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Foreword

I15C {the International Organizaticn for Standardization} is & worldwide fad-
eration of national standards bodies (IS0 member bodies). The work of
preparing Intarnational Standarcs s normaly carried out through 150
technical committess. Each rmermber body interested in a subjset for
which a technical committes has been gstablished has the right to be rep-
resented ¢n that committee. Imernational organizations, goverrmental and
non-governmental, in fizizon with S0, also take part in the work. 180 cal-
laborates closaly with the Internatienal Elactrotechnical Comrmizsion [1EC)
on all matters of electrotechnical standardization,

Crraft Irternaticnal Standards adopted by ke technical committees are cir-
culated to the membar bodies for voting, Publication as an International
Standard requires approval Dy at least 75 % af the mambe- bodies casting
a vote.

imternational Standard 1$O 14284 was prepared by Technical Commities
IS0/TC 17, Stesl Subcommittes SC 1, Msthods of determination of
chermical composition,

tt cancels and replaces 150 377-2:1889, of which it constitutes a technical
revigion,

Annexes A and B of this International Standard are for inlanmation only,
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INTERNATIONAL STANDARD 150
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Steel and iron — Sampling and preparation of samples
for the determination of chemical composition

1 Scope

The International Standard specifies methods for
sampling awd sample preparation for the determi-
nation of the chemical composition of pig iron, cast
iran and steel. Methods ara specified for use with
both liguid and solid metal.

2 Normative references

The following standards contain pravisions which,
through referance in this International Standard. At the
time of publication, the editions indicated were wvalid.
Al standards are subjecl to revision, and panias to
agreaments based con this International Standerd are
encouraged to investigate the possibility of appiying
the mest recent editions of the standards indicated
belows. Membars of IEC and SO maintain registers of
current'y valid International Standards.

IS0 377:— 1, Stee! and steel products — Location of
sdnpies and 1est pieces for mechanical testing.

|50 81471987, PigHrons — Definiticn and  classifi-
carion.

3 Definitions

For the purposes of this Internationa Slandard, the
follvwing definitions apphy.

3.1 chemical method of analysis: Method for the
determination & chemical sermpasition in which the
sample s submitted to chermical reaction.

T Fo be published. (Revision of 150 3771192
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3.2 physical method of analysis: Msthod for the
cetarmination of charrical compesitian in which the
cetermination of composition is carried out without
submitting the sample to chemical reaction, for
example an ootical erission spectrometric methad,
an x-ray fliorascence spectiomaetric method,

3.3 thermal method of analysis: Method for the
catermination of chermical composition in which tha

sample is submittad to a process of heating, combus-
1an or fusian.

3.4 melt: Liguid metal frorn whick a sarmple s re-
moved.

3.5 spoon sampling: Methad in which the sample
is taken from the melt, or during the pouring of the
melt, using a long-handled spocn, and cast into a
small macld,

3.6 spoon sample: Sample taken from the sl
Lsing 8 spoort and cast 'nto a small meould.

4.7 probe sampling: Method in which the sample is
taken fram the meht using a commercially available
sampling probe inserted inte tha mek.

3.8 Immersion sampling: Method of probe sam-
pling in which the probe s immersad in the melt
whsre the sample chamber in the probe fills by ferro-
static prassure or gravity,

3.9 suction sampling: Methad ot probe sampling in
which the probe is immersad in the melt where the
sample chamber in the probe fills by aspiration.
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3.10 stream sampling: Method of probe sampling
in which the probe is inserted into a stream of liguid
metal whera the sample chamber in the probe fills by
the force of metal flow,

311 probe sample: Sample taken from the melt
using a commercialiy available sarmpling probe,

3.12 east product: ltem of iron or steel which has
nat been subject to deformation, for example, an in-
got, & semi-finished product obtained by continuous
casting, & shaped casting.

3.13 wrought product: {tam of stesl which has
beer: subject to deformation by rolling, drawing, forg
ing ar some othar method, for axample, a bar, a billet,
3 plata, 8 strip, & tube, a8 wite.

3.14 sample product: Specifc item of iron or stesl
selected from @ suppled quantity for the purpose of
obtaining a samptle,

3.15 preliminary sampla; Syfficient quantity  of
metal selected from the sample product for the pur-
pose of obtaining ane ar more samples for analysis,

3.16 sampla for anafysis: Fart of the sample prod-
Jot, or part of the preliminary sample taken from the
sample preduct, or part of the sample taken from the
~elt, brought 1o a required concition for submission to
analysis.

The sample for analysis may comprise the sampls
aroduet itself ar the sample taken from the melt.

NOTE 1 The following categoncs of sample for analysis

are distinguished:

— sample i the form of a solid mass;

— sample that kas oeen remelted;

— sample in the famm of chips obtained by machining;

— sample in the form of fragments obtained by cormmi-
nLtion:;

— gample in the form of poveder astained by comminuticon.

3.17 1test portion: Fart of the sarmple for analysis, or
part of the sample taken from the melt, actually sub-
mitted to analysis. |n certain cases, the test portion
tray ba selectad from the sampls product itseif.

NOTES

2 The following special typas of tast partions in the form

of a8 sofid mass obtained from a probe sample are dis-

tinauished:

— test portion in the shape of a small disc, commeonly de-
scribed as a slug, obtained by punching:

— test portion in the form of a small appendzne. com-
monly descnbed as a ug;

— tast portion in the form of a emalldiameter rod, come-
mahly described as a pin, obtained by cutting.
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3 When the sample for analysis is in the form of ehips or
powder, or when a sample in the form of @ solid nass s
anabysed by a thermal method, the test portion s abtained
by weighing, n the case of a physical method of anatysis,
the par: actually anakysad will constitute only 3 small mass
of the sample for analysis. In an qptical emission speclro-
metric methed, the mass of metal eonsumed ir an elactri-
cal dischargz ts sbout 5mg te T mog; in an X-ray Nuo-
escence spectrometnic method, the characteristic radiation
is produced from a wery thin surtace layer of the ssmple,

318 grinding: BMethod of preparing a sampls of
metal for a physical methoed of amalysis in which the
surface of the sample for analysis is abraded using an
abrasive wheel.

3.19 linishing: Method of proparing a sample of
metal Tor a physical methad of analyziz in whish the
surface of the sample for analysis is abraded using &
flaxibla rotating disc or continugus belt coated with an
abrasive substance.

3.20 milling: Method of preparing sarapla chips or
the surface of 8 sample for 8 physical method of
aralysis in which the surface of the sampls & ma-
chined using a rotating, multi-edged cutting tool,

3.21 conslgnment: Quantity of metal delivered at
ane time.

3.22 Increment: Quantity of metal obtaired by
sampling at one time from a consignrmant.

4 Requirements for sampling
and sample preparation

4.1 General

This clause covers the general requirernanta for tae
sample, and for the sampling and sample preparation
ot iron and stesl. Special requirerments apply to cach
category of liquid and solid metat and these are pon-
sidered in the relevant subclause.

The sequence of samplirg and sample preparation of
liquid iton and steel, and cast iror ana stesel products
15 shown in figure 1. Spacial considerations apply to
pig irons {zee clause 8,

4.2 Sample

421 Quality

Sampling practices shall be designed t© provide a
sample for analysis that is representative of the mean
chamicsl composition of the melt or the sampie

product,
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Figura 1 — Sequence of sampling and sample preparation

The zample for analysis shall be sufficiently homo-
gengous with respect to chemical ¢omposition such
that inhomoagenaity does not appreciadly contribute to
the error variability of the method of analysis. How-
ever, in the case of a sampls taken from a melt, some
variabilty 'n anakysis, both within and  hetween
sarmples for analysis, may be unavoidable; s varis-
bifity will ferrm an inherent part of the repeatability and
reproducibility of the analys:s.

The sampla for analysis shall by free from surface
coatings, and from maisture, dirt or other farms of
contamination,

As far as possible, the samgle for enalysis should be
frea from wvoids, cracks and poresity, and frem fing,
laps or other surface defects.
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Particular carg shall bz taken when selacting and pre-
paring the sample for analysis, where a sample taker
from a melt is axpasted to be hetaroganaous or con-
taminated in any way.

A sample taken frorm a malt shall ba cooled in such g
rnanner that the cherical composition and retallurgi-

cal structure of the sample & consistent from sample
1o sampe.

It is important to recognize that analysis by some
physical methods may be influenced by the metal-
lurgcal structura of the sample, paricularly in the
case of irons with white and grey ron structdres, and

in the case of steels in the as-cast and wrought con-
ditions.
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422 Sire

Tha dimansions of a preliminary sample in tha form of
a soid mass shall be sufficient to permit additional
samples for analysis to be taken for reranalysis, where
necassary Using an alternative method of analysis,

A sample for analyais, of a sufficient mass to provide
for any re-analysiz necessary, shali be prepared. Gen-
erally, a mass of 100 g will be sufficiznt for a sample
in the form of chips or powder.

The dirrensional raquirermants for a sample for analy-
sis in the form of & solid mass will depend upon tha
rsthod selected for analysis. In the case of optical
emission  and  Xeray  fluorsscence  spectrametric
methods, the shape and size of the sample will be de-
tarmined by the dimansians of the sample chamber.
The dimensians far samples for anatysis given in this
International Standard should be regarded as indice-
tiva only.

4.2.3 Identification

A sample for analysis shall be assigned & unigue
identificaticn in orcer to determine the mek of sarmple
product from which it was taken and, if nocessary, the
processing conditions of the malt or the location of
the preliminary sample or tha sample for analysis in
tha sample product.

& sample for analysis of pig iron shall be assigned a
uniqua identification in ordsr to datermine The con-
sighment or part of a consignment and the incremeant
from which it was taken,

Labelling or somea equivalent mathed of marking shail
ke used to ensure trat the assigned identification
remains associated with tha sample for analysis.

The identification, status and condition of the sample
shall be recorded to ensure that confusion cannot
arisa a5 to the identity of the itern to which analysis
and racards refer,

4.2 4 Canservation

Adequate storage facilities shall be provided to segro-
gata and protact the sampla for analysis, During and
efter prepargtion, the sample for analysis shall be
stored in such g way 83 o prevent canfarmination ar
chamizal change.

It is permitied 1o conserve the prefiminary sample in
the form of a solid mass, and a sample for anahysis
rnay then be prepared when reguired.

The sample for analysis, or the preliminary sample in
the form of a solid mass, shalt be kept for a sufficant
pariod of time to crotect the integrity of the test lab-
cratory.
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4.2.5 Arbitration

I the caze of a sample intanded for arbitration, the
sample for analvsis shall be prepared joirtly by tre
supplier and purchassr, oF by théir representatives. A
record shall be kept of the methods used for preparirg
tha sample for analysis.

Containers with samples for analysis intended for arbir
tration shali be sesled by both carties or by their rep-
rescntatives. Unless agreed to the contrary, these
containers shall be kapt by the representatives of
each party respansible for the preparation of samplas.

4.1 Selection of a sample
4.3.1 Samplefrom a meh

Meits are samplad at vanous Stagss in tha manufac-
wiring process for the purpcses of monitoring and
contrelling the process. Samples can be takan durirg
the casting of the melt to verify chemical compositicn
in accordance with the aspecification of the cast prod-
uct, In he case of liguid metal intended far the pro-
duction of a casting, the sarple for analysis Tay ke
selected from test bers or blocks specialy cast from
the sarme metal as that of the casting for purposes of
mechanical tasting, in agcordance with the product
standard.

Sampling practices for melts shall be designed 1o
provide samples during a particwlar manufacturing
process in accordance with requirsments for sampla
guality fsee 4,21}, Tha sample obtainad from a malt is
usually in the form of a srmall inget, a eylindrical or rec-
tangular tleck, a chillcast dise or a combination of a
disc with ore or more attached ping; 1 some cases
small lugs are attached to a disc sample.

MCTE 4 Sarmpling probas for use with hguid iren and steel
may be obtatned fiom a number of spppliers; the main fga-
turas of the differant types of grobe are distinguished in
annexes A and B, which include dimensions for infermation

omby

432 Sample from a product

The prelimingry samphe ur the samole for analysis can
be selectad from the sample product at the location
indicated in the product specification tor tha selaction
of material for mechanical testing, when availabla.

