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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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Steel and iron — Sampling and preparation of samples for
the determination of chemical composition

1 Scope

This document specifies methods for sampling and sample preparation for the determination of the
chenfitatcompositionof pigiTons, tastiTons and Steets:

MetHods are specified for both liquid and solid metal.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://Www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.or

31
chemical method
metHod for the determination of chemicalcomposition in which the test sample (3.16) or the test portion
(3.17) is submitted to chemical reactions

3.2
physical method of analysis
physdical method

metHod for the determination of chemical composition in which the determination is|carried out
withput submitting the test sample (3.16) to chemical reactions

EXANPLE Optical'emission spectrometric (OES) method or X-ray fluorescence spectrometric (XRF) method.

3.3
thermal method of analysis
thermalimethod

methodAor the determination of chemical composition in which the test sample (3.16) is submitted to a
process of heating, combustion or fusion

3.4
melt
liquid metal from which a sample (3.25) is taken

3.5

spoon sampling

method in which a sample (3.25) is taken from the melt (3.4), or during the pouring of the melt, using a
long-handled spoon and poured into a small mould

3.6
spoon sample
sample (3.25) obtained from spoon sampling (3.5)

©1S0 2022 - All rights reserved 1
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probe sampling
method in which a sample (3.25) is taken from the melt (3.4) using a commercially available sampling
probe that is immersed in the melt

3.8

probe sample
sample (3.25) obtained from probe sampling (3.7)

39

suction sampling

method of p
in the probe

3.10

L L L2 7 2 lLaaletl Lo iaa Aot Je L2 A0 J +1 1 L.
UvucT ouluyuug \J-/ J I VVIIIUIT LIIT lJl UUUT IO TITIITITT STU I LIIT 77ITIU \J-TJ dllu LIIT DClllllJlC Clla

fills by aspiration

stream sampling

method of
sample charj

3.11

immersion
method of p
in the probe

3.12

cast produ¢

steel or cast
EXAMPLE

3.13

wrought pr
product obt
rolling, cold

EXAMPLE

3.14
batch samp
sufficient a

robe sampling (3.7) in which the probe is inserted into a stream of liquid metal an
hber in the probe fills by the force of the metal flow

sampling
robe sampling (3.7) in which the probe is immersed in the melt (3:4) and the sample cha
fills by ferrostatic pressure or gravity

t
iron product that has not been subjected to deforimation

An ingot, a semi-finished product obtained by cgntinuous casting, a casting.

oduct
ained by hot and/or cold plastic.deformation processes such as extruding, forging
rolling or drawing, either exclusively or in combination

Rods, bars, wires, tubes, profiles, sheets, strips, forgings.

le
mount of cast ironypig iron or steel selected from a product batch for the purpo

obtaining ome or more laboratory samples (3.15)

3.15
laboratory
part of a sa

sample
mple (8:25) that is processed so that it can be sent to the laboratory for the purpo

obtaining one ot more test samples (3.16)

ber

1 the

mber

, hot

se of

se of

3.16

test sample
part of a batch sample (3.14), part of a laboratory sample (3.15) taken from a batch sample or part of a
sample (3.25) taken from the melt (3.4) and brought to the appropriate condition required for analysis

Note 1 to entry: The test sample can also be the batch sample itself or a sample taken from the melt.

Note 2 to entry: The categories of test samples are the following:

sample in the form of a solid block;
sample obtained by remelting;

sample in the form of chips obtained by machining;

sample in the form of fragments obtained by crushing (3.19);
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— sample in the form of powder obtained by comminution (3.18).

3.17
test portion
part of a test sample (3.16), or part of a sample (3.25) taken from the melt (3.4), submitted to analysis

Note 1 to entry: In some cases, the test portion may be selected from the batch sample (3.14) itself.
Note 2 to entry: Specific types of test portions in the form of solid blocks are the following:

— small disc, commonly described as a slug, obtained by punching;

1l a | 1 a | ) <l 1
e J1IIarlrl CIIJIJCIIUCISC, LUllllllUlll)’ ucstriocu ds a lus,
— g¢mall-diameter rod, commonly described as a pin, obtained by cutting.

3.18
comminution
opergtion of reducing particle size by crushing (3.19) or grinding (3.21)

3.19
crushing
mechanical reduction of the particle size of a material by fracturing)large pieces into multiple smaller
pieceds

3.20
linishing
metHod of preparing a sample (3.25) of metal for a physieal method of analysis (3.2) in whichj the surface
of the test sample (3.16) is abraded using a rotating«disc or a continuous belt coated with|an abrasive
material

3.21
grinding
metHod of preparing a sample (3.25) of.metal for a physical method of analysis (3.2) in whichj the surface
of the test sample (3.16) is abraded using an abrasive wheel

3.22
milling
metHod of preparing chips ar'the surface of a sample (3.25) for a physical method of analysis (3.2) in
which the surface of the sample (3.25) is machined using a rotating, multi-edged cutting to¢l

3.23
consignment
quarftity of metaldelivered at one time

3.24
increment
quantity of metal obtained by sampling at one time from a consignment (3.23)

3.25
sample
portion of material selected from a larger quantity of material

4 Requirements for sampling and sample preparation

4.1 General
This clause covers the general requirements for the sampling, the sample and the sample preparation of

liquid iron and steel. Specific requirements applying to each category of liquid and solid metal are given
in the relevant subclauses.

©1S0 2022 - All rights reserved 3
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The sequence of sampling and sample preparation of liquid iron and steel, pig-iron, cast iron and steel
products is shown in Figure 1. For requirements applying to pig irons, see Clause 8.

[ Melt ]
—[ Spoon sample ] [ Probe sample ]7

7

Product batch

y

Batch sample

\ 4

[ Test sample ]

A

J Test portion
'L p |4—

a) Liquid iron and steel

4.2 Sample

42.1 Qudlity

y

[ Laboratory sample

y

—»[ Test sample

]¢

[ Test portion

~\

AA

J

b) Pig-iron, cast iron and steel products

Figure 1 — Sequence of sampling and sample preparation

Sampling piactices shall be designed-to-provide a test sample that is representative of the chejnical

compositior] of the melt or the batch'sample.

The test sample shall be sufficieritly homogeneous with respect to chemical composition such
inhomogendity does not appreciably contribute to the uncertainty of the results of the ana
However, in the case of & sample taken from a melt, some variability in analysis, both within
between tegt samples, is\thavoidable. This variability will form an inherent part of the accuracy d

analysis.

contaminatiorr.

The test sTnple shall be free from surface coatings, and from moisture, dirt or other forn

that
lysis.
and
f the

ns of

As far as possible, the test sample should be free from voids, cracks and porosities, and from fins, laps

or other surface imperfections.

Particular care shall be taken when selecting and preparing the test sample, where a sample taken from
a melt is expected to be heterogeneous or contaminated in any way. If such inconsistencies are found in

the samples, they shall be rejected.

A sample taken from a melt shall be cooled in such a manner that its chemical composition and
metallurgical microstructure are consistent from sample to sample.

Analysis by some physical methods can be influenced by the metallurgical microstructure of the
sample, particularly in the case of cast irons (even with white microstructure) and steels in the as-cast

and wrought conditions.
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4.2.2 Size

The dimensions of a laboratory sample in the form of a solid block shall be sufficient to permit additional
test samples to be taken for re-analysis.

Test samples shall have a sufficient mass to allow any further analysis. Generally, a mass of 100 g will be
sufficient for a sample in the form of chips or powder.

The shape and dimensions of the samples shall be determined to ensure the following:

— their homogeneity;

— thelr acceptability as representative with respect to the composition of the melt;

4 microstructure adapted to the techniques of analysis of solid samples.

In the case of optical emission and X-ray fluorescence spectrometric methods, the.shape and size of the
test gample will be determined by the dimensions of the sample chamber.

4.2.3 Identification

A tegt sample shall be assigned a unique identification in order to trace back the melt from which it was
taken and, if necessary, the processing conditions of the melt or the location of the laboratory sample or
the test sample in the batch sample.

A test sample of pig iron shall be assigned a unique identification in order to trace back the qonsignment
or pdrt of a consignment and the increment from which.it was taken.

Labelling or some equivalent method of marking shall‘be used to ensure that the assigned identification
remdins associated with the test sample.

The identification, status and condition of the sample shall be recorded to ensure that confuision cannot
arise as to the identity of the item to which.analysis and records refer.

4.2.4 Sample conservation

Adeduate storage facilities shallbe provided to separate and protect the test sample. Duripg and after
preppration, the test samplé shall be stored in such a way as to prevent contamination for chemical
chanjge.

It is permitted to conserve the laboratory sample in the form of a solid block, and a test sample may
thenfbe prepared when required.

The test sample; or the laboratory sample in the form of a solid block, shall be kept for| a sufficient
peridd of time'in the laboratory for audits and/or retests purposes.

4.2.3 “~Sample for arbitration

In the case of samples intended for arbitration, the test samples shall be prepared jointly by the supplier
and purchaser, or by their representatives. The records shall be kept of the methods used for preparing
the test samples.

Containers with test samples intended for arbitration shall be sealed by both parties or by their
representatives. Unless otherwise agreed, these containers shall be kept by the representatives of each
party responsible for the preparation of samples.

© IS0 2022 - All rights reserved 5
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4.3 Sampling

4.3.1 Sample from a melt

Melts are sampled at various stages of the manufacturing process for the purposes of monitoring
and controlling the process. Samples may be taken during the casting of the melt to verify chemical
composition in accordance with the specification of the cast product. In the case of liquid metal intended
for the production of a casting, the test sample may be selected from test bars or blocks specially cast
from the same metal as that of the casting for purposes of mechanical testing, in accordance with the

product standard.

Sampling pr
process in 4
obtained fr(
cast disc, pi
attached to

NOTE S4
main feature

4.3.2 San

The laborat
in the prody

In the case (

In the case
the forging |

In the abser]
product, the
or directly f]

The laborat
other appro
certain elen

4.4 Prepq

4.4.1 Prel

If any part
oxidation, it|
in compositj

actices for melts shall be designed to provide samples during a particular manufaet
ccordance with requirements related to the quality of the sample (see 4.2.1). The) sa
m a melt is usually in the form of a small ingot, a cylindrical or rectangular block, a
s or a combination of a disc with one or more attached pins. In some cases, small lug
h disc.

5 of several types of probes are given in Annexes A and B.

