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1. Scope

1.1 This practice covers the sampling of all grades of steel
both cast and wrought, and all types (grades) of cast irons angeparation of a Sample for Analysis
blast furnace iron for chemical and spectrochemical determiSampling of Leaded Steel

nation of composition. This practice is similar to 1ISO 14284.
1.2 This practice is divided into the following sections.
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1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 For specific precautions, see Note 2, Note 6, and Note 9
as well as Section 5.
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samples for the determination of chemical composftion 4. Significance and Use
4.1 This practice covers all aspects of sampling and prepar-

3. Terminology ing steel and iron for chemical analysis as defined in Test
3.1 Definitions—For definitions of terms in this practice, Methods, Practices, and Definitions A 751 and Specification

refer to Terminology E 135. A 48. Such subjects as sampling location and the sampling of
3.2 Definitions of Terms Specific to This Standard: lots are defined.

3.2.1 cast product n—item of iron or steel which has not 4.2 It is intended that this praCtice include most I’equire-
been subject to deformation, for example, an ingot, a seminents for sampling steel and iron for analysis. Standard
finished product obtained by continuous casting, or a shapeghalytical methods that reference this practice need contain

casting. only special modifications and exceptions.
3.2.2 consignmentn—quantity of metal delivered at one 4.3 It is assumed that all who use these procedures will be
time. trained samplers capable of performing common sampling

3.2.3 grinding, n—method of preparing a sample of metal operations skillfully and safely. It is expected that only proper

for a spectrochemical method of analysis in which the surfac§2MPling equipment will be used.
of the sample for analysis is abraded using an abrasive wheed. Hazards and Safety Precautions

3.2.4increment n—in sampling, a portion of material 5y proyige personal protective equipment to minimize the
removed from a lot by a single operation. risk of injury during sampling and sample preparation meth-

3.2.5 linishing, n—method of preparing a sample of metal 445 provisions shall include protective clothing, hand protec-
for a spectrochemical method of analysis in which the surfacgqn and face visors resistant to splashes of liquid metal for use
of the sample for analysis is abraded using a rotating disk Ofyring the sampling of liquid metal; protective clothing and
continuous belt coated with an abrasive substance. hand, eye, and hearing protection for use during the sampling

3.2.6 lot, n—in sampling a collection of material regarded and sample preparation of solid metal; and respiratory protec-
as a unit. See Specification A 48. tion for use Where necessary'

3.2.7 melt n—liquid metal from which a sample is re- 5.2 The use of machinery for sampling and sample prepa-
moved. ration shall be in accordance with appropriate national stan-

3.2.8 sampling, immersionn—method of probe sampling dards. Grinding operations used for surface preparation may be
in which the probe is immersed in the melt where the sampleovered by national legislation.
chamber in the probe fills by ferrostatic pressure or gravity. 5.3 Reference should be made to appropriate national regu-

3.2.9 sample, proben—sample taken from the melt using a lations with respect to the use of solvents for the cleaning and
sampling probe. drying of samples and test portions.

3.2.10 sampling, proben—method in which the sample is
taken using a sampling probe inserted into the melt.

3.2.11 sample product n—specific item of iron or steel
selected from a supplied quantity for the purpose of obtainin%
a sample.

3.2.12 sample, spogm—sample taken from the melt using
a spoon and cast into a small mold.

3.2.13 sampling, spoonn—method in which the sample is
taken from the melt, or during the pouring of the melt, using
long-handled spoon and cast into a small mold.

3.2.14 sampling, streamn—method of probe sampling in
which the probe is inserted into a stream of liquid metal where 6..2 Sample
the sample chamber in the probe fills by force of metal flow. g5 4 Quality:

3.2.15 sampling, suctionn—method of probe sampling in 2 1.1 Sampling practices shall be designed to provide an
which the probe is inserted into the melt where the samplgnajytical sample that is representative of the mean chemical
chamber in the probe fills by aspiration. composition of the melt or of the sample product.

3.2.16 test portion n—part of the sample for analysis, or  6.2.1.2 Ensure that the sample is sufficiently homogeneous
part of the sample taken from the melt, actually analyzed. Inwith respect to chemical composition so that inhomogeneity
certain cases, the test portion may be selected from the sampiges not appreciably contribute to the error variability of the
product itself. method of analysis. In the case of a sample taken from a melt,

3.2.17 thermal method of analysig—method for the de- however, some variability in analysis, both within and between
termination of chemical composition in which the sample issamples for analysis, may be unavoidable. This variability will
submitted to a process of heating, combustion, or fusion.  form an inherent part of the repeatability and reproducibility of

3.2.18 wrought product n—item of steel which has been the analysis.
subject to deformation by rolling, drawing, forging, or some 6.2.1.3 Ensure that the sample is free from surface coatings
other method, for example, a bar, billet, plate, strip, tube, oand from moisture, dirt, or other forms of contamination.
wire. 6.2.1.4 The sample should be free from voids, cracks, and

6. Requirements for Sampling and Sample Preparation

6.1 General

6.1.1 This section describes the general requirements for the
ample and for the sampling and sample preparation of iron

and steel. Special requirements apply to each category of liquid

and solid metal, and these requirements are described in the

relevant section.

6.1.2 The sequence of sampling and sample preparation of

aquuid iron and steel and cast iron and steel products is shown

in Fig. 1. Special considerations apply to pig irons (see Section
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FIG. 1 Sequence of Sampling and Sample Preparation of (a) Liquid Iron and Steel and (b) Cast Iron and Steel Products

porosity, and from fins, laps, or other surface defects. mass to provide for any reanalysis necessary. Generally, a mass
6.2.1.5 Take particular care when selecting and preparingf 100 g will be sufficient for a sample in the form of chips or
the sample where a sample taken from a melt is expected to wder.
heterogeneous or contaminated in any way. 6.2.2.3 The dimensional requirements for a sample in the
6.2.1.6 A sample taken from a melt shall be cooled in suchorm of a solid mass will depend upon the method selected for
a manner that the chemical composition and metallurgicahnalysis. In the case of optical emission and X-ray fluorescence
structure of the sample is consistent from sample to sample.spectrometric methods, the shape and size of the sample will be
6.2.1.7 It is important to recognize that analysis by someletermined by the dimensions of the sample chamber. The
spectrochemical methods may be influenced by the metalludimensions for samples given in this practice are for guidance
gical structure of the sample, particularly in the case of ironnly. Refer to Test Method E 415 for sample size requirements
with white and grey iron structures, and steels in the as-cagor optical emission spectrometry.
and wrought conditions. 6.2.3 Identification
6.2.2 Size 6.2.3.1 Assign the sample a unique identification to deter-
6.2.2.1 Ensure that the dimensions of a laboratory sample imine the melt or sample product from which it was taken, and
the form of a solid mass are sufficient to permit additionalif necessary, the process conditions of the melt or the location
samples for analysis to be taken for reanalysis when necessany the laboratory sample in the sample product. For pig iron,
using an alternative method of analysis. this shall identify the consignment or part of a consignment and
6.2.2.2 A sample shall be prepared consisting of a sufficienthe increment from which it was taken.
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6.2.3.2 Use labeling or some equivalent method of markingurchaser, be selected from the sample for mechanical testing
to ensure that the assigned identification remains associated from the test piece, or directly from the sample product.
with the sample for analysis. 6.3.2.5 The laboratory sample can be obtained from the
6.2.3.3 Record the identification, status, and condition of theample product by machining or by using a cutting torch.
sample to ensure that confusion cannot arise as to the identi§pecial considerations apply in the case of sampling for the
of the item to which the analysis and records refer. determination of certain elements.
6.2.4 Conservation 6.4 Preparation of a Sample
6.2.4.1 Provide adequate storage facilities to segregate and6.4.1 Preliminary Preparation
protect the sample. During and after preparation, store the 6.4.1.1 If any part of the sample is liable to be nonrepre-
sample in a manner which prevents contamination or chemicaentative in chemical composition, remove those parts that
change. have changed. Following this operation, the sample shall be
6.2.4.2 Keep the sample, or the laboratory sample in th@rotected from any change in composition.
form of a solid mass, for a sufficient period of time to permit 6.4.1.2 Remove any coating that has been applied during
retesting if necessary. manufacturing. If necessary, degrease the surface of the metal
6.2.5 Arbitration: with a suitable solvent, taking care to ensure that the manner of
6.2.5.1 Samples intended for arbitration shall be preparedegreasing does not affect the correctness of analysis.
jointly by the supplier and purchaser or by their representa- 6.4.2 Sample in the Form of Chips
tives. Keep a record of the methods used for preparing samples..4.2.1 Obtain the sample by drilling or milling or turning to
6.2.5.2 Both parties or their representatives seal containeﬁroduce chips of a regular size and shape. Do not machine on
with the samples intended for arbitration. Unless agreed to thg part of the sample that has been affected by the heat of a
contrary, the representatives of each party responsible for th@tting torch.

preparation of samples will keep these containers. 6.4.2.2 Clean the tools, machines, and containers used
6.3 Selection of a Sample during preparation of the sample beforehand to prevent any
6.3.1 Sample from a Melt contamination of the sample for analysis.

6.3.1.1 Melts are sampled at various stages in the manufac- 6.4.2.3 Machine in such a way that the chips are not subject
turing process for the purposes of monitoring and controllingo overheating as indicated by a change in the color (blueing or
the process. Samples can be taken during the casting of thigackening) of the chips. Unavoidable coloration of chips
melt to verify chemical composition in accordance with theobtained from some types of a||oy steels, for examp|e, man-
specification of the cast product. In the case of liquid metayanese and austenitic steels, can be minimized by selection of
intended for the production of a casting, the analytical sampl@ppropriate tools and cutting speeds.
may be selected from test bars or blocks specially cast from the 6 4.2 4 Heat treatment may be required to soften the sample
same metal as that of the casting for purposes of mechanicgdy machining.
testing in accordance with the product standard. 6.4.2.5 The use of coolants during machining is only per-
6.3.1.2 Sampling practices shall be designed for melts tgnjtted in exceptional cases, after which the chips shall be
provide samples during a particular manufacturing process igjeaned by means of a suitable solvent that does not leave any
accordance with requirements for sample quality (see 6.2.1}eposit.
The sample obtained from a melt usually is in the form of a 5 4 2 6 Mix the chips thoroughly before weighing the test

small ingot, a cylindrical or rectangular block, or a chill-cast yortion. For most purposes, itis satisfactory to mix the chips by
disk or a combination of a disk with one or more attached PiNSyolling the container on a level surface, gently tumbling the

in some cases small lugs are attached to a disk sample. container.

