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INTRODUCTION

Segregation occurs during the dendritic solidification of metals and alloys and is aligned by
subsequent deformation. Solid-state transformations may be influenced by the resulting microsegre-
gation pattern leading to development of a layered or banded microstructure. The most common
example of banding is the layered ferrite-pearlite structure of wrought low-carbon and low-carbon
alloy steels. Other examples of banding include carbide banding in hypereutectoid tool steels and
martensite banding in heat-treated alloy steels. This practice covers procedures to describe the
appearance of banded structures, procedures for characterizing the extent of banding, and a
microindentation hardness procedure for determining the difference in hardness between bands in heat
treated specimens. The stereological methods may also be used to characterize non-banded
microstructures with second phase constituents oriented (elongated) in varying degrees in the
deformation direction.

1. Scope 1.6 The measured values are stated in Sl units, which are
1.1 This practice describes a procedure to qualitativelyjegarded as standard. Equivalent inch-pound values, when

describe the nature of banded or oriented microstructures bastgfed. are in parentheses and may be approximate.

on the morphological appearance of the microstructure. 1.7 This standard does not purport to address all of the
1.2 This practice describes stereological procedures fotafety problems, if any, associated with its use. It is the

quantitative measurement of the degree of microstructurdSPonsibility of the user of this standard to establish appro-
banding or orientation. priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use.
Note 1—Although stereological measurement methods are used to

assess the degree of banding or alignment, the measurements are ofly Referenced Documents
I llel to th fi i irecti hat i longitudinal
made on planes parallel to the deformation direction (that is, a longitudinal 21 ASTM Standards:

plane) and the three-dimensional characteristics of the banding or align- . . .
ment are not evaluated. A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products

A572/A572M Specification for High-Strength Low-Alloy
Columbium-Vanadium Structural Stéel

A 588/A 588M Specification for High-Strength Low-Alloy
Structural Steel with 50 ksi [345 MPa] Minimum Yield
Point to 4 in. [100 mm] Thick

E 3 Methods of Preparation of Metallographic Specimens

E 7 Terminology Relating to Metallography

E 140 Hardness Conversion Tables for Metals

E 384 Test Method for Microhardness of Materfals

E 407 Test Methods for Microetching Metals and Allbys

E 562 Practice for Determining Volume Fraction by Sys-
tematic Manual Point Coufit

E 883 Guide for Reflected-Light Photomicrography

1.3 This practice describes a microindentation hardness test
procedure for assessing the magnitude of the hardness differ-
ences present in banded heat-treated steels. For fully marten-
sitic carbon and alloy steels (0.10-0.65 %C), in the as-
quenched condition, the carbon content of the matrix and
segregate may be estimated from the microindentation hard-
ness values.

1.4 This standard does not cover chemical analytical meth-
ods for evaluating banded structures.

1.5 This practice deals only with the recommended test
methods and nothing in it should be construed as defining or
establishing limits of acceptability.

1 This practice is under the jurisdiction of ASTM Committee E-4 on Metallog-
raphy and is the direct responsibility of Subcommittee E04.14 on Quantitatve

Metallography. 2 Annual Book of ASTM Standardéol 01.03.
Current edition approved April 10, 1999. Published July 1999. Originally  *Annual Book of ASTM Standasdégol 01.04.
published as E 1268 — 88. Last previous edition E 1268 — 94. 4 Annual Book of ASTM Standardgol 03.01.
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3. Terminology that are crossed by the lines of a test grid (see Fig. 1). For
3.1 Definitions—For definitions of terms used in this prac- iSolated particles in a matrix, the number of feature intersec-
tice, see Terminology E 7. tions will equal twice the number of feature interceptions.
3.2 Definitions of Terms Specific to This Standard: 3.2.4 oriented constituentsone or more second-phases

3.2.1 banded microstructure-separation, of one or more (constituents) elongated in a non-banded (that is, random
phases or constituents in a two-phase or multiphase microstrudistribution) manner parallel to the deformation axis; the
ture, or of segregated regions in a single phase or constituedegree of elongation varies with the size and deformability of
microstructure, into distinct layers parallel to the deformationthe phase or constituent and the degree of hot- or cold-work
axis due to elongation of microsegregation; other factors mayeduction.

also influence band formation, for example, the hot working 325 stereological methodsprocedures used to character-
finishing temperature, the degree of hot- or cold-work reducize three-dimensional microstructural features based on mea-

tion, or split transformations due to limited hardenability or g rements made on two-dimensional sectioning planes.
insufficient quench rate.