Iple from a product

ry sample or the test sample may be selected from the batgh.sample at the location indi
ct specification for the selection of material for mechanical testing, when available.

fan iron casting, the test sample may be selected from a bar or block cast onto the cag

pf a forging, the test sample may be selected from the initial starting material from W
1as been made, or from prolongations of theforging or from additional forgings.

ce of requirements given in the productstandard, or of a specification when orderin
test sample may be selected from thé-sample for mechanical testing or from the test |
fom the batch sample.

bry sample or the test sample.may be obtained from the batch sample by machining o
priate means. Special considerations apply in the case of sampling for the determinati
ents.

iration of a sample

iminary preparation of a sample

may be‘agreed, following an investigation to establish the nature and extent of any ch

mpling probes for use with liquid iron and steel can be obtained from a number of supplierg.

ring

ple
chill-
S are

The

rated

ting.
rhich

o the
iece,

r any
on of

f the sample is liable to be non representative in chemical composition, for example due to

ange
the

ion, to remove from the sample those parts that have changed. After this operation,

W nratnotnd 100 A das b0 oy anyz chanagn 1 coma AT

sample shal

DT PTOTCCTCOTIT OT Ot tO VOte alry crratrg T COTTp USToIoTT

If necessary, the surface of the metal shall be laid completely bare at the location of machining, by any
suitable means, to remove any coating that has been applied during manufacture. If necessary, the
surface of the metal shall be degreased by means of a suitable solvent. Care shall be taken to ensure
that the manner of degreasing does not affect the accuracy of the analysis.

4.4.2 Testsample in the form of chips

The test sample shall consist of chips of a regular size and shape. These may be obtained by methods
such as drilling, milling or turning. The chips shall not be taken from a part of the sample that has been
affected by the heat of a cutting tool.
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The tools, machines and containers used during preparation of the sample shall be cleaned beforehand
to prevent any contamination of the test sample.

Machining shall be carried out in such a way that the chips are not subject to overheating, as indicated
by a change in the colour (blueing or blackening) of the chips. Unavoidable coloration of chips obtained
from some types of alloy steels, for example manganese and austenitic steels, may be minimized by
selection of appropriate tools and cutting speeds.

Depending on the technique of analysis, heat treatment under an adequate atmosphere or environment
(to ensure that the chemical composition is not changed) may be performed to soften the sample for
machining, provided that the product has been submitted to the same heat treatment. For some cases
such

L. dat H 43 L s 4+ 3 £ o1l A |
do Ldl UJUIl Ul UA_ysCll UCTLUT IIIIIIAUIVUILL, TITAU LI TAUITITIIU IS TITUL dlIIUVVCU.

The fise of coolants during machining is only permitted in exceptional cases; after which.th|
be cleaned by means of a suitable solvent that does not leave any deposit.

e chips shall

Chips shall be thoroughly mixed before weighing the test portion. For most pufjpeses, the ¢hips should

be mfixed by rolling the container on a level surface and/or gently tumbling the*container.

4.4.3 Testsample in the form of fragments

Whe
piecd
disc

throt

ieces. These
known as a
hich passes

Fe drilling of the sample to obtain chips is impracticable, it shall*be cut or broken into p
s shall then be crushed using a percussion mortar or a vibratory grinding mill, also
mill or ring mill, to obtain a test sample in the form of small fragments, the whole of
1gh a sieve of a specified aperture size.

In sgme applications for the determination of carbon-tfsing a thermal method of analysis
is crlished in a percussion mortar to obtain a test sample in the form of fragments with a
rangf of approximately 1 mm to 2 mm.

the sample
particle size

pbment used for comminution shall be_constructed from material that does not alter]
osition. Suitable tests may be necessary to show that the use of such equipment does n
osition of the test sample in any wdy!

Equi
com
com

the sample
ot affect the

Com

2

minution shall not be used for the preparation of samples of graphite-bearing cast iron

The
loss

sievd.

The

sieving operation shall bé performed taking all precautions necessary to avoid contq
bf material. When sieving hard materials, care shall be taken to avoid damaging the

test sample shall’be homogenized before weighing the test portion. Small fragmg

mination or
fabric of the

nts may be

homggenized by stirring.

CAU
fire

ION —¥inely-divided metals of particle size less than approximately 150 pm ca
isk. Ensure that there is adequate ventilation during comminution.

n present a

4.4.4

Test sample in the form of a solid black
4.4.4.1 Selection of the test sample

The test sample shall be obtained by cutting, from the batch sample or laboratory sample, a piece of
size and shape suitable for the method of analysis. Samples shall be cut by sawing, abrasive cutting,
shearing or punching.

In the absence of any indication in the product standard, analysis by a physical method shall be carried
out on that part of the sample corresponding to a transverse section of the product, provided that the
material has sufficient thickness.
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4.4.4.2 Surface preparation of the test sample

The test sample shall be prepared to expose a surface suitable for the method of analysis. Preparation of
a surface for analysis shall not be carried out on any part of a sample that has been thermally affected.
The equipment used for sample preparation shall be designed to minimize overheating the sample and,

where appropriate, shall incorporate systems of cooling.

The main ty

a)

pes of equipment used for surface preparation are as follows:

A milling machine capable of removing a preselected depth of metal in a reproducible manner, for

use with samples that are within a hardness range suitable for milling. The equipment shall be able

to be us

b) A grind

depth o

A flat-b
belts, al

c)

d) Amach

the surf

For the preq

After prepar

accuracy of

Cutting and|
samples taly
automatical
samples [se§
the sand-bl4

NOTE In|
environment|

The abrasiv]
avoid contal
shall be in a

In the case
normally su
method selg
sample to s4

The effect
spectrometr
by volatilizi

H’ iFrpnlnirnr]’ with a camp]p talken from amelt where the camp]n isstill hot

ing machine with a fixed, rotating or oscillating head capable of removing a preselg
f metal in a reproducible manner.

bd linishing machine with abrasive grinding discs, or a machine with continuous abr
le to be used to prepare the surface of the test sample to varying grades of finish.

ne for blasting with sand, grit, or metal shot, able to be used in speeial/applications to
ace of the test sample.

aration of ultra-low carbon (ULC) steel samples, a milling machine is recommended.

ation, the surface of the test sample shall be flat and freefrom imperfections that affeq
the analysis.

surface preparation may be performed either.m@hually or automatically. In the cal
en from melts, commercially available systems,"which perform each stage of prepar
y, may be used. Systems for the automatic preparation of surfaces of dual-thickness f
e A.2.3 c)], and for the punching of slugs forming test portions, may incorporate facilitig
sting of the sample.

order to soften the sample before pun¢hing, a heat treatment under an adequate atmosphe
(to ensure that the chemical compdsition is not changed) can be performed.

e materials used in the finalistage of preparing the test sample shall be selected so
minating the surface with-elements that are to be determined. The grit size of the abr
ccordance with the grade’of surface finish required for the method of analysis.

f optical emissionspectrometric methods, an abrasive with a grade of 60 grit to 120 g
fitable. In the case-of X-ray fluorescence spectrometric methods, it shall be ensured th4
cted for surfae€ preparation produces a grade of surface finish that is reproducible
mple. In addition, there should be no smearing of the surface.

pcted

hsive

rlean

t the

se of
htion
robe
s for

re or

as to
hsive

ritis
t the
from

bf abrasive materials depends on the analytical method. When using optical emi
ic methods the action of pre-sparking will normally clean the surface of the test sa
Nng-a

contammatlon when usmg a new abraswe disc.

5sion
mple

irface

When using X-ray fluorescence spectrometric methods, all the phases of surface preparation shall be
examined for potential surface contamination effects.

The test sample shall be examined visually after preparation to establish that the surface is free from
particulate matter or imperfections; the sample shall be resurfaced or discarded if imperfections are
present. The test sample shall be dry and care shall be taken to protect the prepared surface from
contamination.
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4.4.5 Preparation of a test sample by remelting

A sample in the form of small pieces or chips, or a part of the batch sample itself, may be remelted in an
atmosphere of argon using commercially available melting equipment. The sample is converted into a
disc. Some types of remelting equipment incorporate facilities for the centrifugal casting of the disc.

NOTE Typically, the sample is 30 mm to 40 mm in diameter and 4 mm thick, which is suitable for analysis by
a physical method.

Partial losses of some elements can occur during the remelting process. It is essential to ensure that any
selective volatilization or segregation of elements, or any other change in composition, which occurs is
quantitatively known and does not significantly influence the results of the analysis. Suitable tests shall
be cqrried out to show that any change in composition is both small in magnitude and reproducible.

The ¢quipment used and the method adopted for remelting shall be designed to preyent off minimize a
chanfge in composition and to ensure that any change is reproducible. A deoxidant, for example 0,1 %
(mass fraction) zirconium, should be used during remelting.

Not gll ferrous metals may be remelted in this manner.

This|method shall not be used for sample preparation for the determination of an element that is
subjécted to a significant and non-reproducible change in composition when remelted.

4.5 | Safety precautions

4.5.1 Personal protection

Perspnal protective equipment shall be provided to ‘minimize the risk of injury during saqmpling and
sample preparation operations. Provisions shallgnclude protective clothing, hand protectjon and face
visols resistant to splashes, for use during the-sampling of liquid metal, and respiratory protection for
use where necessary.

4.5.2 Machinery

The lise of machinery for sampling and sample preparation shall be in accordance with |appropriate
natignal standards or procedures adopted by the manufacturer.

4.5.3 Hazardous materials

It is presupposed thafprocedures are in accordance with applicable legal requirements with regard to
the use of solventsXor the cleaning and drying of samples and test portions.

5 Liquidiron for steelmaking and pig-iron production

5.1 “General

The following methods are applicable to the sampling of liquid blast-furnace iron intended for
steelmaking or for the casting of pig-iron. The liquid iron is normally sampled from the blast furnace
runner while the melt is poured into torpedo ladles or from transfer vessels or during secondary
treatment processes in the ladle or during the casting of the melt into an ingot mould.

The chemical composition of castiron can fluctuate during run-out from the blast furnace. Two or more
samples shall be taken from the melt at timed intervals and an average composition determined.

When physical methods for analysis are used, the method of sampling shall be designed to chill the
liquid metal in a manner that ensures that the metallurgical microstructure of the sample is suitable
for the requirements of the method of analysis selected.

