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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 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. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft Internation
adopfed by the technical committees are circulated to the member bodies for voting. Publi
Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Atterftion is drawn to the possibility that some of the elements of this document may'\be the sub

rights

ISO (14168 was prepared by Technical Committee ISO/TC 119, Powder metallurgy, Subcom
Sampling and testing methods for powders (including powders for hardmetals).

. ISO shall not be held responsible for identifying any or all such patent rights;

al Standards
cation as an

ect of patent

mittee SC 2,

This second edition cancels and replaces the first edition (ISO 14168:2003), of which it constifutes a minor

revision.
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Introduction

Sintered materials generally have a porous structure. There is, however, one group of metallic materials in
which the porosity is greatly reduced by filling the open pores with lower-melting-point alloys, a process made
possible by the capillary action of the pores. This group of materials is called infiltrated materials.

In most cases, this process is carried out as the infiltration of copper or copper-base alloys into higher-melting-
point skeletons.
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hting powders.

ormative references

ollowing referenced documents are indispensable for the application of \this documen
nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

2738, Sintered metal materials, excluding hardmetals — Permieable sintered metal
(mination of density, oil content and open porosity

325, Sintered metal materials, excluding hardmetals — Detérmination of transverse rupturg

927, Metallic powders, excluding powders for hardmetals — Determination of compressibil,
ression

995, Metallic powders — Determination of green*strength by transverse rupture of rectangy

1492, Metallic powders, excluding powders for hardmetals — Determination of dimensiq
Ciated with compacting and sintering

1498, Sintered metal materials, (excluding hardmetals — Determination of apparent h
hardness

Principle

hfiltrant is placed in.Gontact with a skeleton, usually of iron-base composition, and both con
d above the meltihg point of the infiltrant.

hfiltration efficiency and loose residue are calculated.
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ed document

materials —

strength

ty in uniaxial

ar compacts
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4.2

4.3

Compression testing machine or hydraulic powder press, capable of applying the required pressure.

Compacting tools, for producing the required specimens and infiltrant compacts.

Furnace, muffle type or equivalent, having a heating chamber capable of maintaining a

temperature

of 1 120 °C + 8 °C; it shall have a reducing atmosphere in the hot zone while maintaining a non-oxidizing
atmosphere in the cooling chamber.

4.4

4.5

©1SO

Balance, suitable for weighing accurately to within 0,01 g.

Micrometers, capable of measuring to 0,005 mm.
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5 Test specimens

5.1 To test an infilirating powder, the preferred skeleton to be infiltrated is 25 mm diameter by 12,7 mm
height (see ISO 3927). The skeleton may be infiltrated simultaneously with sintering, or in a separate step after
sintering. The use of a one-step or two-step infiltration shall be a matter of agreement between parties, since
final part properties depend on the infiltration steps.

The composition of the skeletons, including the type of material and the green density, shall also be a matter of
agreement between the parties concerned. The uniformity of the skeletons may be determined by measuring

the mass. The mass shall not vary from the mean by more than +0,5 %.

5.2 The rg

commended infiltrant compact is a cylinder nominally 12,7 mm in diameter compacted{r

copper or copper-base infiltrant mix. Normally the infiltrant mix shall also contain a dry lubricant. The compo|

of the infiltra
be a matter
determined b

5.3 Thers
Since the in
agreement b

ht, including the type of lubricant and the mass and green density of the infiltrant compact,
pf agreement between the parties concerned. The uniformity of the infiltrant compacts sh
y weighing. The mass of any compact shall not vary by more than 0,5 % from,the mean.

commended infiltrant compact, when placed on the skeleton, has a contact area of 126,5
iltrant loading mass per unit contact area can affect the test results,-this shall be a mat
btween the parties and shall be reported in the test report.

5.4 An alte¢rnative specimen is the transverse rupture bar described in{JS® 3995, ISO 4492 and ISO

The advanta
infiltrant effic

5.5
sintered or g
any availablg
density a ma
shall not vary

6 Proced

6.1 Weigh
infiltrant bein

The density

pe of using this specimen is that the transverse rupture strength can be measured, as well g
ency.

reen density that are acceptable to the parties concerned. Likewise, the infiltrant compact m
shape that is acceptable to the parties coneerned, with composition, lubricant, mass and
ter for agreement between the parties congerned. The mass of the skeleton and infiltrant cor

by more than 0,5 % from the mean.

ure

the skeleton specimens-and accurately measure the dimensions. Three specimens for
g evaluated shall be prepared.

Df the skeleton js\determined either by calculation from the mass and dimensions or by wei

in air and water as describedvin ISO 2738. If the method of ISO 2738 is used to determine the density, d

use any speq
three additio
of the same

infiltration. T

imen that was used for water displacement density testing for subsequent infiltration. In this
hal specimens shall be made for the density measurement. These three specimens shall be
powder.mix and according to the same procedure as the skeleton specimens to be used fq
he-reported density of the skeleton specimens shall be the calculated mean value of the

specimens.

om a
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il be
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er of

B325.
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Alternatively, skeleton specimens may be made of any\iron-base structural piece, of composition and

hy be
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each
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The skeletons are placed on a suitable tray or container for transporting the specimens through the infiltrating
furnace. The type of tray or container shall be agreed upon by the interested parties. Care shall be taken to
avoid contact with materials that would react with the skeleton or the infiltrant. The skeletons are normally
positioned with one punch face surface facing up.

