Process Primer
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PM Market Segments and  
Award-winning Applications

Powder metallurgical parts are filling key components throughout the 
industry. Parts that take advantage of superior properties and manufacturing 
advantages of PM are becoming more prevalent. PM parts have established 
a strong foothold in automotive, hand tools, hardware, lawn and garden, 
and medical applications. Each year since 1965, MPIF has sponsored an 
awards competition in which parts fabricators among member companies 
are invited to submit components that epitomize the possibilities inherent in 
this metal-forming technology. A distinguished panel of industry judges 
evaluates the entries according to a stringent set of criteria and awards 
category grand prizes and awards of distinction to those PM parts deemed 
worthy. These awards are presented each year, giving added exposure to 
these achievements in PM design while honoring the fabricators and end 
users responsible for them. Visit PickPM.com to view case studies.

AUTOMOTIVE APPLICATIONS
Market Outlook—The automotive industry is easily the largest market sector for PM. Automotive applications constitute 73 percent of total sales 
of PM parts. The aluminum powder market for PM parts applications is undergoing a new surge as automotive designers seek lighter weight parts. 
The use of higher-strength aluminum alloys with metal matrix composites (MMCs) is showing renewed interest to reduce mass and provide 
improved properties. 2016 saw an increase in sales of larger light trucks and SUVs. These models typically contain more than 27 kg (60 lbs) of PM 
parts. The U.S. government’s auto corporate average fuel economy (CAFE) standard of 54.5 miles per gallon in 2025 will continue to drive the 
design of lightweight parts, a detail that will factor favorably toward powder metal parts.

DIFFERENTIAL GEAR SET
An automotive gear manufacturer uses a powder forging (PF) process to achieve desired 
design parameters for a differential gear set. The five components involved—a side gear, two 
pinion gears, a locking side gear, and a locking plate—go into the rear axle differential of the 
Ford F-150 light truck; the first time PF differential gears have been used in such an application.

PM Results
Minimal machining operations are performed on thrust bearing surfaces, internal bore on the 
pinions, end faces on the locking plate and chamfers on the pinion and side gears. The higher 
performance delivered by the powder forged differential gears compared with that of competing 
metal-forming processes will help usher in downsized gear systems, satisfying a critical need 
in future automotive design.

STEERING COLUMN COMPONENTS
To fabricate critical steering column components, manufacturing engineers turned to 
conventional powder metallurgy as a proven and reliable method to produce high-strength, low-
cost parts. The steering column components—rake cam, left-hand inner cam, retainer guide, 
right-hand rake teeth, energy-absorbing eccentric strap cam, column mounting insert teeth and 
left-hand rake teeth—are all part of the steering column in the Chevrolet Colorado and GMC 
Canyon trucks. They are key elements of the column’s tilt and telescope adjustment feature, 
serving a vital role in maintaining the column’s position during a crash event.

PM Results
These components utilize heat-treated diffusion-alloyed steel. All the parts are fabricated to net 
shape; material selection emphasized strength and dimensional stability, so there is no need for 
sizing prior to heat treatment. The resulting design is now being incorporated into new manual 
tilt/telescope steering columns. Without PM, this design could not be feasibly produced. Of 
particular cost benefit to the customer, no machining operations were necessary.



LAWN AND GARDEN/OFF-HIGHWAY APPLICATIONS
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HARDWARE AND APPLICANCE APPLICATIONS
Market Outlook—Everyday household appliances and hardware use PM in everything from simple to complex components and assemblies. You’ll 
find PM in washing machines, lighting control systems, locks, and inside many other common appliances. Hardware and appliances account for 
about 6 percent of total metal powder component sales. Gears, levers, couplings, cams, pulleys, sleeves, and electric motor components are 
increasingly supplied using PM techniques. Forecasts indicate a roughly 4 percent year-over-year growth in the large appliance markets for 2017.

CLAW POLE MOTOR CORE STATORS
Destined for an electric ceiling fan, a permanent magnet claw pole motor was designed to 
increase efficiencies while retaining durability. Claw pole motor core stators are used to 
generate a magnetic flux that interacts with a rotor and permanent magnets to produce torque. 
Conventional PM was selected to optimize performance while eliminating several parts.