©1S0 2022 - All rights reserved 9


https://standardsiso.com/api/?name=311c6a71bfba59b2112d59a088665f0d

ISO 14284

:2022(E)

5.2 Spoon sampling

5.2.1 Methods

For sampling from a melt, immerse a preheated steel spoon or a ceramic fiber spoon into the melt and
fill with liquid iron. Withdraw the spoon and remove any slag by skimming the surface of the liquid iron
in the spoon.

For sampling from a stream, introduce a preheated steel spoon or a ceramic fiber spoon into the stream
from the ladle and fill it with liquid iron.

Pour the liqg
possible. Re

The liquid i
should be ai

A disc-shapg

copper/ cop
while in use

NOTE1 Ty
can be used.
NOTE2 In|

complete wh
The edge of

NOTE3 F{

NOTE4 A

A coin sam
The pins ar
method. An
of castiron

A thin slab-
The two ha
while in use|

NOTES5 Ty

Uld
move the sample from the mould and break off any riser.

on shall be poured into a cold mould to ensure adequate chilling. If necessary, the nj
r-cooled before use. The mould shall be free from moisture.

bd sample, commonly described as a coin sample, may be obtained usingatwo-piece §
per-chromium mould. The mould is constructed in two pieces thatare clamped tog
one piece is a flat chill plate, the other is a block with the mould cavity.

pically, a sample having 35 mm to 40 mm in diameter with a thickness varying from 5 mm to
the case of cast irons, samples with thicknesses greatersthan 6 mm will probably not h
te castiron microstructure.

the mould cavity may be tapered, to facilitate removal of the sample from the mould.
r example, from 38 mm to 32 mm.

coin sample can be vertically or horizontallycast in the mould.

ble with one or more attached pifis'may be obtained using a combination-type m|
e broken off from the disc and used, if required, as test portions for analysis by a the
example of a combination-type.mould for use with liquid iron intended for the produ
s shown in Figure 2.

thaped sample with a.rounded end may be obtained using a cast iron or steel split-m|
ves of the mould are-bevelled at the top to give a feeder head and are clamped tog
This type of mouldan be preferred for use with liquid iron having high carbon conte

pically, the dimiensions of the sample are 70 mm x 35 mm with a thickness of 4 mm.

ly as

1ould

teel/
bther

pve a

ould.
rmal
ction

ould.
bther
nt.
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Dimensions in millimetres

143
o
®35
P40

25
40

-

NOTH The flat chill-plate (not shown) has similar overall dimensions. The mould is commonly|described as
book{mould.

Figure 2 — Example of a combination-type vertical mould used for sampling liquid iron
intended for cast iron production

5.2.17 Maintenance of-equipment

It is ¢ssential to keep)sampling spoons and metal moulds clean and dry. After use, remove any slag and
skullland clean the Surfaces of the mould with a wire brush.

Moulds shouldbe remachined if the internal surfaces become worn. This avoids the need fgr additional
machiningof the sample during surface preparation.

5.3 Probe sampling

5.3.1 General

The different types of probes used for sampling blast furnace iron are described in Annex A. Probes shall
be designed to provide a disc-shaped sample with a white cast iron microstructure that is sufficiently
thick for the requirements of the physical method selected for analysis.

Probe sampling is influenced by such factors as the angle and depth of immersion of the sampler in
the melt, and immersion time may vary depending on the temperature of the liquid iron. These factors
should be determined for the particular iron-making practice and thereafter strictly controlled to
maintain the quality of the test sample.
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5.3.2 Methods

For sampling from a melt, immerse a suitable immersion probe sampler into the melt at an angle as near
as possible to the vertical plane.

When sampling from the runner of a blast furnace, select the position of immersion to give a sufficient
depth of liquid metal for the use of a probe sampler. A depth of approximately 200 mm is adequate for
most types of sampling probe.

For sampling from a stream of liquid iron, introduce a suitable suction probe sampler into the metal
flow from a ladle, at an angle of approximately 45° to the vertical plane, at a position as near as possible

o of the vessel

to the nozzl

Withdraw the probe sampler from the melt after a predetermined interval of time, break it-dpatrf and
allow the sample to cool in air.

5.4 Preparation of a test sample

5.4.1 Preliminary preparation

Remove any| surface oxidation from a sample taken from the melt that can egntaminate the test sample
during subspquent preparation.

5.4.2 Testsample for a chemical method

For white mjicrostructure cast iron, break the sample into smyall pieces and crush the pieces usjng a
percussion nortar or a vibratory grinding mill to obtain a stfficient amount of test sample of particle
size preferaply less than about 150 um.

For grey mifrostructure cast iron, obtain chips by drilling the sample at a low speed as describpd in
8.3.1.

5.4.3 Test sample for a thermal method

Break the pin of a disc-shaped sample-iinito pieces of a suitable mass for use as test portions, or usg the
lugs of a prgbe sample.

For oxygen determination, the test’/portion shall be taken from the bulk of the disk sample.
Alternativelly, crush the pin-0or’lugs in a percussion mortar to obtain a sufficient amount of test sample
of particle s{ze approximately 1 mm to 2 mm.

Avoid the productief of fine material during crushing. In the case of a slab-shaped sample, break the
sample into[small.pieces and crush the pieces in a similar manner.

5.4.4 Testsample for a physical method

A white cast iron microstructure obtained by chill-casting shall be used for analysis by physical
methods.

In the case of a disc-shaped sample, remove any lugs or pins, as necessary, and then grind the surface of
the sample to obtain a surface free of contamination or oxidation that is representative of the sample.
The amount of material to be removed in this way shall be determined for the chemical composition
of the particular cast iron and the conditions of sampling. The thickness of the layer to be removed
normally lies between 0,5 mm and 1 mm (see Clause A.6).

In the case of a slab-shaped sample, break the slab into two pieces to obtain a sample of suitable size for
analysis.

Prepare the sample by grinding avoiding over-heating of its surface.
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Particular care shall be taken when preparing the surface of thin samples. A chuck shall be specially
designed to hold the sample securely during grinding operations.

6 Liquid iron for cast iron production

6.1

General

The following methods are applicable to the sampling of liquid iron from cupola furnaces and electric
furnaces, from holding furnaces in duplex processes, and from ladles and treatment vessels.

Liqu
care
the
samy

Inb
appr
detel

Meth
rapid
cast
Non-
spec
meck
or ca

By a
orm

Spec
of ox

6.2

6.2.1

Sampling should takeplace before any additions of inoculating substances have been made

Alter
to ha
stan

Sphe

diron intended for the production of Iron castings can be Subject to Inomogeneity, an
shall be taken in the design of strategies and methods of sampling to meet the reqq
articular production process. For example, liquid iron in holding furnaces tends to
ling shall ensure that the analysis is representative of the melt as a whole.

itch processes, two or more samples shall be taken from melting furnaces, prefq
bximately one-third and two-thirds of the melt has been discharged;vand an aver;
'mined. In continuous processes, samples shall be taken at regular intervals of time.

ly as possible to produce a white cast iron metallurgical microstructure (graphite fq
ron microstructure obtained by chill-casting shall be used for analysis by physical mg

chilled samples may also be used for wet chemistry determinations. In this case, sam
ally cast from a spoon, or a test sample may be selected from a test bar or keel block
lanical testing. Test bars or blocks are cast from thé-Same metal as that used to product
stings.

breement with the customer, when large castings or large numbers of castings are pr
bre samples should be taken.

al considerations apply to the sampling and sample preparation of liquid iron for the de
ygen and nitrogen (see 6.5).

Spoon sampling

General

ve faded.and the melt should be thoroughly stirred before sampling. Failure to allg
ling time before taking the sample will seriously impair the representativeness of the

roidal graphite cast iron is particularly difficult to sample due to the possibility of co

d particular
irements of
stratify and

rably when
hge analysis

ods of sampling are normally designed to chill the liquid metal‘of a sample cast from a spoon as

ee). A white
thods.

ples may be
ntended for
e the casting

pduced, two

termination

to the melt.

natively, sufficient time should be allowed to elapse for the immediate effect of the additions

w adequate
sampling.

ntamination

by dross during the production process. In this case, a suitable sample may be obtained by

melt

using a ceramic disc.

filtering the

In order to obtain a sample that is representative of the chemical composition of the cast product,
the sample shall be taken after the addition of inoculating substances, except in case of automatic
inoculation in stream.

6.2.2 Methods

A graphite spoon or a steel spoon lined with a layer of a refractory such as ganister or ceramic fiber

Spoo

n are suitable for use in accordance with one of the following methods:

a) Remove any slag from the surface of the melt by skimming and then immerse a preheated spoon

i
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ce a preheated spoon into the stream during pouring and fill with liquid iron.

6.2.3 Chilled sample

Pour the liquid iron from the spoon without delay into a split mould made from copper to obtain a
sample in the form of a small, flat plate, 5 mm to 6 mm in thickness. Remove the sample from the mould
as soon as it is solid to avoid overheating the mould and the risk of breakage of the sample, then break
off any riser.

The sample,

NOTE 1
50 mm x 50 1
NOTE2 G¢

The mould
chill plate, t

facilitate removal of the sample from the mould.

A coin samy
pins are bro

NOTE 3
and made fr
35 mm to 40

The temper
mould mate
with a whit]
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In the case
shall be pro

Thermal sty
avoided.

6.2.4 Non

Pour the liqiiid iron from thelspoon without delay into a sand mould to obtain a cylindrical block-shj

sample.
NOTE1 Ty

Alternativel

An example of a combination-type vertical mould of this type, gomumonly described as a book 1

commonly described as a coin sample, can be circular, rectangular or square in shape.

Tlre—retated—typicat stzes—arerespectively 35mmr—to—46—mmr—diamreter; 50— —=—271m

hm.
nerally, disc samples are vertically cast and rectangular and square samples are horizontally

is constructed in two pieces that are clamped together while in use: one-piece is
he other is a block with the mould cavity. The edge of the mould cavity imay be taper

le with one or more attached pins may be obtained using a combiniation-type mould
ken off from the disc and used, if required, as test portions for analysis by a thermal me

m copper or internally water-cooled copper is shown in Eiglire 2. The sample obtained is 3
mm in diameter and 5 mm to 6 mm thick, with three 4 mm->diameter pins.

hture of the liquid iron in the spoon shall be as¢high as possible and compatible wit

e cast iron microstructure. If necessary, the, mould should be air-cooled before use
be free from moisture.

of process where samples are requitted to be taken at frequent intervals, several m
ided to ensure that a cold mould.is:available for use.

ess due to overheating of the mould can cause breakage of the coin sample and shg

-chilled sample

pically, thecylindrical block shaped samples are 50 mm in diameter and 40 mm to 50 mm lon

and
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ed to

The
thod.
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rial. The mould shall be cold to ensure adequate chilling for the production of a test sajmple
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[y, a.test sample may be selected from a test bar or keel block intended for mechanical

mall

testing. Test

bars or blocks are cast either from liquid iron taken from a ladle usmg a spoon or, if a {
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in a sand mould.

