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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.
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Introduction

This part of ISO 4499 essentially covers the following topics:

— materials types and phases to be measured including the following:
— Ti(C, N) cermets;
— WC/Cubic carbide hardmetals;

— preparation methods to highlight differences between conventional WC/Co hardmetals and
materials containing cubic phases;

— linearanalysistechniquestoacquire sufficientstatistically meaningful data for phase quantification;
— hnalysis method to calculate representative average values;

— reporting to comply with modern quality requirements.

© ISO 2016 - All rights reserved v
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Scope

part of ISO 4499 gives guidelines for the measurement of microstrugtdral feature
d hardmetals and WC/Co hardmetals that contain additional cubic ¢arbides by mef
hiques only using optical or electron microscopy. It is intended for sintered hardmetals
ented carbides or cermets) containing primarily inorganic carbides’and nitrides as the
hlso intended for measuring the phase size and distribution by the linear intercept tech

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

4499-1:2008, Hardmetals — Metallographic determination of microstructure
omicrographs and description

1499-2:2008, Hardmetals — Metalldgraphic determination of microstructure — Part 2: M
C grain size
Terms and definitions

he purposes of this.do¢ument, the following terms and definitions apply.

D
carbonitride‘or cubic carbide phase size <0,2 pm, respectively

1 to entry: Measured by the mean-linear-intercept method described in ISO 4499-2.

5 in Ti(C,N)
allographic
(also called
hard phase.
nique.

ent and are
or undated
ES.

Part 1:

easurement

ultr

afime

with carbonitride or cubic carbide phase size 0,2 pm to 0,5 um, respectively

Note

3.3

1 to entry: Measured by the mean-linear-intercept method described in ISO 4499-2.

submicron
with carbonitride or cubic carbide phase size 0,5 pm to 0,8 um, respectively

Note

1 to entry: Measured by the mean-linear-intercept method described in ISO 4499-2.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=f4a4d495d4e9bf3d78c618ceb7e373af

ISO 4499-3:2016(E)

3.4
fine

with carbonitride or cubic carbide phase size 0,8 pm to 1,3 um, respectively

Note 1 to entry: Measured by the mean-linear-intercept method described in ISO 4499-2.

3.5
medium

with carbonitride or cubic carbide phase size 1,3 pm to 2,5 um, respectively

Note 1 to entry: Measured by the mean-linear-intercept method described in ISO 4499-2.

3.6
coarse

with carbo]itride or cubic carbide phase size 2,5 um to 6,0 um, respectively

Note 1 to en

3.7

extra coarse
with carbo:[itride or cubic carbide phase size >6,0 um, respectively

Note 1 to en

3.8
Ti(C, N) cel
TiCN-based

may also influde Mo

Note 1 to ent[’y: The balance being substantially a hard phase-dnd a few minor impurities.

Note 2 to en

also include farbonitrides of (Ti,Ta), (Ti,W) or (Ti,Ta, W3:

ry: Measured by the mean-linear-intercept method described in ISO 4499-2.

ry: Measured by the mean-linear-intercept method described in ISO 4499-2.

mets
cermet contains 3 to 30 weight % of a binder phasé&mainly composed of Co and/or Ni, but

ry: The hard phase is mainly composed of-titanium carbide, nitride and/or carbonitride, butf may

Note 3 to enfry: These materials typically contain-hard phases that can have grains with a core/rim structufe.

39
WC/Cubic ¢

arbide hardmetals

hexagonal WC-based hardmetals dontaining substantial amounts of a carbide having a cubic lattice,

such as, forfexample TiC or TaC, and which can contain W in solid solution

Note 1 to en]
Note 2 to en

3.10

phase regipn

single const

ry: These materialsitypically contain hard phases that may have grains with a core/rim structyre.

ry: See Table<k

ituent of the hardmetal like WC, cubic carbide or binder

4 Symbols and units

A area, in square millimetres (mm?2)

ECD  Equivalent Circle Diameter of a specified phase, in micrometres (pum)

L total line length in a specified phase, in millimetres (mm)

I mea

Zli sum

sured length of individual intercepts in a specified phase, in micrometres (um)

of the measured length of each individual intercept
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m

Mmax

Mmin

ISO 4499-

arithmetic mean linear intercept in phase x, in micrometres (um)
number of grain boundaries traversed in or between specified phases
number of WC, carbonitride or cubic carbide grains intercepted
magnification

maximum magnification

minimum magnification

3:2016(E)
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or \;Iﬁme) and_dividing the total value of the parameter (length, area or volume) by the nu

