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ISO 1

introduction

The measurement of the permeability of a packed”pow
laminar gas flow is the basis of this International Standa
mination can be made either at constant pressure drop
flow) or at variable pressure drop (constantwolume).

The permeability measured is influenced by the porosity o
a given particle shape, the values of (permeability and pg
used to calculate a specific surface "area of the powder
equations of different types.

The surface area so calculatéed jincludes only those walls ¢
the bed which are swept by<the gas flow. It does not take
closed or blind pores. It is.defined as the envelope-specific
It may be very different” from the total surface area o
measured, for instance, by gas adsorption methods.

A single equatiof®is used in the standard methods desct
entails certaindimitations with respect to the type of po
shape) and.-the porosity of the powder bed for which the
plicable. Consequently this is not an absolute method,
obtained:-depends upon the procedure used and the assu

The_specific surface area determined can be converted
equivalent spherical diameter (see definitions, clause 3).
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INTERNATIONAL STANDARD

1SO 10070:1991(E)

Metallic powders — Determination of envelope-specific
surface area from measurements of the permeability to air of

a p0\|v

1 Scope

1.1 Thik International Standard specifies a method
of measpring the air permeability and the porosity
of a pagked bed of metal powder, and of deriving
therefrom the value of the envelope-specific surface
area.Thg permeability is determined under steady-
state flolw conditions, using a laminar flow of air at
a pressure near atmospheric. This International
Standard does not include the measurement of ‘per-
meability by a constant volume method.

Several [different methods have been proposed for
this determination, and several instruments are
availabl¢ commercially. They giveysimilar, repro-
ducible [results, provided the general instructions
given in| this International Standard are respected
and the fest parameters areidentical.

This Intgrnational Standard does not specify a par-
ticular ¢gommercial_‘apparatus and corresponding
test progedure. However, for the convenience of the
user, an| informative annex has been included (an-
nex A) whichpis intended to give some practical
informatjon on'three specific methods:

der bed under steady-state flow conditions

1.2 This method i§ applicable to all

metallic pow-

ders,
1000 pm in digameter, but it is gene
particles haying diameters betweer
50 pum. It should not be used for powd
of particles whose shape is far from
flakes\or fibres, unless specifically ag
tween’'the parties concerned.

This method is not applicable to mixtu

including \powders for hardnLetaIs,

up to
ally used for
0,2 um and
ers composed
equiaxial, i.e.
Feed upon be-

es of different

metallic powders or powders containing binders or

lubricant.

If the powder contains agglomerates,
surface area may be affected by the
glomeration. If the powder is subje

the measured
degree of ag-
rted to a de-

agglomeration treatment (see annex B), the method

used shall be agreed upon betwee
concerned.

2 Normative references

The following standards contain pro
through reference in this text, constit
of this International Standard. At the

h the parties

isions which,
ite provisions
time of publi-

cation, the editions indicated were v

lid. All stan-

— the Lea and Nurse method, involving an appara-
tus which can be built in a laboratory (see A.1);

— the Zhang Ruifu method, using similar equipment
(see A.2);

— the Gooden and Smith method, involving an ap-
paratus which can be built in a laboratory but for
which a commercial apparatus also exists (see
A3).

These methods are given as examples only. Other
equipment available in various countries is accept-
able within the scope of this International Standard.

dards are subject to revision,

and parties to

agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

1ISO 3252:1982, Powder metallurgy — Vocabulary.

ISO 3954:1977, Powders for powder metallurgical
purposes — Sampling.

ISO 4022:1987, Permeable sintered metal materials
— Determination of fluid permeability .
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3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 permeability: Ability of a porous material to al-
low a fluid to flow through it.

NOTE 1 In this

3.2 interstices:

standard, the fluid used is dry air.

Spaces between particles in a

national Standard, as being equal to the effective
volume, as determined by liquid pyknometry.

3.5 envelope density: Mass of a powder bed div-
ided by its envelope volume. The envelope density
may be less than the solid density when particles
contain pores that do not contribute to the gas flow
through the bed.