NOTE 2

Typically, the bars are 30 mm in diameter and 150 mm long.

Samples shall be allowed to cool completely before removal from the mould.

Non-chilled

6.2.5 Mai

samples shall be used for wet chemistry determinations only.

ntenance of equipment

cast

Keep spoons and metal moulds clean and dry. After use, remove any slag and skull and clean the
surfaces of the mould with a wire brush.
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Moulds should be remachined if the internal surfaces become worn. This avoids the need for additional
machining of the sample during surface preparation.

6.3

Probe sampling

Probe sampling is used only to a limited extent in the manufacture of cast iron products. Sampling
probes, if required, shall be designed to provide samples from the melt of a quality and metallurgical
microstructure required by the method of analysis.

6.4

Preparation of a test sample

6.4.1

Prep
depe

6.4.2

6.4.2

Mach
150
unifd
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Inth
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The {
Whe
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size

does
6.4.2

For a

For 4

Preliminary preparation

are the sample in accordance with one of the procedures described in ©:4¢2, 6.4

.3 or 6.4.4,

nding upon the method selected for analysis.
Test sample for chemical methods

.1 General

/min) using a tungsten-carbide tipped tool, adjusting{thé speed and feed to prod
rm size while avoiding the production of fine particles. Care shall be taken to avoid
the sample and the tool.

e case of grey castirons, chips shall be as solid and.compact as possible, with amass of ap
g (100 chips per gram) in order to prevent.crumbling and loss of graphite. Chips s}
ed with a solvent or treated magnetically because of the risk of altering the distribut
rraphite. A tool with a diameter of 10 mmyis suitable for obtaining chips by drilling.

ize range of chips intended for the determination of total carbon should be 1 mm to 2

h machining is not practicable; the sample may be broken into pieces that are then cy
cussion mortar or vibratory.grinding mill to obtain a sufficient amount of test sampl
ess than 150 um. This method should only be used in cases where it is shown that c
not lead to contaminatien of the sample.

.2 Methods
chilled sample; drill the sample, if practicable, discarding chips obtained from the sur

non-chilled sample that shall only be used for wet chemistry determinations, in t

cylindricabblock, drill a hole transversely at a position one-third along the length of the

drill

another hole from the opposite side. Discard chips from one-third of the radial de

dired

ining to obtain chips should be carried out by drilling or~turning at a low speed (1

00 r/min to
ice chips of
overheating

[proximately
ould not be
ion of metal

mm.

ushed using
e, of particle
bmminution

face.

he case of a
block. Then,
pth in both

tiohs. Continue r]ri”ing fhrnngh the centre of the block to obtain the test camp]n

In the case of a test bar, use one of the following methods:

a)

third along the bar.

b)

Grind two flats on opposite sides of the bar and drill from one side to the other at a position one-

Turn the test bar using a lathe with a maximum cut of 0,25 mm; do not use a cutting fluid or coolant.

Use a radial cut from edge to centre, or face turn a cross-section of the bar; do not confine turning
to the surface of the bar. Discard chips obtained from the surface of the bar.

For a non-machinable sample, break pieces from the sample or cut a 3 mm slice or disc from the cross-
section near the bottom of a test bar. Crush these pieces using a percussion mortar or vibratory grinding
mill to obtain a sufficient mass of test sample of particle size less than 150 um.
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6.4.3 Test sample for thermal methods

In the case of a chilled sample, remove the pin from the sample and break or cut the pin into pieces for
use as test portions.

Alternatively, crush the pinin a percussion mortar to provide a test sample of particle size approximately
1 mm to 2 mm. Avoid the production of fine material during crushing.

NOTE

Oxygen cannot be determined on pieces obtained by crushing.

6.4.4 Test sample for physical methods

In the case

free of cont
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the conditio
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For the det
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described i1

s of sampling; the thickness of the layer to be removed is normally at leastcl.mm.

bf a chilled sample, remove any pins and then use a fixed-head grinder to obtain a‘su
hmination or oxidation that is representative of the sample. The amount of material
this way shall be determined for the chemical composition of the particular, cast irof

ure of the sample is suspected not to be full chill along its wholé\thickness, exce

e suitability of the metallurgical microstructure of the prepared sample for the meth

of the sample during surface preparation shall be avgided. This can result in su
will affect the accuracy of the analysis.

ample securely during grinding operations.

fixed-head grinder is preferable to a swing grinder for surface preparation. The swing g
flat surface to the test sample.

ling and sample preparationfor the determination of oxygen and nitrogen

mpling and sample preparation methods shall avoid contamination of the sample by ox
1 (see 7.5).

Ch samples can be obtained from the melt using a spoon and casting the liquid irg
6.2y.into a combination-type book mould to obtain pin-shaped samples of diameter 4

rface
to be
1 and

is recommended during grinding in order to avoid overheating thensample. When the

ssive
ctice
od of

rface

e taken when preparing the surface of a thin coin-sample. A chuck shall be specially designed

inder

bn of
ygen

erminatien of oxygen and nitrogen, pins broken from a chill-cast sample are norially

n, as
mm.

For this pur

pose, modify the construction of the mould shown in Figure 2 by enlarging the threq

pin-

shaped cavities to produce pins of the required diameter.

6.5.3 Preparation of the test portion

Remove all traces of surface oxidation from the pin by turning using a lathe and a tungsten-carbide-
tipped tool. Use a separate parting tool to cut the pin transversely in order to obtain a test portion of a
suitable mass for analysis. Avoid overheating the pin during the preparation of test portions.

Ensure that there is no delay between the preparation of the test portion and analysis.
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7 Liquid steel for steel production

7.1

General

The following methods are applicable to the sampling of liquid steel from furnaces, ladles and other
vessels, and from tundishes and moulds during the melting, secondary treatment and casting of the

steel

Special considerations apply to sampling and sample preparation of liquid steel for the determination of

oxyg
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en (see 7.5), nitrogen (see 7.5) and hydrogen (see 7.6).

Spoon sampling

Methods

i shall first be immersed in the slag layer to coat it with slag so as to reduce chilling
sion of the metal to the spoon. Withdraw the spoon and remove any.slag by skimming
b liquid steel in the spoon.

ampling from a stream, introduce the spoon into the stream from the ladle and fill if
Then withdraw the spoon.

shall be taken when introducing the spoon into the stream because of the force of the
ging from the nozzle; it can be necessary to reduce thé rate of metal flow during samp

ressary, add a measured quantity of deoxidantto the liquid steel in the spoon. Whg
is quiescent (after an interval of up to 10 s), pour without interruption into a one-piece
ned to produce a tapered cylindrical sample. The sample should be approximatel
m in diameter at the top and 20 mm to.35 mm in diameter at the base, and 40 mm to 7

bve the sample from the mould andcool in a manner that is designed to prevent crack
les sufficiently slowly to ensurelease of machining.

ampling stainless steel, a_refractory ring placed on a cast iron plate may be used
ing should have a wall thickness of 10 mm to 12 mm. The sample is removed from t
king off the refractory.

type sample may be taken by use of quartz tube with dropper from the spoon samp
) from the mould-directly, if possible.

Aluminium wire is frequently used as deoxidant in spoon sampling, provided that alu
buse interference in the method of analysis and that the determination of the aluminium c
s notxequired. The amount of aluminium added is usually between 0,1 % (mass fraction) ang
on)“Other deoxidants, such as titanium or zirconium, can be used with similar restrictions.

ampling from a melt, lower the spoon through the slag into the melt and filllit with liqujid steel. The

and prevent
the surface

with liquid
liquid metal

ling.

n the liquid
steel mould
y 25 mm to
5 mm long.

ng. Cool the

as a mould;
he mould by

e. [t may be

Iminium does
ontent of the
0,2 % (mass

7.2.2 Maintenance of equipment

Keep spoons and metal moulds clean and dry. After use, remove any slag and skull and clean the
surfaces of the mould with a wire brush or any other appropriate means.

Moulds should be remachined if the internal surfaces become worn. This avoids the need for additional
machining of the sample during surface preparation.
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7.3 Probe sampling

7.3.1 General

The main features of the different types of commercially available sampling probes for use with liquid
steel are described in Annex A.

Probe sampling is influenced by such factors as the angle and depth of immersion of the sampler in
the melt, and the time of immersion in the melt. These factors shall be determined for the particular
conditions of composition and temperature of the steel concerned and thereafter strictly controlled to

maintain the quality required for the analysis.

Precautions
sample of li
contents (fd
sampling pr
such as to m

shall be taken to ensure that the operation of probe sampling does not contaminat
quid steel, particularly when sampling for the determination of elements present iy

e the
1 low

r example: ULC steel samples). The selection of materials used for construction of the

pbe, the design of the capping and entrance system, and the method of deoxidation shj
inimize the risk of contamination (other than from the deoxidant itself).

7.3.2 Methods

|

For sampli
sampler thr
near as poss

For sampling from shallow melts, such as in tundishes, and fronythe tops of ingot moulds and

continuous
slag or cove
on sampler

Some tundi
sampling pr

For sampling from a stream, introduce a suitable stream sampling probe into the metal flow fr

ladle, at an 4
In case of de

Care shallb

rate of metal flow during sampling.

Withdraw t
Allow the p
does not cau

In some cas

from deep melts, such as melting furnaces and ladles, quickly immerse a suitable
bugh the slag layer into the melt as near as possible to the eefitre of the melt, at an ang
ible to 90°.

asting moulds, introduce the entry tube of a suitable suction sampling probe throug
Fing powder into the melt. Create a partial vacuum in the sampler for 2 s to 4 s (deper]
thape and size) to fill the mould.

hes can contain a sufficient depth of liquid metal to permit the use of an imme
pbe.

ngle of 45°, at a position as near as possible to the nozzle of the ladle.
termination of nitrogen, stction sampling probe should be used.

e taken when inserting the probe sampler into the stream; it can be necessary to redud

fobe sample*to-cool in air to a dull red colour, and then quench in water in a manner
se cracking.

s, probe samples are transported to the laboratory while still hot.