6.2 The weighed infiltrant compact shall be approximately centred on the upward-facing punch face surface.
The symbol for this mass is m1. The use of a small amount of sticky sucrose solution or other adhesive between

© 1SO 2011 — All rights reserved
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the two parts, or some other method of keeping the infiltrant compact in place, shall be a matter of agreement
between the parties concerned. The specimens shall not touch each other but shall be spaced well apart.

A reference infiltrating powder, which has been agreed upon by the parties concerned, shall be run at the same
time as the infiltrant under test. Comparison between the reference and the tested infiltrant serves to verify that
the test conditions, particularly furnace conditions and atmosphere, are not abnormal.

Extra skeleton specimens shall also be run through the infiltrating furnace cycle without an infiltrant compact in
contact. After the furnace treatment, the mass of these extra specimens shall be determined (m2). This value
represents the mass of the original skeleton adjusted for the mass loss in the furnace treatment resulting from
the reducible oxides, decarburization, loss of other volatiles, and the volatilization of lubricants when green

skeleten-specimens-are-used-

6.3 | Specific infiltration conditions shall be a matter of agreement between the parties)con
suggested that the following infiltration data be determined and recorded:

eat-up time and rate, cooling time and rate, time at temperature;

ange of furnace temperatures during infiltration;

rnace atmosphere, including moisture content at inlet to furnace or.sampled from the hot 2
ate of flow with respect to the cross-section of the furnace hearth.

6.4 | Observe and note the appearance of the infiltrated specimeéns as each tray is removed fron

Weigh each infiltrated specimen plus any residue, taking precautions to include the mass of any |
whiclh may have fallen off. Any loose residue lying in the“tray shall be assigned to this mass
estal

mear mass of the infiltrated specimens is given the gymbol m3.

Rem
In th
which produce a slightly adherent “button*Wwill require a scraping action to remove this form of re
weighing the specimen. The mean mass_of the cleaned infiltrated specimens is given the symbol

bve all loose residue by inverting the infiltrated specimens and reweigh with the loose reg

Exa

comy]
the 4
conc
entry
of inf

ine the infiltrated specimenSsurfaces, especially the one that has been in contact with
act, using approximately #0-< magnification. Record the presence of adherent residue. Evaly
mount of erosion. The-different erosion ratings shall be established by agreement betwee
brned. In addition tocreporting erosion rankings, data shall also be reported as to the amou
per unit area which produced that erosion rating. The amount of erosion tends to increase a
Itrant per unit atea’increases.

NOTH
canb
canb

Generally, any infiltrant is considered unacceptable if there is any residue adherent to the infiltr
b determined by inspection as described above. If quantitative measures are desired, the amount of ad
e determined by the difference in mass before and after removing any adherent residue by grinding o

cerned. It is

one, and the

the furnace.

pose residue
if it can be

lished that it has definitely come from this particular specimen and not from one of its neighbours. The

idue absent.

case of a residue-free powder, the infiltrated specimens can be weighed as they are. Those infiltrants

sidue before
m4q.

the infiltrant
ate and note
n the parties
nt of infiltrant
s the amount

hted part. This
hering residue
r filing.

$

donanimanc

6.5

o
T oPToITICTToT

The change in dimensions of the infiltrated test specimens may be determined by calculating the change in
dimensions before and after infiltration and is expressed as a percentage. The dimensional change can also
be reported as the change in dimensions after infiltration based on the die dimensions using the formulae given
in ISO 4492.

6.6 Determine the density of the infiltrated specimen either by calculation from the mass and dimensions or
by weighing in air and water as described in ISO 2738.

6.7 Determine the transverse rupture strength of the infiltrated specimens using the procedure described in
ISO 3325 when the transverse rupture specimen is used (see 5.4).
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6.8 Determine the hardness of the infilirated specimens using the procedures described in ISO 4498.
The location of the positions for hardness determination shall be a matter of agreement between the parties
concerned.

7 Calculation and expression of results
7.1  Calculate the gross infiltration efficiency by the following formula:

Efficiency, % = 4 "2 . 100
my

where
my4 is the mass of the infiltrated specimen, in grams, after residue has been removed;
my is the mass of the sintered, uninfiltrated specimen, in grams (see 6.2);

mq is the mass of the infiltrant compact, in grams.

7.2 Calculpte the loose residue amount as follows:

Residue| % = 73~ ™4 . 100
my

where
m3 is the mass of the infiltrated specimen, plus all residue, in grams;
my4 is the mass of the infiltrated specimen, in grams, after residue has been removed;

m4 is the mass of the infiltrant compact, in grams:

8 Test report

The test repgrt shall contain the following information:

a) composition, mass and density of'the skeleton specimen;

b) identity or composition, niass and green density of the infiltrant used;

c) infiltrant{loading density;

d) infiltratign furnace conditions, including temperature, time, atmosphere and rate of flow;

e) appearance of'infiltrated specimens;

f)  erosion rating;

g) efficiency to the nearest 1 %;

h) residue amount to the nearest 1 % (anything less than 1 % is reported to the nearest 0,1 %);
i) dimensional change;

j)  infiltrated density;

k) transverse rupture strength, if determined;

[)  hardness.
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