Note 1—Sampling probes for use with liquid iron and steel may be 6.4.3 Sample in the Form of a Powder or Fragments
obtained from a number of suppliers. The main features of the different 6.4.3.1 Where drilling of the sample to obtain chips is
types of probe are distinguished in Annex Al and Annex A2, whichjmpracticable, cut or break the sample into pieces. Crush the
include dimensions for information only. pieces using a percussion mortar or a vibratory grinding mill,

6.3.2 Sample from a Product also known as a disk mill or ring mill, to obtain a sample in the

6.3.2.1 The laboratory sample can be selected from th&rm of a powder the whole of which passes through a sieve of
sample product at the location indicated in the product specia specified aperture size.
fication for the selection of material for mechanical testing 6.4.3.2 In some applications the sample is crushed in a

when available. percussion mortar to obtain a sample for analysis in the form of
6.3.2.2 In the case of an iron casting, the sample can b#agments suitable for use with the selected method of analysis.
selected from a bar or block cast-on to the casting. 6.4.3.3 Equipment used for pulverization shall be con-

6.3.2.3 In the case of a forging, the sample can be selectegiructed from material that does not alter the sample compo-
from the initial starting material from which the forging has sition. Tests may be necessary to show that such equipment
been made or from prolongations of the forging or fromdoes not affect the composition of the sample.
additional forgings. 6.4.3.4 Sieve the sample taking precautions to avoid con-
6.3.2.4 In the absence of requirements given in the produdamination or loss of material. Take care when sieving hard
standard or of a specification when ordering the product, thenaterials to avoid damaging the fabric of the sieve.
sample may, following agreement between the supplier and the 6.4.3.5 Homogenize the sample before weighing the test
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portion. Powders can be homogenized by stirring. sufficiently smooth and reproducible from sample to sample.
NOTE. 2—Caution: Finely divided m_etal; of particle size less th_an_ AlSGOA'f ?Sr?rﬁzog:‘?e(t:)te cr)]foast:'] :;Uggrg;ttg:?;:r;aéc;én ds on the
approximately 150 um can present a fire risk. Ensure adequate ventilation =7 ->" . . o .
during pulverization. analytical method. When using optical emission spectrometric
. . methods, the action of pre-sparking normally will clean the
6.4.4 Sample in the Form of a Solid Mass surface of the sample for analysis by volatilizing any grinding

6.4.4.1 Obtain the sample by cutting from the sample,,niaminants. Particular care is required, however, to avoid

product or laboratory sample a piece of suitable si'ze and Sh?%%rface contamination when using a new abrasive disk.
for the method of analysis. Cut samples by sawing, abrasive g 4 5 10 When using X-ray fluorescence spectrometric

cutting, shearing, or punching. o methods, examine all phases of surface preparation for poten-
6.4.4.2 In the absence of any indication in the productiy surface contamination effects.

standard, perform a spectrochemical analysis on that partof the g 4 5 11 Examine the sample visually after preparation to

sample corresponding to a transverse section of the produclsiaplish that the surface is dry and free from particulate matter
provided that the material has sufficient thickness. and that there are no defects. Resurface or discard the sample

6.4.4.3 _Prepare the sample to expose a surface suitab.le fRr gefects are present. Protect the prepared surface from
the analytical method. Do not prepare a surface for analysis 0y ntamination.

part of a samplg that has been affected by the heqt ofacuttingg 4 Preparation of a Sample for Analysis by Remelting
torch. The equipment used for sample preparation shall be g 461 A sample in the form of small pieces or chips, or a
designed to minimize overheating the sample, and, whergart of the sample product itself, can be remelted in an

appropriate, shall incorporate systems of cooling. atmosphere of argon using commercially available melting
~ 6.4.5 Main Types of Equipment Used for Surface Prepara-gquipment of the type described in Practice E 1010. The
tion: sample is converted into a disk, 40 to 30-mm diameter by 6

6.4.5.1 A milling machine capable of removing a prese-mm thick, which is suitable for analysis by a spectrochemical
lected depth of metal in a reproducible manner, for use withynethod. Some types of remelting equipment incorporate facili-
samples that are within a hardness range suitable for milling;es for the centrifugal casting of the disk sample.
The equipment should be capable of use, if.reql'Jired’ with 2 6 4.6.2 Partial losses of some elements can be experienced
sample taken from a melt where the sample is still hot. quring the remelting process. It is essential to ensure that any
6.4.5.2 A grinding machine with a fixed, rotating, or oscil- sg|ective volatilization or segregation of elements, or any other
lating head.capable of removing a preselected depth of metal ¥hange in composition, which occur are known quantitatively
a reproducible manner. _ _ . _ . and do not significantly influence the analysis results. Carry out
6.4.5.3 A flatbed linishing machine with abrasive grinding gitable tests to show that any change in composition is both
disks, or machines with continuous abrasive belts, capable @fy 3|l in magnitude and reproducible.
preparing the surface of the sample for analysis to varying 6.4.6.3 The equipment used and the method adopted for
grades of finish. . remelting shall be designed to prevent or minimize change in
6.4.5.4 A machine for blasting with sand or grit, or metal composition and to ensure that any change is reproducible. A
shot, capable of cleaning the surface of the sample for analysigeoxidant, for example 0.1 % (m/m) zirconium, should be used
or the test portion when required. during remelting. Take into account when using the method for
6.4.5.5 Ensure that the surface of the sample after prepargajibration of analytical measurement any change that does
tion is flat and free from defects that affect correctness opeeur.
analysis. 6.4.6.4 Not all ferrous metals can be remelted in this
6.4.5.6 Cutting and surface preparation can be performeghanner. Do not use remelting as a method of sample prepara-
either manually or automatically. In the case of samples takefion for the determination of an element that is subject to a

from melts, commercially available systems may be used thajignificant and nonreproducible change in composition.
perform each stage of preparation automatically. Systems for

the automatic surface preparation of dualthickness probé- Liquid Iron for Steelmaking and Pig Iron Production
samples (see A2.3) and for the punching of slugs as test 7.1 General
portions may incorporate facilities for the sandblasting of the 7.1.1 The following methods are applicable to the sampling
sample and for heat treatment to soften the sample beforsf liquid blast-furnace iron intended for steelmaking, and
punching. commonly described as hot metal, or for the casting of pig iron.
6.4.5.7 Select the abrasive substances used in the final stagke liquid iron is normally sampled from the blast furnace
of preparing the sample that do not contaminate the surfaceinner during the pouring of the melt into torpedo ladles, or
with elements that are to be determined by the analysis methoftom transfer vessels or during secondary treatment processes
Ensure that the grit size of the abrasive is in accordance witin the ladle, or during the casting of the melt into pig iron.
the grade of surface finish required for the analysis method. 7.1.2 The chemical composition of iron may fluctuate dur-
6.4.5.8 In the case of optical emission spectrometric mething run-out from the blast furnace. Two or more samples
ods, an abrasive with a grade of 60 to 120 grit normally isshould be taken from the melt at timed intervals and an average
suitable. In the case of X-ray fluorescence spectrometrianalysis determined.
methods, it is essential to ensure that the method selected for7.1.3 When spectrochemical methods are used for analysis,
surface preparation produces a grade of surface finish that the method of sampling should be designed to chill the liquid



v £ 1806

metal in a manner that ensures that the metallurgical structurgeel spoon into the stream from the ladle and fill with liquid
of the sample is suitable for the requirements of the analysison.

method selected. 7.2.2.3 Pour the liquid iron from the spoon without delay
7.2 Spoon Sampling into a metal mold to chill the iron as rapidly as possible.
7.2.1 Hold Types Remove the sample from the mold and break off any riser.

7.2.1.1 A disk-shaped sample, commonly described as a 7.2.2.4 It is essential that the liquid iron should be poured
coin sample, can be obtained using a two-piece steel mold. Thsto a mold that is cold to ensure adequate chilling. If
dimensions of the sample are typically 35 to 40 mm in diametenecessary, the mold should be air-cooled before use. The mold
with thickness varying from 6 to 12 mm. The mold is should be free from moisture.
constructed in two pieces that are clamped together in use: one7.2.3 Maintenance of Equipment
piece is a flat chill plate and the other is a block with the mold 7.2.3.1 It is essential to maintain sampling spoons and
cavity. The edge of the mold cavity may be tapered, formolds in a clean and dry condition. After use, remove any slag
example, from 38 to 32 mm, to facilitate removal of the sampleand skull and brush the faces of the mold with a wire brush.
from the mold. 7.2.3.2 Molds should be re-machined if the internal surfaces

7.2.1.2 Acoin sample with one or more attached pins can bbecome worn. This avoids the need for additional machining of
obtained using a combination-type mold. the pins are brokethe sample during surface preparation.
off from the disk and used, if required, as test portions for 7.3 Probe Sampling
analysis by a thermal method. A combination-type mold for use 7.3.1 General
with liquid iron intended for the production of cast iron is  7.3.1.1 The different types of probes used for sampling blast
shown in Fig. 2. furnace iron are described in Annex Al. Probes are designed to

7.2.1.3 A thin slab-shaped sample with a rounded end caprovide a disk-shaped sample with a depth of white iron
be obtained using a cast iron or steel split-mold. The dimenstructure that is sufficient for the requirements of the spectro-
sions of the sample are typically 70 by 35 mm with a thicknesshemical method selected for analysis.
of 4 mm. The two halves of the mold are bevelled at the top to 7.3.1.2 Probe sampling is influenced by such factors as the
give a feeder head and are clamped together in use. This typggle and depth of immersion of the sampler in the melt, and
of mold may be preferred for use with liquid iron containing immersion times can vary depending on the temperature of the
high percentages of carbon. liquid iron. These factors should be determined for the particu-

7.2.2 Procedures lar iron-making practice, and thereafter, strictly controlled to

7.2.2.1 For sampling from a melt, immerse a preheated steehaintain the standard of quality of the sample for analysis.
spoon into the melt and fill with liquid iron. Withdraw the  7.3.2 Procedures
spoon and remove any slag by skimming the surface of the 7.3.2.1 For sampling from a melt, immerse a suitable
liquid iron. immersion probe sampler into the melt at an angle as near as

7.2.2.2 For sampling from a stream, introduce a pre-heategossible to the vertical plane.

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

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

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

7.4 Preparation of a Sample for Analysis

7.4.1 Preliminary Preparatior—Remove any surface oxida-
tion from a sample taken from the melt that may contaminate
the sample during subsequent preparation.