3.2.2 feature interceptions-the number of particles (or Note 2—Microstructural examples are presented in Annex Al to
clusters of particles) of a phase or constituent of interest thdtlustrate the use of terminology for providing a qualitative description of
are crossed by the lines of a test grid. (see Fig. 1) the nature and extent of the banding or orientation. Fig. 2 describes the

3.2.3 feature intersections-the number of boundaries be- classification approach.
tween the matrix phase and the phase or constituent of interest3.3 Symbols

Nl Pl -—
= 1 Deformation Direction
1D ) T P s
2 M 1 \ 2
™o = e L5 —
p L S5 35
( .
3 D <> \
2 — E
o =
T

2.5C_"J4.5 ——>

(A) (B)

Note 1—The test grid lines have been shown oriented perpendicular (A) to the deformation axis and parallel (B) to the deformation axis. The counts

for N,, N, P,, andP, are shown for counts made from top to bottom (A) or from left to right (B).
Note 2—T indicates a tangent hit arfel indicates that the grid line ended within the particle; both situations are handled as shown.

FIG. 1 lllustration of the Counting of Particle Interceptions (N) and Boundary Intersections (P) for an Oriented Microstructure


https://standards.iteh.ai/catalog/standards/sist/f93faa14-bb01-4229-ade8-ddd118b55091/astm-e1268-99

v £ 1268

*or constituent

Single-Phase (Constituent) Two or More Phases (Constituents)
[ I Il 1
Diffuse bands Oriented Banded
Narrow bands | S r 71 -
Broad bands Continuously Aligned Minor Phase* Both Phases*
. Aligned discrete Only Aligned Aligned, No
Mixed bands (high aspect T particles Apparent Matrix
ratio) b-Nearly isotropic
lobular  Partially banded +HNearly isotropic
longated L Narrow bands -Partially banded
| Rroad bands -Narrow bands
. Wide bands
ngth/wi -Mixed bands

FIG. 2 Qualitative Classification Scheme for Oriented or Banded Microstructures

95 % Cl = 95 % confidence interval.
N, = number of feature interceptions with test lines 95% Cl = ts
perpendicular to the deformation direction. T a/n
N, = number of feature interceptions with test lines
parallel to the deformation direction. % RA = % relative accuracy.
M = magnification. % RA = 95%CI % 100
L, = true test line length in mm, that is, the test line
length divided byM.
N, | =N, SB, = mean center-to-center spacing of the bands.
L, SB, = _1_
R
Ny =N 3
L Vy = volume fraction of the banded phase (constitu-
P, = number of feature boundary intersections with eno).
:?eiiigges perpendicular to the deformation di- - - = mean edge-to-edge spacing of the bands, mean
P = number of feature boundary intersections with _ fre_e path (distance).
Il : . . . N = v
test lines parallel to the deformation direction. N
= =P, LL
T, = MNu . .
t Al = anisotropy index.
P = Pus gy AL =N R
t Hl Ny Py
n = number of measurement fields or number of Q,, = degree of orientation of partially oriented linear
_ microindentation impressions. structure elements on the two-dimensional
NL o = 2N, plane-of-polish.
n P = Ne o, — Ny
NL” = 3N, N_, +0.571IN
n J— —
P = Poo— Py
P = 3P, x P , + 0.571P,
L o = 2N, | LL L
P I = 2P _ N 4. Summary of Practice
n L 4.1 The degree of microstructural banding or orientation is
X B e described qualitatively using metallographic specimens
A - renseéﬁrz]a\{:lg:‘aztghéérNdLl . \fi)étﬁ),nlj(ul) aligned parallel to the deformation direction of the product.
¢ — Studentt multiplier for 95 % CI. 4.2 Stereological methods are used to measure the number

of bands per unit length, the inter-band or interparticle spacing
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and the degree of anisotropy or orientation. lines for a live image, or image convolutich=lectronically-

4.3 Microindentation hardness testing is used to determingenerated test grifisor other methods, for a digitized image,
the hardness of each type band present in hardened specimé¥ig used rather than the grid lines of the plastic overlay or

and the difference in hardness between the band types. reticle. _ _ _
6.5 A microindentation hardness tester is used to determine
5. Significance and Use the hardness of each type of band in heat-treated steels or other

