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Draft Internationgl Standards adopted by the technical committees are circulated to
the member bodigs for approval before their acceptance as International Standards by
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least 75 % approyal by the member bodies voting.

International Starjdard ISO 4551 was prepared by Technical Committee ISO/TC 132,
Ferroalloys.
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INTERNATIONAL STANDARD

ISO

4551 : 1987 (E)

Ferroalloys — Sampling and sieve analysis

1 Scope and field of application

This Interpational Standard specifies the methods of sampling,
sample preparation and sieve analysis for the determination of
the size distribution in a consignment or a lot of all types of
ferroalloyg of particle size equal to or greater than 40 pum.

2 Refgrences

ISO 565, [Test sieves — Woven metal wire cloth, perforated
plate and lelectroformed sheet — Nominal sizes of openings.

1ISO 2591| Test sieving.
ISO 3310/ Test sieves — Technical requirements and testing
— Part 1: Metal wire cloth.

— Part 2: Metal perforated plates.

ISO 3713] Ferroalloys — Sampling and sample preparation —
General rales.

3 Definitions

““consignment”’,
“test

definitions of- \the terms “lot”,
t’, “gross’ sample”, “divided sample”,
nd “neminal top size”, see ISO 3713.

For

Cfor 'the purpose of this International Standard, the

3.3 hand placing: A sieving operation in
ferroalloy are presentéd’/on to a sieve, scre

vhich particles of a
bned and the par-

ticles (lumps 1)) retdined on the sieve are o!ented by hand in

such a manner’that the possibility of their p.
sieve will bestated with clear classification g
ticles (lumps)“as oversize.

3.4, size fractions: A portion of a test sam
paired sieves having opening sizes of x mm|
X > y, or with one sieve having an opening

ssing through the
f the retained par-

ple separated with
and y mm where
size of x mm (or

y mm). The portion separated with paired sipves is designated

by —x +y mm and the one separated
designated by +x mm or —x mm (+y mm

vith one sieve is

or — y mm).

3.5 oversize: A portion of a test sample fetained on a sieve

of opening size x mm; it is designated by -+

3.6 undersize: A portion of a test sample
sieve of opening size y mm; it is designated

X mm.

passed through a
by —y mm.

3.7 size distribution: A gquantitative groyping of particles in
a sample according to their sizes; it is expreIsed in percentage

mass passed or retained on selected sieve
total mass of the sample.

in relation to the

apply-

3.1 size sample: A sample taken for the determination of
the size distribution of a consignment or a part of a consign-
ment.

3.2 charge: A quantity of a ferroalloy to be subjected to
control testing at one time on an individual sieve or a nest of
sieves.

3.9 hand sieving: An operation in which
sieves) is supported and agitated manually.

3.8 sieving: A process of separating a rixture of particles
according to theirsizes withroneormore sieves.

a sieve (or set of

3.10 assisted hand sieving: An operation in which a sieve

(or set of sieves) is supported mechanic
manually.

1) The word “lump’ is used in the body of this International Standard for ferroalloys of more than 100 mm in particle size.

ally but agitated
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3.11 mechanical sieving: An operation in which a sieve
(or set of sieves) is supported and agitated mechanically.

3.12 batch sieving: An operation of hand or mechanical
sieving in which the resulting products are retained within a
frame of a sieve or a nest of sieves until the end of the test is
reached; the number of particle presentations to the apertures
is dependent on the length of sieving time.

Batch sieving is usually carried out using a nest of sieves.

Table 2 — Overall precision of the determination of the
oversize and undersize in consignments of FeW, FeMo,
FeNb, FeTi, FeV, FeB

3.13 continuoys sieving: An operation in which a ferro-
alloy is continuougly fed on to one or several consecutive siev-
ing surfaces over Which it travels; the products are continuous-
ly discharged.

4 Overall précision

The overall precisipn is the measure of the precisions of sampl-
ing, sample division and measurements. It is expressed as twice
the standard deviation of all the operations of sampling, sample
division and sieve|analysis (see the annex).

Size distribution ¢f a ferroalloy is determined as percentage
groups by mass of material which are retained on, between or
passed through a pest of sieves selected for testing. Not all of
these percentage groups have the same precision.

