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The settling behaviour under gravity of a given mass-of
persed in an initially static liquid is the basis of

sedimentation techniques for particle-size detérmination
size is determined from the settling velocity) by the us
equation. The particle diameter so determined, the Stoke
the diameter of a sphere having the same\density and the
velocity as the particle in a fluid of aCgiven density and

particle concentration must be low so\that interaction bety

particles dis-
widely used
The particle
e of Stokes’

5 diameter, is
same free-fall
viscosity. The

een particles

is negligible, and the Reynolds number must be low so that laminar flow

conditions prevail.

Monitoring of the concentration of particles at a known de
surface of an initially homogeneous suspension enables
size distribution to be_calculated as a function of the mea
or mass.

In this International Standard, two attenuation methods fo
nation of concentration are considered:

— absorption of a beam of light;

— cabsorption of a beam of X-rays.

Although they are indirect, these sedimentation-attenus
are frequently employed in powder metallurgy. They give
results as long as precise conditions of preparation of th
and of measurement are followed.

pth below the
the particle-

sured surface

r the determi-

tion methods
reproducible
e suspension
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INTERNATIONAL STANDARD

ISO 10076:1991(E)

Metallic powders — Determination of particle size distribution
by gravitational sedimentation in a liquid and attenuation

measurement

1 Scope

This International Standard specifies methods for
determirling the particle size distribution of metallic
powders| by measuring the attenuation of an
electromagnetic beam projected through a suspen-
sion of pjarticles settling in a liquid under gravity.

The methods are suitable only where Stokes!
equation|is applicable, i.e. laminar flow correspond-
ing to a|Reynolds number less than 0,25, and for
particles| whose settling rate is not affected by
Brownian motion. They are therefore suitable for all
metallic powders, including powders for‘hardmetals,
containirjg particles in the size rahge 1um to
100 pm. They should not, however,\be used for

a) powders containing particles' whose shape is far
from |equiaxial, i.e. flakes’ or fibres, except by
specipl agreement;

b) mixtufres of powders;

c) powdgrs containing lubricant or binder;

d) powdgfrs which cannot be dispersed in a liquid.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitite provisions
of this Intérpational Standard. At the ftime of publi-
cation, the editions indicated were vplid. All stan-
dardsiare subject to revision, and parties to
agréements based on this Internatignal Standard
are’ encouraged to investigate the pogsibility 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.
3 Definitions

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

3.1 Stokes diameter: Diameter of a gdphere having
the same density and the same free-fall velocity as
a powder particle in a fluid of a givep density and
viscosity.

These considerations set an upper and a lower limit
on the size of particles to be tested by a
sedimentation method (see 5.1).

If the largest particle present in the sample exceeds
this limit, the viscosity of the liquid needs to be in-
creased to meet this requirement.

Stokes’ law may be assumed to be valid for an initial
concentration of the powder in the liquid of up to
0,5 % (V/V). In some cases, higher concentrations
of up to 1% (V/V) still give correct results, but
validation tests are necessary for each material.

3 2—effectivedensity Raticof themass of the pow-

der to the volume as measured by pyknometry.

3.3 sedimentation height: Vertical distance be-
tween the upper surface of the suspension and the
level of measurement of concentration.

3.4 cumulative undersize by mass: Mass of all the
particles whose Stokes diameter is less than a given
value. This is expressed as a percentage of the total
mass of the particles.

3.5 mass fraction: Mass of all the particles whose
Stokes diameter lies between two given values. This
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mass fraction is expressed as a percentage of the 3.7 suspension intensity: Intensity of the emergent
total mass of the particles. beam during sedimentation.
3.6 blank intensity: intensity of the emergent beam 4 Symbols

with clear liquid in the sedimentation cell.

Table 1 — Meanings of the symbols used in the text

Symbol Meaning Unit Observations

Sedimentation system

g Acceleration due to gravity m/s? g =9,81 m/s®
L Absorption length m Length of the light or X-ray beam
path through the suspension
h Sedimentation height m
o Initial concentration kg/m3
¢ Concentration kg/m3
04 Density of the liquid kg/m3
06 Effective density of the powder kg/m3
7 Viscosity of the liquid N-s
m?2
fMeasurement
Iy Blank intensity

