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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stan

dards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. Interna
organizations, governmental and non-governmental, in liaison with ISO, also take part in the
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matt
electrotechnical standardization.

The proced

4. ISO shall not be held responsible for identifying any or all such patenb rights. Det
ights identified during the development of the document will be in the Introduction a
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term
expressions |related to conformity assessment, as well as infermation about ISO's adheren
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT
www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical Committee\ISO/TC 119, Powder metallurgy, Subcomr
SC 5, Specifidations for powder metallurgical materials (excluding hardmetals), in collaboration wi
European Committee for Standardization (CEN) Technical Committee CEN/SS M11, Powder meta

tional
work.
ers of
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br the
ith the

rawn to the possibility that some of the elements of this document may\be the subject of

hils of
ind /or

S not

s and
ce to
, see

hittee
th the

lurgy,

in accordancg with the Agreement on technicalieooperation between ISO and CEN (Vienna Agreement).

This fourth ¢dition cancels and replaces the-third edition (ISO 5755:2012), which has been techn
revised.

The main changes are as follows:
— Annex Blhas been updated'te‘include information on metallography of sintered materials;

— anew Apnex C has been’ added to include tables of equivalences of the materials of the sta
with the|materials 6f-0ther international standards of habitual use.

Any feedback or questions on this document should be directed to the user’s national standards b
complete listing‘of'these bodies can be found at www.iso.org/members.html.
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ndard
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INTERNATIONAL STANDARD ISO 5755:2022(E)

Sintered metal material — Specifications

1 Scope

This document specifies the requirements for the chemical composition and the mechanical and
physical properties of sintered metal materials used for bearings and structural parts.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (includingany amendmg¢nts) applies.

ISO 1099, Metallic materials — Fatigue testing — Axial force-controlled method

ISO 2738, Sintered metal materials, excluding hardmetals — Permeable sintered metal |materials —
Deternination of density, oil content and open porosity

ISO 2¥39, Sintered metal bushings — Determination of radial crushing strength
ISO 2¥40, Sintered metal materials, excluding hardmetals —Tensile test pieces
[SO 2¥95, Plain bearings — Sintered bushes — Dimensions and tolerances

ISO 3B25, Sintered metal materials, excluding hardmetals — Determination of transverse rupjture strength
ISO 3954, Powders for powder metallurgical purposes — Sampling

ISO 4498, Sintered metal materials, excluding hardmetals — Determination of apparent hardness and
microhardness

[SO 5Y54, Sintered metal materidls, excluding hardmetals — Unnotched impact test piece
ISO 6892-1, Metallic materials-— Tensile testing — Part 1: Method of test at room temperatufe

ISO 7625, Sintered metalvmaterials, excluding hardmetals — Preparation of samples for chemical analysis
for deftermination oficarbon content

ISO 14317, Sintered metal materials excluding hardmetals — Determination of compressive yjeld strength

ASTM E228,-Standard Test Method for Linear Thermal Expansion of Solid Materials with a Push-Rod
Dilatdméter

ASTM E1875, Standard Test Method for Dynamic Young’s Modulus, Shear Modulus, and Poisson’s Ratio by
Sonic Resonance

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2022 - All rights reserved 1
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tensile strength

Rm

ability of a test specimen to resist fracture when a pulling force is applied in a direction parallel to its
longitudinal axis

Note 1 to entry: It is equal to the maximum load divided by the original cross-sectional area.
Note 2 to entry: It is expressed in MPa.

3.2
tensile yield strength

R

p0,2

load at whick- the material exhibits a 0,2 % offset from proportionality on a stress-straid cufve in
tension, divigled by the original cross-sectional area

Note 1 to entrjy: It is expressed in MPa.

3.3
Young’s modulus
E
ratio of normlal stress to corresponding strain for tensile or compressive stresses below the proportional
limit of the npaterial

Note 1 to entrjy: It is expressed in GPa.

3.4
Poisson’s ratio
v
absolute vallie of the ratio of transverse strain to thé’corresponding axial strain, resulting| from
uniformally flistributed axial stress below the proportional limit of the material

3.5
impact enerjgy
measuremernt of the energy absorbed when‘fracturing a specimen with a single blow

Note 1 to entrjy: It is expressed in Joules (J).

3.6
compressive yield strength
stress at which a material exhibits a specified permanent set

Note 1 to entrly: It is expressed in MPa.

3.7
transverse rupture strength
stress, calculated from the bending strength formula, required to break a specimen of a given dimgnsion

Note 1 to entry: It is expressed in MPa.

3.8

fatigue strength

maximum alternating stress that can be sustained for a specific number of cycles without failure, the
stress being reversed with each cycle unless otherwise stated

Note 1 to entry: It is expressed in MPa.

3.9
radial crushing strength
radial stress required to fracture a hollow cylindrical part of specified dimensions

Note 1 to entry: Itis expressed in MPa.

2 © IS0 2022 - All rights reserved
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3.10
density
mass per unit volume of the material

Note 1 to entry: It is expressed in g/cm3.

3.11
apparent hardness
resistance of a powder metallurgical (PM) material to indentation, tested under specified conditions

Note 1 to entry: For PM materials, it is a function of the density of the material.

3.12
open|porosity
oil coptent after full impregnation, divided by the volume of the test piece, and multiplied by 100

Note 1 to entry: It is expressed as a volume percentage.

3.13
coeffjcient of linear expansion
change in length per unit length per degree change in temperature

Note 1 to entry: It is expressed in 10-6 K-1,

4 Sampling

Sampling of powders to produce standard test pieces,shall be carried out in accordance with ISO 3954.

5 Test methods for normative properties

5.1 |General

The fpllowing test methods shall be used to determine the normative properties given in Thbles 1 to 18.