In the case of an iron casting, the sample for anahysis
cen be selected from a ber or block cast omo the
casting.

In the case of a forging, the sample for analysiz
can be selected from the initiai starting material
frormn which the forging has been made, of from pro-
longations of the forging or from additionat forgings.

Im the absenss of requirements given in the product
standard, or of a specification when ordering the
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product, the sample for analysis may, following
agreement batween the supplier and the purchaser,
be selectsd from the sample for mechanical testing
or from the test piecs, or directly from the sample
produgt,

The preliminary sarmple or the sample for analysis can
te obtained frorm the sample product by machining or
by using a cutting torch. Special considerations apply
in the ¢ase of sampling for the determination of car-
tain elements.

4.4 Preparation of a sample

4.4.1 Preliminary preparation

If any par of the sample is fiahle 19 be none
represantative in chemicat composition, for example
due 1o oxidation, it may ba agreed, following an inves-
tigation to establish the nature and extent of any
change in composition, to remove from the sample
those parts that have changed. Following this oper-
ation, the sample shall then be protected from amy
change in somposition.

If necassary, the surface of the metal shall be laid
completely bars at the point of machining, by any
suitable means, to remeove any ¢aating that has baen
applied during rnanufacture. If necassary, the surface
of the metal shall be degreased by means of a suit-
able salvent, taken care to ensure that the manner
of degreasing does not affect the ecorrectness of
analysis.

4.42 Sample for analysis in tha form of chips

The sample for analyzis shall consist of chips of a
regulzr size and shape. Thess may be obtained by
methods such as drilling, milling, turning er punching.
The chips shall not be taken from a part of the sarnple
thet has been affected by the heat of a cutting torch,

The tools, machines and contaimers used during
preparation of the sample shall be ¢leansd beforehand

to pievent any conamination of the sample for analy-
&5

Maghining shall be carriad out in such a way that the
¢nips are not subject to overheating, as indicated by a
¢hange in the colour {hlueing or blackening) of the
chips, Unavoidable caloration of chips obtained from
some types of alloy steels, for exarmple manganssa
and austenitic steels, can ba minimized oy selection of
appropnate <05 and cutting speeds.

Heat treatment may ba required to soften the sample
for machining.

The use of ceolants durirg machiring iz only permit-
ted in exceptional cases; afte- which the chips shall be
cleanec by means of a suitable solvent which doss
not beave any deposit,
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Chips shall be thoroaghly mixed before waighing the
test portion. For most parposes, it is satisfactory 1o
mix the chins by rolling the cortainer on & bavel sur-
face andfor gently tumbting the container.

4.4.3 Sample for analysis in the form af a powder
of fragments

Where drilling of the sample to obtain chips is imprac-
ticable, it shall be cut or breken into pieces. These
piecss shall then be crushed using & percussior mor-
tar or a vibratory grinding mill, alsu known as a dise
mill ar ring mil, to obtain a sample for analysis in the
form ol a powwder, the whole of which passes througn
a sieve of a specifiad aparture size.

In somre applications Tor the determination of carbon
using a thermal methed of analysis, the sample is
crushed in a pereussion mortar to obtan a sarnple for
ahalysis in the form of fragments with a particle size
range of appreearately 1 mm o 2 mm.

Equipment used for cemminution shall be constrocted
fram rmaterial which does not alter the sample com-
position. Svitable tests may be necessary to show
that the usa of such equipment does rat affect the
composition of the sample far analysis in any way.

Comeminution shalt nat be used fo- the preparation cf
samples of graphite-bearing irons.

The sieving operation shall ba parformed taking all
precautions necessaty to avoid contamination of loas
of material. When sieving harc materials, care shall b
taken to avaid damaging the fabric of the sieve.

The sample for analysis shall be homoganized befora
weighing the test portion. Poweders can be homogen-
ized by stirrirg.

CAUTION — Flnely-divided metals of particle size
less than approximately 150 um ¢an present a fire

tisk. Ensure that there is adequate ventilation
during comminution.

4.4.4 Sample for analysis in the form of a solid
mass

4.4.4.1 Selection of the sample for analysis

The sample far analysis shall be obtained by sutting,
fram the sample oroduct or preliminary sample, a
pisce of size and shape suitable for the rmethod of
analysis. Bamples shall be cat by sawing, abrasive
cutting, shearing or punching.

In the absence of any indication in the product stan-
da~d, analysis by a physical method shall be carriad
out on that part of the sample corresponding to a
transversa section of the product. provided that the
rnaterial has sufficient thicknass,
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4.4.4.2 Surface preparation of the sample
for analysis

The sample for analysis shall ba presared to expose a
surface suitable for the method of analysis. Prap-
aration of a surface for analysis shall not be carried out
on any part of a sample that has bean affacted by
*he heat of a cutting torch. The equipment used for
sample preparation shall be desioned o minimize
cverheating the sampls and, wharg appropriate, shall
incorporate systerns of cooling.

Four main types of equiprrent used for surface prap-
aration rhay be distinguished,

al A milling machine capable of remaving a pre-
salected depth of matal in a rapraducibla manner,
for use with samples that are within a hardness
range suitable for milling. The equipment should
be able to be used, if required, with a sample
takan from a melt where the sample is still hot.

bY A grinding machine with & fixad, rotating or oscil-
lating head capsble of removing & presalactas
depth of metal i a repraducible manner,

gl Aflat-bed linishing machine with abrasive grinding
discs, or & maching with continuous abrasive-
belts, able to be used to prepsre the surface of
tha sample for analysis 10 varying grades of finish,

d} A machine for blasting with sand, grit, or metal
shot, ahla to ba used in special applicatians to
clean the surface of the sample for analysis or the
test portian.

After preparation, the surface of the sample for
analysiz shall be flat and free from defects which
affect the correctness of analysis,

Cutting and surface preparation can be performed
either manually or automatically. In the case of
samples taken from melts, commercially available
systems, which perform each stage of preparation
automnatically, may be used. Systems for the auto-
matic preparation of surfaces of dualthickness probe
zampies {sea A2.3 c} in annex A], and for the punch-
ing of slugs forming test portions, may Incorporate
faailities for the sand-blasting of the sample and for
heat treatrnent to soften the sample before punching.

Tha abrasive substances used in the final stags of
preparing the sampls for aralysis shall be sslectsd so
as to avoid contaminating the surface with elements
that are to be datermined by the analysis method. The
arit size of the abragive shall ke in accordance with
the grade of surface finish required for the analysis
meathod.

In the case of optical emission spectrometric methods,
an ahrasive with 2 grade of 60 grit to 120 grit is nor-
mally suitabie. In the case of X-ray fluorescarce spae-
trometric methods, it i3 sssantial to ansure that the
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rmathod ssiecter for surface preparation produces
a grade of suface finish that is reproducible from
sample to sample. In addition, thera should be no
smaaring of the surface.

The effect of abrasive materials depends on the ana-
lytical method, When using optical emission spectro-
metric methods, the action of presparking will nor-
mally clzan the surface of the saple for analysis by
volatilizing any grinding contarminants. Howsvar, par-
ticular care is reguired to aveold surface contarrination
when using a8 new abrasive disc.

YWhen using ¥-ray fluorescence spectrometric methods,
all the phazses of surface preparation shall be cxam
ined for potential surface contaminstion effacts,

Tha sample for analysis shall be examined visually
after preparation t¢ astablizh that the surface iz free
from particulate mattar and that there are no defacts;
the sample shal be resurfaced or discarded if defegis
are present. The sample for analysis shall be dry and
care shall be teken to protect the prepared surface
frorm contamination.

4.4.5 Praparation of a sample for analysis
by remelting

A sample in the form of small pieces or chips, or a
part of the sample product itsel, can be remelted in
an atmosphera of argon using commercia by available
malting equipment. The sample is converted into a
disg, 40 mm to 30mm in diameter and 6 mm thick,
which is suitabls for analysis by a physical method.
Soma types of ramalting squiprmant incorporata facili-
tras for tha centdfugal casting of the disg.

Partial losses of some slements can be expariensad
during the remelting procesa, [t is eazential to ensure
that any selective wvolatilization or segregation of el
ermnents, of any other ckange in compasition, which
aoours is guanttatively knewn and does nat signifi-
cantly influence the analysiz results. Suitable toste
shall be carried out o show that any change in com-
pasition is both small in magntude and repradugible.

The ecuipment uzed and the method adoptad far
rerelting shall be designed to prevent or minimize a
chanpe M composition and to ensure that any change
is reproducible. A deoxidant, for examole 0,1 % (atfm)
2ireonium, should Be used dunng remelting. The
rmethod used for calioretion of the anahytical measure-
ment shall take account of any change that does
QCour.

Mot all ferrous metals can be remalisd in this manner.
This methed shall not be used for sample preparation
for the determiration of an element whick: is subjact
to g significant and non-reproducible change in come
position, when remalted.
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45 Safety precautions

4.5.1 Personal protection

Personal protective equipment shall be provided
to minimiza the risk of injury during sampling and
sampla prapatation methods. Provisions shall in-
clude pratective clothing, hand protection and
face visors resistant to splashes, for use during
the sampling of liguld metal. Provisions shall also
Include protective clothing, hand. aye and hearing
protection, for use during the sampling and
sample preparation of solid metal; and respiratory
protection for use whers necessary.

4.5.2 Machinery

The use of machinary for sampling and sample
praparation shall be in accordance with appre-
priate national standards. Grinding aperations
used for surface preparation may be covered by
netionhal legislation.

4,5,.3 Hazardous substances

Reference shall be made to appropriate national
regulations with ragard to the use of solvents

for the cleaning and drying of samples and test
portions,

% Liquid Iron for steelmaking and
pig-lron productian

5.1 General

The fo'lowing methods are applicable to the sampling
of liquid blagt-furnace Won intended for steelmaking,
and commonly dascribed as hot metal or for the
casting of pig-iron, The iguid iren is normally samaled
from the blast furmaca runnar while the melt is poured
into torpacd o lackes, or trom transfar vessels, ar during
secondary trealment progessas in the tadle, or during
the casting of the rrelt inte pig-iron.

The chemical cornpesition of irar may fluctuate during
rurtout from the blast furnace. Two or mere sampias
should ba <akan from the melt at tmed intervals and
an avarage analysts dotormined.

Whan physical methods are used for analysis, the
methed of sampling should be designed to chill the
lignaicd rmetal in @ manner which ensures that the metal-
lurgica. structure of the sample is suitable for the ra
quirements of the analysis methad selected.
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2.2 Spoon sampling
52.1 Methods

For sampling trom a melt, immarse g preheated stos!
spoon into the melt and fill with liquid iron. Withdraw

the spoon and remove eny slag by skirnming the sur-
face of the liguid iron in tha spoon.

For sarmpling from a stresrn, introduce a preheated
steel spogn inte the straam from the ladle and fill it
weith ligued 17,

Pour the liquid fron from the spoan without delay into
a metal mould to chill the iron as rapidly as passibis,
Remave the sarmpis from the mould and break aff any
riser.

It is essential that the liguid iron shauld Be poured inte
a mould that is cold to ensure adequate chilling; i
necessary, the mauld should be aircocled before use,
Tha rmould shall be frec from moisture.

A disc-shaped sample, commonly described as a coin
sample, can be obtaingd Jsing a8 twopiece steel
mould; the sarmple in typically 38 mm to 40 mm in -
amater with & thickness wvarving from Emm 1o
12 mm. The mould is constructed in two pieces which
are clamped tegether while ‘n uze are pisce is a flat
chill plate, the ather is a block with the mould cavity.
The esge of the moula cavity may be tapered, for
example, fram 38 mm to 32 mm, to “acilitate removal
of the sample frorn the mould, A cein sample is vorti
cally or horizantally cast in the rmculd.

A goin sample with one or more attached pins can be
obtained using & cambination-type moud. The pins
arg broken off fram the disc and used, if required,
ag test porions for analysis by a thermal rethad,
{A combinationtype mould for use with liquid iran
mntended for the preduction of cast iron is svown in
figure 2.)

A thin slab~shaped sampla with a rounded and can ae
obtaingd Using a cast irgon ar steal split-moule the di-
mensiens of the sample are typically 70 mwm % 3% mm
with a thickness of 4 mm. The two halves of the
mould are aevellad at the tap to give a feedar head
and are clamped logather while in use. This type of
mould may be preferred for use with liquid ron wun-
tamning Migh percentages of carbon.