]l be

robe
le as

from
h the
1ding

rsion

opm a

e the

e probe samplerfrom the melt after a predetermined interval of time and break it gpart.

that

7.4 Prep

ratton of a testsampie

7.4.1 Preliminary preparation

Remove any surface oxidation from a sample taken from the melt that can contaminate the test sample
during subsequent preparation.

7.4.2 Test sample for chemical methods

In the case of a spoon sample, drill the cylindrical sample at a point one-third from the bottom through
to the centre of the sample, discarding the chips obtained from the surface layer of the sample.

Alternatively, remove the bottom third of the cylindrical sample using a cutting-off machine and mill
across the whole of the exposed face of the remainder. Heat treatment under an adequate atmosphere

18
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or environment (to ensure that the chemical composition is not changed) may be performed to soften
the sample for machining, provided that the product has been submitted to the same heat treatment.

In the case of a probe sample, obtain chips from the disc section of the sample by drilling or milling as
described in 10.4.2.

7.4.3 Test sample for thermal methods

In the case of a probe sample with attached lugs, break off one of the lugs to obtain a test portion.

In the case of a dual-thickness probe sample, punch a slug from the thin section of the disc to obtain a

test
com

sub

In th
for a

In th

Parti
steel
man

7.4.4

In th
tool

linished before analysis.

In th|
surfg
be re
cond
(see ]

For (

In th|
encld

CAU
from
that

7.5

Eosition is not changed) may be performed to soften the probe sample for an easierpu

RocK
nLitted to the same heat treatment.

well hardness of the sample exceeds approximately 25 HRC, provided that the produ

halysis.
e case of a cylindrical sample, obtain chips by drilling or milling the-sample.

cular care shall be taken in the case of samples for the deteftmination of carbon in
5, to prevent contamination during the preparation of the test portion. Use tweg
pulations.

Test sample for physical methods

e case of a cylindrical sample, cut off the base of‘the sample, using an abrasive cutti
Fo obtain the test sample, usually 20 mm te>30 mm thick. The surface shall be mill

e case of a probe sample, remove any lugs or pins, as necessary, and then mill, grind

ce of the disc to expose a surface which is representative of the sample. The amount o
moved in this way shall be determined for the chemical composition of the particular s
fitions of sampling; the thickness of the layer to be removed normally lies between 1 m
Clause A.6). In the case of adiial-thickness probe sample, prepare the thick section of t

[LC steels, the thickness.of the layer to be removed shall normally be at least 2 mm.

e case of samples-of’leaded steels, equipment used for surface preparation shall be
sure and fitted with dust-extraction equipment.

ION — Swarf arising from machining and the surface preparation of leaded steg
dust extraction filter systems shall be collected and disposed of safely. It is p1
it is dene in accordance with applicable regulations for waste materials containi

rhe chemical
hching if the
Ict has been

case of a disc-and-pin or pin probe sample, cut off a test portion from the-pin of a sjiitable mass

low-carbon
zers for all

-off disc or

eﬂig, ground or

or linish the
f material to
teel and the
m and 2 mm
he disc.

blaced in an

tls and dust
resupposed
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7.5.1 Methods of sampling

xXygen

Methods of sampling liquid steel for the determination of nitrogen and oxygen are based upon the
use of commercially available sampling probes. The main features of the different types of probes are
described in Annex A. Methods of use shall be designed to ensure that sampling operations do not
influence the equilibrium between carbon and oxygen in the melt. Avoid contamination of the sample
and remove all surface oxidation at each stage in sample preparation.

Small appendages to probe samples, such as a pin of diameter less than about 5 mm or a lug, are
generally not suitable for preparation as a test portion that is free from surface oxidation. A slug
obtained by punching from a dual-thickness probe sample may be satisfactory. For some applications, it
can be preferable to obtain a sample of larger mass by using a sampling probe filled by gravity.
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Make sure that the probes are dry before sampling. Keep them under dry conditions until used.

In case of taking sample by use of quartz tube with dropper, see 7.2.1.

7.5.2 Preparation of the test portion

Remove oxidation products from the surface of the probe sample by abrasion in a manner that does not
cause overheating.

Cut a slice from the disc of a probe sample. Then cut a cube-shaped test portion from this slice of a mass
suitable for analysis.

Place the te
each surfacq

Immerse th
Analyse imr

7.6 Samp

7.6.1 General

Methods of
sampling pr
of use shall
sample whig
by diffusion|

The probe 3
entrapped ¥
sampling prj
moisture inf

The choice d
and the req
a particular
be rigidly ad

Maintain th
following s4
refrigerant;
slurry, freez

Such storag
any particu
shall be use

5t portion in a stainless steel holding block or some other device to hold it firm and al
using a fine-cut file. Use tweezers for all manipulations.

b test portion in acetone or ethyl alcohol and dry in air or by exposure to arough vac
hediately; there shall be no delay between the preparation of the test portiofrand anal

ling and sample preparation for the determination of hydrogen

sampling liquid steel for the determination of hydrogen arebased on the use of commg
pbes. The main features of the different types of probes are described in Annex B. Mef]
be designed to minimize and to control the rapid«diffusion of hydrogen from the f
h occurs during sampling, storage of the sample, and preparation of the test portion. L
can be large at ambient temperatures, especially:from small-diameter samples.

ample shall be free from cracks and surfdce porosities and from moisture, particy
vater. The condition of the test portion can strongly influence the analysis. If a su
obe is used, the method of operation shall be designed to avoid the risk of introducti
o the sample.

fa method of sampling is dependent on the temperature of the melt, the method of anz
hired accuracy. These relationships shall be investigated to establish a suitable methg
steelmaking practice that will give samples of the quality required. Procedural detail
hered to, in order to obtain consistency in the quality of analysis.

e probe sample and-the test portion at a temperature that is as low as possible at all s
impling, and during storage and sample preparation. The sample shall be stored
either liquefied/nitrogen or a mixture of acetone and solid carbon dioxide in the foy
er or cold Box with solid carbon dioxide is suitable.

ar-material, in the absence of experimental evidence, the suggested refrigerant st
ib

rade

uum.
ySis.

rcial
hods
robe
hsses

larly
ction
on of

lysis
d for
shall

fages
in a
m of

e shall'be down for ferritic steels. Diffusion of hydrogen in austenitic steels is slow bt for

rage

The probe sample and the test portion shall be kept cold when cutting the sample and during the
preparation of the test portion. Cooling may be carried out by immersion in a refrigerant. Any moisture
present on the surface of the test portion after cooling shall be removed. The test portion shall be
immersed in acetone and then dried by exposure for a few seconds to a rough vacuum.

Samples that have been inadequately cooled or stored shall be discarded.

Preparation of the surface of the test portion by abrasion shall be kept to a minimum, consistent with
the need to remove all oxidation products and surface imperfections. The test portion shall be analysed
immediately after preparation.
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7.6.2 Methods of sampling

A range of commercially-available sampling probes, designed to provide pin-shaped or pencil-shaped
samples of varying diameter (see Annex B) is available. Use the selected sampling probe in accordance
with the manufacturer’s instructions.

The probe sample shall be quenched in cold water and the water shall be stirred vigorously and
continuously during quenching. There shall be no delay; quenching shall take place within an interval
not greater than 10 s after taking the sample. The silica sheath used as the sample mould shall be
removed quickly to allow rapid cooling.

When-the camp]p 1s CIIFFiripnfly rnn]nr]’ immerse the prnhp c:\mp]p n-a rpFrignrqnf for torage and

trangport it to the laboratory.

If the probe is designed to capture diffusible hydrogen, it shall be quenched in order o be cooled
suffigiently for handling purposes.

In cake of taking sample by use of quartz tube with dropper, see 7.2.1.

7.6.3 Preparation of the test portion

Cut { test portion of a suitable mass for analysis from the centralséctions of the probe sample. Cutting
shalll be carried out in such a manner as to minimize heating-the probe sample. Use a dopious flow
of cooling fluid during cutting or cool the sample at frequen? intervals, or use a combination of both
metHods of cooling.

Preppre the surface of the test portion by filing, grit-blasting or light grinding. If filing is Gsed, abrade
the surface by hand with a fine-cut file. If grit-blastingis used, a grit-blasting machine shall|be reserved
exclysively for this purpose to avoid contaminatiognof the test portion from the grit. If grinding is used,
cool the test portion at frequent intervals.

Degrlease the test portion by immersion in‘acetone, dry by exposure to a rough vacuum pnd analyse
immediately. Alternatively, the test portion may be degreased by immersion in 2-propangl (isopropyl
alcohjol) and then dried with diethyl éther.

8 Pig-irons

8.1 | General

The following methods are applicable to the sampling of iron from the blast furnace, which has been
cast |nto blocks.of.a simple shape, known as pigs, usually in the form of a double trapeze oif some other
simillar shape/The various types of pig-irons are classified in ISO 9147.

Specjal care-shall be taken to ensure the collection of a representative sample for pig-irons

8.2 "Increment sampling

8.2.1 Number of increments

The number of pigs taken as incremental samples shall be representative of the batch or consignment.
In the case of a consignment supplied in bulk, if there is no other agreement between the supplier and
purchaser, the minimum number of pigs to be taken from a consignment shall be in accordance with
Table 1 (see ISO 9147).

©1S0 2022 - All rights reserved 21


https://standardsiso.com/api/?name=311c6a71bfba59b2112d59a088665f0d

ISO 14284:

2022(E)

Table 1 — Minimum number of pigs to be taken as incremental samples from a consignment

8.2.2 Methods

During unld
incrementall

In the case
a definite of
the distancq

In the case (
touched by {

Where itis 1
stockpile is
stockpile.

Alternativel
selected at 1

8.2.3 Con

A consignm

different solirces. If pigs of different shapes and sizes can be distinguished in the consignment, a vj

assessment

Incremental
separate sul

[y, use a mechanical shovel to obtain@number of subsamples from positions in the stoc

Mass of consignment Minimum number of pigs
t

<10 9

>10 to <20 11

>20 to <40 12

>40 to <80 14

>80 to <160 16

106U 1O =5UU 10

>300 to <600 21
>600 24

ading or loading operations, or any other displacement of a consignment, obtain pi
samples at intervals of time or mass that are approximately equal:

bf a consignment supplied in wagons or trucks, the points of sampling shall be dispos
der. For example, from five positions, that is at the centreof,the wagon, and at one-six
from the corners of the wagons along the two diagonals.

fa stockpile, throw a rope having a certain number‘efknots onto the pile and take thg
hese knots. Repeat the operation until a sufficientumber of pigs is obtained.

lot possible to gain access to the whole of the suirface of the stockpile, or where access
unsafe, the locations of sampling shall be disposed in a definite order on the surface

andom. Then select one pig at ranidom from each subsample.

signment of mixed pig-irens
ent of pig-iron may centdin a number of different batches of pig-iron, which may be

shall be made ofthe proportions of each type of pig-iron present.

samples shall'then be taken of each type of pig-iron in the consignment to const
bsamples-afipigs in order to obtain a weighted average analysis for the consignment.