3.6 mass-specific surface area: The surface area
of a powder divided by its mass. This area depends
on the type of method used for its determination.

powder bed, th

3.3 permeabl
ided by the vol

3.4 envelope v

ough which the air flows.

porosity: Volume of interstices div-
me of the bed.

olume: Volume occupied by the par-

ticles in a powder bed, excluding the volume of the

interstices. In
comprises the
volume of all t
gas flow (clos
surface microp
this volume c
method, it is t

permeametry, the envelope volume
volume of the solid matter plus the
ne pores which do not contribute to
bd pores, blind pores, micropores,
bres, surface roughness, etc.). Since
nnot be measured by any known
ken, for the purposes of this Inter-

3.7 envelope-specific surface area: The ‘gpecific
surface area of a powder as determined py gas
permeametry in accordance with this, Internjational
Standard.

3.8 volume-specific surface area: The surfage area
of a powder divided by its effective volume [i.e. by
its envelope volume).

3.9 equivalent sphere’ diameter: Diameter df theo-
retical non-porous“spherical particles of identical
size, with which the same method of permepmetry
as that used\ for the powder under examfination
would givécthe same volume-specific surface|area.
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4 Symbols and their meanings

Table 1 — Symbols used in the text

Symbol Meaning Unit Observations
Powder bed
A Cross-sectional area m? Area of whole cross-section of bed
perpendicular to flow direction:
2
nd
A= 4
d Diameter of measuring cell m
L Thickness (or height) m
m Mass of powder kg
0o Envelope density kg/m3
I’} Solid density kg/m3
. m
£p Permeable porosity gp=1-— Alo.
) m
£ Total porosity £=1— a7
Gas flow
q Volume flow rate m‘q/s Copverted to standard conditions
(STP)
p Mean gas pressure N/m?2
Ap Pressure drop N/m?
n Viscosity of gas Ns/m?
T Temperature of gas K
M Molar mass of gas ka/mol M = 0,029 kg/mol for air
R Molar gas constant J_ R =831 J
mol - K mol * K
Calculation
K Kozeny-Carman factor For the purposes of this Inter-
national Standard, K =5,0
6K, Compound ¢onstant For the purposes of this Inter-
national Standard, the generally
accepted value of 2,25 is used
Sw Mass-specific surface area mz/kg
Sy Velume-specific surface area mt Sy =0,5,
[ Permeability m2
D Equivalent sphere diameter m D= 6 __ 6
SV geSw
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5 General

91(E)

principles

5.1 Basically, permeametry is the experimental

determination of the permeability @ of a powder

bed, the porosity of which is known.

The permeability is determined by measuring the
volume flow rate ¢ and the drop in pressure Ap of a
dry gas (generally air) continuously traversing the
bed under laminar flow conditions.

The permeabi

ity coefficient is then calculated from

Darcy’s law:
qnL
= ()
A Ap
5.2 The Carfnan-Arnell equation relates specific

surface area {o the porosity and permeability of a
packed bed of powder, and takes into account both
the viscous flgw and the slip flow. This equation can

be written:
2
& & 8 2RT
¢ —_— —p .—._.._P_._ + —_— X
Ky 512/(1 — Sp)2 3 M
ok ne
A .2
pSV(1 - ll3p)

The solution

bf equation (2), which is quadratic in

Sy, can be simplified by calculating the value of twe
terms, the Kozeny term Sy and the slip flow \term
S, and then gombining them to give Sy.

The Kozeny tgdrm Sy is given by the equation

3
A Ap e,

Sy= [ +——— .. (3
K \/K(1—5p)2L11q )

This term ig
equation for |
surface area g

identical_“t0~ the Kozeny-Carman
b, and gives the contribution to the
f the powder due to streamline flow.

Sy = (D)

The equivalent sphere diameter D is given by

-6 _ 6
D= =t ..(8)

The Carman-Arnell equation (2) shall be used when
the volume-specific surface area is greater than
10°m~" (mean particle size less than 6 pm), be-
cause the slip flow component of the permeability

e X " iseous flow
term.

For coarser powders, the Kozeny{Carman
equation (3) may be used by agreetment between the
parties concerned; the error introduced by jneglect-
ing slip flow is about 10 % af 3 mean particle size
of 6 um and increases as the powder becomges finer.

The mass-specific surface area S,, is givenp by the
equation

3
&4 Ap
SW:\/ — ..(9)
50 (1 —¢,) gnlo.