5.2.2 Malntenance of equipment

It i essential to keep sampling spoons and metal
moulds clean and dry, After use, remove any slap and

skull and clean the surfaces of the maoule with & wire
brush,

Moulds should be remachinad if the intarpal surfzees
became worn. This avoids the nead for additional ma-
thining of the sample during surface preparation.
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5.2 Probe sampling

5.3.1 General

The diffarant types of probes used for sarpling blast
furnace iron are described in annex A, Prebas should
bBe cesigned to provide a dizse-shaped zample with &
whita nen sl uclure which s sufficiently deap for the
requirements of the physicel method selected for
analysis.

Probe samplng is influenced by such factors as the
angle and depth of immmarsion of the samplar in the
melt, and irmmersian times can vary depand.ng on the
ternparature of the figuid iron. These factors should be
determired for the particular irehmaking practice and
thereafter strictly controlled to maintain the standard
of quality of the sample for analysis.

.3.2 Mathads

For sampling fram a melt, immersa a suitable imimer-
sion probe sampler into the malt at an angle as near
35 possible 10 the vartical plana.

When sampling from the runner of a blast furnace,
select the position of immersion to give a sufficient
depth of ligu'd metal for the use of a probe samplar.
A depth of appreximately 200 mm i3 adequate for
most types of samphing probe.

For sarmpling from & steeam of higuid iron, introduce a
switable suction proke sampler into the metal flow
from a ladle, at an angle of approximately 45% to the
vertical plane, &t a position as near as possible to the
nozzle of the vessal.

Withdraw tha proba sampler from the malt after a
predstarmined intenval of time, brask it spart and
allerer the sample to coal in air,

5.4 Preparation of a sample for analysis

5.4.1 Preliminary preparation

Romove any surface oxidation from & sample taken
fram the melt, that may contaminats the sample for
analysis during subsequant preparation.

5.4.2 Sample for analysis by a chemical method

Break the sample into small pieces and crush piecss
using & percussion mortar or 8 vibratcry gnnding mill
to obtain & sufficiant mass of sample for anglysis of
particle size preforably less than about 160 pum.

Aftermatively, cbtain chips by drilling the sample at a
loww speed as desoribed in 83,1,
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5.4.3 Sample for analysis by a thermal method

Break the pin of 3 disc-shaped sample inte pieces of 3
suitable mass for use as test portions, of use the fugs
of 8 probe sample. Analyse & representasive number
of test portions to ebtain an average value.

Alternatively, crush the pin or lugs In a percussian
mortar o obtain a sufficient mass of sample for
analysie of particle size approximatsly 1 mm to 2 mm.
Lyaid the production of fine material during crushing.
In the case of a slab-shaped samEple, break the sample
intc srmall pieces and crush the pieces in a similar
manrier.

5.4.4 Sample for analysis by a physical method

In the case of a disc-shaped sample, remove any lugs
or ping, as necessary, and then grind the surface of
the sample to expose a white iron structure which is
representative of the sample. The ameunt of material
13 be ramoved in this way shall be determined for the
chemical composition of the particular iron and the
conditions of sampling; tha thicknass of the layear to
be mmoved normalky les betwaen 0.5 mm and 1 mm
(se& A6),

in the case of a slab-shaped sarmple, break the =lab
into twa pigcas to abtain a sarmpla of suitable size for
Analyais.

Frepare the surface of the sample by grinding and lin-
izhing. Grinding shall be carned out wet to avoic over-
heating the sample but tha final surface preparation
shall be dry linishing. Altarnatively, cool the sample
after grinding by immersian in water and then firisk
by dry linishing.

Particular care is required when praparing the surface
of thin sarmples. A chuck shall be specially designed to
hotd the sample securely grinding and linishing aper-
ations.

& Liquid iron for cast iron production

6.1 General

The follewing methods are applicable to the sampling
of liquid iron from cupola furnaces and electric fur
naces, from holding furmaces in duplex processes, and
from ladles and treatmant vassals.

Liquid iren intended for the production of iron castings
may ba subject to inhomogenaity, and particular cara
is required in the design of strategies and methods of
sampling to rmeet the requirermnents of the particular
procuction process, For example, liquid iron in holding
furmaces tends to stratify and sampling should ersurs
that the aralysis is -epresentative of the melt as a
whle,
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Ir batch processes, two or more samples should be
taken from melling furnaces, preferably when ap-
prasimately ene-third and two-thirds of the melt has
been discharged, and an average analysis determined,
In continuous srocesses. samples should be taken at
regular intervals of tirme.

Methods of sarmpling are normally designed to chill
the hguid metal of a sample cast from a spoon as
repidly as passible to produse a metallurgical structure
o white tron that is free fram graphite. & white iren
structure nbrained by cnill-castirg is generally raquired
for analysis by physical metnods,

Non-chilled samples may also be used. In this case,
sairges can be specially cast from a speon, or a
sample for analysis can be salected from a tast bar or
<eel block intended for mecharical testing. Test bars
or blocks are cast separately fram the sama matal as
that used to produce the casting or castings,

By agresment with the customer, woen large castings
or large nurnbers of castings are produced, two o-
more zamplas should be abtained.

Special considerations apply to the sampling and
sample preparation of liguid iron for the determination
of oxygan, nitroger and hydrogen {zee 56}

6.2 Spoon sampling
6.2.1 General

Sarnpling should take place before any additions o
inpculating agants have been made to the melt.

Aternatively, sufficient time should be allowed to
elapse for tha immediate affect of the additions to
have faded and the melt should be thoroughly stirred
before sampling. Failure to allewe adequate standing
time befora taking tre sample will seriously impair tha
reprasentativity of sarmpling.

Practile iron is particulary difficult to sample due 1o the
possibility of cantarmination by dross during the pro-
duction process. In this case, a suitable sample may
be vhbtained by filtening the iron using a ceramic dise.

MOTE 5 Whears sampling lakes place before addition of
inGeulaling agents, i should be recognized that the sample
obtaingd will nov be representative of the chemical compo-
sition of the cast product.

622 Methods

A graghite spoon or & stesl spoon lined with & laver of
a refractary such as ganister is suitsble for use in ac-
cordance with one of the following methous.

8l Remeve any slag from the surface of the melt by
skimming and then imrmerse a preheated spoar
inta the melt and fill with liquid iros.
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Bi  Introduce a preheated spoon inte the stroam
dilring pouring and fill with figuid iron.

6.2.3 Chilled sample

Paur the liquid fren from the spoon without delay into
# split mould made frarm graphite, kaematite iron or
copper to obtain & sampla in the form of a small, flat
plate, 4 mm to 8rm 0 thickness. Remove the
sample frorm the mould 33 Soon as it is sokd to avoid
overheating the mould and thea risk of breakage of the
sarmple, then break off any nser.

The sarmgle, commonly described as a coin sample,
rmay be circulsr, rectangular or square in shape with
typical sizes respoctively 35 mm to 40 mm diameter,
BO rarm = 27 mm and 50 mr x BG mm. Generally, dise
sarnples are vertically cast and restangular and square
samplas are horizantally cast.

The rmould is constructed in two gieces which are
clamped together while in use: ons piece .5 a flat chifl-
plate, the other is a block with the nould cavity, The
edge of the mould cavity may be tapared to fecilitate
rernoval of the sampla frarm the mould,

A coin sample with ore or more attached pins can be
obtained using a combination-type mauld. The pins
are broker off from the dise and usad, # required, as
test portions for analysis by a thermral method. A var-
tical mould of this type, commenly described as a
book mould and made from low-phesphorus, high-
carban grey iron, graphite, copper of wate—saoled
copper, 15 shown i figure 2. Tha sampie obtained is a
disg, 3b mm to 40 mm in diameter and 4 mim e 8 mm
thick, with three & mm diameter ping,

The tsmperature of the liquid iron in the spoorn shall
be as high as possible and compatible with the rreuld
materiai, It is essential that the mould be cold ta en-
sure adequate chilling for the production of a sample
for analysis with a white iron structura, f necesaary,
tha mould should be sircosled bafore use, The mouiy
shall be free from moistura,

In the case of process whee samplas ara required to
be takcn at frequent intervals, several moulds shall be
providzd to ensure that a cold mould i= available for
use.

Thermal stress due to overheating of the meuld can

cause bragkage of the coin sarmpie and shal be
avoided.

6.2.4 NMon-chilled sample

Pour t1e liquid iron frem the spoon without delay inta
8 sand mould to obtain a cylindrical block-shaped
sarmple approximately S0 mm in diamezer and 40 mm
to 50 mm kong.
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Cimensions in millimetres

Mould cavity & 35 mm to 40 mm

L

Thickness & mm to & mm

|

MOTE ~ The flat chil-plats (not shown has similar overall dimensians,

Figure 2 — Combination-type vertical mould used for sampling liquid Iran Intended for cast iron production

Alternatively, a sample for analysis can be selected
from a test bar or keel block intended for mechanical
testing. Test bars or blocks are cas: eithar from liquid
iFor taken from a ladle using a pouring spoen ar, if a
smal hard-ladla it uged for pauring, dirsctly from the
ladle itself. Bars are typically 30 mm in diameter and
180 mm long and may be vertically or horizontally cast
i a sand rould.

Samples shall be allaywed to conl completely before
remaval from the mould.

8.25 Malntenance of egquipment

It is essantial 1o kesp pouring spoons and matal
moulds clean and dry. After use, remove any slag and

10
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skull and clear the sufaces of the mauld with g wira
brush.

Moulds should be remachired if the internal surfacas
become worn, This avoids the need for additional ma-
chining of the sample during surface preparation.

6.3 Prohe sampling

F-obe sampling is used only 1@ a limited extent in the
manufactLre of cast iron products. Sampling probes, if
raguired, shall be designed o provide samples “rom
the melt of a guality and metallurgical strocture ra-
guired by 1he analysis method.
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6.4 Proparation of a sample for analysis

6.4.1 Preliminary preparation

Famoue any sand adkering to the surface of a sand-
cast sample by seratch-brushing or shot-tlasting. Re-
mave any surface axidation by grinding.

Frepare the sample it accordance with one of tha
prosedures described in 6.4.2, 6.4.3 or 6.4.4, depsnd-
ing upon the method salectad for analysis.

6.4.2 Bample for analysis by a chemical method
64.21 General

Machining 1o cbtain chips sheuld bs carried out by
diifling or turring 8t a low speed {100 rfmin to
152 tirmin) using a tungsten-carbide tipped toal, adjust-
ing lhe spead and fead to produce chips of uniform
size while aveiding the production of fine paricles.
Carg shall ba taken 10 avoid overheating both the
samp e ard tha tood,

Chips should be as solid and compact as possible,
with a mass of approximataly 10 mg (100 chips per
gram) in grder to prevent crurmbling and fosz of graph-
ite. Chips should not te washed with a solvant or
traated magnetically because of the risk of atering the
distribution of metal end mpaphite. A tool with a di-
ameter of 10 mm 15 suitable far obtainng chips by
drillirg.

The sze range of chips intended for the detarrmination
of total carben should be 1 mmi 1o 2 mm,

¥When machining is not practicabla, the sample can be
broken intw pieces which are then crushed using a
percuasion maortar or vibratory grinding mill 1o obtain a
sufficient mass of sample for analysis, of particle size
less than 150 pm, This method should only be used in
cases where il can be shown that comminution does
not lead to contamination of the sampls.

6.4.2.2 Methods

For a chilled sample, drill the sample, if practicabla,
discard ng chips ohitained from the surface.

For a non-chilled sample, in the cass of a cylindrical
black, drill a hole transversely at 4 positicn ohe-third
along the length of the block. Ther drill another hols
from the oppesite side. Discard chips from onethird
of the radial depth in bath directions. Cantinua drilling
through the centre of the biock to obfain the sample
for arabysis,

ir the case o' a test ba+ use one of the folowing
methods,

al  Grind two flats an apposite sides of the bar and
drill frorm pne side to the other at a position nne-
third along the bar.
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b Turn the test bar using a lathe with @ maximum
¢ut of 0,25 mm; do net use a cutting fluid or cool-
ant. Use a radial cut frem adge to centra, or face
turn a cross-saction of the bar, do not corfine
turning to the surface of Whe bar, Discard chips
ubtained fram tha surface of the bar.