Suspension intensity

1
D Optical densit I

P Y D= logm( T“ )
K,

Extinction coefficient

3

A, Mass projected area of the par- m2/kg
ticles in random orientation
Sw Mass-specific surface area of the m2/kg
powder
Ha Mass absorption coefficient of the
atoms present in the powder
1 Sedimentation time S
dg Stokes diameter m
AM Mass of particles between two kg
given diameters
i AM
q Mass fraction % 9=G=g. % 100
> AM
d=0
Q Camulative undersize by mass % d= dgt
> AM
d=0
= x 100
¢ d=dp,
> AM
dny Stokes diameter of the largest par- m 4-0

ticle in the suspension
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5 Principle

A horizontal beam of parallel light or X-rays is di-
rected through a suspension of a powder in a liquid,
at a known depth h below the surface (see figure 1).

If the suspension is assumed to be initially homo-
geneous, with concentration ¢, at time =0, and the
particles are then allowed to settle under gravity,
the number of particles leaving the level of the beam
will initially be balanced by the number entering it
from above and no change of concentration will be

ISO 10076:1991(E)

curve. For these reasons, sedimentation under
gravity is only recommended down to a Stokes di-
ameter of about 0,5 um for bronze and iron, for ex-
ample. and down to a Stokes diameter of 1 um for
metals of lower density.

5.2 Particle density

In the case of porous or spongy particles, it is diffi-
cult to define correctly their effective density when
sedimenting. Open pores may be partially filled by
liguid while closed pores will be empty, and the ef-

recorded| When the largest particle present at the
surface df the suspension (diameter d.) has fallen
from the|surface to the measurement level, there
will be nd similar particle entering the measurement
level to replace it, and the concentration at this level
will then pegin to decrease. Hence the concentration
¢ of paticles present at depth A and time ¢ will be
the concdntration of particles smaller than d,, where
dy is givgn by Stokes” equation relating the Stokes
diameter|d,, and steady-state velocity v = hlt.

18nh
d = —_— PR 1
ot (ge - g‘)gt ( )

The mechanism of attenuation of the beam is differ-
ent for visible light and for X-rays. For visible light,
an indireft relationship between the surface area of
the powder and its optical density applies. For X-
rays, the] measured concentration is directly pro-
portional|to the cumulative undersize by mass Q.

5.1 Size limit

The Reyrolds number is defined as — __—
vd -~
Re: 9111 st (2) _ —
S _
Combining equations (1) and-(2) and applying the L
condition| R, < 0,25 gives the size limit e
4:5%° - _
(oo = * [ -4 R
stnex piglo. — 01) 1 _
| o T M
For example, for bronze (p,=8 900 kg/m3) I > =
sedimenting in water (7 = 0,001 N-s/m?, J U e L

fective particle density g, in Stokes’ eqpation is less
than the solid density.

A pyknometric measurement of density in a suitable
liguid may be required; it gives a value| closer to the
effective density than therassumed solid density.

In any case, the density value adoptpd for calcu-
lation of Stokes diameters shall be stated.

5.3 Light absorption (photosedimentation)

Making. a number of simplifying assumptions, the
absaerption of light by a suspension can|be described
byhe Lambert-Beer law:

In (Iy/) = AyclKy, )

0y =1000 kg/ma), the upper particle-size limit is
about 40 pm.

The mean displacement of submicron particles due
to Brownian motion often exceeds the settling dis-
tance. In addition, fine particles may require very
long sedimentation times or small sedimentation
heights. The former are not practical, however, and
the latter lead to poor resolution of the distribution

Source - T _ Detector

Figure 1 - General arrangement of sedimentation
apparatus


https://standardsiso.com/api/?name=407d56fae7a6dcc2560a27e61a51a495

1SO 10076:1991(E)

The following assumptions are usually made

— the particles are opaque and convex in shape (to
satisfy the theory that the external surface is
equal to 4 times the projected surface in random
motion);

— the initial optical density is less than 0,7 (to give
good resoiution);

— the extinction coefficient is constant (generally
K. is assumed to be equal to unity).

Hm asSsSu

Equation (3) ml;y then be written

In (Iy/]) =[S, cLK/4 )]
=ISywcl/4 if K, is assumed to be 1.

It should be npted that the above assumptions are
not in fact valid, since K, is dependent on the par-

ticle size, the
of the particles

article-size distribution and the ability
5 to transmit light. The attenuation is

therefore not directly related to S,, and the method
can therefore pnly be used to compare similar pow-
ders. K, also| depends upon the geometry of the
light beam, and hence it is necessary to specify the
instrument used.