5.2 |Chemical analysis

The ¢hemical compositiontable for each material lists the principal elements by mfinimum and
maximum mass percentage before any additional process, such as oil impregnation, resin impregnation
or stdam treatments has taken place. “Other elements” may include minor amounts of elements added
for splecific purposésand is reported as a maximum percentage.

Wherlever possible, and always in cases of dispute, the methods of chemical analysis shall be those
specified ifi;the relevant International Standards. If no International Standard is availablg, the method
may heagreed upon and specified at the time of enquiry and order.

Samples for the determination of total carbon content shall be prepared in accordance with ISO 7625.
Determination of the total carbon content can be in accordance with ISO 437.

5.3 Open porosity

The open porosity shall be determined in accordance with 1SO 2738.
5.4 Mechanical properties

5.4.1 General

The as-sintered mechanical properties given in Tables 1 to 18 were determined on pressed and sintered
test pieces with a mean chemical composition. The heat-treated mechanical properties given in Tables 1

©1S0 2022 - All rights reserved 3
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to 18 were determined on test bars which were either pressed and sintered or machined from pressed
and sintered blanks. They are intended as a guide to the initial selection of materials . When selecting
powder metallurgical (PM) materials, it should be taken into account that the properties depend not
only on the chemical composition and density, but also on the production methods. The properties of
sintered materials giving satisfactory service in particular applications may not necessarily be the same
as those of wrought or cast materials that might otherwise be used. Therefore, liaison with prospective
suppliers is recommended They may also be used as a basis for specifying any special tests that may be
indicated on the drawing.

The mechanical properties shall neither be calculated from hardness values nor be determined on
tensile test pieces taken from a component and used for verifying the values glven in Tables 1 to 18.
If the custon n the
component, r any
technical do

nnnnnnnnnnnn thot o conoifind 1acal of oo ool o ntine o bt d ey +actc
ICI lb\.iull Co LlIdu da J}Jb\'lll\'u ICVOI Ul 1I1ricuviliialiriicar l_ll \.Il,l\.rl CICO UC Uu\rﬂlll\.r\—l I.I-y CLLCOLO 4

these shall be agreed with the supplier and shall be stated on the drawing and/d
umentation of the customer referred to on the drawing.

5.4.2 Tendile properties

The ultimate
and ISO 689
and, in this ¢

The normati
condition) a|
applications,
essential tha

The minimu
materials.

Tensile spec
tensile speci
be agreed be
parts. The rg
for future pr

Acceptable s

tensile strength and the yield strength shall be determined in accqordance with ISO
-1. For heat-treated materials, tensile strength and yield strength are approximately
hse, tensile strength is specified.

ve yield strengths (as-sintered condition) and ultimate tefsile strengths (heat-ty
re shown as minimum values. These strengths may_be used in designing PM

k the part application be discussed with the PM partsimanufacturer.

mens machined from commercial parts may differ from those obtained from pre
mens. To evaluate the part strength, it isSfecommended that static or dynamic proof-te
tween the purchaser and the manufacturer and carried out on the first production
sults of testing to failure can be(used statistically to determine a minimum breaking
pduction lots.

trength can also be demanstrated by processing tensile specimens prepared specil

To select a material which is optimum in both praperties and cost-effectivenesy,

2740
equal

eated
part
it is

n values were developed from tensile specimens prepared specifically for evaluatipg PM

pared
bsting
lot of
force

ically

for evaluatinlg PM materials manufactured from the same batch of powder as the production parts and

processed with them.

As indicated irable

method for

above, the testing of test bars machined from the PM component is the least des
emonstratin@minimum properties.

For heat-treated properties, the test bars were quench-hardened and tempered to increase the str¢ngth,
hardness andl wear résistance. Tempering is essential to develop the properties given in this document.
Heat-treat equipment that utilizes a gas atmosphere or vacuum is recommended. The use of liquid salts
is not recominended due to entrapment of the salts in the porosity causing “salt bleed-out” and “internal
corrosion”. Some materials may be heat-treated directly after the sintering process by controlling the
cooling rate within the sintering furnace. This process is usually known as “sinter hardening”. Materials
processed by this route also require tempering to develop their optimum strengths.

5.4.3 Radial crushing strength

The radial crushing strength shall be determined in accordance with ISO 2739. The wall thicknesses of
test pieces to be used shall be in the range covered by ISO 2795. For test pieces outside this range, the
specified radial crushing strength values are different and shall be agreed between the customer and
the supplier.

© IS0 2022 - All rights reserved
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6 Test methods for informative properties

6.1

General

55:2022(E)

Typical values are given for each material; these include tensile and yield strengths. These typical
values are given for general guidance only. They should not be used as minimum values.

These typical properties should be achievable through normal manufacturing processing. Again,
any specific tests on components should be discussed and agreed between the purchaser and the

manufacturer.
6.2 [Density
The density shall be determined in accordance with ISO 2738. Density is normally determined after the
remoyal of any oils or non-metallic materials from the porosity and is known asthe™“dry flensity”. The
“wet flensity” is sometimes reported on production bearings or parts, this is thé-mass per|unit volume,
including any oil or non-metallic material that has impregnated the componeft.
6.3 [Tensile strength
The tensile strength shall be determined in accordance with 1S0.2740 and ISO 6892-1.
6.4 |Tensile yield strength
The tensile yield strength shall be determined in accordance with ISO 2740 and ISO 6892-1.
6.5 |Elongation
Elongation (plastic) shall be determined in adcordance with ISO 6892-1. It is expressed asfa percentage
of the original gauge length (usually 25 mim), and is determined by on measuring the incr¢ase in gauge
length after the fracture, providing theXfracture takes place within the gauge length. Elpngation can
also e measured with a break-away ‘extensometer on a tensile specimen. The recorded ftress/strain
curveg displays total elongation (elastic and plastic). The elastic strain shall be subtracted from the
total plongation to give the plastic elongation (this can sometimes be provided with the t¢st machine’s
softwlare).
6.6 [Young’'s modulus
Young’s modulus shiall be determined in accordance with ASTM E1875. Data for the elastid constants in
this document-weére generated from resonant frequency testing. Formula (1) relates the|three elastic
constpnts:

VE(EY2G)-1 @)
where

v  is Poisson’s ratio;

E is Young’s modulus;

G isthe shear modulus.
6.7 Poisson’s ratio
Poisson’s ratio shall be determined in accordance with ASTM E1875.
© IS0 2022 - All rights reserved 5
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6.8 Impact energy

The impact energy shall be determined in accordance with ISO 5754. The data in this document were
obtained using an unnotched Charpy specimen.