PM Results
These motors belong to a new generation of DC motors using soft magnetic composite PM 
materials to enable greater design freedom for designers of electric machines. Both halves of 
the motor core are produced using one set of tools; the parts are compacted to net shape and 
require no secondary operations. As a result, production of the part saw a 60 percent energy-
efficiency increase. This design uses 70 percent less copper, and the elimination of 26 parts 
results in a simplified motor assembly.

Market Outlook—Billions of dollars are spent in the U.S. each year on agricultural machinery. PM is strongly represented in the agricultural 
industry and also assists in building and maintaining machinery from basic lawn and garden care to heavy off-highway machinery. Eleven percent 
of total PM part production can be attributed to lawn and garden and off-highway applications. The robustness and strength of PM parts is an 
important quality when placed into service in these high-shock load environments.

DRILL DRIVE GEARBOX
Five components (intermediate flange, anti-twist lock, mount ring, centering sleeve and planet 
gears) with extremely thin sections and highly complex geometries are assembled into a drill 
drive gearbox. This output gearbox serves as feedback for an anti-twist lock on the drill driver.

PM Results
The parts are made from diffusion-alloyed steel with a uniform density distribution. Tight 
tolerances at the inner and outer diameters are accomplished through exact control by a CNC 
compacting press followed by precision machining. Using a PM design saved more than 40 
percent over the cost of manufacturing through forging and machining.

GARDEN TILLER GEAR OUTPUT BOX
This award-winning component uses PM gears for a gear output box in a tiller application. There 
are a total of five PM gears inside the output gear box.

PM Results
These part geometries are much more complicated than conventional PM products. Additional 
sizing and calibration was introduced for creating a radius on the inner rib for increased gear 
engagement. When compared to forging and machining processes, the manufacturing cost 
using PM resulted in a more than 50 percent savings, high stability of mechanical strength and 
dimensional accuracy. Using PM also resulted in the ability to mass produce this complex design.

PM Market Segments and  
Award-winning Applications
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Market Outlook—MIM use is on the rise in the medical device industry owing to its ability to produce higher volume precision parts to net-shape. 
Surgical tools, artificial joints, and other medical implant devices are examples of products for which MIM is quite well suited due to their often 
intricate designs and rugged service requirements. Choosing PM when dealing with medical and dental parts can lead to reduced costs, reduced 
material waste and can occasionally produce components that would not be economically feasible using other manufacturing methods. The 
International Trade Administration Top Markets Report for Medical Devices reflects a projected growth of 6 percent annually.

Meanwhile, dental applications using MIM surged when it was successfully used to replace machined stainless steel orthodontic brackets several 
decades ago. The original stainless steel brackets had to be individually machined, whereas the new MIM brackets utilized MIM’s greater efficiency, 
better material utilization, and improved repeatability. The use of MIM brought the cost of orthodontic appliances within reach to more patients 
across the board. MIM continues to prove itself a valuable partner to the dental industry.
 

ENDOSCOPIC DEVICE PARTS
Five parts destined for an endoscopic device are comprised of an articulation lock bar, 
articulation connector, articulation drive block, and knife guide. They are used in an articulating 
endoscopic surgical device designed specifically for thoracic surgery. All the parts feature 
complex 3D geometry, especially the features on to machine.

PM Results
The project was completed with four stainless steel MIM components. Only a small amount of 
machining was used on one component. All other parts were made to net shape with print 
dimensions met using no secondary operations. Because the parts are designed-for-PM parts, 
net savings of an estimated 70 percent was realized over machining them. The ability of the 
MIM process to produce parts of different alloys with tight tolerances enabled the design of a 
smaller endoscopic device; a critical benefit in thoracic surgery.