5.3 The methods and instruments used in [practice
differ.depending on the way in which the|volume
flows rate of the gas and the pressure d.{:'op are

meéasured. Annex A describes three methods by
way of example: the Lea and Nurse method, the
Zhang Ruifu method and the Gooden anfl Smith
method.

5.4 The Kozeny-Carman relation applies oply over
a limited range of bed porosities, the raphge de-
pending on the type of powder. It applies|best to
equiaxial powders. The Kozeny factor K vafies with
the particle shape and particle size distribjtion. In
this International Standard, the value of K fis taken
to be 5,0 but other values may be used by agree-
ment between the parties concerned.

5.5 Due to the limitations noted in 5.4, the yariation
of the specific surface area as a function of porosity
shall first be determined experimentally |for any
particular type of powder.

The slip flow term\S;, is given by the equation
AN § TIRT _ 0%
n =TI X3 x 4
KlLg 3 M p(1—ep)
or, in the case of air,
(1—2)n
Sn=818s——"— T )
P&
Sy is then given by
S sE o,
Sy=—-+ 74 5% ... (6)

and the mass-specific surface area S, by

For example, make several successive determi-
nations of the permeability, using test portions of the
same mass from the same laboratory sample, and
packing the powder bed to give a decreasing series
of porosities. Over a certain range of porosities, the
specific surface area will be practically constant.
Only determinations made within this range shall be
taken as valid.

5.6 Inthe above equations, the permeable porosity
e, Of the powder bed and the envelope density g, of
the particles are used. They are related by the
equation


https://standardsiso.com/api/?name=21d36688a4dd8663d6121dc64353bb10

m
Tin ... (10)

ep=1—
The envelope density g, is equal to the solid density
only for smooth, non-porous particles. In such cases,

Ep'——E.

In all other cases, the envelope density g, shall be
measured by an appropriate pyknometric method.
The solid density value p, or another density, may
be adopted instead of the envelope density by
agreement between the parties concerned.

ISO 10070:1991(E)

6.3 Determination

Measure the thickness of the bed to within 0,25 %.
The temperature during the test shall not vary by
more than 4+ 3 °C from the temperature at which the
apparatus was calibrated.

Pass a constant flow of gas through the powder bed.
When the gas flow has stabilized, measure the flow
rate and pressure drop. The pressure drop shall be
small compared with atmospheric pressure (less
than about 4 000 N/m?), so that the effect of the

6 Procedure

6.1 Preparation of test portion

Sampling shall have been carried out in accordance
with 1SQ 3954. The test portion shall be taken from
the test[sample in the as-delivered state. Drying, in
an appfopriate atmosphere, or de-agglomeration
(see anmex B), is only permitted by agreement be-
tween the parties concerned.

Weigh the test portion to within 0,1 %.

6.2 Preparation of packed powder bed

The thidkness L of the bed shall be not less than
50 timeqd the mean patrticle diameter, and the bed
diametelr shall be not less than 100 times the mean
particle [diameter.

NOTE 2 | At the surface of a test bed, discontinuities oc-
cur due fo wall and end effects. These €effects are negligi-
ble (producing an error of ftess” than 2 % in the
permeabjlity), provided that the-diameter and thickness
of the tes$t bed are as specified-above.

The tes} portion is Keld in the cell by means of a
porous paper disc ateach end, and supported by a
rigid pefforated-plate.

Introdude the ‘test portion into the measuring cell in
one poyr,-gently tapping the side of the cell to settle

compressibitity—of—the—gas—is—negligible (see
annex A, clause A2, for a casé. [in which the
compressibility effect is taken intgZac¢ount and cor-
rected for).

If necessary, a blank test 'shall be tarried out to
correct for the effect of the“paper disc

7 Expression of results

The specificésurface area of the powddr is calculated
either by“using equations (3), (5) ang (6), or from
equation*(9).

The “result shall be expressed in terms of one or
more of the following quantities, using the units in-
dicated:

— mass-specific surface area S,,, in fquare metres
per kilogram or square metres pet gram;

— volume-specific surface area S, [n square me-
tres per cubic metre or square ce¢ntimetres per
cubic centimetre;

— equivalent sphere diameter D from equation (8),
in metres or micrometres.