Principle

part of ISO 4499 addresses the issue of good practice for the measurement of amean
phase and binder phase size in hardmetals other than straight WC/Co. Itcrecommends
r intercept technique for obtaining data on feature sizes. The measurements are to be
practice for the preparation of suitable microstructures for examination outlined in IS

ods of metallographic preparation and etching techniques are“as important as the]
urement method (see also ASTM B 657, ASTM B 665, Reference [1] and Referencs
ods are described in ISO 4499-1. Further relevant information is given in Clause 8. T
s of hardmetal considered are those that contain cubiccarbides as well as WC and th
d on TiC or Ti(C,N).[3][4][5] A cubic carbide phase is-defined as a carbide having a ¢
as, for example, TiC or TaC, and which usually alse ¢ontains W in solid solution aftg
e materials typically contain hard phases that have’grains with a core/rim structure. G
sure these internal details are included in ISO 4499-2:2008, Annex A.

most direct way to measure the phase size is:6 polish and etch a cross-section of the mic

alue for the
the use of a
made using
0 4499-1.

phase size
[2]). Basic
he principal
bse that are
ubic lattice,
r sintering.
uidelines to

rostructure

then to use quantitative metallographie-techniques to measure a mean value for the fleature size,

1 by area counting or by linear intercept techniques.
following are three ways by which'the mean size by number of the various phases can |
by length (of a line across a2D.section of a phase);
by area (of 2D sections 6f phase regions);

by volume (of individral phase regions).

ber averagedsiobtained by counting each measurement of the parameter of interest (

meter counted.

in tl1e following several ways, for example:

valuesfor phase size most used to date have been based on a length parameter. This can

e defined:

ength, area
nber of this

be obtained

— by parallel lines or circles as described in ASTM E112;

— by linear intercept, called the Heyn method, from a straight line drawn across the structure;

— by equivalent circle diameter (see ISO 4499-2), this is obtained by measuring hard phase grain
areas and then taking the diameter of a circle of equivalent area.

6 Apparatus

6.1 Metallographic optical microscope, or other suitable equipment permitting observations and
measurements on a screen up to the required magnification.

© ISO 2016 - All rights reserved
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6.2 Scanning electron microscope, permitting observations and measurements of features too small
to be resolved with an optical microscope.

6.3 Equipment for preparation of test-piece sections.

Phase size measurements are obtained from images of the microstructure. ISO 4499-1, ASTM B 657
and ASTM B 665 should be consulted for best practice in the preparation of surfaces for imaging.

Structural images are usually generated by either optical microscopy or Scanning Electron
Microscopy (SEM). For accurate measurements, it is better to use scanning electron microscopic
images. Even in coarse grained materials, the imaged surface cuts through a substantial number of the

corners of grains giving a proportion of small intercepts that can only be measured accurately usin
scanning electron microscope.

Measurements of intercept lengths from the acquired images can be obtained manually or §
automatically using image analysis. Automatic image analysis can be used in some)¢circumstances

when the i
those with

ages are fairly coarse and good contrast can be obtained but for many materials, espeg
Very fine grain sizes, good images are difficult to acquire and are generally not amenab

automatic analysis.

For the ult
using conv
recommend
higher reso
0,2 um. For
Microscopyj
severe. Caf
combinatio

7 Calibrx

To give reli
scale trace3

For images
obtained us
illuminatin
resolution

For images
under the s
the hardme]

rafine and nano structural materials, good images are particularly difficult to acq
bntional scanning electron microscopes with tungsten filfament electron sources.

ed for these materials that a field emission SEM is used.{These systems give significz
ution images, sufficient to measure materials with mean(intercept sizes of about 0,1 y
materials with ever smaller grain sizes, it can be necessary to use Transmission Eleg
(TEM). However, the problems of sampling and,specimen preparation are particu
eful specimen preparation for good images.is\Vital for these materials and oft
h of etching methods is helpful (see ISO 4499-1).

ation

hble quantitative measurements,imadges shall be calibrated against a stage micromet
ble to a National Reference Standard.

obtained from an optical-microscope, an image of the calibration graticule shall als
ing the same objectives (ahd internal magnification step changers or zoom position)

b the

emi-

ially
le to

uire
It is
intly
m to
tron
larly
N a

P or

o be
and

b technique. The microscope shall be set up for Kohler illumination to obtain the maxijum

see Reference [6]).

obtained from(d)Scanning electron microscope, images of the graticule should be obtafined

hme conditions (accelerating kV, working distance, illumination aperture) as those use
tal.

d for

8 Prepalration of test samples

8.1 Metallographic preparation

The basic steps for good metallographic sections of hard materials are given in detail in ISO 4499-1:2008,
6.1 for sectioning, mounting, grinding, lapping, polishing and cleaning, except for the final polishing
stage for these materials, which was performed using colloidal suspension of silica (at 40 nm particle
size) on a napless silk cloth. Appropriate etching methods for cermets and hardmetals containing cubic
carbides are outlined in 8.2 and 8.3, respectively.