Far a non-machinable sampls, break picces from the
sampla or cut a 3 rmm slice or dise from the cross-
sartion near the bottsm of a test bar Crush these
plecas using a percussion martar er vikratory grinding
mill to abtsin & sufficient mass of sample far analysis
of paticle size less than 180 um.

6.4.3 Sampla In the form of a sclid mass
for analysis by a thermal meathod

ln the case of a chilled sample, remova the pin from
the sample and break or cut the pin into pieces far use
a5 test portions.

- Alternativaly, crush the pin in a percuss.on meortar to

provide & sample for analysis of particle size approxi-
mately 1 mm to 2 mr, Aveid the production of fine
rnaterial during crushing.

For a mon-chilled sample, use & saw to cut @ 3 mm
disc o slice from the crosssection of a cylindricai
block ar test bar and cut pisces of a suitsble mezs for
use as lest porticns.

Analyse & reprasentative numbar of test pertions o
chtain an average valus. The mass of a pisce solected
as @ test portion should not be less than approxi-
matey 0,3 g,

6.4.4 Samplea for analysis by & physical method

It the case ot 3 chilled zampls, remeve any pins and
than use a fixed-Fead grinder to axpose a white iror
strugture which is representative of tha sample. The
amount of material to oe remaved in this way shall be
determined for tha chemical compesition of the par-
ticular iron and the conditions of sampling: the thck-
ness of the layer o be rernoved is normally &t least
1 .

Air-geoding is ecommended durirg grinding, Grind-
ing can be carried out wet 19 avoia ovarheating the
sample but the final treatment shal be dry grinding or
knishing. Excessive grinding may lead to arrars n
analysis if the chil regior of the sample is excaadad.
Chilled samples shall be examined regularly in routireg
practice to ensure the suitakility of the matallurgical
structure of tre prepared sample for t1e analysis
method.

For a nonchilea sampls, use a grinding or lirishirg
rnachine to remove & layer approximataly 1 mm
thickness from the surface of the samphe. Ai-coclirg
is recommended duting arinding; liguid coclants shall
el be used.

"
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For irons which are subjact to segregation effects, for
example, angingsring iron with a high phosphorus
eontant ductila iron with a high silicon content, or
malleable iron, prepare the swrfaces of two sides of
1he sample far anelysis to obiain an average value,

Overheating of the sample dwing swuface preparatiﬂn
shall be avaided. This can result in surface crazing
whicn will affect the coreciness of analysis.

Care is required when preparing the surface of a thin
ecim-zampla. A chuck shall be specially designed to
hald the sample securely during grinding aperations.

NOTE 6 A fixed-head grinder is prefersbla to a8 swing
grinckar Ierr surface oreparaiion. The swing ghninder may not
give a flat =urface to the sample for analyzis.

6.5 Sampling and sample preparation
for the determination of oxygen, nitrogen
and hydragen

6.5.1 General

The determination of oxygen, nitrogen and hydrogen
= required only to a kmited sxtent in the preduction of
castings. Sampling and sample preparatior methods
shauld minimize hydrogen losses and avoid contami-
nation of the sample by oxygen, nitragen or hydrogen
([see 7.5 and 7.6}

6.5.2 Method

It is essential tha: & sample for the determination of
hydrogen should be cooled vary rapidly. Remove the
sample from the mould mmediately after solidificatian
and guench it without delay. A mixture of acetone and
salid carbon dioxide in the form of a slurry is suitabls
for gquenching. Store the sample by immersing it in a
refrigerant; either liguefied nitrogen or an acetonefsolid
carbon dioxide slurry is suitable,

far the determination of owygen and nitrogen, pins
broken from a chill-cast sarmple are normally suitable.
Such sampfes may be obtained from the melt using a
spoon and casting the ligud ron, as described n 6.2,
inte a combination-type book mould to cbtain pin-
shaped samples of diemeter & mm 1o 8 mm. For this
purposa, modify the construction o the mould shown
in figure 2 by enlarging the thres pinshaped cavities
to produce pins of the required diameter.

6.5.3 Preparation of the test portion

Rernowve all traces of surface oxidation from the pin by
turning using a lathe and a tungsten-carbide-tipped
tool. Use g separate parting tosl 1o cut tha pin trans-
versaly, to obtain a tast portion of a suitable mass for
analysis. Avoid ovarheating the pin during the prep-
aration of test partions for the determination of hydie-
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gen. Coal at frequent intervals using crushed, solid
carbon dioxide.

Ensure that thars ia no delay between the prepatation
af tha test partion and ana ygis.

7 Liquid steel for steel production

7.1 General

“he following methods are applicable to the sampling
of hguid stael rarm {urnaces, ladles and othar vessels,
and from tundishes snd moulds during the melting,
secodary treatment and casting of the stoeal.

Speaal considerations apply to sampling and sample
preparation of liquid steel for the detammination of
oxeyggen (7.5) and hydragen (781

7.2 Spoon sampling

1.2.1 Mathods

For sampling from a mel, lower the spoon through
thea slag inte the melt and fill with liguid steel. The
spoon shall first be immersed in the slag layer 1o coat
it with slag 50 as to reduce chilling and prevent ad-
hesicn of the sample io the spoon. Withdraw, the
spoon and remove any slag by skimming tha surface
of the liguid steel in the spoon.

For sampling from @ straam, irtraducs the spacn ino
the streamn from the ladle and fill it with Bguid steal.
Thern withdraw the spoon.

Care shall be taken when intraducing the spoon info
the stream because of the force of the liguid metal
ernarging from the nozle; it may be naceasary to re-
duce the -ate of metal flow during sampling.

If necessary, add a measured guantity of deoxidant 1o
the liquid steel in the spoon. When the liguid steal is
quiescent {after an interval of up to 10 8], pour without
interruption intc a one-piece steel mould designed
t2 produce a tapcred cylindrical sample. The sample
shauld ba approximataly 25 mm te 40 mm i diarmeter
at the top and 20 mm 1@ 35 mm in diametar at the
baze, and 40 mm ta 75 mm lang.

Remove the samdle from the mould and cool in &
manr-er that is designed to prevent cracking. Coo: the
sarmples sufficicntly slowly to ensure gasa of maochin-
irg,

For sampling staintess steel, a refractary ring placed
or a cast iron plate may be used as a mould; the ring
shiould have a weall thickness of 10 mm to 12 mm. The
sarmple s réamoved from the mould by breaking off the
refractory.
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MOTE 7  Alurnirium wire is frequently used as the deoxi-
dant in spoon sampling, provided that aluminium doas net
cause interference in tha analysis method and that the da-
terminaticn of the aluminiem content of the mels s not Te-
quired. The amount of aluriniurm added is usually betwesn
3,1 % bmimp and 0.2 % {mfm). OtFer deoxicants, such as
titanium or zirconium, can be used with similar restrictions.

1.2.2 Maintenance of equipmant

It 1= essential to keep sampling spoons and metal
mowlcs clean and diy, Aftar use, remove any slag and
skull and clean tha surfaces of the mauld with a wire
brush.

Moulds stould be remachined if *he internal surfaces
become worn. This avoids the need for additional ma-
chining of the sample during surface preparation,

7.3 Probe sampling

7.3.1 General

The main features of the different types of commer-

cially available sampling probes for use with liguid
steel are deserbed in annex A,

Fobe sarmpling is infusnced by such factors as the
angle and capth of immergion of the sampler in the
melt, and the fima of immersion n she melt. It is as-
sentigl that these factcrs be determined for the par-
ticular conditions of composition an:d temperature of
the steel invalved and thereafter strictly controlled to
maintain the standard of gualiy required for the
gnalysis.

Precautions shauld be “akan to ensure that the oper-
ation of probe sampling doss not comaminate the
sample of liquid stasl, partizularly when sarpling far
tre determinat an of efements present in low concen-
tratiors, The selecticn of materials used for construe-
tion o the sampling probe, the desigr & the cappng
and ertrance systern, énd the method of deoxidation
should g sUcY a5 to minimize the nsk of contami-
nation {othar than from the decxidant itself).

7.3.2 Methods

For sampling from deep melts, such as melting fur-
nacas and ladles, guickly immerse 8 suitable pche
samplar thraugh the slag layer inta the melt as near as
aossible to the centra of the melt, at an angle as near
a5 possible o 907,

For samplirg from shaflow mesks, such as in tun-
dishes, and from (he taps of ingot meuids and from
continuous casting moulds, Intraduce the entry tube
of a suitable suction samgling probe through the skeg
ar covering powdar into the mealt. Craata a partial vac-
dur in the sampler for approximately 2 8 to fill the
rould.
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Some tundishes may contain a sufficient dapth of fiquid
metal (@ parmit the use of an immersian sampling
crobe,

For sampling from & stream, introduce a suitabls
stream samplirg probe nto the metal Glow from a
lacke, at am angle of 45° at a postion as near as
possible to the nozzle of the ladlse.

Care shall be taken when inserting the probe sarmpler
Into the stream; it may be necessary to reduce the
rate of metal flow during sampling.

Withdraw the probe sampler from the mslt after a
predetenmined interval of time and hreak it apart.
Allow she probe sample to cool in air W a dull red
colour, and then gquench in water in a manmer that
does not cause crackng.

In sorme cases, probe samplas a'e transported to the
laboratony while still kot.

7.4 Preparation of a sample for analysis

7.4.1 Preliminary preparation

Fermove any surface axidation from a sample taken
from the melt that may cortamnate the sample for
analysiz dunng subsequent praparation.

7.4.2 Sample for analysis by a chemical method

I the caze of a spoon sample, drill the cyinrrical
sample at a point one-third from the bottom through
ta tha centre o the sample, discarding the chips ab-
tained ‘rom the surface laver of the samiple.

Alternatively, ramcve the bottorn third of the eylirdri-
cal sample using a cutting-of machifa and mill across
the whole of the axposed face of the remainder, Heat
treatrment may be necessary to soften the sample
sufigiently far rmachining.

In the case of a prebe sample, obtain cnips from the
dis¢ section of the sarmple by driling or mlfing as
described in 10.4.2.

7.4.3 Sample for analysis by & thermal methaod

In the case of a probe semple with attached lugs,
break off one of the lups to const tute a test portion.

In the casa of a dual-thickness probe sample, punch a
slug from tha thin section of the disc to constitute
a test portion, Heat treatment may be recessary to
zoen the prebe sample sufficiently for eose of
puaching it the Rockwell hardness of the sarmpls
excesds approdimately 25 HRC.

In the case of a disc-and-pin probe sample, cut off a

test portion from the pin of a suitable mass far analy-
515,

13
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n the case of a cylindrical sample, obtain chips by
drilting ar milling the sample,

Particular care is required in the caze of samples for
the deterwiration of carbon in low-carbon steels, to
prevent contamination during the preparation of the
test portion, Use twaozers for &l manipulations.

7.4.4 Sample for analysis by a physlcal method

In the case of a cylindncal sample, cut off the basa of
the sample, using an abrasive cutting-off disc or cut-
ting-cff tock to constitute the sampla for analysis,
wsually 20 rm to 30 mm thick. The surface cut by ar
gbrasive cutting-off dise shall be linished and the sur-
face sut by a cutting-off tool may be linished before
shalysis,

In the case of & proba sample, remove any kigs or
pins, a8s necessary, and then mill o linish the swfage
of the disc to expose a surface which is representa-
tive of the sarnple. The amount of material to be re-
movad in this way shall be determired for the chemi
cal compesition of the particular Ciren and  the
conditians of sampling; the thickness of the layer 10
be removed normally ies betweean 1 mm and 2 mm
(sea AG I annex A}, In the case of a dualthickness
probe sample, prepare the thick section of the disc,

1 the case of samples of l2aded stesls, squipment
uged for surface preparation shall be placed in an en-
closuqe and fitted with dust-extraction equiprent.

CAUTION — Swarf arising from the surface prep-
sratioh of leaded-steals, and dust from dust-
extraction fiker systems, shall be collected and
dizsposad of safely in accordanece with local regu-
lations far waste materials containing lead.