This International [Standard permits the values of overall preci-
sion * Bsp\ givenyin tables 1 and 2 as a function of the mass of
a consignment sgmpled to be obtained, where Bgpy is-the
overall precision at a 95 % confidence level.

Other values for overall precision calculated using-the' formula
and data given in the annex may be specified by-agreement be-
tween the interested parties (see the annex)-

Table 1 — Ovérall precision of the determination of
the oversize argd undersize in consignments of FeCr,

Mass of Overall precision *Bgpy, %(m/m)
consignment
t Oversize Undersize

Over 5 Over 5 Over 10

o Up to and | up to and lin to ?nd up to and | up to and
ver : . . N including . . . .

including including 5 including including
10 10 20
40 64 33 1,2 21 2,7
25 40 35 1,3 2,2 2,9
16 25 3,7 1,3 2,3 3,0
10 16 3.9 1,4 2,4 3,2
5 10 4,2 1,5 2)5 3,4
3 5 4,7 1,6 2,7 3,7
1 3 5,1 1,7 2,9 4,1
0,5 1 5,7 1.9 3.2 45
0,5 6,6 2,2 3,7 5,2

5 Sampling

5.1 Generalrules

The principal general rules shall be in accordance with
1SO_38713.

5.1.1 The mass of an increment shall be determined as a
function of the apparent density and the nominal top size of a
ferroalloy in a consignment so as to avoid any bias while
preparing a gross sample for sieve analysis.

5.1.2 The number of increments shall be deternjined as a
function of the heterogeneity of a ferroalloy accorrcr]ing to the
percentage of controlled size fractions and sampling precision
required.

5.1.3 A gross sample for sieve analysis shall not be|subjected
to any changes during any of the operations of sanppling and

FeSiCr, FeSi, FeSiMn, FeMn sample preparation.
Mass of Overall precision +Bgpy, %(m/m)
consignment _
t Oversize Undersize 9.2 Mass of an increment
Over 5 Over 5 Over 10
Over Up to and | up to and Lijrﬁzlt\?d?nn: up to §nd up to :j_md
including '"c';’g'"g 5 '"c';’g'"g '”C';g'"g 5.2.1 Depending on the nominal top size of a consignment
and the value of the apparent density, the masses of in-
5000 | 10000 3,1 1.2 2,0 2,6 crements shall be not less than those given in table 3.
2 500 5 000 3,2 1,2 2,1 2,7
! (5)008 i f (5)88 gi :g g: g; The apparent density of a ferroalloy shall serve as a criterion for
250 500 35 13 29 29 its inclusion in one of the above groups.
100 250 37 13 2,3 3,0 . o _
50 100 38 1,4 2,3 3,1 The coefficient of variation of the increment masses taken from
25 50 4,1 1,56 2,5 33 one consignment or a lot shall not exceed 20 %.
10 25 4,8 1,7 2,8 3,9
5 10 5,3 1.8 3,1 4,3
5 6.1 20 34 48 5.2.2 The mass of an increment shall be not less than 0,3 kg.
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5.2.3 Increments of masses greater than those shown in
table 3 shall be taken in cases when a sample can be conve-

I1SO 4551 : 1987 (E)

Table 5 — Minimum number of increments and
precision of sampling for FeW, FeMo, FeTi, FeV, FeB,

niently taken in one operation across the section of a ferroalloy FeNb
stream, for example by
Mass of Precision of sampling
a) taking all the material from a certain place on a stopped consignment Mini- +Bg, % (m/m)
belt; the length of the place being not less than three times t ’““L“ Oversize Undersize
the top size of the ferroalloy passing; T "u:‘f e Over § Over5 | Over 10
Uptoand| incre- |uptoand l‘."p to ?nd up to and | up to and|
b) taking the whole of the contents of one or several Over | including | ments including '"C"fsd'“g including | including
packed units. 10 10 20
40 64 28 2,7 0,8 1,4 21
25 460 24 279 079 1,5 2,2
Table 3 - Mass of an increment as a function of the 16 25 20 3,2 1,0 1,7 2.4
nominal top size in a consignment 10 16 17 3,4 1 1,8 2,7
5 10 14 3,8 1.2 2,0 29
Nomina Mass 3 5 1 43 13 23 33
@ os | 1 | 7 [ &5 % |0
m ’ [4 ’ ’ ’
mi Group 17 Group 22 Group 33 0,5 5 6.3 20 33 49
315 —_ 337 81
200 — 164 46
150 - 104 32
100 79 55 19
75 48 35 13
50 24 18 8 5.4 Equipment used for increment sampling
35 13 10 5
25 7 6 3
10 15 1,4 11 5.4.1, Equipment used for increment sampling shall be selec-
6,3 0,7 0,7 0,6 ted taking into consideration the physical and mechanical pro-
3,156 0,3 0,3 0,3 perties of a ferroalloy so that its size distribution will not be
2 0,3 0.3 0,3 changed.