] o metals. The Knoop indenter is particularly well suited for this
5.1 This practice is used to assess the nature and extent @bk,

banding or orientation of microstructures of metals and other
materials where deformation and processing produce a bandgd Sampling and Test Specimens

or oriented condition. 7.1 In general, specimens should be taken from the final

5.2 Banded or oriented microstructures can arise in singleroduct form after all processing steps have been performed,
phase, two phase or multiphase metals and materials. Thmarticularly those that would influence the nature and extent of
appearance of the orientation or banding is influenced bypanding. Because the degree of banding or orientation may
processing factors such as the solidification rate, the extent ofary through the product cross section, the test plane should
segregation, the degree of hot or cold working, the nature of theample the entire cross section. If the section size is too large
deformation process used, the heat treatments, and so forthto permit full cross sectioning, samples should be taken at

5.3 Microstructural banding or orientation influence theStandard locations, for example, subsurface, mid-radius (or
uniformity of mechanical properties determined in various tesfluarter-point), and center, or at specific locations based upon
directions with respect to the deformation direction. producer-purchaser agreements.

5.4 The stereological methods can be applied to measure tl?ﬁ;'z The degree of banding or orientation present is deter

. ; . . ed using longitudinal test specimens, that is, specimens
nature and extent of microstructural banding or orientation fo(/vhere the plane of polish is parallel to the deformation

any metal or material. The microindentation hardness tesjjrection. For plate or sheet products, a planar oriented (that is,
procedure should only be used to determine the difference igg|ished surface parallel to the surface of the plate or sheet) test
hardness in banded heat-treated metals, chiefly steels. specimen, at subsurface, mid-thickness, or center locations,
5.5 Isolated segregation may also be present in an otherwisgay also be prepared and tested depending on the nature of the
reasonably homogeneous microstructure. Stereological methroduct application.
ods are not suitable for measuring individual features, instead 7.3 Banding or orientation may also be assessed on inter-
use standard measurement procedures to define the featunediate product forms, such as billets or bars, for material
size. The microindentation hardness method may be used fqualification or quality control purposes. These test results,
such structures. however, may not correlate directly with test results on final

5.6 Results from these test methods may be used to qualifyroduct forms. Test specimens should be prepared as described
material for shipment in accordance with guidelines agreed 7.1 and 7.2 but with the added requirement of choosing test
upon between purchaser and manufacturer, for comparison #cations with respect to ingot or continuously cast slab/strand
different manufacturing processes or process variations, or fgcations. The number and location of such test specimens

provide data for structure-property-behavior studies. should be defined by producer-purchaser agreement.
7.4 Individual metallographic test specimens should have a

polished surface area covering the entire cross section if
possible. The length of full cross-section samples, in the
6.1 A metallurgical (reflected-light) microscope is used todeformation direction, should be at least 10 mm (0.4 in.). If the
examine the microstructure of test specimens. Banding oroduct form is too large to permit preparation of full cross
orientation is best observed using low magnifications, forsections, the samples prepared at the desired locations should
example, 5& to 200X. have a minimum polished surface area of 1003116 in.?)
6.2 Stereological measurements are made by superimpositgth the sample length in the longitudinal direction at least 10
a test grid (consisting of a number of closely spaced parallelhm (0.4 in.).
lines of known length) on the projected image of the micro- ) .
structure or on a photomicrograph. Measurements are made SPECimen Preparation
with the test lines parallel and perpendicular to the deformation 8.1 Metallographic specimen preparation should be per-

direction. The total length of the grid lines should be at leasformed in accordance with the guidelines and recommended
500 mm. practices given in Methods E 3. The preparation procedure

6. Apparatus

6.3 These stereological measurements may be made using a

semiautomatic tracing type image analyzer. The test grid is oo, M. Comvolut 4 their Aoplicati Ouantiati
. . P epine, 5 mage onvolutions and their pplication to uantitative
pIaced oYer the Image prqjected onto the d|g|t|2|ng tablet anqzlletallography,"Microstructural Science, Vol. 17, Image Analysis and Metal-
a cursor is used for counting. lography, ASM International, Metals Park, OH, 1989, pp. 103-114.
6.4 For certain microstructures where the contrast between °Fowler. D.B., "A Method for Evaluating Plasma Spray Coating Porosity
. . . ontent Using Stereological Data Collected by Automatic Image Analysis,”
the banded or oriented constituents is adequate, an automa;

h . rostructural Science, Vol. 18, Computer-Aided Microscopy and Metallog-
image analyzer may be used for counting, where the TV scarphy, ASM International, Materials Park, OH, 1990, pp. 13-21.
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must reveal the microstructure without excessive influencer as a continuously aligned constituent.