7.5 Sampling and sample preparation
for the determination of oxygen

7.5.1 Mesthods of sampling

Methads of sampling liguid steel for the detenmination
of oxygen are based upan the use of commercially
available sampling probes. The main features of tha
different types of probas are described in annex A.
Methods of use shall be designed to ensure that
sampling aperations do not influence the aquilibrium
tatwaean carbon and oxygan in the melt, It is sszential
to aveid contanwnation of the sample and to remove
all surface oxidation at each stage n sample prap-
aratian,

Erall appendages to probe samplas, such as & pin of
dianneter less than aboat B mm or a lug, are gendrally
not suitakle for preparatian as a test partian which is
frea from surface oxidation. A slug obtained by
punching from a duaHthickness probe sarmple may be
satisfactory. For seme applicationz, it may be prefer-
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able to obtain 2 sample of larger mass by using a
sampling probe fitled by gravity.

1.5.2 Preparation of the test portion

Remaove oxidation produgts from the surface of the
probe sample by abrasion in a manner which dogs not
cause sverhaating.

Cut a slice from the disc of a probe sample, Then cut
8 cube-shapod tast portion from this slice of 8 mass
suitable for analysis,

Flace the test portion in a stainless steel holding block
or sorme other device to hold it firrm and abrade each
surface using a finecut file, Use tweezerz for all ma-
hipulationg.

Imimerse the test portion in acetore or athyl alcohol
ard dry in air or by exposure to a rough vacuum, Ana-
lvsa immeadiataly; thara should be no delay betwaan
the preparation of tke test portion and analysis.

7.6 Sampling and sample preparation
for the determination of hydrogen

1.6.1 Generai

Methods of sampling liquid stael for the datarmination
of hydregen are based upon the use of commercial
sampling probes. The main featires of the different
types of probes are described in annex B, Methods of
use should be cesigned to minimize and 10 control the
rapid diffusion of hydrogen from the probe samales
which occurs during sampling, storage of the samole.
ard preparstion of the test portion. Losses by diffusion
may be large at ambiant temperatures, sspecially
from small-diameter samplas.

The probe sample should be free fram cracks and sur-
face porosity, and from moisture, paricularly en-
trapped water. The condition of the test portion can
strongly  influence the analylical measurement;
methods o analysis may difer in their zensitivity 1o
the presence of watar in the sampls. f a suction
sampling probe iz wsed, the methed of operation
should be designed to avoid the risk of introtlustion of
moisture into the sample.

The cheice of a method of sampling is dependent on
the temperature of the melt, the methoc of analysis
and tha analytical pracision required. These relation-
ships shoud be investigated to establish a suitable
mathod for a particular steelmaking practice that will
give samples of the qualty required, Procadural detail
shawldd Be rigidly adherad to, 'n order 1o obtain consist-
ency in the guality of analysis,

It iz aszential to maintain the probe sample and the
tast portion at a tempargture which is @3 2w g3 poss-
ible at all stages following sarmpling, and during stor-
age and sample preparation. The sample should be



stored in a rafrigerant; enhers liguefied nitrogen ar 3
mixture of acetone and solid carbon dioxide in the
form of a slurry is suitable.

WOTE B 3uch storage is essentiat for ferritic steels. Dif-
fusion af hydrogan in austenitic steels is slow, but for amy
particular meterial in the absence of axperimentzl evi-
dence, the suggestad rafrigerant storage should be ysed,

The probe sample and the test portion should be kept
cold when cutting the sarmple and during the prep-
aration of the tesi pertion. Coaling may be carriad out
by immersion in ice-cold water or preferably in a re-
frigerant. Amy maisture prasent on the surfacs of the
test portion after covling shou d be removed; the test
partion should be immarssd in acetone and then dried
by exposure for 4 few seconds to & rough vacuurmn.

Samples wiich have besn inadequately cooled or
s1ared should be discarded.

Preparation of the surface of the test portion by
abragmon should be kept t© 8 minimum, congistent
with the need to remove all oxidation products and
surface defects. The tast partion should be analysed
immadiately after preparation.

7.8.2 Methods of sampling

& range of eomrmercially-availabla sarpling probes,
designed to provide pinshaped or pencil-shaped
samples of varying diamster (see annex B) is available.
Usz the selected sampling probe in accordancs with
the ranufacturers ingliuctions.

It is essential that the probe sample should be
nuenched in ¢old watar and that the watar should be
stirred vigorously and cortinuously during guenching.
Thare should fe na dalay; quenching should take place
within an interval not greater than 10 s after taking tha
zampla. A silica sheath uscd as the sample roould
should he removed quickly to allow rapid cooling.

Whan the sample iz sufficiently cooled, immerse the
prabe sample in a refrigerant for storage ana transport
it to the fabcratory.

If the probe is desgrnad to capture diffusible Fydro-
gen, it shoud be quanched in order 10 be cooled suf-
ficizntly for handling purpeses.

7.6.3 Preparation of the test portion

Cut a test partion of a suitable mass ful analysis from
the central sections of the probe sample. Cutting shal
b carriad oot in suUch a manner as to minimize heat-
ing the probe sample. Use a copious flow of cooling
fluid during cutting or coal the sample at frequent -

tervals, or use a combination of both methods of
cooiing.,
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Prapare the surface ¢f the test portion by filing, grit-
blasting ar light grinding. If filing s used, abrads the
surface by hand with a tine-cut file, if grit-blasting is
used, a gritklasting maching shall be reserved exclus-
valy for this pursose to aveid contamination of the
test portior frem the grit. Il grinding is used, coal the
tast portion at fraquent intervgls,

Degrease ths test partion by immersion in acetone,
diy by exposure to 3 rough vacuum and anakyse im-
madiately, Alternatively, the test aertion can be pre-
pared for analysis by immersion in 2-prapans
fisoprapyl aleshol} and then dried with diathyl ether.

8 Pig-irons

8.1 General

The following rmethods are applicable to the samplhing
ef iran from the blast furnace which has besn cast
into masses of a simpls shape, krown as a pigs,
wsually in the form of a double lozenge or sore other
simitar shape. The various types of pig-rons are classi-
fied in ISO 9147, Other types of iran may be used
in the manufacture of cast iron, for example, iron
praduced in a cupole furnace or an slect-ic melting
turnage.

Special carg ¢hall be taken to ensurs the collastion of
a rgpresentative sample for pig-irons.

8.2 Increment sampling
B8.2.1 Number of increments

The number of pigs taken as incremental samples
shall b2 reprezentativa ot the batch or consigrment.
In the cass of 8 consighment supplied in butk, if there
is no ether agreement between the supplier and pur-
chaser, the minimum number of pigs to be takan from
g conaigrment shall be in accordance with 150 9147
{zee table 1),

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

pig-iran
Mass of Wt“-"ig" ment Number of pigs
<10 d
10ta 20 1
20t 40 12
N 80 ia
80 to 160 16
160 to 300 2
200 to 500 el
= GO0 24

15
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8.2.2 Methods

During unloading o leading operations, or any cther
displacemsnt of & consignment, obtzin pics as in-
crerrental samples at intervals of time or mass that
are approximately egual.

In the caze of a consignement supplied n wagons or
trucks, the points of sarmpkng shall be disposed 0 a
definite order. For examgle, from five positions, that iz
at tha centre of the wagon, and at one-sixth of tha dis-
tance from the corners of the wagons along the two
dinganals.

i the case o a stockpile, throw a rape having a cer-
wain number of knots onto the pile and tzke the pigs
touched by these knots. Repest the operation until a
sufficient number of pigs is abtainead.

Whara it is not possible to gain ageess to the whole of
the surfare of the stockpile, or where access to tha
stockpila is unzafe, the points of sampling shall ba
disposed in a definite grcer cn ihe surface of the
stockpile.

Altarnatively, use a emechanical shovel to obtain &
numbear of sussamples from positions in the stockpile
aelected a1 random. Then select one pig at random
‘rom each subsample.

823 Consignment of mixed pig-Frons

& consignment of pigdron may contain a number of
different batchas of pig-iron which may be from dif-
ferent sources. If pigs of differant shapes snd sizes
can be.cdetinguished in the consignment, a visual as-
sessmant should be mede of the proportions of each
type of pig-iron present.

Incremental samples shall then be taken of sach type
of pig-iron in the consigniment 1o constitute separate
subsamples of plos in order to obtain & weigntad
avarage analysis for the consignment,

8.3 Preparation of a sample for analysis

8.3.1 General

[f the pigs taken as incremental samplas contain reme-
anent magnstism as a result of handling with mag-
netic grabz, they sholld be deragnatizad by means
of 8 demagnetizing coil to prevent separation of
soarse and fine particles during drilling.

Machining wf the sample to obtain chips should ke
carricd out by drilling at a low specd (100 rfmin to
150 rfmin) using a freshly sharpened tool, adjusting
the speed and feed to produce chips of uniform size
with a minimum amaunt of fine particles, A d-ill with a
diarmetar of 12 mm o 14 mm s suitable for abtaining
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chips. The drill shall be resharpened at {requent
intervals and carz taken to aveld overheating beth theo
sample and the tool.

Far some types of iron, for example cxygen-blown
iran, it may be necessary to use a tungstan-carhide-
tipped drill.

Ch'ps should be as solid and compact as poessible in
arcer to prevent cranbling and loss of graphite, The
particle size rangs o chips imrtended for the determi-
natiocn of carbon should ba approxisrataly 1 man to
Zmm.

hilling shall not be empleyec owng to the high pro-
pottion of fines produced.

The prepared sample shzll not be washed with a sol-
vant ar treated magnatically because of the rigk of
altaring tae distribution of metal and graphite,

8.3.2 Sample for analysis by a chemical method

The method of preparation of each of the incremental
samzles shall ba in accordance with one of the follow-
ing rathods,

gl  For machinzble iron, clean ane face of the pig by
grinding at a position midway along the langth
and width ta expose an area of metallic surfaca of
at least b0 mm in digrmatar. Drill a hale through
the cross-saction of the pig: cease dhllimg at &
point apprcximately 5 mm from the opposite
face. If mecassary, dnll another hale parallel 19 the
first hole. [Sea figuras 2a), 3k, 3ed and 3d).]

B} For non-machineble iron, break the pig at a pos-
ition midway along its length. Break off gieces
from the frectured face. crush these pieces to &
particle size of approximately 5 mm and than
grind uzing @ vibratery grinding mili to a garticlc
giza of less than 150 um.

Mix equal guantities of the material obtained from
gach pig. From this mixture, obtgin a sample of suf-
ficiant mass far analysis By caning asd quartering.

Altarnativaly, analyse the material ootained from each
pig saparataly to abtain an averags valus for the con-
sigriment,

8.2.3 Samgle for analysis by a tharmal method
8.3.2.1 General

The method of preparation for each of the incrementat
samples should be in accordance with either 83.3.2
or 8.3.32.3, depending upan the condition of tha pigs
and the type of sample required for analyzis.
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Figure 3 — Sampling positions for pig-iruns

8.2.3.2 Sample in the form of chips or fragments

For machinabile iron, at the centre of each pig, and on
opposite faces, drll a hote 12 mm to 14 mm 0 di-
ameter. Remove scals and any other irmpuritios
around the holes on both sides of the pig. Thern drill
arather hole coasal with the first nele, 20 mm o
24 mrm in diameter, in such a raanner that large chips,
of 51ze approximately 1 mim 1o 2 mm, are cbiained.

For non-machinable iran, obtain small pigces fiom tha
pig as described in 832 k), and then crush thesc
pieces using a percussion martar to a particle size of
between approximately 1 mr and 2 mm.

Mix erual quantities of the material obtained fram
gach pin. Fromn this mixture, obtain a sample for
analysis by coning and quartering.

Alterratively, analyse the material chtainad from aach
pig separatsly to obwain an average value for the con-
sigriment,

8.3.3.3 Sample in the form of a solid mass

Cut a shice, approximataly 3 rmen thick, from the corme
plate cross-section of the pig at & position midway
aleng its length and otean the edges by grinding. From
this slize, cut pisces at positions corresponding 1o
these shown in figures 3el and 3f) to constitute tast
portions of a rass suitable for analysis,

Alternatively, saw o break the pig at 2 position mid-
way along its lengih, Using a trepannirg tocl, drill
either three or five holes at positions eorresponding to
those showr in figures 3e) and 3f) to obtain pins of
diameter aoproximately 3 rem. Brook the pina intoc
pieces to constiute test porticns of a mass suitshle
for ana ysis,
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Analyse a representative number of the test portions
to cbtain an average value for sach pig.