The measured| optical density is proportional to the
cumulative prgportion of undersize particles by sur-
face. This may be converted to a mass distribution
either by calcylation based on the incremental form
of equation (4), or by graphical summation (see
worked example in annex A, clause A.1).

Equation (4) can be written in terms of the optical
density D:

D=0AMxﬁ% or D=ad .. (5)
where
A is fhe surface ared of all the particles
prepent in the Volume defined by a light
begdm of cress’section s;

o is 4 preportionality constant.

A =S, ,xAM ...(6)

6

= X AA/[
0ed

where S;_, is the mass-specific surface of this
fraction of particles, which are assumed to have a
mean Stokes diameter d given by

d+d, 8

d =
2 Qe S1 -2

AM == dAA

cnl’°

From equation (5), the change~in’ measured optical
density is

AD = aAA

Finally, the equation t0.be used when calculgting the
mass distributiondor-any size interval d, to ¢, is

AM = Bd AP ()
where f is.a constant.
5.4 X-ray absorption (X-ray sedimentation)
With a continuous spectrum of X-rays, the [absorp-

tion is proportional to the mass of powder |present
in the beam. Thus

I
In (TO> = p,cl.

The concentration is directly proportionall to the
cumulative undersize by mass. Thus

9
(¢

0
6 Procedure

6.1 Preparation of the test sample

The powder to be tested is taken in the as-dglivered

Consider now thechange of state of the suspension
at the beam level during a short interval of time
At=t,—t, t; and t, being related to Stokes diam-
eters d; and d, by equation (1). Between times ¢, and
t,, the particles belonging to the fraction limited by
diameters d, and d, will disappear from the beam
zone. Their mass is, by definition, AM. The total
surface area of the particles present in the beam
will decrease by an amount A4 (the surface area of
the particles which disappear from that level) which
is given by

state and sampled in accordance with 150 3954.
Neither disintegration, nor milling nor any other
treatment of the powder is allowed, except by
agreement between the interested parties. In the
latter case, a detailed description of the treatment
used shall be drawn up, or a reference to such a
description given. Annex B gives, as examples,
some methods for de-agglomeration of the sample.

When the powder to be tested contains an appreci-
able proportion of coarse particles (i.e. diameter
greater than 100 pm), these particles shall be sep-
arated by sieving before the sedimentation test. Use
of this procedure shall be reported.


https://standardsiso.com/api/?name=407d56fae7a6dcc2560a27e61a51a495

6.2 Preparation of the suspension

6.2.1 Selection of the suspending liquid

The liquid used to make the suspension shall satisfy
the following requirements:

— the density of the liquid shall be lower than the
density of the solid;

— the solid shall not dissolve in or react with the

1ISO 10076:1991(E)

6.2.2.4 Quantitative sedimentation with X-ray
absorption

Quantitative tests are made with suspensions in dif-
ferent liquids and having different concentrations,
starting for instance with a low concentration of
0,1 % (V/V). The best system is the one which gives
the highest proportion of fine fractions.

6.2.3 Preparation of the suspension

liquid

— the I|quid shall wet the solid so that agglomer-
ates pre not formed;

— the vjiscosity of the liquid shall be such that the
test does not take too long and the coarsest
parti¢les do not settle too rapidly (see 6.1).

Frequently, a pure liquid does not produce a good
dispersipn of the particles. In such cases, a dis-
persing jor wetting agent shall be used, either dis-
solved if the liquid or added to the powder.

Annex ¢ gives, as examples, a list of suspending
liquids gnd dispersing agents. The suitability of a
particulgr system shall be checked as indicated in
6.2.2 belpw.

6.2.2 Tests for dispersion

Several [methods can be used to test whether a
suspensjon is free from agglomerates.

6.2.2.1 Microscopic examination

A drop ¢f the prepared suspension is placed on a
microscope slide, and a cover.glass is lowered with
extreme|care over it. Exaptination of the preparation
under a|suitable magnification will show if the par-
ticles arg entirely separate and form a good disper-
sion, or pre assembled in chains or clusters.

6.2.2.2 RQualitative sedimentation

The su .

persed suspension settles less rapidly than a
flocculated suspension and shows no sharp bound-
ary between the clear liquid and the turbid layer as
settling proceeds. The sediment produced is rigid
and compact and has a minimum volume.