7.4.2 Sample for Analysis by a Chemical Method

7.4.2.1 Break the sample into small pieces and crush pieces
using a percussion mortar or a vibratory grinding mill to obtain
a sufficient mass of sample for analysis of particle size less than

143

150 pm.
Note 1—All dimensions are in millimetres. ; ; ; I
Note 2—The flat chill plate (not shown) has similar overall dimen- 7.4.2.2 Altematlvew’ Obt.am chips by drilling the sample at
sions. a low speed as described in 10.3.1.2.
FIG. 2 Combination-Type Vertical Mold Used for Sampling Liquid 7.4.3 Sample for Ar}aWS'S b_y a Thermal Metho_d _
Iron Intended for Cast Iron Production 7.4.3.1 Break the pin of a disk-shaped sample into pieces of
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a suitable mass for use as test portions or use the lugs of@a large numbers of castings are produced, two or more
probe sample. Analyze a representative number of test portiorsamples should be obtained.
to obtain an average value. 8.1.7 Special considerations apply to the sampling and
7.4.3.2 Alternatively, crush the pin or lugs using a percussample preparation of liquid iron for the determination of
sion mortar to obtain a sufficient mass of sample for analysis ohydrogen, oxygen, and nitrogen (see 8.5).
particle size approximately 1 to 2 mm. Avoid the production of 8.2 Spoon Sampling
fine material during crushing. In the case of a slab-shaped 8.2.1 General
sample, break the sample into small pieces and crush the pieces8.2.1.1 Sampling should take place before any additions of
in a similar manner. inoculating agents have been made to the melt.
7.4.4 Sample for Analysis by a Spectrochemical Method

. Note 3—Where sampling takes place before addition of inoculating
7.4.4.1 Inthe case of a disk-shaped sample, remove anylu%ﬁents, it should be recognized that the sample obtained will not be

or pin, as necessary, and grind the surface of the sample {@presentative of the chemical composition of the cast product.
expose a white iron structure that is representative of the , . )
sample. The amount of material to be removed in this way 8.2.1.2 Alter.nat|vel_y, sufficient time sho.u_ld be allowed to
should be determined for the chemical composition of theflapse for the immediate effect of the additions to have faded
particular iron, and the conditions of sampling. The thicknes@nd the melt should be thoroughly stirred before sampling.
of the layer to be removed normally lies between 0.5 and Failure to allow adequate standing time before taking the
mm. sample seriously will impair the representivity of sampling.

7.4.4.2 In the case of a slab-shaped sample, break the slab8-2-1.3 Ductile iron particularly is difficult to sample due to
into two pieces to obtain a sample of suitable size for analysi¢he Possibility of contamination by dross during the production

7.4.4.3 Prepare the surface of the sample by grinding anBrocess. In this case, a suitable sample may be obtained by
linishing. Grinding should be carried out wet to avoid over-lt€ring the iron using a ceramic disk. _
heating the sample but the final surface preparation should be 8-2-2 Methods—A graphite spoon or a steel spoon lined
dry linishing. Alternatively, cool the sample after grinding by Wlth a layer of a refractory, such as ganister, is suitable for use
immersion in water, and then finish by dry linishing. in accordance with one of the following methods.

7.4.4.4 Particular care is required when preparing the sur- 8-2.2.1 Remove any slag from the surface of the melt by
face of thin samples. A chuck should be specially designed t§kKimming, and then immerse a preheated spoon into the melt

hold the sample securely during grinding and linishing opera@nd fill with liquid iron.

tions. 8.2.2.2 Introduce a preheated spoon into the stream during
pouring and fill with liquid iron.
8. Liquid Iron for Cast Iron Production 8.2.3 Chilled Sample
8.1 General 8.2.3.1 Pour the liquid iron from the spoon without delay

8.1.1 The following methods are applicable to the samplingnto a split mold made from graphite, hematite iron, or copper
of liquid iron from cupola furnaces and electric furnaces,to obtain a sample in the form of a small, flat plate, 4 to 8 mm
holding furnaces in duplex processes, and ladles and treatmeintthickness. Remove the sample from the mold, as soon as it
vessels. is solid, to avoid overheating the mold and the risk of breakage

8.1.2 Liquid iron intended for the production of iron cast- of the sample. Break off any riser.
ings may be subject to inhomogeneity and particular care is 8.2.3.2 The sample, commonly described as a coin sample,
required in the design of strategies and methods of sampling tmay be circular, rectangular, or square in shape with typical
meet the requirements of the particular production process. Faizes, respectively, 35 to 40-mm diameter, 50 by 27 mm and 50
example, liquid iron in holding furnaces tends to stratify, andby 50 mm. Generally, disk samples are cast vertically and
sampling should ensure that analysis is representative of tiectangular and square samples are cast horizontally.
melt as a whole. 8.2.3.3 The mold is constructed in two pieces that are

8.1.3 In batch processes, two or more samples should bdamped together in use: one piece is a flat chill plate, and the
taken from melting furnaces preferably when approximatelyother is a block with the mold cavity. The edge of the mold
one third and two thirds of the melt has been discharged and aravity may be tapered to facilitate removal of the sample from
average analysis determined. In continuous processes, samptis mold.
should be taken at regular intervals of time. 8.2.3.4 Acoin sample with one or more attached pins can be

8.1.4 Methods of sampling normally are designed to chillobtained using a combination-type mold. The pins are broken
the liquid metal of a sample cast from a spoon, as rapidly asff from the disk and used, if required, as test portions for
possible, to produce a metallurgical structure of white iron freeanalysis by a thermal method. A vertical mold of this type,
from graphite. A white iron structure obtained by chill-castingcommonly described as a book mold and made from low-
is required generally for analysis by spectrochemical methodghosphorus, high-carbon grey iron, or from copper or graphite,

8.1.5 Non-chilled samples also may be used. In this casés shown in Fig. 2. The sample obtained is a disk, 38 mm in
samples can be cast specially from a spoon, or selected fromcddameter by 6 mm thick, with three, 5-mm diameter pins.
test bar or keel block intended for mechanical testing. Test bars 8.2.3.5 The temperature of the liquid iron in the spoon
or blocks are cast separately from the same metal as that ussdould be as high as possible compatible with the mold
to produce the casting or castings. material. It is essential that the mold is cold to ensure adequate

8.1.6 By agreement with the customer, when large castingshilling for the production of a sample for analysis with a white
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iron structure. If necessary, the mold should be air-coolecases where it can be shown that pulverization does not lead to
before use. The mold should be free from moisture. contamination of the sample.
8.2.3.6 In the case of a process where samples are requiredg.4.2.4 For a chilled sample, drill the sample, if practicable,
to be taken at frequent intervals, provide several molds teliscarding chips obtained from the surface.
ensure the availability for use of a mold that is cold. 8.4.2.5 For a non-chilled sample, in the case of a cylindrical
8.2.3.7 Thermal stress due to overheating of the mold caB|ock, drill a hole transversely at a position one third along the
cause breakage of the coin sample and should be avoided. |ength of the block. Then drill another hole from the opposite
8.2.4 Non-Chilled Sampte side. Discard chips from one third of the radial depth in both
8.2.4.1 Pour the liquid iron from the spoon without delay directions. Continue drilling through the center of the block to
into a sand mold to obtain a cylindrical block-shaped samplbtain the sample.
approximately 50 mm in diameter by 40 to 50 mm long. 8.4.2.6 In the case of a test bar, either grind two flats on
8.2.4.2 Alternatively, a sample can be selected from a tes§pposite sides of the bar and drill from one side to the other at
bar or keel block intended for mechanical testing. Test bars 04 position one third along the bar. Turn the test bar using a lathe
blocks are cast either from liquid iron taken from a ladle usingyith a maximum cut of 0.25 mm. Do not use a cutting fluid or
a pouring spoon, or, if a small hand-ladle is used for pouringcoolant. Use a radial cut from edge to center, or face turn a
directly from the ladle itself. Bars are typically 30 mm in cross section of the bar, but do not confine turning to the
diameter by 150 mm long and may be cast vertically Orsyrface of the bar. Discard chips obtained from the surface of

horizontally in a sand mold. the bar. For a non-machinable sample, break pieces from the
8.2.4.3 Allow samples to cool completely before removalsample or cut a 3-mm slice or disk from the cross section near

from the mold. the bottom of a test bar. Crush these pieces using a percussion
8.2.5 Maintenance of Equipment mortar or vibratory grinding mill to obtain a sufficient mass of

82511t is essential to maintain pouring spoons and moldsample for analysis of particle size less than 150 pum.
in a clean and dry condition. After use, remove any slag and g 4.3 Sample in the Form of a Solid Mass for Analysis by a
skull and brush the faces of the mold. Thermal Method

8.2.5.2 Molds should be remachined if the surfaces become g 4 3 1 For a chilled sample, remove a pin from the sample
worn. This avoids the need for additional machining of thegnq preak or cut the pin into pieces for use as test portions.

sagnglﬁ) dlérln%surf?ce p;)repbaratmn. ling i d onl 8.4.3.2 Alternatively, crush the pin in a percussion mortar to
-3 Probe Sampling-Probe sampling Is used only to a provide a sample for analysis of particle size range from

limited extent in the manufacture of cast iron products. : : ; .
: . . : “approximately 1 to 2 mm. Avoid the production of fine
Sampling probes, if required, should be designed to provid paﬁerial. y P

samples from the melt of a quality and metallurgical structure .
P quality g 8.4.3.3 For a non-chilled sample, use a saw to cut a 3-mm

reguirtleadrebpy;:gg Oart]n;lyas IZ ;nr:;:]eo ?(;r Analysis disk or slice frpm the cross ;ection of a cylindrical block or test
8.4 1 Preliminary Preparation bar and cut pieces of a suitable mass for use as test portions.
8.4.1 1 Removg anyp sand .adhering to the surface of a 8.4.3.4 Analyze a representative numbgr of test portions to
L btain an average value. The mass of a piece selected as a test

2";:31_3ﬁ;lseag(?ézt?gnsg;ag:r?n%riz;hmg or shot-blasting. Remog%rtion should not be less than approximately 0.3 g.

8.4.1.2 Prepare the sample in accordance with one of the 8-4-4 Sample for Analysis by a Spectrochemical Method
following procedures depending upon the method selected for 8-4.4.1 For a chilled sample, remove any pins and then use
analysis. a fixed-head grinder to expose a white iron structure which is

8.4.2 Sample for Analysis by a Chemical Method representative of the sample. The amount of material to be

8.4.2.1 Machining to obtain chips should be carried out by’€Moved in this way should be determined for the chemical
drilling or turning at a low speed (100 to 150 r/min) using a composition of _the particular iron and the conc_htlons of
tungsten-carbide-tipped tool adjusting the speed and feed gampling. The thickness of the layer to be removed is normally
produce chips of uniform size avoiding the production of fine@t l€ast 1 mm.
particles. Avoid overheating the sample and the tool. Chips 8.4.4.2 Air-cooling is recommended during grinding. Grind-
should be as solid and compact as possible with a mass #19 can be carried out wet to avoid overheating the sample, but
approximately 10 mg in order to prevent crumbling and loss ofhe final treatment should be dry grinding or linishing. Exces-
graphite. Chips should not be washed with a solvent or treategive grinding may lead to analysis errors if the chill region of
magnetically because of the risk of altering the distribution ofthe sample is exceeded. Chilled samples should be examined
metal and graphite. A tool with a diameter of 10 mm is suitable'egularly in routine practice to ensure the suitability of the

for use when obtaining chips by drilling. metallurgical structure of the prepared sample for the analysis
8.4.2.2 The size range of chips intended for the determinahethod.
tion of total carbon should be from 1 to 2 mm. 8.4.4.3 For a non-chilled sample, use a grinding or linishing

8.4.2.3 When machining is not practicable, the sample cafmachine to remove a layer approximately 1 mm in thickness
be broken into pieces and pieces crushed using a percussii@m the surface of the sample. Air cooling is recommended
mortar or vibratory grinding mill to obtain a sufficient mass of during grinding and, liquid coolants should not be used.
sample of particle size less than 150 um. Use this method in 8.4.4.4 For irons that are subject to segregation effects, for
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example, high-phosphorus engineering iron, high-silicon duceially available sampling probes for use with liquid steel are
tile iron, malleable iron, prepare the surfaces of two sides of théistinguished in Annex Al.
sample for analysis to obtain an average value. 9.2.1.2 Probe sampling is influenced by such factors as the
8.4.4.5 Avoid overheating of the sample during surfaceangle and depth of immersion of the sampler and the time of
preparation as this can result in surface crazing that will affecimmersion in the melt. It is essential that these factors be
correctness of analysis. determined for the particular conditions of composition and
8.4.4.6 Care is required when preparing the surface of a thitemperature of the steel involved, and thereafter, strictly
coin-sample. A chuck should be designed specially to hold theontrolled to maintain the standard of quality required for the
sample securely during grinding operations. analysis.