8 Test report

The test report shall include the following infor-
mation:

a) a reference to this International Standard;

the powder. Pack the bed, covered with a porous
paper disc, using a piston with grooves or holes to
facilitate the expulsion of gas from the powder dur-
ing the packing operation. Packing is achieved by
applying a force slowly on the piston, up to a value
which will give a porosity in the desired range
and/or uniform packing of the bed.

NOTE 3 If there is evidence that the porosity of the
packed bed is not homogeneous, then incremental pour-
ing and packing is recommended.

Extract the piston using a rotary motion to minimize
disturbance of the powder bed.

b) all details necessary for complete identification
of the sample;

¢) the method and apparatus used;

d) any drying or de-agglomeration procedure used;
e) the density adopted (see 5.6);

f) the permeable porosity ¢, of the bed;

g) the equation used for the calculation of the
specific surface area;
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h) the value of the Kozeny-Carman factor if not j) details of any incident which may have affected
taken as equal to 5,0 (see 5.4); the test result;
i) the result obtained; k) any operation not specified in this International

Standard or regarded as optional.
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Annex A
(informative)
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Examples of methods of determining the permeability to air of a powder bed

A1 Lea and Nurse method

of bed porosities. The porosity range for

these determi-

nations is defined by the porosity range over which the

(see figure AT)

In this method, a steady-state flow of dry air is fed
first thropugh the powder bed and then through the
fixed capillary resistance of a flowmeter open to the
atmosphgre. The pressure drop Ap across the bed
is measyred by means of a manometer (reading #,)
and the| flow rate g by means of the capillary
flowmetdr (reading A,). The relationship between the
flow rate| ¢ and the flowmeter reading %, can be es-
tablished by a suitable calibration method.

Thus the|Lea and Nurse method is an absolute one,
as all th¢ quantities in equation (A.1) below are ei-
ther knoyn or measured:

t::;C,h,A

2
S 50(1— ep)QCzhangi o AD
where
C, is the calibration factor fori~the
manometer (Ap = C,h,);
C, is the calibration factor for the capillary

flowmeter (g = Coh);

the other symbols are as defined in
table 1.

In order fo increase the acteuracy of the permeability
determinjation, it is recommended that the flow rate
be adjusted to give thrée different values of A, and
three cofresponding’ manometer readings A,. The
mean of the three.values of the ratio A, /A, is used in
equation|(A. 1)

NOTES

specific surface area does not vary apprsg
eral, the bed porosity should be between*(

6 A linear relationship between .flow rat
drop indicates non-turbulent flow) ‘permit
the Carman-Arnell equation(2) or the H
equation (9).

eciably. In gen-
,45 and 0,7.

e and pressure
ing the use of
ozeny-Carman

7 It is recommended(that certified referenpce powders be

used periodically to-Check the accuracy
functioning of theXinstrument.

A.2 Zhang Ruifu method

A.2.1°°This method uses an apparal
principle to that described for the Lg
method, but the pressure drop Ap acro
bed can be up to 20 000 N/mm? More
determination by this method of the af
alent diameter Dy for a known value
the direct measurement of various typ
surface and diameter.

In order to allow for the air compreg
the basic Carman-Arnell equation (2)
ten:

2

€p p

A

ind the correct

us similar in
ba and Nurse
5s the powder
bver, a single
parent equiv-
of ¢,, permits
es of specific

sibility effect,
n 52 is writ-

&
» =" +
K1 si(1—e)  S1—2

where, for air at ordinary temperature

7 is the slip flow factor (ta
equal to 3,4);
A is the mean free path, exp

x ZA

en as being

Fessed at the
der bed, i.e.

mean pressure p in the poy

4 In order to test for bed uniformity, the determination
is repeated with different amounts of powder packed to
the same porosity or under the same packing force. If the
bed is uniform, the results will be the same.

5 When testing a new type of powder, it recommended
that its specific surface area be determined for a series

1 =0,097 x 10"6x';,—"

where p, is the standard atmosph
(101 300 N/m?).

eric pressure
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Air
I Al

Test portion
—— ——

ﬁ Sample tube
—————————

Open to

Figyre A.1 — The Lea and Nurse permeability apparatus with manometer and flowmeter

A.2.2 The experimental resuylts/are processed as
follows:

The viscous flpw volumesspecific surface area S
[the Kozeny tefm in_equation (2)] is first considered

atmosphere;

Then

a)