6.9 Compressive yield strength

The compressive yield strength shall be determined in accordance with ISO 14317. For certain heat-
treated materials listed in the tables, the hardenability is not sufficient to completely through-harden
the 9,00 mm diameter test specimen. Due to variation in hardenability among the heat-treated steels
listed in the tables, the compressive yield strength data are appropriate only for 9,00 mm sections.

Typically, snfalfer cross-sections nave Nigher cOmpressive yield strengtins and larger sectiony

somewhat lg
yield test sp¢
tensile and ¢

6.10 Trans

The transvet

wer strengths due to the hardenability response. Since the cross-section of the it
ecimen is smaller than the compressive yield specimen, a direct correspondence bet
bmpressive yield strength data are not possible.

verse rupture strength

se rupture strength shall be determined in accordance with ISO 3325.

The strength formula in ISO 3325 is strictly valid only for non-ductile’materials; nevertheless

widely used
Data for such

6.11 Fatigy

6.11.1 Geng
The number

For PM ferrd
using unnotd
to be fatigue
107 cycle ma
simply rema

The fatigue |
the limited n
the 90 % sur

There are th
These are de

materials are included as typical properties in ISO 3325
e strength

eral
pf cycles survived should be stated withreach strength listed.

us materials, like wrought ferrous(materials, fatigue strengths of 107 cycles in du
hed specimens are considered to be sustainable indefinitely and are therefore consi
limits (also termed endurance limits). By contrast, non-ferrous PM materials do nof
kimum fatigue strengths sustainable for indefinite times and these stress limits thel
n as the fatigue strength at’107 cycles.

mits in this document/'were generated through statistical analysis of the test data. I

vival stress, i.e"the fatigue stress at which 90 % of the test specimens survived 107 ¢

scribedin6.11.2 to 6.11.4.

have
ensile
ween

, it is

for materials that bend at fracture and is useful for establishing comparative strepgths.

Fation
dered

have
refore

ue to

pmber of data points’available for the analysis, these fatigue strengths were determined as

ycles.

ree methods-of stressing the test specimens and each gives different fatigue strepgths.

6.11.2 Rotz1ting bending fatigue strength

This test method uses a machined, round, smooth test specimen (in accordance with ISO 3928), with
an R. R. Moore testing machine. Testing shall be in accordance with ISO 1143. The specimen is held
at one end and rotated while it is stressed at the other end. The surface of the test bar is the most
highly stressed area and the centre line has a neutral stress. This test method gives the highest fatigue
strength.

6.11.3 Plane-bending fatigue strength

This method used for plane-bending fatigue uses a standard sintered fatigue test bar (in accordance
with ISO 3928) that is subjected to an alternating stress. This test method gives a slightly lower fatigue
strength than the rotating bending fatigue test, as more of the cross-sectional area is subjected to the
stress. Evaluation of fatigue strength is done according to the staircase method described in MPIF
Standard 56.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=897d53ba922f605a6f972886c0ce7f65

ISO 57

6.11.4 Axial fatigue strength

55:2022(E)

This method uses either a machined, round or standard sintered fatigue test bar (in accordance
with ISO 3928) that is tested in a test machine by clamping both ends and subjecting the test bar to
alternating stresses where R = -1. Testing shall be conducted in accordance with ISO 1099. As the whole
of the cross-section is stressed, this test method gives the lowest fatigue strength.

6.12

Apparent hardness

The apparent hardness shall be determined in accordance with ISO 4498. The hardness value of a
PM part when using a conventional indentation hardness tester is referred to as “apparent hardness”

becau
meas

Becau
meas
affect

6.13

The c

ST It TEPTESEITtS a COMDITTAtION Of TAtTiX Tardness pius the effectof porosity- Appar
ires the resistance to indentation.

se of possible density variations in a finished PM part, the location of critical appar
irements should be specified on the engineering drawing of the part. As stitface por
the apparent hardness, the surface condition should also be specified.

Coefficient of linear expansion

befficient of linear expansion shall be determined in accordance-with ASTM E228.

7 Specifications

The c

The |
less t]

8 L

Desig|

hemical composition and mechanical properties.arégiven in Tables 1 to 18.

quid lubricant content of materials for bearings, impregnated with liquid lubricant
han 90 % of the measured open porosity.

esignations

nations shall be in accordance with Annex A.

nt hardness

ent hardness
b closure can

shall be not
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Annex A
(normative)

Designation system

Designation of materials

55:2022(E)

The d
with

chem
prepa

A2

esignation system to be used for sintered materials specified in this document.s|i
SO/IEC Directives, Part 2:2021. The objective is that the designation shall give anyind
cal composition of the sintered material and an indication of the way the rawi/mate
red.

Description block

The description block shall contain the letter P, denoting powder metallurgical materials.

A3

The i
item

A4

A4.

Identity block

entity block shall contain the number of this document, i.e. ISO 5755, followed by t
lock.