1) FeW, FgMo, FeNb

2) FeCr, FpSiCr, FeMn, FeTi, FeV, FeB, FeSi, having a silicon
content less|than 45 % (m/m)

3) FeB, Sifa, FeSiCa, FeSi, having a silicon content equal_to or
greater than|45 % (m/m)

5.3 Number of increments

The minimym number of increments pecessary for attaining the
given precigion of sampling as a functien of the mass of a con-
signment shall correspond to that.shown in tables 4 and 5.

Table 4 — Minimum number of increments and precision
of sampling for-FeCr, FeSiCr, FeSi, FeSiMn, FeMn

The following equipment may be used :

a) mechanical sampling devices for incfement sampling
from a ferroalloy stream;

b) a steel shovel or a scoop;
c) containers for sampling;

d) a probe.

5.4.2 Equipment for increment sampling shall be in accord-
ance with 1SO 3713.

5.5 Preparation for sampling

The preparation for sampling shall be in &ccordance with

Mass ¢f Precision of sampling 1ISO 3713.
consignnjent Mini- B, % (m/m)
t b—————1—mum Undersi - -
number | - o"32 nderstze 5.6 Methods of increment sampling
of Over 5 Up to and Over5 | Gver 10
i - toand| . " to and to and| . . .
Over ?niffd?:: r'::;:s :-J:dsd?:g Incit:sdmg :'Jr:)cludi:g ?:cludi:g The methods of increment sampling shall be in accordance
10 10 20 with ISO 3713.
5 000 10 000 33 2,5 0,8 1,3 1,9
2 500 5 000 30 2,6 0,8 1,4 2,0
1 000 2 500 28 2,7 0,8 1,4 2,1 ] .
500 | 1000 | 25 2,8 0,9 1,5 2,2 6 Sieve analysis
250 500 23 2,9 0,9 1,6 2,3
100 250 20 3.2 1,0 1,7 2,4 .
50 100 18 33 11 18 2.6 6.1 General requirements
25 50 15 3,7 1,2 1,9 2,8
10 25 10 45 1.4 2,4 35 6.1.1 Sieve analysis of ferroalloys susceptible to breakage
5 10 8 5,0 1,6 2,6 3.9 through handling shall be carried out near the place of
5 6 5,8 1,8 3,1 4,5 -
sampling.
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6.1.2 A sample for sieve analysis may be divided into fractions
of the following particle (lump) sizes by preliminary sieving :

a) over 100 mm;

b) over 256 mm up to and including 100 mm;
¢) over 10 mm up to and including 25 mm;
d) over 3,15 mm up to and including 10 mm;

e) over 1 mm up to and including 3,15 mm;

b) the upper sieve shall be charged so that the ferroalloy
forms a layer of thickness equal to the nominal top size, in
the case of continuous sieving.

6.1.7 For ferroalloys of particle size 25 mm and less, the
volume of a charge, procedure of sieving and the maximum
volume of the residue on a sieve shall correspond to those
specified in ISO 2591.

6.1.8 The duration of sieving shall be determined by size frac-

f) 1 mm and|less.

6.1.3 Size anaIyEis of ferroalloys of particle size greater than
25 mm shall be carried out over the whole gross sample.

6.1.4 If the mass of a gross sample for sieve analysis of par-
ticle size 26 mm 4dnd less is more than twice the values given in
table 6, it may be decreased to minimize the work involved in
sieving.

Table 6 + Minimum mass of a test sample

tions-by-the-methods-specified-in1S0-2691——

It is sufficient to sieve ferroalloys of particle(siz¢ less than
20 mm or 10 mm for 2 or 3 min.