Note 4—A fixed-head grinder is preferred to a swing grinder for 9.2.13 Ta_ke precautions to ensure that the opgrafuon of
surface preparation; the latter type of equipment may not give a flabrobe sampling does not contaminate the sample of liquid steel
surface to the sample for analysis. particularly when sampling for the determination of elements
present in low concentrations. The selection of materials used
for construction of the sampling probe, the design of the

tion of Oxygen, Nitrogen, and Hydrogen . L
851 Ggr?eraJ—Thegdeterminagon gfoxygen nitrogen, and capping and entrance system, and the method of deoxidation
- ’ ’ should be such as to minimize risk of contamination, other than

hydrogen is required only to a limited extent in the production . .

: X . rom the deoxidant itself.

of castings. Sampling and sample preparation methods shou‘uo9 20 p d

minimize hydrogen losses and avoid contamination of the ~ 7 rocedures .
9.2.2.1 For sampling from deep melts, such as melting

sample by oxygen, nitrogen, or hydrogen. . ) .
8_5p_2 P?/oce)é%re g yerod furnaces and ladles, quickly immerse a suitable probe sampler

8.5.2.1 Itis essential that a sample for the determination of'*0ugh the slag layer into the melt as near as possible to the
hydrogen should be cooled very rapidly. It should be removeenter of the melt, at.an angle as near as possible to 90°. .
from the mold immediately after solidification and quenched 9-2-2.2 For sampling from shallow melts, such as in
without delay. A mixture of acetone and solid carbon dioxide intundishes, and from ingot mold tops and continuous casting
the form of a slurry is suitable for quenching. The samplemmdsv introduce the entry tubg of a sunaple suction sampling
should be stored by immersion in a refrigerant. probe through the slag or covering powder into the melt. Create

8.5.2.2 For the determination of oxygen and nitrogen, piné Partial vacuum in the sampler for approximgtis to fill the
broken from a chill-cast sample normally are suitable. SucHnold. ) ) ]
samples may be obtained from the melt using a spoon, then 9-2.2.3 Some tundishes may contain a sufficient depth of
casting the liquid iron as described in 6.2 into a bookliquid metal to permit the use of an immersion sampling probe.
combination-type mold to obtain pin-shaped samples of 6 to 8 9.2.2.4 For sampling from a stream, introduce a suitable
mm in diameter. For this purpose, the construction of the mol@tream sampling probe into the metal flow from a ladle, at an
shown in Fig. 2 should be modified by enlarging the threeangle of 45°, at a position as near as possible to the nozzle of
pin-shaped cavities to produce pins of the required diameterthe ladle. Care should be exercised when inserting the probe

8.5.3 Preparation of the Test Portion sampler into the stream. It may be necessary to reduce the flow

8.5.3.1 Remove all traces of surface oxidation from the pirPf metal during sampling.
by turning using a lathe and a tungsten-carbide-tipped tool. Use 9.2.2.5 Withdraw the probe sampler from the melt after a
a separate parting tool to cut the pin transversely to obtain a tegredetermined interval of time and break it apart. Allow the
portion of a suitable mass for analysis. Avoid overheating the’robe sample to cool somewhat in air, to a dull red color, and
pin during the preparation of test portions for the determinatiorihen quench in water in a manner that does not cause cracking.
of hydrogen, and cool at frequent intervals using crushed, solith some cases, probe samples are transported to the laboratory

8.5 Sampling and Sample Preparation for the Determina-

carbon dioxide. while still hot.
8.5.3.2 There should be no delay between preparation of the 9.3 Spoon Sampling
test portion and analysis. 9.3.1 Procedures
9.3.1.1 For sampling from the melt, lower the spoon
9. Liquid Steel for Steel Production through the slag into the melt and fill with liquid steel. The
9.1 General spoon should first be immersed into the slag layer to coat it

9.1.1 The following methods are applicable to the samplingVith slag so as to reduce chilling and prevent adhesion of the
of liquid steel from furnaces, ladles, and other vessels, angample to the spoon. Withdraw the spoon, and remove any slag
from tundishes and molds during the melting, secondaryy skimming the surface of the liquid steel in the spoon.
treatment, and casting of the steel. 9.3.1.2 For sampling from the stream, introduce the spoon

9.1.2 Special considerations apply to sampling and sampléto the stream from the ladle; fill with liquid steel; then
preparation of liquid steel for the determination of oxygen andwithdraw the spoon.

hydrogen. See 9.5 and 9.6 9.3.1.3 Exercise care when introducing the spoon into the
, respectively. stream because of the force of the liquid metal emerging from
9.2 Probe Sampling the nozzle. It may be necessary to reduce the rate of metal flow
9.2.1 General during the sampling operation.

9.2.1.1 The main features of the different types of commer- 9.3.1.4 If necessary, add a measured quantity of deoxidant
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to the liquid steel in the spoon. When the liquid steel iscylindrical sample, using an abrasive cutting-off disk to con-
quiescent (after an interval of up to 10 s), pour withoutstitute the sample for analysis, usually 20 to 30 mm in
interruption into a one-piece steel mold designed to produce thickness. Linish the cut surface before analysis.
tapered cylindrical sample. The dimensions of the sample 9.4.4.2 In the case of a probe sample, remove any lugs or
should be approximately 25 to 40 mm in diameter at the togpin, as necessary, and then mill or linish the surface of the disk
and 20 to 35 mm in diameter at the base, and 40 to 75 mm longo expose a surface representative of the sample. The amount of
. . . . material to be removed in this way should be determined for
Note 5—Aluminum wire is frequently used as the deoxidant in spoon . L . -
sampling provided that aluminum does not cause interference in thEhe (_:hem'cal comppsmon of the particular iron and the
analysis method and that the determination of the aluminum content of théonditions of sampling. The thickness of the layer to be
melt is not required. The amount of aluminum added is usually betweetiemoved normally lies between 1 and 2 mm. In the case of a
0.1% (m/m) and 0.2 % (m/m). Other deoxidants, such as, titanium odual-thickness probe sample, prepare the thick section of the
zirconium, can be used with similar restrictions. disk.
9.3.1.5 Remove the Samp|e from the mold and cool in a 9.4.4.3 In the case of Samples of leaded Steels, enclose
manner to prevent cracking and to ensure ease of machiningduipment used for surface preparation and fit it with dust
9.3.1.6 For sampling stainless steel, a refractory ring place@Xtraction equipment.
on a cast iron plate may be used as a mold. The ring should Nore 6—caution: Swarf arising from the surface preparation of
have a wall thickness of 10 to 12 mm. The sample is removegaded-steels, and dust from dust extraction filter systems, shall be

from the mold by breaking off the refractory. collected and disposed of safely in accordance with local regulations for
9.3.2 Maintenance of Equipment lead-containing waste materials.
9.3.2.1 Maintain sampling spoons and metal molds in a 9.5 Sampling and Sample Preparation for the Determina-
clean and dry condition. tion of Oxygen

9.3.2.2 Molds should be remachined if the internal surfaces 9 5.1 Methods of Sampling
become worn. This avoids the need for additional machining of 9.5.1.1 Methods of sampling liquid steel for the determina-

the sample during surface preparation. After use, remove anyon of oxygen are based upon the use of commercially
slag and skull from the mold, and clean the surfaces with a Wirgyailable sampling probes. The main features of the different
brush. types of probes are distinguished in Annex Al. Methods of use
9.4 Preparation of a Sample for Analysis should be designed to ensure that the operation of sampling
9.4.1 Preliminary Preparatior—From a sample taken from does not influence the equilibrium between carbon and oxygen
the melt, remove any surface oxidation that may contaminatg the melt. It is essential to avoid contamination of the sample
the sample for analysis during subsequent preparation. and to remove all surface oxidation at each stage in sample
9.4.2 Sample for Analysis by a Chemical Method preparation.
9.4.2.1 In the case of a spoon sample, drill the cylindrical 9.5.1.2 Small appendages to probe samples, such as a pin or
sample at a point one third from the bottom through to thea lug, generally are not suitable for preparation as a test portion
center of the sample, discarding the chips obtained from théree from surface oxidation. A slug obtained by punching from
surface layer of the sample. Alternatively, remove the bottoma dual thickness probe sample may be satisfactory. For some
third of the cylindrical sample using a cutting-off machine andapplications, it may be preferred to obtain a sample of larger
mill across the whole of the exposed face of the remaindeiimass by using a sampling probe filled by gravity.
Heat treatment may be necessary to soften the sample suffi-9.5.2 Preparation of the Test Portion
ciently for machining. 9.5.2.1 Remove oxidation products from the surface of the

9.4.2.2 In the case of a probe sample, obtain chips from thprobe sample by abrasion in a manner that does not cause
disk section of the sample by drilling or milling as described ingverheating.

11.2.2. 9.5.2.2 Cut a slice from the disk of a probe sample, then cut
9.4.3 Sample for Analysis by a Thermal Method a cube-shaped test portion from this slice of a mass suitable for
9.4.3.1 In the case of a probe sample with attached lugsanalysis.

break off one of the lugs to constitute a test portion. 9.5.2.3 Place the test portion in a stainless steel holding

9.4.3.2 In the case of a dual-thickness probe sample, pundflock or some other device to hold it firmly and abrade each
a slug from the thin section of the disk to constitute a teskurface using a fine-cut file. Use tweezers for all manipulations.
portion. Heat treatment may be required to soften the probe 9.5.2.4 Immerse the test portion in acetone and dry in air or
sample sufficiently for ease of punching if the hardness of théyy exposure to a rough vacuum. Analyze immediately. There

sample exceeds approximately Rockwell HRC 25. should be no delay between preparation of the test portion and
9.4.3.3 In the case of a disk-and-pin probe sample, from thanalysis.
pin cutoff a test portion of a suitable mass for analysis. 9.6 Sampling and Sample Preparation for the Determina-

9.4.3.4 Particular care is required in the case of samples fafon of Hydrogen

the determination of carbon in low-carbon steels to prevent 9.6.1 General

contamination during preparation of the test portion. Use 9.6.1.1 Methods of sampling liquid steel for the determina-

tweezers for all manipulations. tion of hydrogen are based upon the use of commercial
9.4.4 Sample for Analysis by a Spectrochemical Method sampling probes. The main features of the different types of
9.4.4.1 In the case of a spoon sample, cut off the base of therobes are distinguished in Annex A2. Methods of use should

10
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minimize and control the rapid diffusion of hydrogen from the from the central sections of the probe sample. Cutting should
probe sample that occurs during sampling storage of thée carried out in such a manner to minimize heating the probe
sample, and preparation of the test portion. Losses by diffusiosample. Use a copious flow of cooling fluid during cutting or
may be large at ambient temperatures especially from smaltool the sample at frequent intervals, or use a combination of
diameter samples. both methods of cooling.