ORTHODONTIC BRACKET SYSTEM
This orthodontic bracket system is composed of three parts—bracket, slide, and removable 
drop-in hook—used in the Damon 3MX self-ligation orthodontic tooth-positioning system. One 
bracket and one slide go on each tooth with the hook an option for about 5 percent of the teeth. 
The tiny, intricate parts are made using MIM from 17-4 PH stainless steel powder to a density 
of 7.5 gm/cm³. They have impressive physical properties: a tensile strength of 1,186 MPa  
(172,000 psi) and yield strength of 1,090 MPa (158,000 psi). The slides and brackets are  
heat treated. There are 30 bracket part numbers, three slide numbers, and one hook design.  
All of the parts are made to net shape. The customer tumble polishes the parts and performs  
a brazing operation before assembly. The manufacturing company produces up to 600,000 
parts weekly.

PM Results
There is significant cost savings in the manufacturing of this application when compared to 
machined versions. Using MIM also created huge time—and therefore cost—savings for the 
patient and the orthodontist. The ability to form ultra-smooth contours and rounded edges to net 
shape resulted in increased patient comfort. Overall, using MIM resulted in up to 7-months 
faster treatment time and up to 48% fewer appointments for the patient.

MEDICAL AND DENTAL APPLICATIONS
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PickPM.com
The leading powder metallurgy information 
resource for component designers and engineers.

   • Design resource center
   • Case studies
   • Find a fabricator

MPIF.org
Metal Powder Industries Federation (MPIF) is a 
federation of trade associations representing 
various aspects of the powder metallurgy, metal 
powders, and particulate materials industry that 
promotes and develops powder metallurgy 
technology.

   • Industry statistics
   • PM events
   • PM publications
   • Guide to PM Microstructures
   • Automotive Parts Catalog

APMIInternational.org
APMI International is a society that promotes the 
advancement of powder metallurgy and particulate 
materials as a science

   • International Journal of Powder Metallurgy
   • Who’s Who in Powder Metallurgy directory
   • Powder Metallurgist Certification program

CPMTweb.org
The Center for Powder Metallurgy Technology 
(CPMT) merges the academic and corporate 
powder metallurgy (PM) worlds together with a 
joint goal to promote PM industry progress.

   • Industry collaborative projects
   • Scholarships
   • Conference grants

PM Database.com
The Global PM Property Database is a free 
resource for comprehensive material data for 
metal powder components.

   • Material data for part design
   • PM material properties

MIMAweb.org
One of the trade associations of MPIF, the Metal 
Injection Molding Association (MIMA) works to 
improve and promote all aspects of the metal 
injection molding (MIM) industry.

   • Design resource center
   • Case studies
   • Find a fabricator

IPA-web.org
The world’s most comprehensive website for hot 
isostatic pressing (HIP) and cold isostatic pressing 
(CIP).

   • Design resource center
   • Case studies
   • Find a fabricator

POWDER METALLURGY INDUSTRY RESOURCES

EDUCATIONAL VIDEO RESOURCES

Powder metallurgy has a surprisingly long history (since 3000 
B.C.) along with a progression of uses and technologies for 
manufacturing metal structures, components, alloys and much 
more. This video provides answers to the question “Why should 
I use powder metallurgy?”—a question that many manufacturers 
are contemplating these days.

Powder metallurgy’s applications are extensive and range from 
automotive and military to medical and aerospace. Get a 
glimpse of several powder metallurgy processes including 
press-and-sinter, metal injection molding, isostatic pressing, 
and metal additive manufacturing, as well as a broad overview 
of the PM industry, which includes shaping and forming 
methods, heat processing and secondary procedures that are 
required to finish a part.

Learn how various powder metal processes serve a complete 
range of complexity and volume requirements for metal and 
metal alloy components.

Watch this video at: www.youtube.com/watch?v=iVe1fa5z45o

For more educational videos on powder metallurgy and the PM 
industry, please visit www.youtube.com/user/MPIFVideos.
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MPIF Standard 35-SP—Material Standards for PM Structural Parts
This standard provides the design and materials engineer with the latest engineering 
property data and information available in order to specify materials for structural 
parts made by the conventional PM process. Materials included in the standard are 
iron; iron-carbon, iron-copper, iron-nickel, prealloyed, hybrid low-alloy, sinter-hardened, 
and diffusion alloyed steels; copper-infiltrated steels; stainless steels; copper and 
copper alloys, soft-magnetic alloys, and aluminum alloys.