8.3 PrepTration of a test sample

DS as

ed in
th of

pigs

o the
f the

kpile

from
isual

itute

8.3.1 General

If the pigs taken as incremental samples contain remanent magnetism as a result of handling with
magnetic grabs, they shall be demagnetized by means of a demagnetizing coil to prevent separation of
coarse and fine particles during drilling.

Machining of the sample to obtain chips should be carried out by drilling at a low speed (100 r/min to
150 r/min) using a freshly sharpened tool, adjusting the speed and feed to produce chips of uniform
size with a minimum amount of fine particles. A drill with a diameter of 12 mm to 14 mm is suitable for
obtaining chips. The drill shall be resharpened at frequent intervals and care shall be taken to avoid
overheating both the sample and the tool.

For some types of iron, for example oxygen-blown iron, it can be necessary to use a tungsten-carbide

tipped drill.
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Chips shall be as solid and compact as possible in order to prevent crumbling and loss of graphite. The
particle size range of chips intended for the determination of carbon shall be approximately 1 mm to
2 mm.

Milling shall not be employed owing to the high proportion of fines produced.

The prepared sample shall not be cleaned with a solvent or treated magnetically because of the risk of
altering the distribution of metal and graphite.

8.3.2 Test sample for chemical methods

ith one of the

a) For machinable iron, clean one face of the pig by grinding at a position midway-along the length
nd width to expose an area of metallic surface of at least 50 mm in diameteryDrill a Hole through
he cross-section of the pig; cease drilling at a point approximately 5 mmfrom the opplosite face. If
ecessary, drill another hole parallel to the first hole, see Figure 3.

b) For non-machinable iron, break the pig at a position midway alongtslength. Break off|pieces from
the fractured face, crush these pieces to a particle size of approximately 5 mm and then grind using
3 vibratory grinding mill to a particle size of less than 150 pm,

Mix equal quantities of the material obtained from each pig? From this mixture, obtain|a sample of
suffitient mass for analysis by coning and quartering.

Alternatively, analyse the material obtained from each pig separately to obtain an average yalue for the

< AN %

Figure 3— Sampling positions for pigiroms

8.3.3 Test sample for thermal methods

8.3.3.1 General

The method of preparation for each of the incremental samples shall be in accordance with either
8.3.3.2 or 8.3.3.3, depending upon the condition of the pigs and the type of sample required for analysis.

8.3.3.2 Sample in the form of chips or fragments

For machinable iron, at the centre of each pig, and on opposite faces, drill a hole 12 mm to 14 mm in
diameter. Remove scale and any other impurities around the holes on both sides of the pig. Then drill
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another hole coaxial with the first hole, 20 mm to 24 mm in diameter, in such a manner that large chips,
of size approximately 1 mm to 2 mm, are obtained.

For non-machinable iron, obtain small pieces from the pig as described in 8.3.2 b), and then crush these
pieces using a percussion mortar to a particle size of between approximately 1 mm and 2 mm.

Mix equal quantities of the material obtained from each pig. From this mixture, obtain a test sample by
coning and quartering.

Alternatively, analyse the material obtained from each pig separately to obtain an average value for the

consignmen

t.

8.3.3.3 S4

Cut a slice, g

along its length and clean the edges by grinding. From this slice, cut pieces at positions)cerrespor

to those sho

drill either
diameter a
analysis.

Alternativeji:, saw or break the pig at a position mid- way along its length. Using a trepanning

Analyse are

8.3.4 Tes{

Prepare the

9 Castinon products

9.1 Gene

The locatioq]
be agreed b
or 9.2.4.

Special carg
products. T
sulfur, phos
or castings
and under d

mple in the form of a solid block

pproximately 3 mm thick, from the complete cross-section of the pig at a position mi

wn in Figure 3 to obtain test portions of a mass suitable for analysis.

roximately 3 mm. Break the pins into pieces to obtain test portions of a mass suitab

presentative number of the test portions to obtain an avérage value for each pig.

L sample for physical methods

sample in a suitable form by remelting small pieces of the sample (see 4.4.5).

ral

and method of taking a labdratory sample or a test sample from a cast iron product
btween the supplier and ptnchaser according to one of the methods described in 9.2.2,

shall be taken to-ensure that a representative test sample is collected from cast
here can be diffenences in chemical composition, particularly in the contents of ca
phorus, manganese and magnesium, between the selected sample and that of the ca
hs a wholei-Segregated elements can concentrate towards the upper surfaces of a ca
ores; thése regions shall be avoided when selecting a laboratory sample or a test sal

Hway
1ding

tool,

hree or five holes at positions corresponding to those shown in Figiire 3 to obtain pins of

e for

shall
9.2.3

iron
rbon,
sting
sting
mple.

Sectional dfmensions and areas of differential heating or cooling require special attention. Careful

consideratig

n iS\necessary in the design of sampling strategies for lamellar graphite cast iron withl

high
1l be

phosphorus

content, and malleable and spheroidal graphite cast irons. Particular attention sh{

taken when sampling grey cast irons to ensure that the test sample is representative of the chemical
composition of the product, especially where segregation is suspected.

9.2 Sampling and sample preparation

9.2.1 General

Sampling and sample preparation shall be in accordance with the grade of cast iron and type of casting,

and the met

hod selected for analysis.

The batch sample or laboratory sample shall be cleaned by scratch-brushing, grinding or shot-blasting,
to remove adhering particles of sand and to expose areas of metallic surface. It shall be ensured that
both the inner and outer surfaces of hollow castings are clean.
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9.2.2 Test sample for chemical methods

9.2.2.1 General

Machining of the sample to obtain chips should be carried out by drilling or turning at a low speed
(100 r/min to 150 r/min) using a tungsten-carbide tipped tool, adjusting the speed and feed to produce
chips of uniform size with a minimum amount of fine particles. Care shall be taken to avoid overheating
both the sample and the tool. There is a risk of fracture of the tool when using a carbide-tipped drill, in
which case the chips shall be discarded.

Milling shall not be employed owing to the high proportion of fines produced.

Chip
grani

), in order to prevent crumbling of graphite. Chips shall not be cleaned with a-§0lver

magmetically because of the risk of altering the distribution of metal and graphite. A tool wit

of 10

The

1 mn

Whe
perc

less

not 1

9.2.2

The

folloy

a)

b)

mm is suitable for obtaining chips by drilling.

bize range of chips intended for the determination of carbon or nitrogen.’should be ap
1 to 2 mm.

h machining is not practicable, the sample may be broken into pieces that are then cru
1ssion mortar or a vibratory grinding mill to obtain a sufficient mass of test sample, of
han 150 um. This method should only be used in cases where it is shown that comm
bad to contamination of the sample.

1

.2 Methods

method of sampling and sample preparation shall be in accordance with the type of
vs:

For grey cast irons, obtain chips fromJthe central section of a casting that is fr
fepresenting approximately one-third of a complete section of the casting. Do nd
obtained from the as-cast surface-foranalysis. Where possible and depending upon the
¢asting, obtain the chips by drilling the casting at several positions. Mix chips obtaine(
fo constitute the test sample.

I
1

‘or a casting of large seCtion, it might be impracticable to drill through the casting. In
he aim should be to drill half-way through the section of the casting.

n the case of a hollew casting such as a pipe, drill completely through the wall of the

¢nd and in themiddle, with the axes of the three drill holes at 120° to each other.

n the case, '0f a large casting, obtain a laboratory sample of diameter 3 mm to 5 mn
repanning tool. Break the sample into small pieces and crush pieces using a percus
r vibratory grinding mill to obtain a sufficient mass of test sample having particle si
150-um.

b shall be as solid and compact as possible, with a mass of approximately 10 mg (1(L0 chips per

t or treated
h a diameter

[proximately

shed using a
particle size
nution does

cast iron as

pm an area
t use chips
shape of the
| in this way

such a case,

pipe at each

L by using a
sion mortar
ze less than

For malleable cast irons, the test sample should, wherever possible, be obtained prior to treatment

by annealing.

Annealing causes major segregation, so the sample taken from an annealed casting shall represent
the full cross-section of that casting. Particular care shall be taken when obtaining a sample from a

casting with variable sectional thicknesses.

If annealed material must be analysed, remove a complete cross-section by machining, break into

pieces and crush in a percussion mortar or disc mill. Separate the coarse and fine fra
a 150 pm sieve and determine the mass of each fraction. Thoroughly mix each of t
separately and weigh proportionate amounts to obtain a representative test sample.
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c) For white cast irons and alloy cast irons, it can be possible to obtain the test sample by drilling as
described in a).

Where drilling is impracticable, cut thin slices from the batch sample or laboratory sample,
preferably complete cross-sections, using a saw or, if necessary, an abrasive cutting disc. If an
abrasive cutting disc is used, remove any heat-affected zone.

Break the slices into pieces and crush in a percussion mortar or vibratory grinding mill to obtain a
sufficient mass of test sample having particle size less than 150 pm.

NOTE
the mangane

9.2.3 San|
Cut a thin sl

In the case @
Break off pi
mass for an
a piece seled

9.2.4 Tesf

Use a saw d
laboratory {

Prepare the
both metho
be used.