For ferroalloys of particle size less than.3,15 mm, the duration
of sieving may be 10 min and more.~The duration of sieving
shall be determined by the rule for the end point $pecified in
ISO 2591.

When it is impossible to(apply the rule for the end|point (e.g.
when using continuolis or mechanical batch sieving), an agree-
ment shall be reached between the interested parti¢s concern-
ing the duration and conditions of sieving.

6.2 Preparation of a gross sample for sigve

Nominal Minimum mass of a test sample, kg

top size Groups 1 and 2 Group 3
25,0 mm 50 25

10,0 mm 25 15

3,15 mm 1,0 0,7
710 um 0,5 0,3
125 Hm 0,15 0,05

71 Hm 0,10 0,05

6.1.4.1 Division
shall be carried o

6.1.5 Separatio
by one of the fol

analysis

6.2.1 A ferroalloy sample shall be subjected to corjtrol sieving

in the physical state as taken.

If a gross sample for sieve analysis is wet, it is necegsary to dry

it to the state when division of the material can be

6.2.2 A gross sample shall be prepared for sie
according to figure 1.

effected.

ve analysis

of the mass of a sample-for sieve analysis
ut by the methods specified in 1ISO 3713.

h of ferroalloys by'fractions may be carried out
owing methods.

Gross sample for sieve analysis

a) mechanichl continueus and batch sievings (see 3.11,
3.12 and 3.13);

b) hand sieving-according to ISO 2591;

#

Weighing

|

¢) hand placing in individual sieves (see 3.4); the minimum
aperture size at which this method may be applied shall be
25 mm.

Hand sieving of the whole sample for sieve analysis carried out
under controlled conditions with strict maintenance of the re-
quirements specified in 1ISO 2591 is the most accurate method
for the determination of a ferroalloy size distribution.

6.1.6 For ferroalloys of particle size greater than 25 mm,

a) the mass of a charge shall form a layer of thickness of
not greater than 2d (where d is the nominal top size, in
millimetres) in the case of batch sieving;

Drying (if necessary)
Division to the mass of a test sample
Weighing

Division by i charges (if necessary)

Figure 1 — Diagram for the preparation of a gross sample

for sieve analysis
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6.2.3 Before sieving, the following shall be established (see
6.1.2):

a) the number and succession of sieves used;

b) the type of equipment required (for manual or
mechanical sieving).

It is recommended that the number of sieves in a nest be more
than is required for the determination of the controlled fractions
to avoid overloading of the bottom sieve. In such a case, it is
preferable that not more than 5 % of a ferroalloy remains on

1SO 4551 : 1987 (E)

accuracy to permit the mass of the test sample and of each size
fraction to be determined to a precision of 0,15 % or better.

6.3.3.2 Implements for collecting material and cleaning sieves
Receivers, scoops, brushes, bars of hardwood, etc., may be

used. The use of balls and chains added to the material is not
permissible.

6.4 Procedure for sieve analysis

the uppefmmmrmrmeVMS
between any pair of sieves.

6.3 Apparatus for sieve analysis
6.3.1 Test sieves

6.3.1.1 $ieve media

The sieve|media shall have square openings the sizes of which
shall be in accordance with 1ISO 565.

In view of the high density of ferroalloys, perforated plates are
preferred jas the sieving medium for opening sizes from 125 to
10 mm ar]d either perforated plates or woven wire for opening
sizes from 10 to 3,15 mm. For sizes smaller than 3,15 mm
woven wire cloth shall be used.

It is recommended that indiscriminate mixing of types of<sieve
media be|avoided within any determination.

6.3.1.2 JPieve frames

The shap¢ and sizes of sieve frames shallbe,in accordance with
1ISO 2591

lid and the receiver of the same type. The frame shall be
smooth and the seals of the'sieves so constructed as to prevent
lodging of the material.

The sieveErames shall nest snugly:with each other and with the

6.3.1.3 Preparation 'and use of sieves

The preparation and use of sieves shall be in accordance with
ISO 2591|and their precision shall be verified as specified in

6.4.1 General

sieve or a nest of sieves and shaken, observing the established
rules, up to the end-point.\Fractions remaiping on each sieve
and the receiver shall be-weighed separately] The mass of each
fraction shall be calculated, as a percentagg of the initial mass
of the test sample; to determine the size digtribution of a con-
signment.

