
Designation: B935 − 20 (Reapproved 2024)

Standard Guide for

Steam Treatment of Ferrous Powder Metallurgy (PM)
Materials1

This standard is issued under the fixed designation B935; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide is intended as an aid in establishing and

maintaining a procedure for the steam treatment, also referred

to as steam blackening, of sintered ferrous PM materials and

the appropriate use and evaluation of these materials. Addi-

tional information concerning the effect of this process on

ferrous PM material properties is contained in Appendix X1.

1.2 Units—With the exception of the values for density and

the mass used to determine density, for which the use of the

gram per cubic centimetre (g/cm3) and gram (g) units is the

longstanding industry practice, the values in inch-pound units

are to be regarded as standard. The values given in parentheses

are mathematical conversions to SI units that are provided for

information only and are not considered standard.

1.3 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

B243 Terminology of Powder Metallurgy

3. Summary of Guide

3.1 A normal sequence of steps for batch processing is: (1)

preheat the load; (2) introduce a superheated steam-rich

atmosphere; (3) heat the load to the processing temperature and

maintain the temperature for the duration of the processing

cycle; and (4) cool the load to a temperature suitable for

handling. This process will produce a layer of black iron oxide

(magnetite) on the surface of the parts and on the surfaces of

the interconnected porosity by the reaction.

3Fe14H2O ~gas!↔Fe3O414H2 ~gas!

3.2 For continuous steam treatment, parts are transported

through the furnace on a continuous mesh belt, and the thermal

profile of the furnace (temperature settings of the various zones

and the speed of the mesh belt) is set to ensure that parts are

clean and at the appropriate temperature before they are

exposed to the superheated steam.

4. Terminology

4.1 Definitions of powder metallurgy (PM) terms can be

found in Terminology B243.

5. Significance and Use

5.1 The performance and quality of steam-treated materials

depends upon the surface cleanliness of the material prior to

steam treatment and the adequacy of the processing. Steam

treatment can be used as a decorative coating, producing a

blue-gray to a blue-black appearance. It can reduce the

susceptibility of ferrous PM materials to further oxidation and

corrosion, thus providing better shelf life. More significantly,

improvements in apparent hardness, compressive strength,

wear characteristics, and some mechanical properties (see

Appendix X1) can be observed due to steam treatment. The

hardness of magnetite (Fe3O4) formed during steam treatment

is typically equivalent to 50 HRC, and when present in sintered

materials, their wear resistance can be improved significantly.

Steam treatment is also used to seal parts or provide a base

material for additional coatings. Steam treated ferrous PM

materials are used in many industries, including automotive,

marine, home appliances, and lawn and garden applications.

6. Apparatus

6.1 The material can be processed in either a batch-type

furnace or a continuous belt-type furnace. The furnace must be

capable of heating the load, maintaining it at the processing

temperature, and maintaining a steam atmosphere free of air
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leaks. Both batch type and continuous furnaces shall meet the

same criteria described in the following procedure section.

While comparable performance may be obtained from batch

and continuous furnaces, the process conditions used may not

be exactly the same.

7. Procedure

7.1 Batch Processing

7.1.1 Place the load in the furnace and preheat in air until

the temperature of the entire load is above 212 °F (100 °C) but

not in excess of 800 °F (430 °C). A temperature of 600 ºF

(315 ºC) is typically used.

7.1.2 Once the load is preheated, introduce superheated

steam into the furnace until all of the air is purged from the

furnace or processing zone. This steam atmosphere shall be

maintained until the processing cycle is complete.

NOTE 1—The temperature of the parts shall be in excess of 212 °F
(100 °C) before the superheated steam is introduced. If it is not, water will
condense on the parts and rust spots will form. The temperature shall not
exceed 800 °F (430 °C) before all of the air has been purged from the
system by the superheated steam or the parts will be covered with a
smooth even coating of rust caused by air in the furnace atmosphere.

7.1.3 Raise the temperature of the furnace to the processing

temperature of between 800 °F (430 °C) and 1100 °F (590 °C)

while maintaining the atmosphere of superheated steam. A

typical processing temperature is 1000 °F (540 °C).

NOTE 2—The processing temperature depends on the desired proper-
ties. Lower temperatures result in deeper oxide penetration, while higher
temperatures produce a thicker surface oxide layer.