MIPF Standard 35-PF—Material Standards for PF Steel Parts
This standard provides the design and materials engineer with the lastest engineering 
property data and information available in order to specify materials for components 
made by the powder forging (PF) process. Materials included in the standard are 
carbon steels, copper steels, and low-alloy steels.

MPIF Standard 35-MIM—Material Standards for Metal Injection Molded Parts
This standard provides the design and materials engineer with the latest engineering 
property data for the information available in order to specify materials for components 
made by the metal injection molding (MIM) process. Materials included in the standard 
are low-alloy steels, stainless steels, soft-magnetic alloys, controlled-expansion alloys, 
and copper.

MPIF Standard 35-SLB—Material Standards for PM Self-Lubricating Bearings
This standard provides the design and materials engineer with the latest engineering 
property data and information available in order to specify materials for self-lubricating 
bearings made by the conventional PM process. The standard includes bronze, 
diffusion-alloyed bronze, diluted bronze, iron and iron-carbon, iron-copper, iron-
copper-carbon, and iron-graphite bearing materials.

Standard Test Methods for Metal Powders and Powder Metallurgy Products
The Standard Test Methods publication contains over 40 standards covering 
terminology and recommended methods of test for metal powders, powder metallurgy 
and injection molded parts, metallic filters, and powder metallurgy equipment. These 
standards, intended to present and clarify PM technology as an aid in conducting 
business, relate to those activities that concern designers, manufacturers, and users 
of PM parts.

PM STANDARDS TITLES & DESCRIPTIONS

METAL POWDER INDUSTRIES FEDERATION
105 College Road East, Princeton, NJ 08540 ~ Telephone: 609-452-7700 ~ FAX: 609-987-8523 ~ Email: info@mpif.org

MPIF STANDARD 35-PF
2017 Edition

Materials Standards for

PF
Steel
Parts

MPIF STANDARD 35
2016 Edition

Materials Standards for

Metal
Injection
Molded Parts

MPIF STANDARD 35
2016 Edition

Materials Standards for

Metal
Injection
Molded Parts

Developed by the powder metallurgy (PM) commercial parts manufacturing industry, each 
standard is clearly distinguished by easy-to-read data tables and explanatory information 
for materials listed. Visit Publications at mpif.org for more details.



Focus of the Metal Powder Industries Federation

The scope of MPIF is

•	 to improve and to promote the products of PM and related industries
•	 to promote PM research, occupational health and safety in the PM industries
•	 to promote education in the science, practice and application of PM related arts through meetings,  
	 technical and educational exhibits and publications
•	 to arrange for the collection and dissemination of information pertaining to PM and related industries  
	 and for the presentation, discussion and publication of papers and other contributions
•	 to provide technical facts, data and standards, fundamental to PM and to the application of PM and  
	 related products
•	 to cooperate with governmental agencies so as to provide within the scope of the Federation,  
	 maximum service to the government at all times
•	 to promote the welfare of the industries represented by the Federation and to promote their services
•	 to foster through cooperative effort an awareness of ecological responsibility

The Metal Powder Industries Federation (MPIF) is a “not-for-profit” federation of six trade associations 
representing various aspects of powder metallurgy (PM), metal powders and particulate materials. Its 
mission is to advance the interests of the metal powder producing and consuming industries.

•	 PMPA—Powder Metallurgy Parts Association
•	 MPPA—Metal Powder Producers Association
•	 PMEA—Powder Metallurgy Equipment Association
•	 MIMA—Metal Injection Molding Association
•	 RMA—Refractory Metals Association
•	 AMAM—Association for Metal Additive Manufacturing

Throughout its long history, MPIF has been a champion of this innovative technology, providing the 
PM industry with valuable services that help advance the art and science of PM while promoting 
benefits to prospective end users.