A test sample (as one or several gharges) s':[-:II be placed into a

6.4.1.1 Lumps greater than 100 mm in sizp

For(sizing lumps greater than 100 mm in §ize, the following
methods of sieving may be used:

a) hand placing (see 3.3);
b) mechanical batch sieving (see 3.11 and 3.12).

All lumps the sizes of which exceed the spegified level shall be
taken out and weighed.

Individual fractions shall be obtained by uping sieves having
openings of different sizes.

6.4.1.2 Particles over 25 mm up to and ingluding 100 mm in
size

The —25 mm fraction shall be separated ffom a ferroalloy of
particle size 100 mm and less.

For sizing particles in the —100 +25 mm rgnge, the following
types of sieving may be used:

a) hand batch sieving (see 3.9 and 3.12);

’

I1SO 3310.

6.3.2 Sieving apparatus
Any type of apparatus is acceptable, provided that the resuits

obtained are within 2 % of those of hand sieving carried out
under the controlled conditions specified in 1ISO 2591.

6.3.3 Auxiliary devices

6.3.3.1 Equipment for mass determination

Each device for the determination of a mass shall have a sen-
sitivity of at least 0,1 % of its rated capacity and a level of

b) mechanical batch sieving (see 3.11 and 3.12);

c) continuous sieving (see 3.13).

6.4.1.3 Particles from 40 um up to and including 25 mm in
size

Sieve analysis of ferroalloys from 40 um up to and including
25 mm in size shall be carried out in accordance with ISO 2591.

6.5 Evaluation of results

The evaluation of the results shall be carried out in accordance
with ISO 2591.
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The percentage of each fraction in a charge shall be calculated, mg is the mass, in kilograms (grams), of a fraction in a
to the first decimal place, using the following equation: charge;
mg x 100 m is the mass, in kilograms (grams), of a charge.
Si—
6.6 Expression of results
where
The results of test sieving shall be recorded in a data log (see
F is the content of a fraction, as a percentage by mass; clause 7).
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7 Report of test sieving

Name of supplier: .............c.cceeennis Designation of document for Number of consignment: ..............
technical requirements for delivery: Name of operator: ........................
...................................................... Signature: .............cccoiiiiiiieiiiinll
Name and grade of ferroalloy: ....... Date: ........cococcoiiiiiiiiiiiiiieeel

1. Details of sampling

Mass of a gorsignmme Tt
Nominal top size, mm:
Apparent density, g/cm3:
Mass of an|increment, kg:
Number of|increments:
Mass of a gross sample, kg :

Sampling methods: hand sampling

mechanical sampling

sampling from a stream

sampling from a ferroalloy in a stationary state
sampling from a moving conveyor or a stopped belt*

Drying (if any):

2. Detailg of sieve analysis
Mass of a fest sample, kg(g):

Sieving method : continuous sieving
mechanical batch sieving
hand batch sieving *

Sieve marked :
Size and sHape of a sieve:

Sieving meflium : perforatedplate
wire cloth™

Sieve Duration Mass of Nominal Cumulative
range of sieving fraction aperture oversize
mm min kglg) % mm
Total
Initial masses of test samples ... kglg)
Total of fraction masses ... kglg)
Losses ... kglg), ... %

* Delete as appropriate


https://standardsiso.com/api/?name=2d103d00288661add976bc47b35c3c69

1SO 4551 : 1987 (E)

Annex

Data for calculating overall precision

(This annex forms an integral part of the Standard.)

A.1 Mass of an increment

800

700

600

500

.00

300

200

100

80

70

60

40

30

20

Increment mass, kg

10,0

8,0

6,0

50
4,0

3,0

2,0

-
o

O~OO
o~ oo

5678910

1, 2, 3 are the groups of ferroalloys (see 5.2.1).

20

30 40 50607080100

Nominal top size, mm

200 300 400

Dotted lines show the ranges of variations of increment masses depending on the apparent density of ferroalloys.

Figure 2 — Mass of an increment versus the nominal top size of a ferroalloy
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