6.2.2.3 Quantitative sedimentation with photometric
measurement

Attenuation measurements are made immediately
after agitation using different suspending liquids and
the same powder concentration. A maximum value
of optical density indicates an optimum dispersion.

Vs B, I | Tk Adenaibis aond ioo H 1
U, Z. 9.7 e UTTiSTty altd— visTOSTry — U]

liquid at the test temperature shal
measured. The suspension maycbe’p
selected concentration, starting*with 3
portion, or the suspending\diquid m
slowly and the powder worked to a g
luted to a suspension. A.drop of wetti
be added to the dry-test portion or th

§ the selected

be known or
epared at the
weighed test
ay be added
aste, then di-
hg agent shall
e suspending

liquid if the liquidcdo€s not readily wet the powder.

Make up to an appropriate volume.

6.2.3.2 The‘dispersion may be made
suspensioor stirring it in the sedime
If necéssary, treat with ultrasonics or
derreduced pressure, either in a se
orin the sedimentation vessel. The du

by shaking the
htation vessel.
de-aerate un-
parate vessel
ration and in-

tensity of dispersion is selected so {hat unwanted

agglomerates are destroyed but any
desired particles are not damaged.

6.3 Sedimentation test

6.3.1 The general requirements for
test are the following:

— the sedimentation cell shall be inst
a vertical position and without vibr,

— the cell shall be fitted with a thern
ope, or the environment conditiong
the cell at a known temperature, s
+ 1 °C, with a rate of change of t
less than 0,01 °C/min for prolon
(longer than 1 h);

bggregates or

a satisfactory

plled rigidly in
ation;

ostatic envel-
bd to maintain
able to within
emperature of
ged analyses

— en to avoid conve

ction currents

in the liquid (due to evaporation or to external
heat sources, for instance) and mass transfer
currents (due to density inversion in the suspen-

sion).

6.3.2 Stir the suspension using either a stirring rod
or a magnetic bar until the analysis is started
(1=0).

6.3.3 In most instruments, the initial optical density
or X-ray absorption of the suspension is recorded.
This corresponds to 100 % cumulative undersize.
Before starting a test, the instrument is zeroed so
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that the optical density or X-ray absorption of the
clear liquid corresponds to 0 %.

NOTE1 It is

recommended that certified reference

powders be used for particle-size distribution determi-
nation by sedimentation, in order to check the accuracy
and the correct working of the instrument.

7 Expression of results

7.1 In photo

sedimentation, the optical density

measurements give values of cumulative undersize

by surface. Th
tive undersize
corresponding
worked examp

7.2 In X-ray
value is relate
i.e. to the cum

In some cases
as a graph pl
on a linear sc

8 test report

The test report shall include the following infor-
mation:

a) a reference to this International Standard;

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

c) the method and instrument used;

pse values are converted to cumula-
by mass for each Stokes diameter d,
to a time . (See annex A for a
e))

sedimentation, the X-ray absorption
H directly to the mass concentration,
ilative undersize by mass.

it is convenient to present the results
btting cumulative undersize by mass
hle from 0 % to 100 % as a function

of Stokes diameter on a logarithmic scale. Presen-

tation of the re
normal plots
diagrams, is a
terested partie

sults on special graphs, such as log-

or Rosin-Rammler coordinates
lowed by agreement between the in-
S.

d) the method of separation of coarse fragtipns and
their proportion, if any;

e) the method of treatment of the test sample (dry-
ing, de-agglomeration), if any;

fy the method of preparation of the suspension:
liquid, dispersant added, dispersion process,
concentration;

g) the value of the, effective density adopted;

h) the result dbtained;

i) all opérations not specified in this Interpational
Standard, or regarded as optional,

j)~details of any occurrence which may have af-
fected the test result.
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Annex A
(informative)

A1 Photosedimentation

Several types of commercial instrument are in use

The last column (column 10) is the result, i.e. the
cumulative undersize by mass.

in many [countries. They give reproducible results
when they are operated in accordance with this
Internatignal Standard and the manufacturer’s in-
structions.

A worke(]i example is given below to illustrate how
photosedimentation measurements should be pro-
cessed.

Worked gxample

Powder: | tungsten, ¢,=193 g/cm3 (equivalent
spherical diameter by permeametry ~ 4 pm).

Apparatds: direct-reading turbidimeter, transmission
T =100/{l, in %.

Sedimentation height: A= 25 mm.

Suspend|ng medium: water with 0,1 g/I sodium
hexametaphosphate.