Individual item block

First group

The fjrst group of the individual itemblock shall consist of one to three letters descrih
metal and ways of adding alloying elements:

— F|=Plain iron powder or iron powder with admixed alloying additives;

— F

= Iron powder withdiffusion-alloyed additives;

— FLL = Pre-alloyed steel powder;

— FLA = Pre;alloyed steel powder with admixed alloying additives (hybrid-alloy steels);

— FLD = Rre-alloyed steel powder with diffusion-alloyed additives (hybrid-alloy steels);

— FK'=Copper-infiltrated steel;

N accordance
ication of the
rial has been

he individual

ing the base

— C

= Copper powder with admixed alloying additives;

— CL = Pre-alloyed copper-based powder.

A.4.2 Second group

The second group of the individual item block shall consist of two to six alphanumeric characters with
two digits for the content of dissolved (combined) carbon without a decimal comma (except for copper-
based materials and stainless steels, see examples under A.6), e.g. 03 = 0,3 % C. The third position in
this group will be the capital letter assigned to the alloying element with the highest content (if any)
followed by the nominal content given as integers, e.g. 1=0,5% to 1,4 %, 2 = 1,5 % to 2,4 %, 10 = 10 % of
the element in question. Finally, this group ends with the capital letter assigned to the alloying element
with the second highest content (if any) but without any indication of the content.
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A.4.3 Third group

A.4.3.1 General

The third group of the individual item block shall show the value of the minimum yield strength (or
minimum tensile strength for heat-treated materials) listed as MPa, followed, if appropriate, by the
letter H indicating heat-treated material, or letters SH for sinter-hardened material.

The individual item block shall start with a hyphen and the groups within the block shall be separated
by a hyphen.

A.4.3.2 Special case for hybrid-alloy steels

For these materials, where the pre-alloying is explained in the second group of the indiwidual item
block, an exfra group shall be included after the second group showing the alloying/element§ that
have been added by admixing (FLA-) or diffusion-alloying (FLD-). First, the capital letterfor the added
element with the highest content followed by the content given with an integer afid ‘then the sgcond
added elemepnt (if any) without any indication of the content. In this case, the third group mentfioned
under this sybclause becomes the fourth group.

A.5 Letters assigned to alloying elements
Letters assigned to alloying elements shall be as follows:
— C=Copper;

— Cr=Chrpmium;

— G = Graphite;

— M = Molybdenum;

— N=Nick

D

v
— P =Phosphorus;
— T =Tin;

— Z="7Zinc.

A.6 Examples of the'designation system

The descriptiion block (see A.2) and the identity block (see A.3) are not used in the tables of mdterial
specificationls inthis document. They should be used on purchase and technical documentation ywhere
any possibilify-of ambiguity exists.

EXAMPLE1 C-T10-K110 is a copper-based alloy with 10 % added tin, and a radial crushing strength, K, of
110 MPa.

EXAMPLE 2  F-08C2-620H is an iron-based material with 0,8 % carbon, 2 % copper and a minimum tensile
strength of 620 MPa in the heat-treated condition.

EXAMPLE3  FD-05N4C-420 is an iron-based alloy with 0,5 % carbon and diffusion-alloyed additions of nickel
(4 %) and copper having a minimum yield strength of 420 MPa.

EXAMPLE4  FL-05N2M-860H is a pre-alloyed nickel (2 %) and molybdenum steel with 0,5 % carbon and a
minimum tensile strength of 860 MPa in the heat-treated condition.

EXAMPLES5  FX-08C20-410 is a copper-infiltrated iron-based material with 0,8 % carbon and a minimum
yield strength of 410 MPa.
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EXAMPLE 6  FL-304-260N is a type 304 stainless steel, sintered in a nitrogen-containing atmosphere and
having a minimum yield strength of 260 MPa. (Further information on the designation of stainless steels can be
found in Table 16.)

EXAMPLE7 FLA-05M1N-N1-360 is a hybrid-alloy steel based on pre-alloyed molybdenum (1 %) and nickel
steel to which elemental nickel (1 %) has been added. It has 0,5 % carbon and a minimum yield strength of
360 MPa.

EXAMPLE8 FLD-05M2-N4C-500 is a hybrid-alloy steel based on pre-alloyed molybdenum (1,5 %) to which
nickel (4 %) and copper have been diffusion alloyed. It has 0,5 % carbon and a minimum yield strength of
500 MPa.

The dwwwmwmmmﬁ of material
specifications in this document. They should be used on purchase and technical documentation where

any plossibility of ambiguity exists. Hence, P-ISO 5755-FL-05Cr3M-670 is an example df a purchase
order|{entry showing the International Standard number block in conjunction witl the indlividual item
block

©1S0 2022 - All rights reserved 37
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Microstructures

B.1 General

Annex B
(informative)

For the preparation of samples for metallographic examination, reference should be Ana

ISO/TR 1432/1.

In the micrqgraphs given in this annex, there are examples of typical microstructures of sin
materials, byt all are not exact compositions of materials of this document.

B.2 Bronze and bronze with graphite materials for bearings —Table 1

de to

tered

In 90-10 copper-tin bronze bearings, the structure should be ideally alphabronze with no grey cqpper-
tin compoun|ds and with a minimum of reddish copper-rich areas (sée Figure B.1). In any casef grey
copper-tin compounds are often present in microstructure (see Figuré B.2).
Microstrycture Chemical Type of powder | Sintering conditions | Etching agent
composition p p g gag
B2 Cu-10 %Sn Atomized 750°C,30 min. | Alcoholic FeCl,
U1V /0011
Figure B.1 — Microstructure B2-1
38 © IS0 2022 - All rights reserved
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Vi
D o TN Y ‘19(]/
'//fr " ,g’_wo um E;,/\@(O

Chemical ering .
Mjcrostructure composition Type of powder ) \@iitions Etfching agent
: : LN
B2-2 Cu-10 %Sn Mixture of electrolytic | Cy3g0o¢ 20 min. | Alcoholic FeCl,
Cu and atomized Sn_<4
%
Figure B.2 — Microestrsl\l\é}ure B2-2
Z
&

B.3 |Iron, iron-copper, iron-bronze, iro%@arbon-graphite materials for bearings

In irop-copper bearings, microstructure is fe Téic, and the copper should have melted and flowed into
the sﬁ‘rounding pores (see Figure B.3). With-copper contents > 2 % some free copper mpy be visible,
but with 2 % or less copper, free cop 8? generally not present. Free copper is also present in the
micrdstructure of bearings sintered be the copper melting temperature (see Figure B.4). Bearings
should show a minimum of original particle boundaries.