The test san
cross-sectio

The metho
microstruct]
partial losse

NOTE1 A
cannot give g

NOTE2 S4
physical met

10 Steel g

e to sulfur ratio exceeds 2:1

Malleable cast iron products are particularly susceptible to segregation of manganese sulfide where

Iple in the form of a solid block for analysis by thermal methods

ce from the batch sample or laboratory sample as described in 9.2.2.2 ).

falarge casting, obtain a test sample of diameter 3 mm to 5 mm by using& trepanning
bces from the test sample, or cut using a saw to obtain a number of test portions of sui
lysis. Analyse a representative number of pieces and obtain an average value. The mg
ted as a test portion should not be less than approximately 0,3 g:

L sample for physical methods

r an abrasive cutting disc to cut a sample of suitable.size from the batch sample o
ample.

cut surface by grinding using a fixed-head machine, by linishing or by a combinati
1s. Air-cooling is recommended to avoid overheating the sample. Liquid coolants sha

ple is prepared by remelting (see 4.4.5). For this purpose, break pieces from the com
In of the sample. Remelt a representative number of these pieces to obtain a test sampl

1 selected for remelting shall produce a chill-cast sample with a white cast
ure. Particular attention shall be given to the requirements specified in 4.4.5 concel
s of elements.

fixed-head grinder is'‘preferable to a swing grinder for surface preparation. The swing gr
flat surface to the test'sample.

mples obtainedfrom cast iron products that contain free graphite are not suitable for analysi
hod. In suchseases, it is preferable to remelt the samples to obtain a white cast iron microstruct

roducts

tool.
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ure.

10.1 General

The location and method of selecting a laboratory sample or a test sample from a batch sample should
be agreed between the supplier and purchaser according to one of the methods described in 10.2 and
10.3.

The laboratory sample or test sample may be taken from the batch sample at the location indicated in
the product standard for the selection of material for mechanical testing, or as specified in ISO 377. See
also 4.3.2.

Special considerations apply to the sampling and sample preparation of leaded steel products (see 10.5),
and of steel products for the determination of oxygen (see 10.6) and hydrogen (see 10.7).
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10.2 Selection of a laboratory sample or a test sample from a cast product

From a cast product of large section, obtain a test sample in the form of chips at a point midway between
the outside and centre of the section, by drilling parallel to the axis. If this is not practicable, obtain
the test sample by drilling the section from the side and collecting chips that represent the part of the
section midway between the outside and centre.

Alternatively, where a sample is needed in the form of a solid block, cut a laboratory sample from the
product by machining or by any other appropriate means at the half or quarter of its cross-section.

10.3 Selection of a laboratory sample or a test sample from a wrought product

10.3{1 General

For arolled product, the process of selecting a laboratory sample shall be carried,out on a section of the

product perpendicular to the direction of rolling and at one end of the product!

MetHods of obtaining a test sample in the form of a solid block or chips are described
referfence to products of differing cross-sections.

in 10.3.2 by

10.3{2 Sections

Cut 4 laboratory sample from the batch sample transversely itvthe form of a slice.

To obtain a test sample in the form of a solid block, cut a‘piece from the laboratory sample pf a suitable

size for the method of analysis.

To olptain a test sample in the form of chips, mill the.whole of the cross-sectional area of thg laboratory

samyj
steel

le. Where milling is impracticable, drilling tay be employed but is not recommended
5. The most suitable sampling positionfot block and chips sample depends on the §

for rimming
hape of the

sectipn, as follows:

a) For a section of symmetrical shape,for example a billet, a round, a slab, obtain chips py drilling a
¢ross-sectional cut face in a direction parallel to the longitudinal axis at points midway between
the centre and edges [see Figures 4 a) and b)].

b) TFor a section of complex shape, for example, an angle, a tee, a channel, a beam, obtain chips by
rilling at points indicated in Figures 4 c), d), €), f) and g) leaving a clearance of at|least 1 mm
round the drill.

) or a rail, obtaiw/chips by drilling a hole, of diameter 20 mm to 25 mm, in the head of|the rail at a

osition halfway between the centreline and edge of the rail [see Figures 4 h) and i)].

Where drilling into the end or cut face of the section is impracticable, chips may be obtained by drilling
inwards{rom the surface perpendicular to the main axis.

10.3.3 Plates or slabs

Cut a laboratory sample, of a suitable size for the preparation of a test sample in the form of a solid block
or chips, from a point midway between the centreline and the outer edge of the plate. [in the example
shown in Figure 4 j), the laboratory sample is 50 mm wide.] Where this is not practicable, the sample
shall be taken from a position agreed between the supplier and purchaser as being representative of
the plate composition.

10.3.4 Light sections, bars, rods, sheets, strips and wires

Where the batch sample is of sufficient cross-sectional area, cut a slice transversely to constitute the
laboratory sample and obtain a test sample as described in 10.3.2 or as follows:
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Where the batch sample is of insufficient cross-section for machining, for example, a thin gauge sheet, a
strip, a wire, mill over the combined transverse-sections obtained either by bundling the material after

cutting into suitable lengths, or by folding.

Where the sample sheet or strip is thin but is wide enough, mill over the combined longitudinal or
transverse sections in a zone midway between the centreline and the outer edge of a sheet or strip [in
the example shown in Figure 4 j)] obtained in the same way.

For a sheet or a strip where the rolling direction is unknown, take lengths of strip in two directions at
right angles, and combine the resulting samples.

Key
1
b

28

Dimensions in millim

a)|Square bar

d) Channel

4

) Hat rail

b/2

b) Flat bar

e) Tee

h) Rail

b/2

50

b/6

b/6

d) Angle

i) Bridge rail

test sample

width

j) Plate

Figure 4 — Sampling positions for steel sections

etres
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5 Tubes and pipes

Sampling may be in accordance with one of the following methods:

a)
b)

Cut a laboratory sample at a position 90° from the weld in a welded product.

Tubes with a small cross-section may be flattened before milling.

c)

Cut across the tube and turn or mill across the cut face to obtain a test sample in the form of chips.

Remove oxidized layer on the sample surface and drill through the wall of the tube or of the pipe, at

several positions around its circumference, to obtain a test sample in the form of chips.

10.4

10.4

Meth
requ

10.4
Chip

fragmentation to prepare the test sample. The size of the~chips should be such that

indiy
appr
If thd
NOTH

Mach
of a
(500
size)
prop,

In thi

Preparation of a test sample

1 General

ods for the sample preparation of steel products shall be in accordance with
rements specified in 4.4. Specific requirements are described in 10.4.2'and 10.4.3.

2 Test sample in the form of chips

5 obtained by machining shall be sufficiently small to avoidior minimize the need for

idual chips is approximately 10 mg (100 chips per gram) for unalloyed and low-alloy
bximately 2,5 mg (400 chips per gram) for high-alloy:steels.

chips are not small enough for analysis, crush thieém in a percussion mortar.
Crushing is not possible for ductile steel grades.

ining shall be carried out in such a marer as to avoid the production of fine materia
fest sample which contains fine powder, that is particles of size less than approxim
um for graphite carbon, sulfur-and other elements that tend to segregate depend
separate the coarse from the fine particles and determine the mass of each size fra
prtionate parts of each fraction to obtain a representative test sample.

duri
mac
part
chip{

In thie case ofa test sample for the determination of very low carbon contents (ULC), for

inter
atmd
inert

;}\ining the laboratdry sample in such a manner as to avoid, as far as possible, the p

e case of a test sample(for'the determination of nitrogen, contamination of the chip
g machining caused by atmospheric nitrogenation of fine particles. Obtain the tes

cles of a size lesshthan approximately 50 um and preferably under argon atmosphet
in an airtight'container.

stitial<free steels, the chips may be contaminated by carbonaceous materials prg
spherneor from other sources. The chips shall be stored in an airtight container or prefé
dtmosphere. It is preferable to remove surface carbon, for example by preheating jus

the general

subsequent
the mass of
F steels, and

. In the case
htely 50 um
ing on chip
“tion. Weigh

S can occur
t sample by
roduction of
e. Store the

example, in
sent in the
brably under
t before the

dete

mination, or to determine the suriace and internal carbon separately. Alternatively, a

in a solid form may be selected, such as a slug obtained by punching.

10.4.

3 Test sample in the form of a solid block

test portion

In the case of products of thin section, such as strips or sheets, test portions for analysis by thermal
methods may be produced by nibbling small pieces from the edge of the product. Alternatively, slugs of
thickness 4 mm to 6 mm may be obtained by punching.

In the case of a batch sample, laboratory sample or test sample for analysis by physical methods,
the sample shall be prepared by using an abrasive cutting-off tool to obtain about 10 mm to 30 mm
thickness. The surface of the sample shall be linished before analysis.
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In the case of batch samples with a thickness of approximately 1,5 mm or less, it is necessary to reduce
the local heating that occurs when an electrical discharge is produced when using an optical emission

spectrometric method. For example, the edges of the test sample may be electrically welded

to a

small block of steel, the sample may be embedded, for example in tin, leaving one surface exposed, or
overheating of sample may be avoided by placing the sample on a copper piece with thickness of 3 mm

to 5 mm.

10.5 Sampling of leaded steel

Care shall be taken to minimize the creation of dust particles during all sampling and sa
preparation operations.

mple

Select a labgratory sample from the batch sample by sawing.

Chips shall be obtained by milling at a low speed to avoid overheating the sample and the.creati
dust.

pn of

Equipment @ised for the surface preparation of a test sample by a physical method shall be enclosed and

fitted with dust-extraction equipment.

dust

CAUTION — Swarf arising from machining and surface preparation of leaded steels and
from dust-¢xtraction filter systems shall be collected and disposed. of safely. It is presupp
that it is dgne in accordance with local applicable regulations forywaste materials contai
lead.

10.6 Sampling and sample preparation for the determination of oxygen

10.6.1 Genleral

[t is essentigl to avoid contamination of the sample and to remove any surface oxidation at each stg
sampling and sample preparation.

Avoid any cpntact of the fingers with the tést*portion; use tweezers for manipulation. In the c4d
steels with [very low oxygen contents, machining of the test portion shall be carried out unde
protection df an inert gas.

10.6.2 Methods of sampling
Sampling shfould be in accordahce with one of the methods described below.

a) Cut a suitably shapediaboratory sample using a mechanical saw. The sample may, for examp
in the form of a_small plate or disc. By using a hand saw, cut a test portion from this samplé
mass thit is suitable for analysis.

b) Cut a lg|

sed
ning

ge of

se of
r the

oratory sample in the form of a slice of thickness 3 mm to 4 mm. Linish the surfad

burr, that is a rotary tool with cutting teeth, at a speed of approximately 30 000 r/min.

The condition of the surfaces of the sample after preparation shall be smooth, metallically bright
and free from imperfections.