Table A.1 gives

— the ekperimental results, dgy, t and 7 (columns

4

— the optical density D (column 4);

— the cpmulative undersize (by surface, which is
equallto the value D expressed as a percentage

of Dl (column 5);

— for egch fraction-between d, and d, (columns 6
to 9):

graphical transformation of cumulative|undersize by
surface (curve 1 in figure A.1) toreumylative under-
size by mass (curve 2 in figure A\]). Cupve 1is a plot
of Stokes diameter against the ‘valueq in column 5
of table A.1. The areas of the\horizontal strips to the
left of curve 1, each of which represenfts a 10 % in-

crease in undersize, ate measured

{by counting

squares or by means of a planimeler), and the
cumulative sumgs ‘efthese areas are ejpressed as a
percentage of the total area (taken ag 100 %). The
values thus<ebtained are then used tg plot curve 2
(the cumulative undersize by mass curjve) as shown

in figure'A.1).

A2 X-ray sedimentation

As the measurement of X-ray absor|
rapid, and as the X-ray beam can be V|
the vertical direction (0,5 mm), it is pq
crease the sedimentation height 4 con
ing the analysis in order to attain
diameters in a relatively short time.

In some instruments, the scann
sedimentation column by an X-ray b
automatically according to a preset la
of h as a function of time ¢. This rela
ment begins at a certain adjustable t
sponding to the Stokes diameter d,, g
the same order of magnitude as the |
expected in the powder. Complete 3
possible.

ption is very
ery narrow in
ssible to de-
inuously dur-
small Stokes

ing of the
eam is done
v of variation
ive displace-
me ¢, corre-
eater than or
rgest particle
utomation is

The limitations of this type of method are the fol-

= THe increment of optical density AD; lowing:
e 5 dit+d -
= themeandiameterd— CEE ——thetquid—usedtastohaveareta

= the quantity d-AD, which is proportional to
the mass AM of particles of diameters d, to
dy;

= the mass fraction ¢, which is proportional to
the value of d'D expressed as a percentage
of X (d-AD).

ively low ab-

sorption coefficient for the X-ray radiation used,;

— the powder has to contain an appreciable pro-

portion of chemical elements of at
greater than 13.

omic nhumber
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Cumulative undersize by mass

Cumulative sum of individual areas

o Individual areas
X 100 =— 430
>, 100 e
K] /
é 90 80,5 3% 85 @ Cumulative undersize by surface
& /
o a0 655 285 66 'l 2 Cumulative undersize by mass
525 229 56 /[
70 ‘
41,3
60 ‘
Example
50 314 At50 %, X area = 137 for dy, = 4,24um
(0] 137 100 = 31,4 % undersize b 4,2
SO =—x = 31, undersize ass at 4,
40 227 pres b ze by mass uny
30 15
8,2
20
10 3.0 |
2
| -
0 T T T T I I -
0 1 7 8 9 10 15
Stokes diameter | dg,, UM
Figure A.1 — Graphical transformation of undersize by surface to undersize by mass
Table A1
1 2 3 4 5 6 7 8 9 10
Optical Cumulative B Cumulative
§tokes Setting time, Transmission, | density, ) | undersize | Increment 'Mean ADd Mass undersize
diameter, diameter, N
d t T 0| . by of D, AD i fraction by mass,
4 =2—log7 d (column 6 x
s surface column 7) Q
Hm min % (x 10%) % (x 10%) pm % %
0 100 0
1 37,5 97,3 12 2,2 12 0,5 6 0,2 0,2
2 9,37 88,6 53 9,9 41 1,5 62 25 2,7
3 4,16 733 135 25,3 82 25 205 8,5 11,2
4 2,34 59,0 244 458 109 3,5 381 15,8 27,0
5 1,49 452 345 64,7 101 4,5 455 18,9 459
6 1,04 38,1 419 78,6 74 55 407 16,8 62,7
7 0,766 343 465 87,2 46 6,5 299 12,4 751
8 0,586 31,9 496 a3 31 75 233 9,7 84,8
9 0,463 30,5 516 96,8 20 8,5 170 7,0 91,8
10 0,375 30,3 523 98,1 7 9,5 67 2,8 94,6
15 0,166 29,9 532 99,8 ¢} 12,5 112 4.6 99,2
25 0,06 29,3 533 100 1 20 20 0,8
2 417 100 100
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