The npicrostructure of iron-b ﬁombines the appearances of iron and bronze structurgs.

Iron-graphite material sh@ld exhibit either free graphite in its microstructure or a friee graphite/
combjned carbon mixtu@iepending on the manufacturing process (see Figure B.5).
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Microstructure Chemical Type of powder Sl&?}.mg
cconditions

composition Etching agent
\}

Mixture of sponge Fe

B3-1 Fe-2 %Cu powder and diffusion \Q 1120 °C, 30 min Nital 1 %

Fe-Cu powder c\\}‘
A

Z
Figure B.3 — Microestru\g}&re B3-1
R

. Chemical . . C .
Microstructure composition Type of powder |Sintering conditions| Etchingagent
Mixture of sponge Fe
B3-2 Fe-22 %Cu-0,5 %C |Powderandatomized| 4 6600 30 mip Nital 1 %
Cu powder under
150 pm

Figure B.4 — Microestructure B3-2
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100 |Jm
L=y wvv w, w
. L. ering .
Microstructure Chemical composition| Type of powder ‘s\}on ditions Etching agent
B3-3 Fe-3 %C Sponge Fe powder Y000 °C, 30 min Nital 1 %

B.4

N\

Figure B.5 — Microestrusgge B3-3

QO
Q)

Iron and carbon steel materials for g{r\lctural parts

Micrgstructure is a mixture of ferrite and peaﬁ\\te (see Figure B.6). The carbon content |of a sintered
from the area fraction of pearlite where 100 % pearlite

strucfure can be estimated metallographic

is equivalent to approximately 0,8 % car

to sed uncombined graphite after abo@&min sintering at 1 040 °C.

S TUNOA
N

.vv AN

A s '-’f‘“
‘\ \‘j e ,‘L."/>
J\,; \

II

- Carbon dissolves rapidly in iron and it is thergfore unusual

Sintering condi-

© IS0 2022 - All rights reserved

Microstructure Chemical composition | Type of powder tions Etching agent
B4 Fe-0,7 %C Atomized Fe powder 1120 °C, 30 min Nital 2 %
Figure B.6 — Microestructure B4
41
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B.5 Copper steel and copper-carbon steel materials for structural parts

Microstructure is a mixture of ferrite and pearlite, with some cementite in grain bundaries due to
the carbon diffusion inhibition caused by copper. The combined carbon content may be estimated
metallographically from the microstructure in similar way as described in B.4. Admixed copper powder
melts at approximately 1 083 °C, flows between the iron particles and into pores, helping the sintering
mechanism. Normally, sintered alloys with 2 % or less copper show little or no undissolved copper (see
Figure B.7). At higher percentages the copper will be seen as a separate phase (see Figure B.8) or as
precipitated fine free copper (see Figure B.9), depending on the sintering conditions. Copper dissolves
in iron but does not penetrate to the centre of the larger iron particles. When copper melts it diffuses
or migrates leaving pores behind in place of the copper particles; if copper powder with coarse particle
size is used, flreporeswilt becoarseramnd tam be easily Seerr

. Chemical composi- ~ Sintering condi- .
Microstrudture tion (_@e of powder tions Etching agent
ixture of atomized Fe pow-
B5-1 Fe-2,0 %Cu-0,5 %C ﬁ\ r and atomized Cu powder| 1120 °C, 30 min Nital 1 %
,-_O under 150 pm
N\

\chlgure B.7 — Microestructure B5-1
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(19‘1/
. Chemical composi- s\glntering condi- Etching
Mig¢rostructure tion Type of powder (®) tions agent
Mixture of spongﬁ\
B5-2 Fe-2,0 %Cu-0,5 %C powder and atomized Cu 1050 °C, 30 min Nital 1 %
powder unde{':& pum
N
%
Figure B.8 — Micg&ructure B5-2
R
. Chemical composi- Sintering condi- .
Microstructure tion Type of powder tions Etching agent
Mixture of atomized Fe
B5-3 Fe-4,0 %Cu-0,5 %C powder and atomized Cu 1120 °C, 30 min Nital 1 %
powder under 150 pm
Figure B.9 — Microestructure B5-3
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B.6 Phosphorus steels for structural parts

Phosphorus steels with less than 0,1 % carbon have predominantly ferritic microstructure. When
etched in 4 % nital it is possible to distinguish areas with high (lighter) and low (darker) phosphorus
content (see Figure B.10). As carbon is increased, grey or dark areas of fine lamellar pearlite can be
seen with light etching areas of ferrite. By adding copper a network of copper-rich areas can be found
in the microstructure. Well-rounded pores also characterize phosphorus steels due to the liquid phase
sintering mechanism.