9.6.1.2 The probe sample should be free from cracks and 9.6.3.2 Prepare the surface of the test portion by filing, grit
surface porosity, and from moisture, particularly entrappedlasting, acid etching, or light grinding. If filing is used, abrade
water. The condition of the test portion can influence stronglythe surface by hand with a fine-cut file. If grit blasting is used,
the analytical measurement. Methods of analysis may differ im grit-blasting machine should be reserved exclusively for this
their sensitivity to the presence of water in the sample. If gourpose to avoid contamination from the grit. If grinding is
suction sampling probe is used, the method of operation shouldised, cool the test portion at frequent intervals.
avoid risk of introduction of moisture into the sample. 9.6.3.3 Degrease the test portion by immersion in acetone,

9.6.1.3 The choice of a method of sampling is dependent oflry by exposure to a rough vacuum, and analyze immediately.
the temperature of the melt, the method of analysis, and thAlternatively, prepare the test portion by immersion in
analytical precision required. These relationships should bgropanol-2 (isopropyl alcohol), and then dry it with diethyl
investigated to establish a suitable method for a particulagther.
steel-making practice that will give samples of the quality10 Pid Irons
required. Procedural detail should be rigidly adhered to in 9
order to obtain consistency in the quality of analysis. 10.1 General _

9.6.1.4 It is essential to maintain the probe sample and the 10.1.1 The following methods are applicable to the sam-
test portion at a temperature that is as low as possible at @lling of iron from the blast furnace that has been cast into
stages following sampling, and during storage and samplBi€ces of a simple shape, known as a pig, usually in the form
preparation. The sample should be stored in a refrigerant, eithf @ double lozenge or some other similar shape. The various

liquefied nitrogen or a mixture of acetone and solid carborfyPes of pig irons are classified in ISO 9147. Other types of
dioxide in the form of a slurry is suitable. iron may be used in the manufacture of cast iron, for example,

9.6.1.5 The probe sample and the test portion should be keffo" Produced in a cupola furnace or an electric melting
cold when cutting the sample and during preparation of the test/!nace. _ _
portion. Cooling may be carried out by immersion in water that 10-1.2 Use special care to ensure the collection of a repre-
is ice-cold or preferably in a refrigerant. Remove any moisture€ntative sample from pig irons.
present on the surface of the test portion after cooling; immerse 10-2 Increment Sampling

the test portion in acetone; then dry by exposure to a rough 10-2.1 Number of IncremenésEnsure that the number of
vacuum for a few seconds. pigs taken as incremental samples are representative of the

9.6.1.6 Discard samples that have been cooled or stor tch_or cons?gnment. In the case of a consignment sup_plied in
inadequately ulk, if there is no other agreement between the supplier and
9.6.1.7 Preparation of the surface of the test portion b)}he p.urchaser, the min_imum number of_pigs to be taken from a
abrading should be kept to a minimum consistent with the nee onsignment shall be in accordance with 1SO 9147 (see Table

to remove all oxidation products and surface defects.
9.6.1.8 Analyze the test portion immediately after prepara-

tion. other displacement of a consignment, obtain pigs as incremen-

9.6.2 Methods of Sampling ) i , tal samples at intervals of time or mass that are approximately
9.6.2.1 Arange of commercially available sampling probes,

. ; ) ) ual.
designed to provide pin-shaped or pencil-shaped samples Og10.2.2.2 In the case of a consignment supplied in wagons or

varying diameter is available (see Annex A2). Use the selecteglcys the points of sampling shall be prescribed in a definite

sampling probe in accordance with the manufacturer's guidgger, for example, from five positions, one at the center of the

ance. ) ) wagon and four others at one sixth of the distance from each of
9.6.2.2 Itis essential that the probe sample be quenched e corners of the wagons along the two diagonals.

ice water and that the ice water be stirred vigorously and 1092 2.3 In the case of a stockpile, throw a rope having a
continuously during quenching. There should be no delay, and

quenching should take place within an interval not greater thantagLe 1 Minimum Number of Pigs to Be Taken as Incremental

10.2.2 Methods
10.2.2.1 During unloading or loading operations, or any

10 s after taking the sample. To allow rapid cooling, quickly Samples from a Consignment of Pig Iron
remove the silica sheath used as the sample mold. Mass of Consignment Number of Pigs
9.6.2.3 When the sample is sufficiently cooled, immerse the <10 9
probe sample in a refrigerant for storage and transport to the 10-20 11
laboratory. 4218:;18 ii
9.6.2.4 If the probe is designed to capture diffusible hydro- 80-160 16
gen, quench it to cool sufficiently for handling purposes. égg—ggg ;i

9.6.3 Preparation of the Test Portion
9.6.3.1 Cut a test portion of a suitable mass for analysis

<600 24
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certain number of knots onto the pile, and take the pigs touched 10.3.1.6 Do not wash the prepared sample with a solvent or
by these knots. Repeat the operation until a sufficient numbereat it magnetically because of the risk of altering the
of pigs is obtained. distribution of metal and graphite.
10.2.2.4 Where it is not possible to gain access to the whole 10.3.2 Sample for Analysis by a Chemical MetheBrepare
of the surface of the stockpile, or where access to the stockpileach of the incremental samples using one of the following
is unsafe, the points of sampling shall be prescribed in anethods:
definite order on the surface of the stockpile. 10.3.2.1 For machinable iron, clean one face of the pig by
10.2.2.5 Alternatively, use a mechanical shovel to obtain grinding at a position midway along the length and width to
number of subsamples from positions in the stockpile selectegxpose an area of metallic surface of at least 50 mm in
at random. Select one pig at random from each subsample. diameter. Drill a hole through the cross section of the pig, and
10.2.3 Consignment of Mixed Pig Irons cease drilling at a point approximately 5 mm from the opposite
10.2.3.1 Aconsignment of pig iron may contain a number offace. If necessary drill a further hole parallel to the first hole.
different batches of pig iron that may be from different sourcesgee Fig. 3a, Fig. 3b, Fig. 3c, and Fig. 3d.
If pigs of different shapes and sizes can be distinguished in the 1032 2 For non-machinable iron, break the pig at a posi-
consignment, a visual assessment should be made of thg midway along its length. Break off pieces from the
proportions of each type of pig iron present. fractured face; crush these pieces to a particle size of approxi-
10.2.3.2 Incremental samples then should be taken of eagliately 5 mm; then grind using a vibratory grinding mill to a
type of pig iron in the consignment to constitute separat§ariicle size of less than 150 pm.
subsamples of pigs in order to obtain a weighted average 14 3 5 3 \Mix equal quantities of the material obtained from

analysis for the .consignment. . each pig. From this mixture obtain a sample of sufficient mass
10.3 Preparation of a Sample for Analysis for analysis by coning and quartering.

iggi?ﬁ?%ael pigs taken as incremental samples contain 10.3..2.4 Alternatively, analyze the material obtained fro_m
t magnetism as a result of handling with magneti each pig separately to obtain an average value for the consign-
E]erg]bnsandemagnetize them by means of a demagnetizing coil Oent.
prevent separation of coarse and fine particles during drilling. 10.3.3 Sample for Analysis by ,a Thermal Metho.d
10.3.1.2 To obtain chips by machining, drill at a low speed 10-3-3.1 To prepare samples in the form of chips or frag-
(100 to 150 r/min) using a freshly sharpened tool and adjust thB'€Nts from machinable iron, at the center of each pig, and on

speed and feed to produce chips of uniform size with fpposite faces, drill a hole_ 12 to 14 mm in diameter. Remqve
minimum of fine material. A drill with a diameter of 12 to 14 Scale and any other impurities around the holes on both sides

mm is suitable for obtaining chips. Resharpen the drill atthe pig. Then drill another hole coaxial with the first hole, 20
frequent intervals and avoid overheating both the sample anfp 24 mm in diameter, so that large chips, approximately 1 to
the tool. 2 mm in size, are obtained.
10.3.1.3 For some types of iron, (for example, oxygen- 10.3.3.2 To prepare samples in the form of chips or frag-
blown iron), it may be necessary to use a tungsten-carbidegnents from non-machinable iron, obtain small pieces from the
tipped drill. pig as described in 7.4.2.1, and then crush these pieces using a
10.3.1.4 Chips should be as solid and compact as possible RErcussion mortar to a particle size between approximately 1
order to prevent crumbling and loss of graphite. The particleand 2 mm.
size range of chips intended for the determination of carbon 10.3.3.3 Mix equal quantities of the material obtained from

should be approximately from 1 to 2 mm. each pig. From this mixture obtain a sample for analysis by
10.3.1.5 Do not employ milling because of the high propor-coning and quartering.
tion of fines produced. 10.3.3.4 Alternatively, analyze the material obtained from
A
V1 CHE:;
/

a) b) c)

f)
FIG. 3 Sampling Positions for Pig Irons
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each pig separately to obtain an average value for the consignarbide-tipped tool, adjusting the speed and feed to produce
ment. chips of uniform size with a minimum amount of fine particles.
10.3.3.5 To prepare samples in the form of a solid mass, cufake care to avoid overheating both the sample and the tool.
a slice, approximately 3 mm thick, from the complete crossThere is a risk of fracture of the tool when using a carbide-
section of the pig at a position midway along its length andtipped drill in which case the chips should be discarded.
clean the edges by grinding. From this slice, cut pieces atlilling shall not be employed owing to the high proportion of
positions corresponding to those shown in Fig. 3e or Fig. 3f tdines produced.
constitute test portions of a mass suitable for analysis. Alter- 11.2.2.2 Chips should be as solid and compact as possible
natively, saw or break the pig at a position midway along itswith a mass of approximately 10 mg in order to prevent
length. Using a trepanning tool, drill either three or five holescrumbling of graphite. Do not uwash chips with a solvent or
at positions corresponding to those shown in Fig. 3e and Figreat them magnetically because of the risk of altering the
3f to obtain pins of approximately 3 mm in diameter. Break thedistribution of metal and graphite. A 10-mm diameter tool is
pins into pieces to constitute test portions of a mass suitable fauitable for obtaining chips by drilling. The size range of chips

analysis. intended for the determination of carbon or nitrogen should be
10.3.3.6 Analyze a representative number of the test porapproximately from 1 to 2 mm.
tions to obtain an average value for each pig. 11.2.2.3 When machining is not practical, the sample can be