Punch a slug from the sample of a suitable mass for analysis to constitute a test portion using a
punch of diameter 4 mm to 6 mm. Carry out the punching operation in such a manner that the test
portion falls into a glass container that is purged with argon or nitrogen and may be closed with a
cap or stopper.

c¢) Cutarectangularlaboratory sample, approximately 10 mm wide and 100 mm long. Turn the sample
using a lathe at a speed of approximately 1 000 r/min to obtain a diameter of approximately 7 mm;
continue turning at a controlled feed rate of approximately 0,1 mm to 0,15 mm per revolution at
a speed of 800 r/min to 1 000 r/min to reduce the diameter of the sample to 6 mm. The condition
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of the surfaces of the sample after preparation shall be smooth, metallically bright and free from
imperfections. Cooling lubricants shall not be used during the machining process.

By using a hand saw, cut a test portion from turned sample of a mass that is suitable for analysis.

10.6.3 Preparation of a test portion

In the case of 10.6.2 b), if the test portion and laboratory sample have no oxidation, the test portion may
be used directly after it is picked up from the punching machine (after storage of limited duration in
a glass flask). In the case of 10.6.2 a) and c), place the test portion on a stainless steel holding block or
some other device to hold the test portion firm; abrade the surfaces using a fine-cut file or a burr [see

10.6.Z2D]T.

In the case of a test portion obtained using the method described in 10.6.2 c), the cylindricpl surface of
the tpst portion shall be sufficiently smooth to dispense with the need for filing. However each of the
two end faces should be prepared using a file. Immerse the test portion in aceton¢ and dry in air or by
expojsure to a rough vacuum; analyse immediately.

Therg should be no delay between the preparation of the test portion and analysis.

10.7| Sampling and sample preparation for the determination of hydrogen

10.7}]1 General

MetHods shall be designed to minimize and control the‘tapid diffusion of hydrogen from|the sample,
which occurs during sampling, storage of the sample and preparation of the test pprtion. It is

emplasised to take account that in case of austenitic matrixes, less losses of hydrogen

samy
can |
pres

Proc

Loss
samy
temp
The

solid

The
the ]
samyj
be u
pack
with

le shall be free from cracks, surface porosities and moisture. The condition of the
trongly influence the analyis; methods of‘analysis may differ in their sensitivity r¢g
ence of water.

bdural detail should be rigidly adheted to in order to obtain consistency in the quality

bs of hydrogen from the sample by diffusion may be large at ambient temperatures, esp
les with thin cross-sectionsiy'Maintain the laboratory sample, test sample and test
erature that is as low as'possible at all stages during sampling, storage and sample
est sample shall be stored in a refrigerant: either liquefied nitrogen or a mixture of
carbon dioxide in the-form of slurry are suitable.

bample and the-test portion shall be kept cold when cutting the sample and during pr
est portion.A-copious flow of cooling fluid should be used during all machining opé
le and test¢portion shall be cooled at frequent intervals or a combination of both m
sed. Cooling may be carried out by immersion in a refrigerant. Samples of large sect
ed with'solid carbon dioxide in a manner that ensures the maintenance of good ther
the sample. During intervals between machining, rough-cut pieces shall be returned 1

occurs. The
test portion
garding the

of analysis.

ecially from
portion at a
breparation.
acetone and

eparation of
rations, the
rthods shall
ion shall be
mal contact
o storage in

aref

Flodrant
T ettt

Any moisture present on the surface of the test portion after cooling shall be removed. The test portion
shall be immersed in acetone and then dried by exposure to a rough vacuum for a few seconds.

Samples that have been inadequately cooled or stored shall be discarded.

Preparation of the surface of the test portion by abrading shall be kept to a minimum, consistent with
the need to remove oxidation products and surface imperfections. The test portion shall be analysed
immediately after preparation.

10.7.

2 Methods of sampling

According to the geometric form of a piece or product, use suitable machining tools to prepare the
laboratory sample by turning, milling, sawing, slicing or trepanning, etc.
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From a cast

product or forging, obtain a test sample of a suitable size in the centred part.

Obtain a laboratory sample from a long wrought product at a position midway between the product
centreline and the edge and at a distance from the end of at least half the cross-section using a saw or
an abrasive cutting disc. In order to obtain a test sample, cut a piece from the laboratory sample of a
size suitable for turning using a lathe.

Store the test sample in a refrigerant.

10.7.3 Preparation of a test portion

Cut a test pg
sample. Coo

Prepare the
the surface

the sample at frequent intervals.

surface of the test portion by filing, grit-blasting or light grinding. If filing is used, ak
by hand with a fine-cut file. If grit-blasting is used, a grit-blasting machine shall'be resg

exclusively for this purpose to avoid contamination of the test portion from grit. If grinding is used

the test porf

Degrease tH
vacuum and
2-propanol

ion at frequent intervals.

e test portion by immersion in acetone, dry by exposure for alfew seconds to a r
analyse immediately. Alternatively, the test portion may be degreased by immersi
isopropyl alcohol) and then dried with diethyl ether.

the

rade
rved
cool

ough
bn in
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Annex A
(informative)

Sampling probes for use with liquid iron and steel

General

Disp
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A.2.2

mou
tube

psable probes for taking samples from liquid iron and steel consist of a small mould
bed steel, ceramic material or silica tubing, and which are mounted in a thickywalle
poard tube.

Fal types of sampling probe are available commercially. The main features are d
es A.2 to A.4 with examples shown in Figures A.1 to A.7.

Immersion sampling probes

Immersion probes may be inserted into the melt either by hand or by mecha

made from
1 protective

escribed in

hical means

r a lance of steel piping fitted into the cardboard tubeser-attached directly to the prolpe assembly.

brsion time may vary depending on the design of the probe and the conditions of
cular the temperature of the melt, but normally liechetween 3 s and 8 s.

ance is constructed so that air from the mould cavity and gases produced during the
rdboard can easily escape. A handlebar is incérporated for controlling the lance durin
vithdrawal.

h sampling from ladles and secondary treatment vessels, a mechanical system may
 and raise the lance.

sampling, in

combustion
b immersion

be used to

e types of probe combine a.thermocouple in a silica tube adjacent to the sample chamber for the

urement of temperature{ Where a measurement sublance is used in a basic oxygs
hice, a mould assembly ‘may be incorporated with the measurement sensors in the
n a test sample.

n converter
sublance to

e are some probes)made from a thermocouple and a zirconium oxide cell in order to online control

xygen in themielt (for example see Figure A.7).

. Probes/in which the sample chamber is filled by ferrostatic pressure consist of

d held-in a cardboard tube by a collar of refractory material. The mould has a bottom|
with.a protective cap of thin steel to prevent ingress of slag and any other contaminan{

tubes

W steel split-
-entry silica
. Cardboard

which varyin ]png‘rh from?200mmto1 500 mmor lnngm‘, may he pnrtinl]v coated witl

material to minimize splashing during immersion.

h refractory

This type of probe is mainly used to obtain samples from liquid steel in furnaces and ladles; two
different designs are shown in Figure A.1.

A.2.3 The samples obtained by using immersion probes filled by ferrostatic pressure may differ in
configuration. Three main types of probe samples are as follows:

a) Disc-and-pin probe samples shown in Figure A.2 a); the disc is suitable for analysis by a physical
method and the pin may be used, if required, for analysis by a thermal method. The disc may be
oval, circular or some other similar shape.
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b) Disc-and-pin probe samples with a number of lugs attached to the disc; the lugs have a mass of 0,5 g
or 1 g and may be easily broken off from the disc and may be used, if required, as test portions for
thermal methods of analysis.

c) Dual-thickness probe samples shown in Figure A.2 b), in which a part of the disc is reduced in
thickness and is suitable for the punching out of slugs. The slugs are 4 mm to 6 mm in diameter
and are used at test portions in thermal methods of analysis. The thicker section of the disc of
a dual-thickness probe sample is used for analysis by physical methods. A probe sample with a
Rockwell hardness greater than approximately 25 HRC may require heat treatment under an
adequate atmosphere or environment (to ensure that the chemical composition is not changed)
such as annealing before punching, provided that the product has been submitted to the same heat
treatment.

A.2.4 Probes of the type shown in Figure A.3, in which the sample chamber is filled by gravity, consist

of a two-pidce or four-piece steel cylindrical mould, which is contained in a refractory assembly and

attached to p cardboard tube.

The mould has a side entrance port that is protected in some way to prevent ingress of slag] The

assembly mpy be sleeved with refractory to minimize splashing during immersien. The overall lgngth

of the assenjbly and cardboard tube is 400 mm to 800 mm. Immersion times,ax€ usually 2 s or 3 s.

This type of probe is used in situations where the disc-and-pin type ofSample is not satisfactory for

analysis. It is used to obtain samples from liquid iron and steel in ladles, and from liquid steel in jngot

moulds and|continuous casting tundishes.

NOTE Typically, the sample is 30 mm in diameter and 70 mm long.

A.2.5 Probes of a special design are used to obtain sdmples from liquid iron in the blast-fufnace

runner and [from the torpedo car and transfer ladle. Thi€se probes incorporate chill-plates of varying

thickness tq ensure that the liquid iron of the sample is chilled very rapidly. Two different typefs are
described below:

a) A variapt of the probe filled by ferrostdtic pressure (see A.2.2) with a design based on the use of
either a[thick-walled, steel split-mould or steel chill-plates, to provide a disc-and-pin sample with a
number of lugs attached to the disct
This type of probe is shown in Figure A.4. The disc of the sample may vary in thickness from § mm
to 6 mn}. Immersion time mayvary from 5 s to 9 s depending upon the application.

NOTE 1| Typically, thepifiis 4 mm in diameter.

b) A probe is designedto avoid the risk of drainage of liquid iron when sampling very fluid melts.
The sid¢-entry mould has one or more steel chill-plates and is held in a body of sand attached to a
cardbodrd tube,

This typé-of probe may combine a separate or linked pin-shaped mould. The optional pin sample is
6 mm in diameter and 45 mm tong.

NOTE 2  Typically, the sample is 35 mm in diameter with a thickness varying from 4 mm to 12 mm
depending on the metallurgical microstructure required.
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a) Deoxidant in the sample chamber

brotection tube
staple

Heoxidant
huartz tube

Cap

Chamber cap
hdhesive

band

tample chamber
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b) Deoxidant in a separate mixing

outer sleeve

sleeve

cardboard

split mould

sand holder

slag cap

deoxidant (in mixing chambers)
silica tube

Figure'A.1 — Examples of immersion sampling probes filled by ferrostatic pres

chamber

psure

Dimensions jn millimetres

a) Basic design
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