from preparation-induced deformation or smearing. 10.2.5 Describe the appearance of the distribution of the
8.2 Mounting of specimens may be performed depending osecond phase (or, either lighter or darker etching regions within

the nature of the test sample or if needed to accommodat single phase microstructure) in terms of the pattern present,

automatic polishing devices. for example: isotropic (nonoriented or non-banded), nearly
8.3 The microstructure should be revealed in strong contrassotropic, partially banded, partially oriented, diffusely banded,

by any appropriate chemical or electrolytic etching method, bynarrow bands, broad bands, mixed narrow and broad bands,

tinting or staining, etc. Test Methods E 407 list appropriatefully oriented, etc.

etchants for most metals and alloys. For certain materials, 10.2.6 The microstructural examples presented in Annex Al

etching may not be necessary as the naturally occurringlustrate the use of such terminology to provide a qualitative

reflectivity differences between the constituents may produceescription of the nature and extent of the banding or orienta-

adequate contrast. tion. Fig. 2 describes the classification approach.
L 10.3 Place the grid lines over the projected image or
9. Calibration photomicrograph of the randomly selected field (see section
9.1 Use a stage micrometer to determine the magnification0.17 ) so that the grid lines are perpendicular to the deforma-
of the projected image or at the photographic plane. tion direction. The grid should be placed without operator bias.
9.2 Use a ruler to determine the length of the test lines omecide which phase or constituent is banded. If both phases or
the grid overlay in mm. constituents are banded, with no obvious matrix phase, choose

one of the phases (constituents) for counting. Generally, it is
10. Procedure best to count the banded phase present in least amount. Either
10.1 Place the polished and etched specimen on the micrgy or P, or both (see 10.3.1-10.3.4 for definitions), may be
scope stage, select a suitable low magnification, for exampleneasured, using grid orientations perpendiculay &nd par-
50X or 100x, and examine the microstructure. Align the allel (||) to the deformation direction, depending on the purpose
specimen so that the deformation direction is horizontal on thef the measurements or as required by other specifications.
projection screen. Randomly select the initial field by arbi- 10.3.1 Measurement of N —with the test grid perpen-
trarily moving the stage and accepting the new field withoutdicular to the deformation direction, count the number of
further stage adjustment. discrete particles or features intercepted by the test lines. For a
10.1.1 Bright field illumination will be used for most two-phase structure, count all of the interceptions of the phase
measurements. However, depending on the alloy or materigf interest, that is, those that are clearly part of the bands and
being examined, other illumination modes, such as polarize¢hose that are not. When two or more contiguous particles,
light or differential interference contrast illumination, may be grains, or patches of the phase or constituent of interest are
used. crossed by the grid line, that is, none of the other phase or
10.1.2 Measurements may also be made by placing the tegbnstituent is present between the like particles, grains, or
grid on photomicrographs (see Guide E 883), taken of ranpatches, count them as one interceptiNn< 1). Tangent hits
domly selected fields, at suitable magnifications. are counted as one half an interception. If a line ends within a
10.2 Qualitatively define the nature and extent of the bandparticle, patch or grain, count it as one half an interception.
ing or orientation present in accordance with the followingTable 1 provides rules for counting while Fig. 1 illustrates the
guidelines. Examination at higher magnification may be recounting procedure. Calculate the number of feature intercep-
quired to identify and classify the constituents present. Fig. Zions per unit length perpendicular to the deformation ais,

describes the classification approach. L, in accordance with:
10.2.1 Determine if the banding or orientation present
represents variations in the etch intensity of a single phase or TABLE 1 Rules for N and P Counts

constituent, such as might result from segregation in a tem-
pered martensite alloy steel specimen, or is due to preferentiat n PYEET— o — _
. . H nterceptions—Coun € number of Individual particles, grains, or
a“gnm?nt of one or more phases or constituents in a two-phase patches of the constituent of interest crossed by the grid lines.
or multl-phase specimen. 2. P Intersections—Count the number of unlike phase boundaries or
10.2.2 For orientation or banding in a two-phase or multi- - constituent boundaries” crossed by the grid lines.

h . det . if Iv th . h tit If two or more contiguous particles, grains, or patches of the phase
phase specimen, determine It only the minor phase or constitu- or constituent of interest are crossed by the grid lines (none of the

Note 1—Fig. 1 illustrates some of these counting rules.