A\
Microstrycture | Chemical composi- Type of p\@ﬁer Sintering condi- Etching dgent
tion N tions

Mixtur qjaomized Fe
B6 Fe-0,45 %P pm& nd Fe-P rich 1120°C, 30 min Nital 4|%

C;}‘ aster alloy

Figure@lo — Microestructure B6

OO

B.7 Nickel steels for Strl{éal:al parts

The fine nicltel powder ad d with iron and graphite does not completely diffuse during sintering
around 1 10( °C. As-sin; nickel steels show light coloured austenitic nickel-rich islands with ngedles

of martensite or bainit& around their edges (see Figure B.11). This heterogeneous microstructpre is
normal. Sint¢ring a@ peratures above 1 150 °C will reduce the volume-fraction of nickel-rich is]ands.
In the heat—trea;ﬁ?“condition the nickel-rich islands are light coloured, austenitic at their centre and
with martenki eedles at the edges (viewed at 1 000X). The matrix is martensite and, depending on
quenching rate; 6to 359 fimre peartite:
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P/ TaEas —
Y ' 3
!’. TV koA

B.8

i Chemical composi- Sint condi- -
Mifrostructure tion Type of powder . . tions Et¢ching agent
. . \Y
. Mixture of atomized Fe . .
30 - 0, o p 0,
B7 Fe-3 % Ni-0,6 %C powder and Ni powdep-s( 9120 C, 30 min icral 4 %
v
Figure B.11 — Microes@ture B7
%
)

Diffusion-alloyed nickel-copper-mﬁ‘bdenum steels for structural

arts

lloyed powders with the addition of elemef[tal graphite.

Thes¢ materials are produced from diffusioy
Thes¢ materials produce a heterogeneougr icrostructure. As-sintered diffusion-alloyed steels show
a midrostructure similar to the nicke{\&eels in B.7, but with a greater proportion of| bainite and
mart¢nsite (see Figure B.12). After heavtreatment, microstructures are similar to those of{ heat-treated
nicke] steels (see Figure B.13). .
\“'l"‘.." J
Microstructure Chemical composition Type of powder Smtel;liﬁlgl :ondl- Etching agent
} Fe-1,75 %Ni-1,5 %Cu- Diffusion-alloyed o . . o
B8-1 0,5 %Mo-0,5 %C powder 1120 °C, 30 min Picral 4 %
Figure B.12 — Microestructure B8-1
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Microstructure

Chemical composition Type of powder Smtel;lilgp'dl- Etching 3gent
LN
~~ .
. . . 1120<C, 30 min
- 0 - 0, - - ’
B8-2 Fe01,57!3/ ﬁgi(}go//ogu lefus:)(:/flldz;lrloyed Jr@ ched and Picral 4 %
70 70 p " tempered
v

N\
Figure B.13 — Microestructure\&-z

\\S\Q)

B.9 Pre-alloyed steels for structural parts .\Q§

These mater
and occasion|
and moderat
pearlite, bair
the cooling 1

(see Figures
uniform mar

46

e content, which increase the
ite, or mixtures of both consti
ate during sintering, and
[B.14 and B.15). After he
tensitic microstructureC)

e

jals are produced from prealloyed steel’powders with the addition of elemental grgphite
ally copper powder. Alloying eleme

sed in prealloyed steels are Ni, Mo, Cr and Mn |n low

fal hardenability. Microstructures show typically fine
ts depending on the material chemical compositign and
ithout the Ni-rich areas typical of diffusion-alloyed materials
eatment or sinterhardening, the prealloyed steels ex}jibit a
or mixtures bainite-martensite (see Figure B.16 and B.17).
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SV
W,
K%
Microstructure Chemical composition | Type of powder S(mt&!ihoﬁ :ondl- Etching agent
y4
B9-1 Fe-1,5 %Mo-0,5 %C Atomized | <1120 °C, 30 min Nital 1%
\\(
Figure B.14 — Microestf'(}}ture B9-1

| — -

M1C@tructure Chemical composition | Type of powder Smtel;lir(:lgl :ondl- Etclring agent
- 0, i- 0, -
B9-2 Fe-1,8 %Ni-0,55 %Mo- | A omized 1120 °C, 30 min Nital 1%
0,8 %C

Figure B.15 — Microestructure B9-2
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9:6 :
//\
\S)

) Etching agent

Sintering condi- C

Microstructure | Chemical composition | Type of powder tions

e

\v
Atomized 1120 °C,{3((§Hn Nital 2 %/Picrgl 4 %

L

Fe-3 %Cr-0,5 %Mo-

B9-3 0,5 %C

Figure B.16 — Microestructure

QO

. N . - Sintering condi- .
Mlcrostrucig@“ Chemical composition | Type of powder tions Etching agent
594 @) Fe-3 %Cr-0.5 %Ma- - - 1120°C 30min, oo
- 0,5 %C omize cooling 2 °C/s 1ta o/Picra 0

Figure B.17 — Microestructure B9-4

B.10 Hybrid-alloy steels

These materials are produced from pre-alloyed powder with elemental or diffusion-alloyed additions
(such as nickel and/or copper). The resultant as-sintered microstructure consists of a heterogeneous
mixture similar to the admixed or diffusion-alloyed steels with a difference in the form of the
eutectoid product (see Figure B.18). Due to the prealloyed base powder, the eutectoid is not the same
as the fine pearlite of the plain iron-carbon system. The carbide plates are coarser and spaced in such
a manner that the proeutectoid ferrite is not clearly defined. Therefore, it is difficult to estimate the
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combined carbon content metallographically. Alloys containing copper additions may show bainite
and/or martensite in the as-sintered structure. After heat treatment, the hybrid-alloy steels exhibit
a martensitic microstructure with nickel-rich areas in those alloys containing admixed or diffusion-
alloyed nickel heterogeneous mixture similar to B8-2 (see Figure B.13) with a difference in the form of
eutectoid product.