If Dy is greater than about 10 um, no s|ip flow
correction is required, and the final result/can be
calculated from the equations

and the corr¢spending viscous flow equivalent
sphere diamet¥r Sy = Sk
Dy = 6 D =Dy
Sk ,
Sk
Sy =
is calculated from the equation W e

36K (1—¢)’ L
Dy = Ol 19 (125 w10 © ap)
A Ap ¢,

If Dy is less than 10 pm, it is necessary to take
into account the slip flow component §,, of the
specific surface area. It is convenient to intro-
duce an intermediate quantity, the factor

defined b _ Om
f, define yﬂ_QSK
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This factor can be calculated from the equation
3 10,2(1 — ep)n
- spDK

rewritten as

1_89 nPn
3 X ———

= 10,2
f=102x P Dy p

where

ISO 10070:1991(E)

replaced by p, —p’, q has been replaced by C'p’
(where (" is the capillary constant of the flowmeter)
and both sides have been squared to give

5 8:;(]’0 —pHA
Sy = Py —
50 (1 —¢,) C'p'nlo,

L (A2)

The Fisher Subsieve Sizer" has been developed to
carry out this method. The apparatus includes a
sliding chart which gives a direct reading of the bed
porosity and the equivalent sphere diameter of the

1s 0,097 x 10 6 metres;

Pn is the standard atmospheric pressure
(101 300 N/m?).

The YViscous flow and slip flow components of the
specjfic surface area are given by the equations

g 6

= Dy
| 126
=Dy

The | final results are calculated using the
equations

powder
P

No knowledge of the parameterSip,| A, C' or 5 is
required, since the apparatus does not give an ab-
solute determination. The apparatus| requires cali-
bration; this can be done-using a refgrence powder
or a calibrated orifice simulating a pgwder bed.

The equivalent sphére diameter is|given by the
equation

180 C"(1 — ¢,) p'L

g .
Ae(py — ')

... (A3)

m
Alp,
Ag'the chart is designed for a mass of powder in the
bed corresponding to an envelope vglume of 1 cm
(i,e. m in grams is numerically efqual to g, in

where S 1—

Sy g/cm3), then
Bw =
Ce g, =1-— A
D P AL
K
o ——————————
’ / 2 where A is in square centimetres ahd L in centi-
ft1+F metres, and equation (A.3) can be written
- j p— <h A4
A.3 Gooden and Smith method T L N T <h -~ (A4)
(see figure A.2) ’
where
A.3.1 General , . )
C is the flowmeter constant| of the instru-
In this mmethod, dry-air is fed at a constant over- ment;
pressurg p,, fitst )through the powder bed, then . . . .
through|the fixed*capillary resistance of a flowmeter h 'Osf tx:tggnometer reading,|in centimetres
connected to the atmosphere through an adjustable '
capillary tube or needle valve. 11 is the overall pressure head of the regu-
A single reading p’' of the capillary flowmeter gives lator, in centimetres of water;
the f!ow rate.'The pressure drop through the powder A is the cross-sectional area of the powder
bed is then given by bed, in square centimetres;
— !
Ap=po—p L is the thickness of the powder bed, in

The specific surface area is calculated using the
Kozeny-Carman equation (9) in which Ap has been

centimetres.

1) Fisher Subsieve Sizer is the trade-name an apparatus supplied by Fisher Scientific Co., 711 Forbes Avenue, Pittsburgh,
PA 15219, USA. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of the apparatus named. Equivalent instruments may be used if they can be shown to lead to the

same results.
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Air pressure

control Po
Flowmeter resistances
Air (needle valves)
—— 7 —_— Open to atmosphere
e Range control
Standpipe — Vent , J
water level [F|[F 2 "ol
¥ o — ai
’ 5% L[ . N T d —at—Sliding chart
&
X % . 4 | Particle size
Constant :’V Drying agent g .
pressure ~g [[79] - Pointer —] i
regulator |}ﬂ ~ X —Sample height
X curve
Ry €
juu]
o o ——Lfed i
Rait
R Sample tube Filter paper Porosityseale
Rubber seal ~_|
rin !
g/ —_— \Crossbar
O]
) I Ap ~
PIY 9-4‘ —_” E< r===—Flowmeter manometer

Seal ring

Filter paper

f
>|< .
|| Manometer levelling Pillar

Test portion

Figure A.2 — $chematic diagram of the Fisher Subsieve Sizer apparatus used in the Gooden and Smith jnethod