B.3.4 Sample for analysis by a physical method

Samples obtained from pig-rons are net normally
andlysed by physical methods of analysis. If it is in-
tended o make use of pwsical methods of analysis,
tha method of praparation of tha sample shall take
account of the structure of the ron and ba designzd
1o 2Xpase a representativi surlacs for analysis,

Alternativaly, it may be possible to prepara the sample
in a suitable form by rameling small pieces of the
sample (soe 4.4.5).

9 Cast-iron products

9.1 General

The location ard method of takirg a preliminany
sample or a sample for analysis from & cast-iron
product shall be agread between the suppliar and pur-
chaser according 10 ana of the metheds deserbed 1n
922,823 0r8.2.4,

The sampls for analysis can se selected from a test

bar or block cas: onto the casting for the purpese of
mechanical 1esting.

special care shall te taken 1¢ ensure that a rep-
resantative sampla for analveis ie callcctad from cast-
iron products. There may he differences 'n chemisal
composition, paticuarly 1 the contents of carbon,
sulfur, prasahorus, manganese and magnesium, be-
tween the selecied sarmple and that of the casting aor
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castings as a whole. Segregatad slaments may con-
cantrate towards the upper surfaces of a casting and
uvnder cores; these regions should be avoided when
selecting a preliminary sample or a sample for anah-
ais. Sectinnal dimensions and areas of differential
heating or cooling require special attention. Cargful
consideration is necessary in the design of sampling
swategres far engineering iron with a high phosphorus
centent, and mallealile and ductile irons. Particular at-
tention is required when sampiing grey irons to an-
sure that the sample for analysis is representative of
the chamical composition of the produst, espasially
where segregation is suspected.

8.2 Sampling and sample preparaticn

9.2.1 General

Sampling .and sample preparation shall be in accord-

ance with the grade of iron and type of casting, and
the method salected for analysis.

The sample preduct or prelmingry sample shall be
cleaned.by scratch-brushing, grinding or shat-blasting,
to remove adhering particles of sand and to exsose
areas of metallic surface. It shall be ensurad that both
the inner and outer surfaces of hollow castings are
clean,

8.2,2 Sample for analysis by a chemical method
9221 General

bachining o the sample 1o obtan chips should be
carried out by driling or turning at a8 low speed
(100 fmin to 153 min) using 8 tungsten-carbide
tipped tool, adjusting the zpeed and fead 1o produce
chips of uniform size with a minimurn amount of fine
particles. Care shall be taken 1o avoid overheating
bath the sample and the tool. There is a risk of frac-
tura of the tool when using a catbide-tipped drill, in
which case the chips shall be discarded.

Milling shall not be smployed owing to the high pro-
port-on of fines produced,

Chips should be as solid and compact as possible,
with a mass of appradimataly 10 mg {100 chips per
grarny, in ordar to prevent crumbding of graphite. Chips
shal nol be washed with a solvent or trested mag-
netically because of the risk of altering the distribution
of metal and graphite. A tool with a diametar of
10 mm is suitable for sbiaining chips by driling.

The 8ize range ¢f chips intended for the datermination
ol carbon or nitrogen should be approximately 1 mm
1o 2 mm.

When rmachining 15 not practicable, the sample can be
brokan into pieces which are then crushed using a
nercuUssion mortar or a vibratory grinding midl to obtain
g sufficient mass of sample for analysis, of particle
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size lass than 150 pon. This method should only be
used in cases where it can be shown that commi-
nution does not [ead 1o cortarmination of the sample.

$.2.2.2 Maeathods

The metrod of sampling and sample preparation shall
be in accordance with the type of cast iron as follows.

al  For grey irens, obtain chips from the central sec-
tion of a casting, that is from & region waich rep-
iesents approximately one-third of a cormplete
section of the casting. Do not use chips chtained
from the as-cast surface for analysis. Where
possinle and depending upon the shaze of the
casting, obtain tha chips by drilling the casting at
soveral positions, Mix chips obtained in this vway
to constituts tha sample for analysis,

For a casting of large section, it may be impracti-
cable to drill through the casting. In such a case,
the aim shouwid be to drill balfemay theough the
section of the casting.

In the case of a hollow casting such as 2 pipe, drill
completely through the wall of the pipe at each
end and in the rmiddle, with the axes of the three
drill kofes &t 120° to aach other.

In the case of a large casting, obtain a preliminany
sample of diameter 3 mm to 5 mm by using &
trepanning tool. Break the sample into smalt
preces and crush preces uaing a percusaicn mo.-
tar or wbratory grinding mill o obtain a suf-
ficient mass of sample for analysis of particle
sizg legs Jhan 150 um,

b} For malleable irons, the sample for analysis
shoud wharever possible be obtained prior 12
treatment by annealing.

Annealing causes major segregation and 1t 5 es-
santial that a sample tzken from a casting that
has been annealad represents the full cross-
section of a casting. Particular gars i3 recuired
when obtaining a sample from a casting with
variable sectional thick ess.

If annsaled material has to be analysed, remave a
complete cross-section by machining, break inta
picces and crush in & percussion mertar or disc
mill. Separate the coarse and fime fractions wsing
a 180 pm sieve and determine tne mass of each
fraction. Thoroughly mix each of the fractions
separately and weigh proporticnate amounts 1o
obtain a representative sample for analysis.

¢} Forwhite irans and alloy irons, it may be possibla
to obtain the sample for analysiz by diilling as
described in al.

Whara drilling is impracticable, cut thin slices
from the sample product or preliminary =ample,
preferably complete cross-sections, using o saw
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or, it necessary, an abrasive cutting disc. I an
abrasive quiting disc is used, remove @y heat
affected zone,

Ereak the slices into pizces and erush in a per-
cussion mortar or vbratory grinding mill to ettain
a sufficiant mazs of sample for analysis of particle
size less than 150 um.

MOTE 9 Malleable iron products zre particularly suscep-
tipke 0 Segregetion of manganase sultide where the
mangangse ta sulfur ratio excesds 2:1.

9.2.3 Sample in tha form of a solid mass
for analysis by thermal methods

Cut a thin slice from the sample product or preliminary
sample as deseribad in 9.2.2.2 ¢,

In the case of a large casting, ebtain & sample for
analysis of diamater 3 mm to Smm by using a
trepanning tool. Break off piaces from the sample tor
analysis, oF cUt Using a saw to obtain a number of test
portions of suitable mass for analysis. Analyze & rap-
resentative number of piaces and oMain an aversge
vilue. The mass of 8 piece salected as a test portion
should not be less than spproximately 0,3 ¢.

3.2.4 Sample for analysls by a physical method

Us& a saw or abrasive cutting dise to cut a8 sample for
analysis of suitable size from the sample product or
preliminary sample.

Prepare a cut surface by grinding using a fixed-head
machire or by linishing, or by & combination of both
methads.  Aircooling is  recommended to avoid

overhaating the sample; liguid coclants shall no: be
used.

Altarnativaly, the sample may be prepared for analysis
by rerneiting (4.4.5). Break pieces from the cornplate
croge-gaction of the preliminary sarnple. Remelt a rep-
resentative pumber of these pieces 10 obtain a sample
for analysis.

Tha method selected for rermating shall produce a
chill-cast sample with a whita iron structure. Partioular
attention shall be given to the requirements specified
in 4.4.5 corcerring partial logses of clements.

NOTES

10 A fied-head grinden iy prefeiatde 10 8 swing grinder for
surface preparation. The swing grinder may not giva a flat
sunfaue lu the sampls for analysis.

11 Samples oblaned [om cast irgn products which con-
tain free graphite may not be saitable for high-guality
analysis when using optical emission r X-ray fluorescance
spectromatnic methads. In such gases, it is preferablg
to use cther methods of analysis for abtaning suitable
saimples, as described in 92,2 and 9.2.3,
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10 Stasl products

10.1 General

The location and method of selecting a preliminary
sample or a sample for analysis from a sample prod-
uct should be agreed betwsen the supplier and pur-
chaser according 1o one of the mathods described In
0.2 and 10.3.

The preliminary sample or sample for analysis can be
taken from the sarmple product at the locaticn indi-
cated in the product standard for the selection of
material for machanica' testing. or a= specified in
|50 377 See also 437,

special considerations apply t0 the sampling and
sample preparation of leaded steel products (1050,
and of steel products far the detarmination of axyoen
{10.8} and Fydregen {10.7).

10.2 Selection of a preliminary sample or
a sample for analysis from a cast product

From a east product of largs section, obtain 3 sample
for anelysis in the form of chips at a point rmidway
between the outside and centrs of the section, by
drilling parallel to the axis. If this 18 not practicable, ob-
tain the sarmple lar analysis by drilling tha sastion from
the sidz and collasting chips that represeant the part of
the section midway between the outside and contre.

Altarnatively, and where a sample is required in the
farm of a scolid mass, cut a preliminary sarsple from
the product by machining or by using a cutting toreh at
the half or quartsr of its awss-section.

10.2 Selection of a prelimlnary sample or
a sample for analysis from a wrought product

10.3.1 General

For @ mlled product, the process of selecting a pre-
lirninary samp'e shall be carried gut on a section of the
product parpendicular to the diraction of rolling and at
one &nd of the product.

Methods of obtaining & sample for analysis in the form
of a solid rass or chips are described in 10.3.2 by ref-
erentce to produsts of differing ¢russ-sections.

10.3.2 Sections

Cut a preliminary sample from the sample product
tramsversely in tha form of a slice.

To obtain ¢ zample for analysiz in the form of & solid

mass, cut a piece from the preliminary sample of 3
suitable size for the analysis methed.

19



sl 14284:1906(E}

Ter gbtain a sample for analysis in the form of chips,
mill the whala of the cross-sectional area of the pra-
Fimipary sample. Where milling is impracticable, drilling
may be amploved but is not recommended for rirm-
ming steals, The most suitable drillirg position da-
pends on tha shape of the section, as follows.

al

w)]

20

ﬁ

For a section of symmetrical shape, for axampla
g hillet, 2 round, & slab, cbtain chips by drilling a
cross-sectional cut face in a direction paraltel <o
the longitudingl axis at points midway behween
the cantre and edges [see figures £a) and 4hb]].

For a section o complex shape, for example, an
angle, a tee, a cnannal, & beam, cbtain chips by

ot

¢l

L pa

drilling at points indicated in figures 4ch, Ad), Aa).
&fy and 4a) Isaving a clearanca of at [sast 1 mm
rourel the drill,

Far a rail, obtain chips by drling a hole, of di-
ameter 20 rmm to 25 mm, in the head of the raf
at & position halfway betweaesn the cantreling and
edge of the ral [see figures £h) and 4i}].

Yihere drilling into the end or cut face of the section s
imgracticable, chips may e cbtained by drilling in-
wards from the surface perpendicuar to the rnain
BXis.

Cimensions ir millimetras

by ol

| ~——5ample for analysis

50

b wickh

Lia

()

Figure 4 — Sampling positions for steel sections
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10.3.3 Plates or slabs

Cut a praliminary sample, o a suitably size for the
preparation of & sarnple for analysis in the form of &
salid mass or chips, from a paint midway between the
cemrelng and the outer edge of the plate. lin the
exampla shown in figure 4)), ~he praliminary sample is
BOmm wide.] YWhere “his is ngt practicable, the
sarmpls shall be taken from a poaition agreed betwean
the suppher and purchaser as being represontative of
the plate compasition.

10.2.4 Light sections, bars, rods, sheats, strips
and wires

Where the sample product is of sufficiert cross-
sactional area, cut a slice transversely to constitute
the preliminary sarmpla and obtain a sampla for analy-
sis as described in 10.3.2,

Where the sample product is of insufficient oross-
section for machining, for example, a thin gauge
sheet, a stip, 4 wire, mill over the combined trans-
versa-sections obtained aither by bundling the ema-
teral after cutting into suitsble lengths, or by folding.

Where the sample sheet or strip is thin but is wide
snough, mil over the cembined longitudingl or trans-
Warsa sections in a zone midway between the centre-
ling and tha outer edge of a shest or strip [in the
exarnpla shown in figure )l ebtained in the same way.