Sintering condi-

. . - NS
Mitrostructure Chemical composition Type of p@der tions

Etching agent

Q.
. Diffusi ‘fioyed pow-
-4 0 20 -
B10 l;)eslt/ﬁ/[l\g_g 6/005% der based on atomized | 1120 °C, 30 min Picral 4 %
) 0 ] 0 :\Q e_1'5 %MO
Se

: O
Figure B@ — Microestructure B10
QS

o
B.11Copper or copper-alle@*iﬁfiltrated steels for structural parts

The dopper-rich phase can b€,!;een clearly in the microstructure (see Figure B.19). Cu fills the pores
by capilary action, it wi @’st fill the finer interconnected pores. Some pores may not] be fully Cu-
infiltrated. Cu-infiltrati f a component can be carried out partially or totally. The combined carbon
contept is based on on phase only, similar to B4.

&
&
R
S
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Microstructure Chemical composition Type of powder Smtertlil;ﬁ scondl- Etching ggent
B11 Fe-11 %Cu-0,8 %C Atomized Fe powder 1~120 °C, 30 min Nital 11 %

Figure B.19 — Microestructure B11

B.12 Austdnitic, ferritic and martensitic stainless steels for structural parts

The -FL303,|-FL304 and -FL316 grades are austenitic with some evidence of twin formation (see
Figure B.20))In the 316L type there should be littlelor almost no evidence of original particle boundaries,
chromium cqrbides, nitrides or oxides.

The -FL410, [-FL430 and -FL434 grades are-ferritic in the as-sintered condition. There should pe no
clear evidenge of prior particle boundaries, oxides or carbides. Even minor residual carbon or nitrogen
will appear ip the microstructure (see¥igure B.21). The -FL410 heat-treated grade is fully martgnsitic
after sintering or sinter-hardening:Italso can be hardened separately but, in either case, it is gengrally
tempered foff optimum toughnesSs)(See Figure B.22).
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S
ey ey /\
O
Mifcrostructure | Chemical composition | Type of powder Smte:é:%ondl- Etchjng agent
Fe-17 %Cr- &1
B12-1 12 %Ni-2 %Mo Atomized AQ 1250°C Glyceregia
\\‘(
Figure B.20 — Microes%‘a‘?ture B12-1
-

Mirté%ructure Chemical composition | Type of powder Smtel;lizi :ondl- Etchlmg agent

B12-2 Fe-17 %Cr-1 %Mo Atomized 1250°C Vilella

Figure B.21 — (Microestructure B12-2)

© IS0 2022 - All rights reserved
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Microstructure |Chemical composition| Type of powder Smte?izigg{a' Etching agent
B12-] Fe-11 %Cr Atomized 1350°C Vilella
\%

B.13 Copper-based alloys for structural parts ®$

Figure B.22 — (Microestructures\@ZB)

\‘QQ'

N\

Brass, bronze and nickel-silver shows alpha-phasq)}}t icrostructure same as microstructure B2-[ (see
i

Figure B.1) but with less porosity. They should be\g
boundaries qre observable. O

ered to the point where very few original pdrticle

C)\
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Annex C
(informative)

Equivalence of standards of powder metallurgy materials

Tables C.1 to C.5 present the equivalence between standards published by different organizations
related to powder metallurgy materials.

Table C.1 — Materials for bearings
Makerial category Materlal sub- Reference standards or equivalences
according category  |I1SO5755:2012|  DIN 30910- MPIFStd  |/ASTM B783- JISZ
to ISO 5755 3:2004-11 35:2019 19 2550:2016
C-T10-K110 |— CT-1000-K19 ) [CT-1000-K19 [|C-T10-K110
C-T10-K140  |Sint-A50 CT-1000*K26  |CT-1000-K26 [|C-T10-K140
Bronze C-T10-K180  |Sint-B50 CT-1000:K37  |CT-1000-K37 ||C-T10-K180
— Sint-C50 €141000-K40  [CT-1000-K40 |-
C-T10G-K90 |— < — C-T10G-K90
C-T10G-K110 |— — — C-T10G-K110
C-T10G-K120 |Sint-A51 CTG-1001-K17 |CTG-1001-K17 |C-T10G-K120
C-T10G-K170 |— — — C-T10G-K170
Nomfh rous materials C-T10G-K160 {Sint-B51 CTG-1001-K23 gggi-l(m C-T10G-K160
bronafwithgrapie e | - el T
- Sint-C51 CTG-1001K34 [S08 o |-
C-T10G-K115 |— — — C-T10G-K115
— — CTG-1004K10 [S0% |-
- — CTG-1004K15 |S0% o |-
Bronze-Lead- - . . CTG-1001- -
Graphite K23-MOD
F-00-K170 Sint-A00 F-0000-K15 F-0000-K15 [|[F-00-K170
Iron F-00-K220 Sint-B00O F-0000-K23 F-0000-K23  [[F-00-K220
— Sint-C00 — — —
= — F-0005-KZ0 F-0005-K20 | —
ron-carbon — — F-0005-K28 F-0005-K28 |—
— — F-0008-K20 F-0008-K20 |—
— — F-0008-K32 F-0008-K32 |—
— Sint-A10 FC-0200-K20  |FC-0200-K20 |—
FC-00C2-K200 |Sint-B10 — — FC-00C2-K200
FC-00C2-K250 | Sint-C10 FC-0200-K34  [FC-0200-K34 |FC-00C2-K250
— — FC-1000-K20  |FC-1000-K20 |—
— — FC-1000-K30  |FC-1000-K30 |—
— — FC-1000-K40  |FC-1000-K40 |—
Iron-copper F-03C22-K150 |— — — F-03C22-K150
— Sint-A20 FC-2000-K25  |FC-2000-K25 |—
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Table C.1 (continued)