broken into pieces and pieces crushed using a percussion
mortar or a vibratory grinding mill to obtain a sufficient mass
11.1 General _ of sample for analysis of particle size less than 150 pm. Use
11.1.1 The location and method of taking a laboratorythis method only when it can be shown that pulverization does
sample from a cast iron product shall be agreed upon betweg{ht |ead to contamination of the sample.
the supplier and the purchaser in relation to one of the methods 11 2 2 4 For grey irons, obtain chips from the central section
described in the following paragraphs. of a casting, that is, from a region that represents approxi-
11.1.2 The sample can be selected from a test bar or bloGkately one third of a complete section of the casting. Do not
cast-on to the casting for the purpose of mechanical testing.;se chips obtained from the as-cast surface. Where possible
11.1.3 Take special care to ensure the collection of gnpq depending upon the shape of the casting, obtain the chips
representative sample from cast iron products. There may g, grilling the casting at several positions. Mix chips obtained
differences in chemical composition, particularly in the con-jy this way to constitute the sample for analysis. For a casting
tents of carbon, sulphur, phosphorus, manganese, and magng-jarge section, it may be impracticable to drill through the
sium between the selected sample and that of the casting @hsting. In such a case, drill halfway through the section of the
castings as a whole. Segregated elements may concentrgigsiing. In the case of a hollow casting, such as a pipe, drill
towards the upper surfaces of a casting and under cores. Theéé’mpletely through the wall of the pipe at each end, and in the
regions should be avoided when selecting a laboratory samplgsjgdie, with the axes of the three drill holes at 120° to each
Sectional dimensions and areas of differential heating Opther. In the case of a large casting, obtain a laboratory sample
cooling require speqal attention. Careful 'conS|der'at|on iSof 3 to 5 mm in diameter by using a trepanning tool. Break the
necessary in the design of sampling strategies for high phogsample into small pieces and crush pieces using a percussion
phorus engineering iron, and malleable and ductile irons. Pay,qrtar or vibratory grinding mill to obtain a sufficient mass of
particular attention when sampling grey irons to ensure that th§amp|e of particle size less than 150 pm.
sample is representative of the chemical composition of the 17 7 » 5 For malleable irons, wherever possible, obtain the

product especially where segregation is suspected. sample prior to treatment by annealing. Annealing causes
11.1.4 Samples obtained from cast iron products that Coyajor segregation. It is essential that a sample taken from an
tain free graphite may not be suitable for accurate analysis bynnealed casting represents the full cross section of a casting.
using optical emission or X-ray fluorescence Spectrometrig,ticy|ar care is required in obtaining a sample from a casting
methods. In such cases, it is preferable to use other methods @iy, yariable sectional thickness. If annealed material has to be
analysis, obtaining suitable samples as described in 11.2.2 a'&‘ijlalyzed, remove a complete cross section by machining;
11.2.3. . _ break into pieces; crush in a percussion mortar or disk mill.
11.2 Sampling and Sample Preparation Separate the coarse and fine fractions using a 150-um sieve,

11.2.1 General and determine the mass of each fraction. Thoroughly mix each

11.2.1.1 Sample and prepare samples in accordance with thg the fractions separately and weigh proportionate amounts to
gra(?e .of iron, type of casting, and the method selected foppiain g representative sample for analysis.
analysis.
11)_l2_1_2 Clean the sample product or laboratory sample by Note 7—Malleable iron_products are particularly susceptible to segre-
scratch-brushing, grinding, or shot-blasting to remove adheringatlon of manganese sulfide where the manganese to sulfur ratio exceeds
particles of sand and to expose areas of metallic surfacé.™
Ensure that both the inner and outer surfaces of hollow castings 11.2.2.6 For white irons and alloy irons, it may be possible
are clean. to obtain the sample by drilling as described in 11.2.2.4. Where
11.2.2 Sample for Analysis by a Chemical Method drilling is impractical, cut thin slices from the sample product
11.2.2.1 Machine the sample to obtain chips by drilling oror laboratory sample, preferably complete cross sections, using
turning at a low speed (100 to 150 r/min) using a tungstena saw, or if necessary, an abrasive cutting disk. If an abrasive

11. Cast Iron Products
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cutting disk is used, remove any heat-affected zone. Break the&electing a laboratory sample on a section of the product
slices into pieces and crush in a percussion mortar or vibratorgerpendicular to the direction of rolling and at one end of the
grinding mill to obtain a sufficient mass of sample for analysisproduct.
of particle size less than 150 pum. 12.3.1.2 Methods of obtaining a sample for analysis in the
11.2.3 Sample in the Form of a Solid Mass for Analysis byform of a solid mass or chips are illustrated in the following by
Thermal Methods reference to products of differing cross sections.
11.2.3.1 Cut a thin slice from the sample product or labo- 12.3.2 Sections
ratory sample as described in 11.2. 12.3.2.1 Cut a laboratory sample from the sample product
11.2.3.2 In the case of a large casting, obtain a sample fafransversely in the form of a slice.
analysis of 3 to 5 mm in diameter by using a trepanning tool. 12.3.2.2 To obtain a sample in the form of a solid mass, cut

Break off pieces from the sample or cut using a saw to obtaii pjece from the laboratory sample of a suitable size for the
a number of test portions of suitable mass for analysis. Analyzgnalysis method.

a representative number of pieces and obtain an average value12.3.2.3 To obtain a sample in the form of chips, mill the

The mass of a piece selected as a test portion should not be legfole of the cross-sectional area of the laboratory sample.
than 0.3 g. Where milling is impractical, drilling may be employed but is
11.2.4 Sample for Analysis by a Spectrochemical Method not recommended for rimming steels. The most suitable
11.2.4.1 Use a saw or abrasive cutting disk to cut a samplgilling position depends on the shape of the section as follows:
of suitable size from the sample product or I_aborat_ory sample. 12.3.2.4 For a section of symmetrical shape, (for example, a
11.2.4.2 Prepare a cut surface by grinding using a fixedpjjlet, a round, a slab) obtain chips by drilling a cross-sectional
head machine or by linishing, or by a combination of both¢t face in a direction parallel to the longitudinal axis at points
r_net_hods. Air cool the sample to avoid overheating. Do not USenidway between the center and edges (see Fig. 4a and Fig. 4b).
liquid coolants. 12.3.2.5 For a section of complex shape, for example, an
Note 8—A fixed-head grinder is preferred to a swing grinder for angle, a tee, a channel, or a beam, obtain chips by drilling at
surface preparation, the latter type of equipment may not produce a flaoints indicated in Fig. 4c, Fig. 4d, Fig. 4e, Fig. 4f, and Fig. 49
surface on the sample for analysis. leaving a clearance of at least 1 mm around the drill.

11.2.4.3 The method selected for remelting should produce 12.3.2.6 For a rail, obtain chips by drilling a hole, 20 to
a chill cast sample with a white iron structure. Particular25-mm diameter in the head of the rail at a position halfway
attention should be given to avoid partial losses of elements.zgtween the centerline and edge of the rail (see Fig. 4h and Fig.
j).
12. Steel Products 12.3.2.7 Where drilling into the end or cut face of the
12.1 General section is impractical, obtain chips by drilling inwards from the

12.1.1 The location and method of selecting a laboratoryUrface perpendicular to the main axis.
sample from a sample product shall be agreed upon between12-3-3 Plates or Slabs-Cut a laboratory sample of a
the purchaser and the supplier using one of the methods in thlitable size for analysis in the form of a solid mass or chips
following paragraphs. from a point midway between the centerline and the outer edge

12.1.2 The laboratory sample can be taken from the sampf@f the plate. In the example shown in Fig. 4k, the laboratory
product at the location indicated in the product standard for th2MPl€ is 50 mm wide. Where this is not practical, take the
selection of material for mechanical testing. See also ISCFaMPIe from a position agreed upon between the supplier and
14284, the purchaser as being representative of the plate composition.

12.1.3 Special considerations apply to the sampling and 12.3.4 Light Sections, Bars, Rods, She_ets, Strlpsi and Wires
sample preparation of leaded steel products (12.5), and of stee|12.3.4.1 Where the sample product is of sufficient cross-
products for the determination of oxygen (12.6), and hydroge§ectional area, cut a slice transversely to constitute the labora-
(12.7). tory sample and obtain a sample for analysis as described in

12.2 Selection of a Laboratory Sample from a Cast Product 12.3.2.

12.2.1 From a cast product of large section, obtain a sample 12.3.4.2 Where the sample product is of insufficient cross
in the form of chips at a point midway between the outside angection for machining, for example, a thin gage sheet, a strip,
center of the section by drilling parallel to the axis. If this is nota wire, mill over the combined transverse sections obtained
practical, obtain the sample by drilling the section from the€ither by bundling the material after cutting into suitable
side and collecting chips that represent the part of the sectiolgngths, or by folding.
midway between the outside and center. 12.3.4.3 For a sheet or a strip where the rolling direction is

12.2.2 Alternatively, and where a sample is required in theinknown, take lengths of strip in two directions at right angles,
form of a solid mass, cut a laboratory sample from the producénd combine the resulting samples.
by machining or by using a cutting torch at the half or quarter 12.3.5 Tubes and Pipes-Sampling may be in accordance

cross section of the product. with one of the following methods:

12.3 Selection of a Laboratory Sample from a Wrought 12.3.5.1 Cut a laboratory sample at a position 90° from the
Product weld a welded product.

12.3.1 General 12.3.5.2 Cut across the tube and turn or mill across the cut

12.3.1.1 For a rolled product, carry out the process offace to obtain a sample in the form of chips. Thin section tubes
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FIG. 4 Sampling Positions for Steel Sections
may be flattened before milling. of fine material. In the case of a sample that does contain fine

12.3.5.3 Drill through the wall of the tube or pipe at severalpowder, that is, particles of size less than approximately 50 pm,
positions ground its circumference to obtain a sample in theeparate the coarse and the fine particles and determine the
form of chips. mass of each size fraction. Weigh proportionate parts of each

12.4 Preparation of a Sample _ fraction to obtain a representative sample for analysis.
12.4.1 Genera—Methods for the sample preparation of 15 45 3 |y the case of a sample for the determination of

steel produt_:t_s shall be in acqordancg with the generallrequw%]trogen, contamination of the chips caused by atmospheric
ments specified in 2.4. Special requirements are considered |n

; nitrogenation of fine particles may occur during machining.
the following, Obtain the sample by machining the laboratory sample in such
12.4.2 Sample in the Form of Chips pie by 9 Y P

12.4.2.1 Chips obtained by machining shall be of a suff-2 Manner to avoid, as much as possible, the production of
ciently small size to avoid or minimize the need for subsequenaticles of a size less than approximately 50 um and prefer-
fragmentation to prepare the sample for analysis. The size GP!Y under an Ar atmosphere.
the chips should be such that the mass of individual chips is 12.4.2.4 In the case of a sample for the determination of
approximately 10 mg (100 chips/g) for unalloyed and low-carbon where the carbon is present in very small amounts, for
alloy steels and approximately 2.5 mg (400 chips/g) forexample, in interstitial free steels, the chips may be subject to
high-alloy steels. If the size of the chips is not sufficiently smallcontamination from carbonaceous materials present in the
for analysis, crush the chips in a percussion mortar. atmosphere or from other sources. The chips should be stored