For a sheet or a strip where the rolling direction is un-

known, take lengths of strip in two directions at right
angles, and combine the resufting samples.

10.3.5 Tubes and pipas

Sampling may be in accordance with one of the fol-
lowing methods.

al  Cut a prefiminary sample at a position 39° from
the we d in & welded produst.

bb  Cut across the tube and < or mill across the cut
tace to obtain a sample for analysis in the farm of
¢hips, Tubes with a small coss-section may be
flattened before milling.

¢l Drll through the wall of the tube of pipe, at sew
argl positions around its circumference, to obtain
a sample for analysis in the form of chips.

10.4 Preparation of a sample for analysis

10.4.1 General
MWetnods for the sample preparation of steel products
shall be in acco-danze with tho genetsl requirernants
specified in 4.4, Special rTequirements are corsidered
i the fallowing.
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10.4.2 Sample for analysis In the form of chips

Chips obtained by machining shall be sufficiently small
to avoid or minimizs the need fer subsequent frag-
mertation to prepare the sampla for analysis. The size
¢f the chips should be such that the mass of irdividual
chips is approxirmately 10 rg 1102 chips per gram) for
uralloyed and tow-zlloy stesls, and approximately
2.5 myg (400 chips par araml for high-alloy steels.

If the chips are not srall encugh for analysis, crush
them in 3 perclssian mortar.

Machining shall be earriad out in such a manner 8z to
avoid the praduction of fine materal. In the case of a
sample for enalysis which does cortain fine powder,
that is particles of size less than approximately 50 pm
(500 pm for graphite carbon, sclfur amed other el-
ermants which tend to segregate depanding on chip
sizel, separate thre coarse from the fine particles and
caterming the mass of each size fraction. \Weigh pro-
partionata parts of ezch fraction to obtain a represen-
tative sample for analysis.

In the cass of 3 sample for analysis for the determi-
nation ¢f nitrogen, contamination of the chips may
oceur during rmachining caused by atrmospheric mitro-
genatior ¢f fine particles. Obtain the sample for
analysis by machining the preliminary sarmple in such
& rmannet @ o avold, as far as possible, the pro-
duction of particles ¢f a size leas than approxinately
WO pum and pretarably under an argon strrosphere.
Store the chips in an airtight container.

In the sase of a sample for analysis to ba used for the
detemmination of carbon where it iz prasent in very
small amounts, for example, in interstitial-res saels,
the chips may be subject to contamination from car-
bonacecus materials prasent in the atmosphore or
from other sour¢es, The chips shall be stored in an
airtight container or prefe-ably an inert atmosphers. |t
is preferable to remowve surface carbon, far axampla
by preheating just before tha determination, or 10 de-
tarming the surface and internal carbon separalively,
for exarmple by resolved signals, Altarnatively, a test
partion in a solid farm may be selectad, such as a slug
obtained by punching.

10.4.3 Sampla for analysis in the form of a salid
mass

In the case of preducts of thin section, such as strips
or shaets, test portions for anaiyes by thermal mathaods
can be produced by nibbling small pisces from the
edge of the product. Altermatively, slugs of thizkress
4 mm te & rnm can be cbtained by punshing.

in the case of sample producis with a thickress of
approxdimataly 1,5 mm or less, it s necossary 10 re-
duce the local heating that acours when an elactrical
discharge is produced when using an pptical emission
spectrometric method. For example. the edges of the
sample for analysis can be elactrically weldsd to a
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small bleck of steel or the sample can be ambedded,
for example in tin, leaving oneg surface exposed.

10.5 Sampling of leaded steel

Care shall be taken to mimimize the creation of dust
particles during all samping and sample preparation
cperatinns.

Select a preliminary sampla from the sample preduct
Ly sawving,

Chips shall be ootaired by miliing at a low speed to
avoid overhsating the sample and the creation of dust.

Eguipment used for the surface preparation of a
sample for analysis by a physical method shall be en-
closed and fited with dust-extraction eguiprmsnt,

CAUTION — Swarf arlaing from machining and
surface preparation of leaded sieels, and dust
from dust-extraction filter systems, shall be ¢al-
lected and disposed of safely in accordance with
focal regulations for waste materials contalnlng
lead.

10.6 Sampling and sample preparation
for the determination of oxygen

10.6.1 General

It is essential to avoid contamination of the sample
gnd to remove any surface oxidation at each stage of
sampling and sample preparation,

Do not allow the fingers to come into contact with the
test portion; use tweezers for rmanipulation. In the
case of steals with vary low oxygen contents, ma-
chining of the tast pertion shauld be carried out under
the pratection of an inert gas.

10.6.2 Methods of sampling

Sampling should be in accordance with one of the
methods described balow,

a) Cut a suitably shaped preliminary sampla using a
mechan-cal saw. The sample can, for exampla, be
in the form of a small plate or disc. Using a hane
saw, cut g test portion from this semple of &
miass that is suitabla for analysis.

) Cut a preiiminary sampls in the form of a slice of
thickness 3 to 4 mm. Linish the surfaces
of the samp'e using B0 grit abrasive paper made
of silicon carbide and then abrade by using a burr,
that is & retary tooh with cutting teath, at a speed
of approxirnately 30 000 fmin.

The condition of the surfaces of the samplz after
preparation shouid be smooth, metallicaly hright
and frea from detsacts,
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Pun¢h a slug from the sample of a suitable mass
for analysis to constiiute a test portion Lsing a
punch of diameter 4 mm to 6 mm. Carry out tha
puRching operatien in such a manrer that the test
portion falls into & glass container which is purged
with argon or nitregen ard can be closed with a
cap or stopper.

cf Cut a roctangular praliminary sampls, appros-
mataly 10 mm owide and 100 mm long. Turn the
sample using a lathe at a spesd of approximately
1 00 tfein 1o obtain & digmeter of approximatedy
7 mm; continue turming at & controlled feed rate
of approximately 0.1 mem 1o 015 mim per fevoi-
uticn at a spesd of 800 r/min w0 1 000 rfmin to e-
duce the diameter of the sample to B rim. The
condition of the surfaces of the sampla aftor
preparation shall Be smooth, metallically bright
and free from detfects. Cooling fubnicants shall not
be used during the final stage of the machining
Bracass,

Using a hand saw, cut a test pertion from the
turned sample of 8 mass that is suitahle for
gnalysis.

10.6.3 Preparation of a test portion

In the case of 10.6.2 b}, if the tast porticn and prelimi-
nary sarnple have no oxidaton, the test partion can oe
usad diractly after it is picked up from the punching
rmaching tafter storage of limited duration in a glass
flaski. In the cass of 10.68.2 a) and o), place the test
potion an a stainlass steel holding block or sarme
other device to held the test oortion firm; abrade tne
surfaces using a fine-cut file ar a burr [ses 10.6.2 b}

In the casa of & test portion obisined using the
rnethod described in 10.6.2 &), the cylindrizal aurface
of tha test portion should be sufficientty smooth to
dispense with the need Tor filing. Howeawvar, each of
the pwo and faces should be prepared using a fila.
[mmerse the test portion in acetorne and dry ir ar o
by exposure to a rough vacuum, analyse immediately,

There should bo no dolay botween the preparation of
the test portion and analysis,

10.7 Sampling and sample preparation
for the determination of hydrogen

10.7.1 General

Methods should be designed to minimize and contiol
tha ragid diffusior of hydrogen from the sample which
oceurs during sampling, storage of the sample, and
preparation of the test portion, The sample should be
free from cracks, surface porosity and mo'sture. The
condition of the test portion cam strongly influence
tha analytical rneasurement; methods ot analysis may
diffar in their sensitivity to the presence of wate:,
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Procedural detail shoLld be rigidly adherent ta in order
to obtain consistency in the quality of analysis.

Losses of hydrogen from the sarriple by diffusion may
be large st ambient temperatures, especially from
samples with thin crosa-3ections, It is sssential o
mantain the prefiminary sampls, sample for analysis
anc test portion at a temperature which s a8s low as
possible at all stages during samphing, storage and
sample preparation. The sample for analysis shoutd be
stoved in & refrigerart; either liguefied nitragen or a
mixture of acetene ard solid carbon dioxide in the
farm of a slurry s suitable.

The sample and the test portion should be kept eold
whan cutting the sample and during preparation of the
test portion. A coplous flow of cooling fluid should ke
used during all machining operations or the sample
and test portion should be cocled at frequent inter-
vals, or a combonation ¢ both metheds should be
used. Cooling may be carried out by mmersion in ce-
cold water or preferably in a refrigerant. Samplas
of arge section should be pasked with solid carbon
dickide in a manner which ansures the maintenance
of good thermal contact with the sample. During in-
tarvals petween machining, rough-cut pieces should
be returned to storage in g refrigerant.

Any moisture present on the suriace of the test portion
after cooling shauld be removed. Tha tast portion
should be imrnersed in acetene and then dried by
EXposUre 10 a rough vacuum for a few seconds.

samples whith have been inadequately coolad or
stored showld be discarded.

Freparation of the surface of the test portion by
abrading should be kept to 2 minimum, consistant
with the need 1o remaove oxidation products snd sur
tace defects. The test portion should be analysed im-
medately after preparation.
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10.2.2 Methods of sampling

According to the geometrc form of a piece or product,
uza suitable machining tocls to prepars the indtial
sample by turning, miling, sawing, slicing and trepan-
ning ete.

Frarm & cast product or forging, obtain a sample far
analysis of & suitable size in the centred part whare
hydrogen is dense.

rorm & long wrought predust, using a saw or an abras-
ive cutting digc, obtair, a preliminary sample at a pos-
itian midway between the pradust centreline ard the
edge, and at a distance from the ond of at least half
the cross-section. From the preliminary sample, cut a
piece of a size suitable for twrming using a lathe in
order to obtain a sample for analysis.

store the sample for analysis i1 a refrigerant.

10.7.3 Preparation of a test portion

Frorn the saimpls for analysis, cut 8 test portion of a
suitable mass in such a manner a3 to minimize heat-
ing the sample. Caol the sample at fraquant intanvals,

Frepare the surface of the test partion by filing, grit-
blasting or light grinding. If filing is used, abrade the
surface by hand with a fing-cut file. If grit-blasting s
used, a grit-blasting machine shall be resenvad axclus-
wely for th's pLrpose 1o avod contamination of the
tast partion from grit. If grinding is used, cool the test
portion at frequent intervels,

Degreasa the test fortion by immersion in acetona,
dry by exposure for a few seconds to a rough vaeuum
and analyse immedigtely. Alternatively, the 1est
portion can be prepared for analysis by immersiun in
2-propancl lsopropyl aleohell and then dried with
digthy| ather.
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Annex A
{informative)

Sampling probes for use with liquid iron and steel

A.1 Ganeral

Disposable picbes for taking samples from [ quid iron
and steal consist of a srmall mould mads from prassed
simel, cararic material or silica tubing, and which are
mounted in a thick-walled grotective cardboard tuba.

A range of different types of sampling probe 15 avail-
able commercially. The main features are described
in A2 to A4 with examples shown in figures A1 1o
A,

The dimensions given n this annex are irdicative only.

A.2 Immersion sampling probes

AZ21 Immersion praobes can be inserted into the
melt either by hand or by mechanical means using a
lance of stea piping fitted into the cardboard tube or
sttached diractly to the probe asssmbly. Immersian
tinnes vary depanding o0 the design of the probe and
the conditions of sampling, in particular the tempera-
ture of the melt, ot normally lie between 3 5 and 8 5.

The lance is constructad w0 that air from the mould
cavity and gasas produced during the combustion of
cardboard can easily ascape. A handlebar s incor-
porated for cantralling the lanes during Tmmeagion and
withdrawal,

When sampling frorm ladles and secondary treatrnent
wes5eis, a mechanical system can be used to lower
and raise the lance.