ent is preferentially aligned within the matrix phase. Alterna- other phase or constituent between the particles where crossed)
tively, both phases may be aligned with neither appearing as a count them as one particle iptercepted (N = 1). For P in'tersecti'ons,

. do not count phase or constituent boundaries between like patrticles,
matrix phase- grains, etc. This problem occurs most commonly in Ny and Py,

10.2.3 For two-phase (constituent) or multiphase (constitu- measurements in highly banded structures.
ent) microstructures, determine if the aligned second phase R _ . _
. L . . . 4. When a test line is tangent to the particle, grain, or patch of interest,

(constituent) is banded in a layered manner or exists in an Nis counted as Y»and P as 1.
oriented, non-banded, randomly distributed manner. 5. If a test line ends within a particle, count N as ¥z and P as 1.

10.2.4 For cases where a second phase or constituent is 6. If the entire test line lies completely within the phase or feature of
. . L . . interest (this can occur for parallel counts of a highly banded mate-
bandeq or erented within a nonjbanded, nonorlented 'matnx, rial), count N as ¥ and P as 0.
determine if the banded or oriented constituent exists aS Alf possible, etch the specimens so that like phase or constituent boundaries are

discrete particles (the particles may be globular or elongatedpt revealed, only unlike boundaries.
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N N ) 10.4 For banded heat-treated microstructures, particularly

L for alloy steels, the above microstructural measurements may

. be supplemented by determination of the average microinden-

where: tation hardness of the bands. Determine the nature of the
N, number of interceptions and '

true test line length in mm, that is, the length of the banc_iing present, for example, Iight versus dark etching mar-
grid lines in mm divided by the magnificatiom). tensite or bainite versus martensite.

10.3.2 Measurement of N, —Rotate the test grid over the 10.4.1 Knoop-type indents are made in each band. The load
same field and location measured fof so that the test lines 1S adjusted so _that the indent can be kept completely Wlthln th_e
are oriented parallel to the deformation direction. Do notPands. If possible, a 500 gf load should be used, particularly if
deliberately orient the grid lines over any particular microstructhe equivalent Rockwell C hardness (HRC) is to be estimated.
tural feature or features. Count all of the feature interceptions! €Sts should be conducted according to the guidelines given in
N,, with the test lines (in the same way as described in 10.3.1Te~°’t Methods E 384. o _
whether they are obvious|y part of the banded region or not. 10.4.2 The average hardness of at least five indents in each
Calculate the number of interceptions per unit length parallel tdyPe of band (light vs. dark etching martensite or martensite vs.

Lt

the deformation axis\ |, in accordance with: bainite, depending on the nature of the bands) should be
N determined. For small segregates, it may not be possible to
N = f” ) obtain five or more hardness tests values.
t

Note 3—If the difference in Knoop hardness between the bands is not

where: I : . )
- . . . large, the statistical significance of the difference can be determined using
L, = true test line length as defined in 10.3.1. the t-test as described in most statistics textbooks.
10.3.3 Measurement of P ,—With the test grid perpen-

dicular to the deformation direction, count the number of times 10-4.3 Conversion of Knoop hardness (HK) values to the
the test lines intersect a particle, phase or constituent bounda§Auivalent Rockwell C value must be done with care and may
P, whether the particle, phase or constituent is clearly part ofhvolve considerable error, particularly if the_test loads used are
the band or not. Do not count phase or constituent boundaridgWer than 500 gf. Tables E140 do not provide HK to HRC (or
between like particles, grains, or patches. Count only phase &ther scales) conversions for steels with hardness above 251
constituent boundary intersections between unlike particled;!K; however, Test Methods and Definitions A 370 do provide
grains, or patches. Tangent hits are counted as one intersectigi t0 HRC conversions for the hardness range covering heat
Table 1 provides rules for counting while Fig. 1 illustrates thel'éated steels. The equations given in Annex A2 may be helpful
counting procedure. Calculate the number of boundary interfOr Such conversions. _
sections per unit length perpendicular to the deformation axis, 10.4.4 For as-quenched carbon and alloy steels with bulk

P, ., in accordance with: carbon contents from 0.10 to 0.65 %, the carbon contents of the
P matrix and the segregate streaks or patches may be estimated
P, = f @)  from the as-quenched hardness. Both the matrix and the
! segregates must be fully martensitic (except for normal minor
where: amounts of retained austenite) and in the as-quenched condi-
L, = true test line length as defined in 10.3.1. tion. The Knoop microindentation hardnesses (500 gf) for