8.2 Ti(C, N) based hardmetals - cermets

The preparation of the test samples is recommended to be according to ISO 4499-1:2008, 6.2.1 by using
etching technique 1. The conditions of etching in mixture A should be changed to approximately 20 °C

© ISO 2016 - All rights reserved
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for 30 s to 60 s. Representative images of typical cermets are shown in Figure 1 to Figure 5 for both
optical and electron microscopical techniques. The SEM images show that many of the hard phase
particle have a core/rim structure, where the dark “cores” are undissolved Ti(C,N) from the original
powder mix and the grey “mass” are (Ti,W,X)(C,N) structures, of the same orientation as the “core”
formed during liquid phase sintering at high temperature.

£
=]

NOTE When using an optical microscope, major phases appear as binder phase (light blue),| undissolved
Ti(C,N) from original powder (dark blg ey), (Ti,W,X)(C,N) (grey) and TiN impurity (gold).

I 10 pm \,

Figyre 1 — Low binder ph ontent (6 wt %) commercial cermet, optical micrograph using oil
i% 1er'sion objective, original magnification x1 600

© IS0 2016 - All rights reserved 5
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E
=

10 pm
. .
r as binder phase (light blue), undiss¢lved

NOTE When using an optical microscope, major phases a
Ti(C,N) from|original powder (dark blue-grey), and (Ti,W,X)(C,&N (grey).
¥
bh

— Medium binder phase content (11 wt %) commercial cermet, optical micrograj

Figure 2
using oil immersion objective. Original magnification x1 600
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NOTE Major phases are binder phase (light), urg’sggved Ti(C,N) from original powder (da
(Ti,W,X)(C,N) of variable composition (pale grey). . (%)
A\

Figure 3 — Low binder phase coqﬁ& (6 wt %) commercial cermet, scanning ele
microscope secondary,

ron image, original magnification x30 000

3:2016(E)
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NOTE M
(TL,W,X)(C,N

Figure 4

Q
ajor phases are binder phase (light), undissolv@Ti(C,N) from original powder (dark grey}
of variable composition (pale grey).

— Medium binder phase con
microscope secondary electre

8.3 WC/Cubic carbide based h

In the former hardmetal micros@etural standard ISO 4499, this type of material was illustrated
ic carbide materials where the hard phase is given the Greek lett
in this update to the International Standard that the y name is retafined
ore precisely by linear intercept measurements. Preparation of sampl
ue 2 is as described in ISO 4499-1:2008, 6.2.1, i.e. etch in Murakami’s reagent
min; followed by etch in concentrated HCl (mixture B) for 10 s; followe

three examples of mixed WC/éub

as identifiel
but that the

the use of efching tec

(mixture A]
wash in wa

Four differg

. Itis recomme
size is defi

tent

B

O

metals

4\

ert cohol and a final etch in mixture A for 20 s.

wt %) commercial cermet, scanning electrg
mage, original magnification x30 000

and

with
er, Y,

es in

d by

riegrades of cubic carbide hardmetals are illustrated in the standard with compositions as

shown in Table T.

Table 1 — Composition of WC/Cubic carbide based hardmetals

Cobalt Tantalum Titanium Niobium
% % % %
Material 1 57 1,9 Trace Trace
Material 2 6,3 3,5 2,0 1,5
Material 3 11,5 1,9 Trace 0,4
Material 4 9,5 5,5 6,0 2,5

Representative images are shown in Figure 5 to Figure 12 (optical) and Figure 13 to Figure 20 (SEM).

© ISO 2016 - All rights reserved
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The optical images were obtained using an x100 oil immersion objective with a numerical aperture of
1,3 at nominal magnifications of x1 000 and x1 600. When using an optical microscope, major phases
appear as binder phase (white), tungsten carbide (blue/grey) and cubic carbide (pale orange).

The SEM images were taken under the same operating conditions, 9 kV accelerating voltage, 15 mm
working distance, secondary electron mode. The SEM images show the major phases binder phase
(black), tungsten carbide (light grey) and cubic carbide (medium grey).

-

I 20 um

20 p

Figure 5 — Ma $1, optical micrograph, original magnification x1 000
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I 10 pm

10 pm

E
=3
.
I 20 1M

Figure 7 — Material 2, optical micrograph, original magnification x1 000
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E
2

I 10 pm

Figure 9 — Material 3, optical micrograph, original magnification x1 000

© ISO 2016 - All rights reserved
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10 ym

I 20 pm

Figure 11 — Material 4, optical micrograph, original magnification x1 000
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10 ym

Figure 13 — Material 1, SEM micrograph, original magnification x20 000

© IS0 2016 - All rights reserved 13
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Figure 14 — Material 1, SEM micrograglg'original magnification x25 000
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I 10 um

Figure 15 — Material 2, SEM noli'&'
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ograph, original magnification x10 000
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10@

)
Figure 17 — Material 3, SEM mi'é'\ograph, original magnification x15 000

ISO 4499-3:2016(E)
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10 pms

Figure 19 — Material 4, SEM mi&%graph, original magnification x15 000
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