NOTE 3—Processes that decrease the amount or the size of the
surface-connected porosity such as copper infiltration, grinding, vibratory
finishing, sizing, machining, burnishing, shot peening, or polishing will
reduce the effectiveness of the steam treatment by limiting the ability of
steam to penetrate the part. Increasing the density reduces the pore size,
which reduces penetration unless sufficiently large porosity is available to
maintain a pathway for the steam. Copper infiltration also coats the
surface of iron particles with copper, which prevents steam from reacting
with the iron and decreases the effectiveness of steam treatment as a
surface treatment.

7.1.4 Hold the load at the processing temperature for 30 min

to 120 min, depending on the desired properties. Steam treat-

ment builds an oxide layer on pore surfaces and gradually

restricts the access of the steam to the interior of the part.

Higher temperature causes the metal to be more reactive,

producing a thicker surface layer and limiting the penetration

of the oxide into the part. Lower temperature produces deeper

penetration with a thinner surface layer.

NOTE 4—A discussion of sealing method is recommended for parts
requiring additional surface treatments (plating, painting, and so forth).

7.1.5 The oxide produced by steam treatment is slightly

porous, which can allow corrosive material to penetrate to

non-oxidized iron. While the oxide provides improved shelf

and handling life by itself, oil impregnation, an oil dip, or rust

preventatives are recommended for applications requiring

additional corrosion protection.

7.2 Continuous Processing

7.2.1 A pre-heat zone is used to bring the parts up to

temperature, while at the same time burning out any residual

oil or fluid and cleaning the parts. The pre-heat is typically set

to a temperature of 840 ºF to 930 ºF (450 ºC to 500 ºC).

Exothermic gas burners are suitable for the pre-heat zone.

7.2.2 The temperature in the steam zone of the furnace is

generally set to a temperature of 800 ºF to 1100 ºF (430 ºC to

590 ºC). A typical process temperature is 1000 ºF (540 ºC).

7.2.3 The actual process temperature and the time at tem-

perature depend on the desired properties of the steam-treated

parts. Times at temperature in the superheated steam are

typically from 45 min to 11⁄2 h.

8. Interferences

8.1 The surface of the material to be steam-treated should be

free of contaminants, including red rust, soot, and dirt. Steam

treatment cannot reduce existing rust. Soot and dirt attract

moisture, which causes rust to form during steam treatment.

The soot and dirt will remain as surface blemishes after steam

treatment.

8.2 Since steam treatment builds an iron oxide layer on the

pore surfaces, it tends to restrict access to the non-oxidized

interior iron, causing the reaction to slow until further treat-

ment has little effect on the thickness of the oxide layer.

9. Hazards

9.1 Hydrogen is generated as a by-product of the steam

treatment process. This hydrogen must be flushed from the

furnace and air ingress must be prevented. Prior to opening a

batch-type furnace, the furnace should be flushed with nitrogen

or an inert gas unless the parts and furnace are cooled to below

the auto ignition point of hydrogen while still in the steam

atmosphere.

9.2 Warning—Foreign material can interfere with steam

treatment and possibly pose a serious health threat. Some

chemical compounds, for example, chlorinated hydrocarbons,

decompose into products that cause materials to rust during

processing. All cutting fluids, lubricants, coolants, and so forth

should be removed prior to steam treatment. This may be done

during the preheating stage of the steam treatment process.

However, the effect of the contaminant and by-products must

be considered to ensure they are compatible with the steam

treatment process and do not create a hazardous condition.

10. Testing and Evaluation

10.1 Fe3O4 can be deposited either heavily on the external

part surface or uniformly at the surface and in the porosity.

Depending on the objective of the steam treatment, the

methods used for evaluation may need to be changed.

10.2 A simple visual inspection is sufficient for many

decorative applications. Density or the change in mass measure

the amount of Fe3O4 formed. Apparent hardness gives an

indication of the surface condition. Metallographic evaluation

is recommended to determine the extent of oxide penetration.

Microindentation and file hardness testing are not recom-

mended.

10.3 No single test will indicate the effectiveness of steam

treatment for all potential applications. It is recommended that

the producer and user agree on test procedures to evaluate parts

early in the part development process.
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