12.4.2.2 Machine in such a manner to avoid the productioin a manner that prevents contamination. Alternatively prepare
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a test portion in a solid form such as a slug obtained bysing a lathe at a speed of approximately 1000 r/min to a
punching. diameter of approximately 7 mm: continue turning at a
12.4.3 Sample for Analysis in the Form of a Solid Mass controlled feed rate of approximately 0.1 to 0.15 mm/
12.4.3.1 In the case of products of thin section, such asevolution at a speed of 800 to 1000 r/min to reduce the
strips or sheets, produce test portions for analysis by thermaliameter of the sample to 6 mm. The condition of the surfaces
methods by nibbling small pieces from the edge of the produciof the sample after preparation should be smooth, metallically
Alternatively, obtain slugs of 4 to 6 mm in thickness by bright and free from defects. Do not use cooling lubricants
punching. during the final stage of the matching process. Using a hand
12.4.3.2 When using an optical emission spectrometrisaw, cut a test portion from the turned sample of a suitable
method for sample of products with a thickness of approxi-mass for analysis.
mately 1.5 mm or less, it is necessary to reduce the local 12.6.4 Preparation of a Test Portian
heating that occurs when the electrical discharge is produced. 12.6.4.1 Place the test portion on a stainless steel holding
For example, the edges of the sample can be electricallglock or some other device to hold the test portion firm. Abrade
welded to a small block of steel or the sample can be embedde&te surfaces using a fine-cut file.

in another material such as, tin, leaving one surface exposed. 12.6.4.2 If the test portion was obtained using the method

12.5 Sampling of Loaded Steel described in 12.6.3., abrade each of the surfaces of the test
12.5.1 Take care to minimize the creation of dust particlegortion.
during all sampling and sample preparation operations. 12.6.4.3 If the test portion was obtained using the method

Note 9—Caution: Swarf arising from machining and surface prepara- described in 12.6.3.1, the cylindrical surface of the test portion
tion of leaded steels, and dust from dust extraction filter systems, shall bhould be sufficiently smooth to dispense with the need for
disposed of safely in accordance with local regulations for lead-containindiling but each of the two end faces should be prepared using
waste materials. a file. Immerse the test portion in acetone and dry in air or by

12.5.2 Select a laboratory sample from the sample produ@XPOsure to a rough vacuum; analyze immediately.
by cutting using a saw. 12.6.4.4 The_re should be no de_zlay between the preparation

12.5.3 Obtain chips by milling at a low speed to avoid ©f the test portion and the analysis.
overheating the sample and the creation of dust. _ 12.7 Sampling and Sample Preparation for the Determina-

12.5.4 Enclose the equipment used for the surface preparfion of Hydrogen
tion of a sample by a spectrochemical method and fit it with 12.7.1 General

dust extraction equipment. 12.7.1.1 Methods should be designed to minimize and
12.6 Sampling and Sample Preparation for the Determina-control the rapid diffusion of hydrogen from the sample that

tion of Oxygen occurs during sampling, storage of the sample, and preparation
12.6.1 General of the test portion. The sample should be free from cracks and

12.6.2 Avoid contamination of the sample and remove anyurface porosity and from moisture. The condition of the test
surface oxidation at each stage in sampling and samp@ortion can strongly influence the analytical measurement.
preparation. Methods of analysis may differ in their sensitivity to the

12.6.2.1 Do not allow the fingers to come into contact withPresence of water.
the test portion. Use tweezers for manipulation. For steels 12.7.1.2 Rigidly adhere to procedural detail in order to
containing very low oxygen contents, machine the test portio®btain consistency in the quality of analysis.

under the protection of an inert gas. 12.7.1.3 Losses of hydrogen from the sample by diffusion
12.6.3 Methods of SamplingSample using one of the may be large at ambient temperatures especially from samples
following methods: with thin cross sections. Maintain the laboratory sample and

12.6.3.1 Cut a suitably shaped laboratory sample by using tst portion at a temperature that is as low as possible at all
mechanical saw. The sample can, for example, be in the forratages during sampling, storage, and sample preparation. Store
of a small plate or disk. Using a hand saw, cut a test portiorthe sample in a refrigerant; either liquid nitrogen or a slurry of
from this sample of suitable mass for analysis. acetone and solid carbon dioxide is suitable.

12.6.3.2 Cut a laboratory sample in the form of a slice, 3to 12.7.1.4 Keep the sample and the test portion cold when
4 mm thick, linish the surfaces of the sample using 60-gritcutting the sample and during preparation of the test portion.
silicon-carbide abrasive paper and then abrade by using a bukjther use a copious flow of cooling fluid during all machining
a rotary tool with cutting teeth, at a speed of approximatelyoperations or cool the sample and test portion at frequent
30 000 r/min. The condition of the surfaces of the sample afteintervals, or use a combination of both methods. Cool by
preparation should be smooth, metallically bright, and freemmersion in ice-cold water or, preferably, in a refrigerant.
from defects. Punch a slug from the sample of a suitable mad3ack samples of large section with solid carbon dioxide in a
for analysis to constitute a test portion upia 4 to6-mm  manner that ensures the maintenance of good thermal contact
diameter punch. Perform the punching operation so that the tebetween the sample and the solid carbon dioxide. During
portion falls into a container that can be closed with a cap ointervals between machining, return rough-cut pieces to stor-
stopper. age in a refrigerant.

12.6.3.3 Cut a rectangular-shaped laboratory sample, ap-12.7.1.5 Remove any moisture present on the surface of the
proximately 10-mm section by 100 mm long. Turn the sampletest portion after cooling. Immerse the test portion in acetone
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and then dry it by exposure to a rough vacuum for a few 12.7.3.1 From the sample, cut a test portion of a suitable

seconds. mass in such a manner to minimize heating the sample, then
12.7.1.6 Discard samples that have been cooled or storegbol the sample at frequent intervals.
inadequately. 12.7.3.2 Prepare the surface of the test portion by filing,

12.7.1.7 Abrading the surface of the test portion should bgyit-plasting, or light grinding. If filing is used, abrade the
kept to a minimum consistent with the need to removegyrface by hand with a fine-cut file. If grit-blasting is used, a
oxidation products and surface defects. blasting machine should be reserved exclusively for this
12.7.1.8 Analyze the test portion immediately after Prepapurpose to avoid contamination of the test portion from

ration. _ contaminated grit. If grinding is used, cool the test portion at
12.7.2 Methods of Sampling frequent intervals.
. 12'7'2'1. From a cast_product, obtain a sample of a suitable 12.7.3.3 Degrease the test portion by immersion in acetone,
size by using a trepanning tool. d

12.7.2.2 From a wrought product or a large forging, using a ry by exposure to a rough vacuum for a few seconds, then

. . . . a%nalyze immediately. Alternatively, prepare the test portion for
saw or an abrasive cutting disk, obtain a laboratory sample Al JIvsis by immersion in propanol-2 (isopropy! alcohol), and
a position mid-width from the product centerline. From the Y y prop Propy '

laboratory sample, cut a piece of a size suitable for turningthen dry it with diethyl ether.

using a lathe in order to obtain a sample for analysis.

12.7.2.3 Store the sample in a refrigerant. 13. Keywords
12.7.3 Preparation of a Test Portian 13.1 castings; iron sample; sample lot; steel sample
ANNEXES

(Mandatory Information)

Al. SAMPLING PROBES FOR USE WITH LIQUID IRON AND STEEL

Al.1 General: sample for laboratory analysis.

Al.1.1 Disposable probes for taking samples from liquid Al1.2.5 Probes in which the sample chamber is filled by
iron and steel consist of a small mold made from pressed stedrrostatic pressure consist of a steel split mold held in a
ceramic material, or silica tubing, and which are mounted in &ardboard tube by a collar of refractory material. The mold has
thick-walled protective cardboard tube. a bottom-entry silica tube with a protective cap of thin steel to

Al.1.2 A range of different types of sampling probes isPrevent ingress of slag and any other contaminant. Cardboard
available commercially. The main features are described in thiibes, which vary in length from 200 to 1500 mm or longer,
following paragraphs with illustrative examples shown in Figs.may be coated partially with refractory material to minimize
Al1.1-A1.6. The dimensions given in this annex are for ex-splashing during immersion.

ample only. Al1.2.5.1 This type of probe is used mainly to obtain
samples from liquid steel in furnaces and ladles. Two designs
Al.2 Immersion Sampling Probes: are shown in Fig. A1.1.

Al1.2.1 Immersion probes can be inserted into the melt A1.2.6 The samples obtained by using immersion probes
either by hand or by mechanical means using a lance of steél|led by ferrostatic pressure can differ in configuration.
piping fitted into the cardboard tube or attached directly to the A1.2.6.1 The disk-and-pin probe samples are exemplified in
probe assembly. Immersion times vary depending on th&ig. Al.2. The disk is suitable for analysis by a spectrochemi-
design of the probe and the conditions of sampling, incal method, and the pin may be used, if required, for analysis
particular the temperature of the melt, but are normallyby athermal method. The disk may be oval or circular or some
between 3 and 8 s. other similar shape.

Al1.2.2 The lance is constructed so that air from the mold A1.2.6.2 For disk-and-pin probe samples with a number of
cavity and gases produced during the combustion of cardboatdgs attached to the disk, the lugs have a mass of 0.5 or 1 g, and
can escape easily. A handle bar is incorporated for controllingnay be easily broken off from the disk and can be used, if
the lance during immersion and withdrawal. required, as test portions in thermal methods of analysis.

Al1.2.3 When sampling from ladles and secondary treatment A1.2.6.3 The dual-thickness probe samples are illustrated in
vessels, a mechanical system can be used to lower and raise ffig. A1.2b, in which part of the disk is reduced in thickness and
lance. is suitable for the punching out of slugs. The slugs are 4 to 6

Al1.2.4 Some types of probe combine a thermocouple in anm in diameter and are used as test portions in thermal
silica tube adjacent to the sample chamber for measurement ofethods of analysis. The thicker section of the disk of a
temperature. Where a measurement sublance is used in a badieal-thickness probe sample is used for analysis by spectro-
oxygen converter furnace, a mold assembly can be incorpahemical methods. A probe sample with a hardness of greater
rated with the measurement sensors in the sublance to obtairttean approximately Rockwell 25 HRC may require heat
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Chamber
cap

from liquid iron in the blast-furnace runner and from the
torpedo car and transfer ladle. These probes incorporate chill
plates of varying thickness to ensure that the liquid iron of the
sample is chilled very rapidly. Two types are illustrated as

Quartz )
tube b+——Adhesive follows:
¢ Sand A1.2.8.1 The first type is a variant of the probe filled by
ferrostatic pressure (Al1.2.6) with a design based on the use of
either a thick-walled, steel split mold or steel chill plates to
- ——Sample provide a disk-and-pin sample with a number of lugs attached
Deoxidant chamber to the disk. This type of probe is shown in Fig. A1.4. The disk
of the sample can vary in thickness from 8 to 12 mm and the
H—l \§Q pin is typically 4.mm in diameter. I.mm.ersion times vary from
{1 | «—— Outer 5 to 9 s depending upon the application.
{ E | sleeve Al1.2.8.2 The second type is a probe designed to eliminate
} } : i §,<~ the risk of drainage of liquid iron when sampling very fluid
Staple—— —ferly | i melts. The side-entry mold has one or more steel chill-plates
} '1 } N and is held in a sand body attached to a cardboard tube. This
Protemon*A*UN \/\ type of probe can combine a separate or linked pin-shaped
tube | J T Sleeve mold. The sample is typically 35 mm in diameter with a

thickness varying from 4 to 12 mm depending on the metal-
lurgical structure required. The optional pin sample is 6 mm in
diameter by 45 mm long.