Some types of probe combing a thermeocouple in a
gilica tube edjacent to the sample chamber for the
rmeasurement of temperature. Where a measurement
sublance is used in & basic oxygen converter furnace,
a mould assembly cam be incorporated with the
measurermant sensars in the sublance to obtain a
sample for labaratary analysis,

A.2.2 Frobes in which the sample chamber is filled
by ferrostatic pressure consist of & steol spht mould
hald in a cardboard tube by a collar of refractony ma-
terigl. The mould has a bottom-entry silica tube with a
protective cap of thin steel to prevent irgress of slag
and any other contaminant. Cardboard tubes, which
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vary in length from 200 mm to 1 500 mm or onger,
may be partially costed with refractory material o
minimize sglashing during immersion,

Ths type of probe is mainky used to obtain samples
from liguid steel in furnaces and ladles; two different
designs are shown in figure A1

A2.3 The samples obtained by using immersion
probes filled by ferrastatic pressure can differ in con-
figuration t-e following three main types are ds-
tinguished.

al Disc-andpin probe samples exemplified in fig-
ure A Zal; the disc is suitable for analysis by a
ptysical methoc anc the pin may be used, if re-
guired, for analysis by 8 thermal method. The disc
may be owval, circular or some other similar shape.

B Discand-pin probe samples with a number of
Ings sttached to the dise; tha lugs have a mass of
0,5 gor 1 gand nay be sazily bEroken off from the
dise and can be used, if required, as test portions
in thermal methods of analysis.

cf  Dwal thickness probe samples cxemplified in fig-
e A2, in which part of the dise is reduged in
thicknass and is suitable for the punching out of
slugs, “he slugz are 4 mm 19 & mm in diameteor
argd are Usad at test poctions in thermal mathads
gf analysis. The thicker section of the disc of &
dual-thickness probe sample s uzed for anabysis
by physical methods. & prehe sample with a
Apckwell hardness of greater than appresimatety
26 HRC may reguire heat treatment  aefore
puhching.

A2 4 Probes of the type shown in figure A3 In
which the sample chamber is filled by gravity, consist
of a two-piece or fourpiecs stael cylindrical mould
which iz contained in a refrectory assembly and at-
tached to a sardboard sube.

The mould has a side entrance port which is protected
in some way to provent ingress of slag, The assembly
may be sleeved with refractory 10 minimize splashing
during immersicn. The overall length of the assembly
and cardboard tule is 400 mm to 300 mm. Immersien
times are usually 2 2 or 3 8,
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Figure A.1 — Examples of immersion sampling probes filled by farrostatic pressure

Dimensions in millimatres
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Figure A.2 — Examples of disc-and-pin semples
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This type of probe is used in situations whera the
disc-and-pin type of sample i¢ not satisfactory for
andlysts, 1t is used to obtain samples from liguid iron
and steel in ladles, emd drom diguid stesl in irgot
meouids and continuows casting tundishes. The sample
is typically 30 mum in diameter and 70 mm leng.

=l

This type of prabe 15 ahown in figure 8.4 The disc
of the sample can vary in thickness frorm 8 mm to
1Z2mm. The pin is typically 4 mm in diameter.
lrrrmergion times vary from 55 to 95 depending
Lpon the application.

_ . bl A probe desigred to eliminate risk of drainage of
£.25 Probes of a ¢pecial design are used o abtain liquid iron whan sampling very fluid melts, The
samplez from Hguig iron i@ the blastfurnace rurner, sida-entry mauld has one or mora steal chill-
and from the torpede car and tronsfor ladle These plates and i3 held in a body of sand attaghed 1o 4
probes incorporate chill-plates of varying thickness o cardioard tuke.
ensure thal the iguid on of the sampls s chiled very
rapidhy. Two different types are describac in al anc b _ _

Th|s type cf probe can combing & soparate or
a) A variant of the probe fillad by ferrostatiz press- linked pin-ehaped molld. Tha sampla is typically
ure [A.2.21 with 4 design sased gr the use of 35 rmm in dianeter with a thickness varying from
gither a thick-walled, stesl split-mould 3 steel 4 mm to 12 mm depending on the metallurgical
chill-plates, 1o provide a disc-and-pin sample with structure required. The up‘uqnal ph sample is
a number of lugs attached to the disc, 6 mm in diameter and 45 min iong.
YA
NN
B i)
.
N/
[ E"Q\ wtesl mauld
§ - - %X.J—Denxidanr
N(EERN
Q Hon=splash
% ___.-d"'f Caver
N
NS
Flgure A.3 — Example of an Immarsion sampling probe fillad by gravity
Durer cardbasrd profection
—— sleave may be cozbed wikh
arbi-gplach material
High-chill skael mould §& mm thick]
~—tapromate 3 white Iron structure
Sample Inler tube
——Metal cap
Figure A.4 — Example of an immersion probe used for sampling liquid iron from a blast furnace
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A2.6 Specially designed prebes are Jsed 1o obiain
samples from liguid steal in & vacuum induction fur-
nace,

In one example, the sampling mechanism in the form
ot tbe made from a refractory material is located in
the furnace charging systern ang susperded on a wire
rope to permit vertica' access 10 the malt by gravi-
tational means. The sarnple is cylindrical in shape and
35 mm in digmetear.

AZT Measuramert sensor assemblies used with
sublances in basic oxyvgen steelmaking may incorpor-
ate moulds for obtaining samples from liquid steel.
Moudlds ef the type described in A2.2 may be used
both in the case of a sublance used during oxygen
blowing lin-blow operation] and whan oxygen is not
being blown {endblow operation), In the case of
intlcw operation, 2 mould of different desian can be
used tc obtain & sample of a rectangular shape,
A0 rmn 2 30 mm and 20 rmirm thick.

A typical assembly, shown in figpureg A5, inchudes
sensors for the measurement of liguidus swest, tem-
peraturs and oxygen potential, and incorparates a rec-
tangular rmould with g side antry vaed ta obtain a
sarmpla during the measiremen: process.

A.3 Stream-sampling probes

Probes of the type shown in figure A8al consist of a
staal splitemould with an exposed entry tube of =ilica
held by a plug in a cardboard tube of langth 100 mm
to 225 mm. Samples are of the disc-and-pin type.

Different designg of mould are used for the samplng
of liquid iron.

Lances for strearesempling probes arz designed so
thar the prabe can be positiored in the metal stream
at an angle of 45%; same maans of supporting the

lance may be provided. The sarmpling time is usually
Zs.

This type of probe 18 Lsed to obtain samrples from
liguid iron and steel flowing from ladies.

A.4 Suction sampling probes

Frobes of the type shown in figure A8 consizt of a
steel split-mould bale in position by a plug in a card-
board fube, akout 125 mm in length, The mould has
an exposed entry tube of silica with a protective cap
to prevent ingress of slag or casting powdser, Air is
removed from the mould to areate a partial vacuum
by using & hand-operated purmp or 8 compressed-air
venturt pump. Tha sampling time is usually 2 s.
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This type of probe is used to obtan samples fram
liguid steel in small furnaces, ingor moulds, conting-
ouJs-casting moulds and tundishes, Samples are ¢f the
d'sc-and-pin type.

A.5 Deoxidation systems for sampling
probes

Probes usad for the sampling of liquid steel which is
oridized and effervescent contain a deoxidant, usually
in the form of wire or a pellet inserted in the probe in
such a rnanner that it becornes uniformly dispersed in
the liguid steel Yarious methods are used 1o inccrpor-
ate the deoxidamt in the probe, for exarnple:

— deoxidant in the sampls chamber itself, as shown
in figures A 1a) and A.3;

— deoxidant in the entry tube 1o the zample
charmbear:

— deoadant in & separate charmber; tre deoxidant
and liquid stesl are thorougaly rixed before the
stoal enters the sample chamber, as shown in fig-
urs ATb); same probes have a second mixing
charnber,

Aluminiure, zirgenium or titanium are cormmaonky used
as deoxidants dependent upon the type of melt and
the analytizal requiremants.

A6 Quality of sample

AB.1 Apart from the presence of defects ang
oxides on the surfaces of the disz sampla. the surface
layars of the dise may 2o subject to serregasion and
the central porlion may be porous and subject 1o
shrinkage or cther thermal effects as s4own in figr
e AZs) Special care is necessany 10 ensure -hat
procedures for preparirg the surface of the disc for
analysis by pvsical methodz expose a layer of metal
that s representative of the chemical compaszition of
the zample,

It iz usually necessary <o remove a layer of © mm ta
Zrmrn from the surface of a disc sample obtained
from liguid stesl, to expose a part of the sampla that
{5 suitable for the physical analysis method selacted.

A B2 The amount of material rcmoved from the
surface of chill sarmplzs taken from liguid ron s
determined by the metallurgical sbructure of the
sample, which may vany throLgh the thickness of
the disc. The type of sampling probe used and the
methad of preparing the disc sample should be seleg
ted to provide a surface structure of either white or
arey iron in accondance with the requiraments of the
analysis methad,
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Figure A.5 — Example of a sublang¢: probe assernbly showing the sample chamber

——3ikiga tube

Split-mould

—ardbaarg

i} Stream-sampling probe b} Suction-gampling prake

Flgure A 6 — Examples of stream-sampling and suction-sampling probes

In the case of a disc sarple obtained from liguid ron, A.B.3 In rcutine practice, probe samples should be
it iz usually recessary w© remave a laver, of ticknass axamined regularly to ensure the suitability of the pre-
approximately 0,5 mm to 1 mm, from the surface of pared sample for the analysis method,

the disc sampla.
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Annex B
{informative)

Sampling probes for use with liquid steel for the determination of hydrogen

B1 General

Dispeszble probes for taking samples from liquid stesl
tor the detarmination of hwdragan usually consist of a
mould made from pressec steel or silica tubing
rounted in a thick-wallad protactive cardboard tube,

Frobes are designed to obtain a pin-shaped or pencil-
shaped sampla, 7mm to 2 mm in diameter and
Fhomm to "5 mm long, from liquid steel in ladles,
ingot moulds, and continuous-casting tundishes and
misulds,

Sevaral types of sampling probes are available conm-
mercially, the main features of which are deseribed in
B.2 and B.3 with exarmples shawn in figure B.1,

The dimensions given in this annex are indicative anly,

B.2 Immersion sampiing probes

Two types of probes for wmmersion sampling may be
distinguishen,

al Frobes of the type shown in figure B.1a) consist-
ing of a silica tubs, 7 mm to @ mm in intarnal di-
armetar, contained in @ protective cardbaard tuba,
The top end of the tube is apen and the botterm
end is capped with aluminium foil to prevent in-
gress ol gontaminants. The cardboard tube s
280 mm or 400 mm in length, dependirg upon
the application, and has a refractory anti-splash
coating.

This type of probe iz used for taking samples
from liquidd staed at temparatures near to the ligui-
dus point of Lhe staal,

Bl Frebes of the type shown in tigura B 1B consist-
ing of a7 expased silica tuhe, 10 mm to 12 mm in
internal diameter, held in a cardboard tube. The
top enc of the tuba iz opan or may be coverad
with alurninium foil. Tha tube has a zide entrance
part covared with auniniure foil. t may conzain
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gluminium wire as a desxidant, typicaly of a mass
of approximately 0,1 g

This type of probe is used in 2 wide range of ap-
phications for taking samiples from liquid steel.

B.2 Suction sampling probes

Twd basic types of grobes for suction sampling may
be distinguizhed,

a) An svacuated probe of the type shown in fig-
ure B.1g) consisting of a stesl sleeve and a
sample chamber made from high-purity iron with
an internal diameter of 4 mm. The probe is
mountad in a8 cardboard Wibe and sheathad wich a

heat-resistant material and may have a protective
slag caf.

On immarsion v the melt, the fusible cap melts
and liquid steel is aspirated into the avacusted
sample chambe- which than closes 25 the metal
solidifies, thus s=aling the probe. Hydrogen which
diffusas from the samele is captured in the outer
svacuatad chamber and it measured woen the
probe is ingerted into specially designed analyticst
equipment and then pierced.

Any residual hydrocen remgzining in the sample
can he measured separately after remaval of the
sample togethar with the sample chambes.

Prabes of the type shown in figure B.1g) are
mada of a pyrex vacuum tube i< 10-2 tarr, An
advantage of this type of sampling probe is that
the nside of the prove is protectad from pollution
until it is filled up.

by Prches of the type shown in figure B.1d) consist-
ing of a pressed steel splicmould, 7 mm 1o 9 mm
in internsl diameter and 75 mm long, with a silica
entry tube, The mould is held in & cardboard tube
by & collar. Air is removed from the maould to

create a pantisl wacuum using & compressed air
ventr purmp.
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Figure B.1 — Examples of probes used for sampling liquid steel for the determination of hydrogen
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