The Fisher Sul}sieve Sizer includes two flow resist-
ances, each cqrresponding to a different measure-
ment range for the equivalent sphere diametet,
namely:
0,2 pm to 20 pm
and

20 pm to 50|pm.
A.3.2 Operating procedure
A.3.21 General

The instructionp stpplied by the manufacturer shall
be followed ex¢ept where indicated otherwise in the

— the condition of the drying agent.
A.3.2.2 Calibration of apparatus

Calibration shall be carried out in accordance with
the manufacturer’s instructions, using al| Jewel
calibrator tube as the primary standard. However, a
calibration check is recommended before and after
any single determination or series of determi-
nations. The calibrator tube shall be checKed fre-
quently for cleanness using a microscope.

A.3.2.3 Temperature of test
Make all particle size determinations within|[+ 3 °C

of the ambient temperature at which calibratijon was
carried out.

following sub-clauses. Particular attention shall be
given to proper maintenance of the apparatus, with
specific reference to the instructions on

— periodic checking of the water level in the

pressure regulator standpipe;

— the manometer level before the sample tube is
inserted;

— the sample packing assembly;

10

A.3.2.4 Mass of test portion

The mass in grams of the test portion shall be nu-
merically equal (within + 0,01 g) to the envelope
density of the powder in g/cm3.

The value of the solid density may be used rather
than that of the envelope density, but only if it is
known that the particles in the powder have no
pores, or by agreement between the parties con-
cerned.
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A.3.2.5 Determination of specific surface area

The determination shall be carried out in accord-
ance with the manufacturer’s instructions by the
same operator who has carried out the calibration,
or as agreed upon by the parties concerned.

A.3.2.6 Determination of porosity and mean sphere
diameter

A.3.2.6.1 Direct reading

ISO 10070:1991(E)

possible to test samples that are not compressed to
a porosity of 0,40 by increasing the mass of the test
portion normally specified. Corrections should be
made to the indicated porosity and mean sphere di-
ameter. Assuming that the test portion has an en-
velope volume of VV cm?® instead of 1 cm® (i.e. amass
of Vp, grams), the actual bed porosity will be

tp=1-[V(1—5)]

where ¢ is the porosity indicated on the chart.

No calculltion is needed when the porosity value is
in the range covered by the sliding chartgand the test
portion has an envelope volume of 1 cm™.

A.3.2.6.2 | Extension of the range of the apparatus

The charn supplied with the apparatus covers the
porosity fange from 0,40 to 0,80. However, it is

The mean cphprp diameter will he

.\ 3/2
D=DV (i)
i €,

where 1); is the mean djdmeter indigated on the
chart.

1"
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ISO 10070:1991(E)

B4 Genera

Annex B
(informative)

Preliminary treatment of powder for de-agglomeration

tribute throughout the sample any fine fraction which

has settled on the surface

This annex gi

es examples of methods which can

be used to brejgk down agglomerates in the powder

sample.

B.2 Rolling

Spread the poder out in a thin layer on glazed pa-
per and roll lightly with a glass rod.

B.3 Shaking

Place a sample of the powder in a clean, dry bottle

sufficiently larg
bottle and sha
unopened for
taking the test

e to be only one-tenth filled. Seal the
e vigorously for 2 min. Allow to stand
2 min. Remove the lid and, before
portion, stir the powder gently to dis-

B.4 Rod milling

This is of particular use in the dé-agglomeration of

refractory metal powders. Plage) a sample

of the

powder (30 g in the case of tungsten or molybdenum

powder, 50 g in the case(of tungsten carbif
der) in a 250 ml glass (reagent bottle, of dj

e pow-
ameter

about 60 mm, containing 50 tungsten rods, df length

about 75 mm and diameter about 4 mm, with

ground

surfaces. Seal the‘bottle and rotate for 60 min at a
speed of abogi ™50 rpm. After milling, scrgen the

charge through'a 1 mm sieve to remove the

Other milling materials and conditions (su
plastic_ bottle, cemented carbide rods, rods
ferent 'size) may be used, provided equival
suits are achieved.

12

rods.

h as a

of a dif-

ent re-


https://standardsiso.com/api/?name=21d36688a4dd8663d6121dc64353bb10