Al1.2.9 Probes of special design are used to obtain samples
from liquid steel in a vacuum induction furnace.

Al1.2.9.1 In one example, the sampling mechanism in the
form of tube made from a refractory material is located in the

55@2“‘”“ furnace charging system and suspended on a wire rope to
Split permit vertical access to the melt by gravitational means. The
mould sample is cylindrical in shape, 35 mm in diameter.

Sand
holder
Silica
tube

A1.2.10 Measurement sensor assemblies used with sub-
lances in basic oxygen steelmaking may incorporate molds for
obtaining samples from liquid steel. Molds of the types
described in A1.2.2 may be used both in the cases of a sublance

Deoxidant used during oxygen blowing (in-blow operation) and when
(;vithb mix)ing oxygen is not being blown (end-blow operation). In the case of
cnambers

Slag cap

b)

FIG. Al1.1 Examples of Immersion Probes Filled by Ferrostatic
Pressure (a) With the Deoxidant in the Sample Chamber and (b)
with the Deoxidant in a Separate Mixing Chamber

treatment before punching.

Al1.2.7 Probes of the type shown in Fig. A1.3 in which the

in-blow operation a mold of different design can be used to
obtain a sample of a rectangular shape, 40 by 30 by 20 mm
thick.

Al1.2.10.1 A typical assembly, shown in Fig. A1.5 includes
sensors for the measurement of liquidus arrest, temperature and
oxygen potential, and incorporates a rectangular-shaped mold
with a side entry to obtain a sample during the measurement
process.

sample chamber is filled by gravity consist of a two-piece or Al.3 Stream Sampling Probes:
four-piece steel cylindrical mold that is contained in a refrac-  A1.3.1 Probes of the type shown in Fig. Al.6a consist of a

tory assembly and attached to a cardboard tube.

steel split mold with an exposed entry tube of silica held by a

- Al.2.7.1 The mold has a side entrance port that is protectegjug in a cardboard tube of length 100 to 225 mm. Samples are
in some way to prevent ingress of slag. The assembly may bgf the disk-and-pin type.

sleeved with refractory to minimize splashing during immer-

A1.3.2 Differing designs of mold construction are used for

sion; overall length of the assembly and cardboard tube is 40ghe sampling of liquid iron.

to 800 mm. Immersion times are usually 2 or 3 s.

A1.3.3 Lances for stream sampling probes are designed so

'A1.2.7.2 This type of probe is used in situations where thehat the probe can be positioned in the metal stream at an angle
disk-and-pin type of sample is not satisfactory for analysis. liof 45°, Some means of supporting the lance may be provided.
is used to obtain samples from liquid iron and steel in ladle$sampling time is usually 2 s.
and from liquid steel in ingot molds and continuous casting A1.3.3.1 This type of probe is used to obtain samples from
tundishes. The sample is typically 30 mm in diameter by 7Qjquid iron and steel flowing from ladles.

mm long.
Al1.2.8 Probes of special design are used to obtain samplesAl1.4 Suction Sampling Probes:
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Note 1—All dimensions are in millimetres.
FIG. Al.2 Disk-and-Pin Samples Showing (a) the Basic Design, (b) the Dual-Thickness Variant, and (c) Layer Stratification of the Disk of
the Sample

) e e o

A VI S S e, e e 4

T

Outer cardboard protection
sleeve may be anti-splash
coated

I S U W N < L S Tk S S VI €

e

40 L L

6 mm thick high-chill
steel mould to promote
a white iron structure

Steel mould

) Sample inlet
i Deoxidant Metal fubep

cap
FIG. Al1.4 Example of an Immersion Probe Used for Sampling
Liquid Iron from a Blast Furnace

V7T

////\

Non-splash
- Lover _ Al1.4.1.1 This type of probe is used to obtain samples from
FIG. AL.3 Example of an 'mmcfrr;\'/‘i’tg Sampling Probe Filled by liquid steel in small furnaces, ingot molds, continuous casting

molds, and tundishes. Samples are of the disk-and-pin type.

Al1.4.1 Probes of the type shown in Fig. A1.6b consist of a Al.5 Deoxidation Systems for Sampling Probes:
steel split mold held in position by a plug in a cardboard tube, A1.5.1 Probes used for the sampling of liquid steel that is
about 125 mm in length. The mold has an exposed entry tubexidized and effervescent contain a deoxidant usually in the
of silica with a protective cap to prevent ingress of slag orform of wire or a pellet inserted in the probe in such a manner
casting powder. Air is removed from the mold to create athat it becomes uniformly dispersed in the liquid steel. Various
partial vacuum by using a hand-operated pump or amethods are used to incorporate the deoxidant in the probe, for
compressed-air venturi pump. Sampling time is usually 2 s. example:
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Protection Thermocouple and liquid steel are thoroughly mixed before the steel enters the
caps sample chamber, as shown in Fig. Al.1b. Some probes have a
Oxygen : second mixing chamber.

Iron contact

cell A1.5.1.4 Aluminum, zirconium, or titanium are commonly

Liquidus arrest electrode use(IJI as Ideoxi(_jants dependent upon the type of melt and the
o Metal analytical requirements.
thermocoupl ~] ] hill-plate |
JEgggboord - _Sample A1.6 Quality of Sample:
| chamber A1.6.1 Apart from the presence of defects and oxides on the
Deoxidant——"F o Sandbody surfaces of the disk sample, the surface layers of the disk may
Side be subject to segregation and the central portion may be porous
filling and subject to shrinkage or other thermal effects as shown in
* Cardboard Fig. Al.2c. Special care is necessary to ensure that procedures
tqj:]. tute for preparing the surface of the disk for analysis by spectro-
Eﬁ::l;\ chemical methods expose a layer of metal that is representative
of the chemical composition of the sample.
%’ A1.6.1.1 Itis usually necessary to remove a layer of 1 to 2
Degassing mm from the surface of a disk sample obtained from liquid
steel to expose a part of the sample that is suitable for the
analysis method selected.
. Connect A1.6.2 The amount of material removed from the surface of
' \ arrangement chill samples taken from liquid iron is determined by the

metallurgical structure of the sample that may vary through the
thickness of the disk. The type of sampling probe used and the

\J\J\q method of preparing the disk sample should be selected to
\% provide a surface structure of either white or grey iron in
FIG. AL5 Example of a Sublance Probe Assembly Showing the accordance with the reqwremgnts of the ana[yss methqd. .
Sample Chamber A1.6.2.1 In the case of a disk sample obtained from liquid

iron, it is usually necessary to remove a layer of thickness

A1.5.1.1 Deoxidant in the sample chamber itself as showr@pproximately 0.5 to 1 mm from the surface of the disk sample.

in Fig. Al.1a and Fig. A1.3. A1.6.3 In routine practice, probe samples should be exam-

Al1.5.1.2 Deoxidantin the entry tube to the sample chamberined regularly to ensure the suitability of the prepared sample
A1.5.1.3 Deoxidant in a separate chamber. The deoxidarfor the analysis method.

Silica fube

Sptit mould

Cardboord

bl
FIG. A1.6 Examples of (a) Stream Sampling and (b) Suction Sampling Probes

A2. SAMPLING PROBES FOR USE WITH LIQUID STEEL FOR THE DETERMINATION OF HYDROGEN

A2.1 General: steel for the determination of hydrogen usually consist of a
A2.1.1 Disposable probes for taking samples from liquidmold made from pressed steel or silica tubing mounted in a
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thick-walled protective cardboard tube. Probes are designed to 1M
obtain a pin-shaped or pencil-shaped sample, 7 to 12 mm infjgf““”’ " Humnun—
diameter by 75 to 150 mm long, from liquid steel in ladles, :

Cargboard

ingot molds, and continuous casting tundishes and molds.
Anti-splash- tube

A2.1.2 Several types of sampling probes are available cqtng
commercially; the main features of which are described in the
following sections with illustrative examples shown in Fig. siicq ture—
A2.1.

A2.1.3 The dimensions given in this annex are for informa-
tion only.

ey

Stlica tube ——ed

A2.2 Immersion-Sampling Probes: Aluminium ——ad

A2.2.1 Two Types of Probes for Immersion Sampling o
A2.2.1.1 Probes of the type shown in Fig. A2.1a consist of
a silica tube, 7 to 9 mm in internal diameter contained in a . \S
protective cardboard tube. The top end of the tube is open and )
the bottom end is capped with aluminum foil to prevent ingress ,, o1
of contaminants. The cardboard tube is 250 or 400 mm in
length depending upon the application and has a refractory
anti-splash coating. This type of probe is used for taking
samples from liquid steel at temperatures near to the liquidus Ketol cap
point of the steel. T~
A2.2.1.2 Probes of the type shown in Fig. A2.1b consist of Ko
an exposed silica tube, 10 to 12 mm in internal diameter, held
in a cardboard tube. The top end of the tube is open or may be},s ' Cerdboced
covered with aluminum foil. The tube has a side entrance port fube
covered with aluminum foil. The tube may contain aluminum
wire as a deoxidant, typically a mass of approximately 0.1 g.
This type of probe is used in a wide range of applications for iren moutd Pressed steel
taking samples from liquid steel. Pt moutd

\r Silica tube ——

)|

ALENY]

X

AV WA WA ¢
A\ N O VA WA WL S |

AY

A2.3 Suction Sampling Probes:

A2.3.1 Types of Probes for Suction Sampling

A2.3.1.1 An evacuated probe of the type shown in Fig.
A2.1c consists of a steel sleeve and a sample chamber madeex ..
from high-purity iron with an internal diameter of 4 mm. The ‘H
probe 'S_ mounted II’.1 a cardboard tube and Sheathed_ with AG. A2.1 Examples of Probes Used for Sampling Liquid Steel for
heat-resistant material. The prObe may have a proteCtlve Sla%e Determination of Hydrogen: (a) and (b) Immersion Sampling
cap. On immersion in the melt, the fusible cap melts and liquid Probes, (c) an Evacuated Sampling Probe, and (d) a Suction
steel is aspirated into the evacuated sample chamber, which Sampling Probe
then closes as the metal solidifies, thus sealing the probe.
Hydrogen, which diffuses from the sample, is captured in the A2.3.1.2 Probes of the type shown in Fig. A2.1d consist of
outer evacuated chamber and is measured when the probeagpressed steel split mold, 7 to 9 mm in internal diameter by 75
inserted into specially designed analytical equipment and thexm long, with a silica entry tube. The mold is held in a
probe pierced. Any residual hydrogen remaining in the sampleardboard tube by a collar. Air is removed from the mold to
can be measured separately after removal of the samplgeate a partial vacuum by using a compressed air venturi
together with the sample chamber. pump.
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).
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