Material category

Material sub-

Reference standards or equivalences

according category  |1S05755:2012|  DIN 30910- MPIFStd | ASTM B783- JISZ
to IS0 5755 3:2004-11 35:2019 19 2550:2016
— Sint-B20 FC-2000-K30  |[FC-2000-K30 |—
— — FC-2000-K40  |[FC-2000-K40 |—
F-03C22G-K150 | — — — F-03C22G-K150
F-03C22G-K200 | — — — F-03C22G-K200
F-03C25T-K120 | — — — F-03C25T-K120
— — EC-0205-K20 EC-0205-K20 |__
— — FC-0205-K35  |FC-0205-K35 |— ~ |/
Ferrous materifls for — — FC-0208-K25 FC-0208-K25 (TQV
EZ??&%}S_:&;;’S'Z ron-cop- — Sint-B11 FC-0208-K40  |FC-0208-K4G- -
iron-carbon grgphite — — FC-0508-K35 FC-05M\Q —
V)
Lreorr_‘;‘r’g;m — — FC-0508-K46 F<(‘;‘->®8-K46 —
N
— — FC-2008-K44 ~|FC-2008-K44 |—
— — FC-2008-K46  |FC-2008-K46 |—
— Sint-A22 — oV — —
— Sint-B22 — \\>\\ — —
FDCT-
— — ‘ PFDCT-1802-K22 | 100> o —
e
FDCT-
— - ’$ FDCT-1802-K31 | 100 nr | —
K\ FDCT-
— —. FDCT-1802-K39 | g ng [—
N FCTG-
F-03C36T-1<20\é‘ FCTG-3604-K16 |3 0,1 |F-03C36[-K90
\J FCTG-
Iron-bronze F—OB(f TK120 | — FCTG-3604-K22 3604-K22 F-03C367T-K120
F-Q30A5T-K70 | — — — F-03C45[-K70
F.08C45T-K100| — — _ F-03C451-K100
CFTG-
%\@ — — CFTG-3606-K14 |50 "0, |—
CFTG-
?Q — — CFTG-3606-K22| 50 vny | —
\ad F-03G3-K70 |— FG-0303-K10  |FG-0303-K10 |F-03G3-K70
€§ron-carbon F-03G3-K80 |— FG-0303-K12  |FG-0303-K12 |F-03G3-K80
&?‘ graphite — — FG-0308-K16 |FG-0308-K16 |—
S — — FG-0308-K22  |FG-0308-K22 |—
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Table C.2 — Iron based structural parts

Reference standards or equivalences
Mat‘;l(;ici:)lrcdai':ggory Material sub- DIN 30910- d
to IS0 5755 category  |1S05755:2012| 4 352010 |13 | 2ss0:2016
2010-03
_ — F-0000-10 F-0000-10 —
F-00-100 Sint-C00  |F-0000-15 F-0000-15 F-00-100
F-00-120 Sint-D00 | — — F-00-120
F-00-140 Sint-E00  |F-0000-20 F-0000-20 F-00-140
F-05-100 — F-0005-15 F-0005-15 -05-100
As-sintered  |F-05-140 Sint-CO1  |F-0005-20 F-0005-20 - |[f-05-140
F-05-170 Sint-D01  |F-0005-25 F-0005-25) " |§-05-170
— — F-0008-20 F-000820° ||
Ferroyis materials for F-08-170 — F-0008-25 F,0008-25 F-08-170
structjural parts: ron
and cdrbon steel F-08-210 Sint-C01  |F-0008-30  |F-0008-30 §-08-210
F-08-240 SintD01  |F-0008-35  C1£-0008-35 §-08-240
F-05-340H — F-0005-50HT |F-0005-50HT |F-05-340H
F-05-410H — F-0005-60HT |F-0005-60HT |§-05-410H
F-05-480H — B<0005-70HT |F-0005-70HT |F-05-480H
Heat-treated — — S:E})008-55HT F-0008-55HT |1+
F-08-450H — _|F-0008-65HT |F-0008-65HT |F-08-450H
F-08-500H — 2 |F-0008-75HT  |F-0008-75HT  |§-08-500H
F-08-550H  [=\ F-0008-85HT |F-0008-85HT |F-08-550H
— N FC-0200-15  |FC-0200-15 |-
F-00C2-140)  |— FC-0200-18  |FC-0200-18  |F-00C2-110
F-00C2H40  [SintC10  |FC-0200-21  |FC-0200-21  [F-00C2-140
F00€2-175  [SintD10 |FC-0200-24  |FC-0200-24  [f-00C2-175
‘—.v SintE10  |— — 1N
= — FC-0205-30  |FC-0205-30 |
()7 |rosc2230  |— FC-0205-35  |FC-0205-35  |F-05C2-230
Ferroyis materials for O :
zg;‘ft‘r‘éalg;;t; copper \(O F-05C2-270  |Sint-C10  |FC-0205-40  |FC-0205-40  |§-05C2-270
steel
??" F-05C2-300  |Sint-D10  |FC-0205-45  |FC-0205-45  |F-05C2-300
%Q — — FC-0208-30  |FC-0208-30 |
&?“ As-sintered  |F-08C2-270  |— FC-0208-40  |FC-0208-40  |F-08C2-270
S F-08C2-350  |Sint-C11  |FC-0208-50  |FC-0208-50  |F-08C2-350
F-08C2-390  [SmtDII | — — -08C2-390
F-08C2-410  |— FC-0208-60  |FC-0208-60  |F-08C2-410
— Sint-C21 | — — —
— — FC-0505-30  |FC-0505-30  |—
— — FC-0505-40  |FC-0505-40  |—
— — FC-0505-50  |FC-0505-50  |—
— — FC-0508-40  |FC-0508-40  |—
— — FC-0508-50  |FC-0508-50  |—
— — FC-0508-60  |FC-0508-60  |—
— — FC-0808-45  |FC-0808-45 |—
— — FC-1000-20  |FC-1000-20  |—
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