10.3.4 Measurement d? —Rotate the test grid over the matrix and segregate are converted to HRC values ((Eq 1) and
same field and location measured for so that the lines are (Eq 3) of Annex A2) and the carbon contents are estimated
oriented parallel to the deformation direction and count theusing Eq 2 or Eq 4 (Annex A2), depending on the hardness
number of all particle, phase, or constituent boundary intersedevel.
tions, P, with the test line for the feature of interest (in the
same ways as described in 10.3.3). Calculate the number dfl.. Calculation of Results

boundary intersections per unit test length parallel to the 11 1 After the desired number of fieldshave been mea-

deformation axisPy, in accordance with: sured, or the number of microindentation impressinrsave
b Py 4 been measured, calculate the mean value of each measurement
LI L @ made by dividing the sum of the measurements rbyo

. determine the average values ®f,, N, P_,, P_ or the

where: K icroindentation hardness of each type band

L, = true test line length as defined in 10.3.1. average Bnoop microindentation haraness ot eacn type band.
t For a highly banded microstructur®|, , (the bar above the

fivioﬁé? dsThp?esre g.?na;léreg;egcsafigﬁu'%;fh ri%?:éfg docvi?;c:ﬁéﬁtantity indicates an average value) is a measure of the number
operator bias. If the banded condition appears to vary substa f bands per mm (one-haf? . is approximately equal to

tially across the longitudinal section, measurements ma beu)' i
ma():I/e at specific Iocgtions, for example, subsurface, midtf){ick- 11.2 Next, cal_culate the st_ano_lard dev_latlo_ns of th_ese mea-
ness and center locations, or at a series of locations across {pgrements f°“.‘ f!elds or n microindentation impressions in
thickness to assess the positional variability. accordance with:

10.3.6 Examples of the use of these measurement proce-

a 1 n =5 1/2
dures are given in Annex Al. ST [” -1 Zl B =X ] ©®
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where: These two indexes should be approximately equal because,
X, = individual field measurements and ignoring the influence of tangent hits and counting errors,
X = mean value. P. = 2N_ for such structures. The anisotropy index for a
The measured means and standard deviations can be eagigndomly oriented, non-banded microstructure is one. As the
calculated using most pocket calculators. degree of orientation or banding increases, the anisotropy
11.3 Next, calculate the 95 % confidence interval, 95 % Cljndex increases above one.
for each measurement, in accordance with: 11.7 The degree of orientatiofi),,, of partially oriented
ts linear structure elements on a two-dimensional plane of polish
95%Cl= =+ G (6)  can be calculated using either the or P, values determined
in 11.1 in accordance with:
where: = = = =
s = standard deviation and Q= e~ My _PutPu g

=+t U450, =
t varies with the number of measurements (see Table 2). Ney #0571 PLo+0.571R
The value of each measurement is expressed as the meanrhese two indexes should be approximately equal because,

value = the 95 % CI. ignoring the influence of tangent hits and counting errors,

11.4 Next, calculate the % relative accuracy, % RA, of eacP. = 2N, for such structures. The degree of orientation can
measurement in accordance with: vary from zero (completely random distribution) to 1.0 (fully

95 %Cl oriented).
% RA = X 100 )
12. Test Report

where: 12.1 The report should document the identifying informa-
X = mean value of each measurement. tion regarding the specimens tested, their origin, location,

The relative accuracy is an estimate of the % error of eaclproduct form, date of analysis, number of fields or indents
measurement as influenced by the field-to-field variability ofmeasured, magnification used, etc.
the values. A relative accuracy of 30 % or less is generally 12.2 Describe the nature and extent of the banded or
adequate. If the % RA is substantially higher, additionaloriented microstructural condition present.
measurements may be made to improve the % RA value. 12.3 Depending on the measurements performed, list the
11.5 The mean spacing (center-to-center) of the banded enean, standard deviation, 95 % confidence interval and %
oriented phase (constituen§B, , can be determined from the relative accuracy for each measuremet (, N, P, Py,

reciprocal ofN, | : and HK for each type band). Next, depending on the measure-
1 ments performed, list the anisotropy index (or indexes), Al,
SB = 5— (8)  calculated in 11.6 and the degree of orientation value (or
LL

i values) (), ,, calculated in 11.7. For highly banded microstruc-
The mean free path spacing (edge-to-edge) may also Rgyes, |ist the spacing valu&@B, and\ ,, calculated in 11.5.
calculated. This requires a measurement of the volume frac- 12 4 For specimens where the microindentation hardness of
tion, Vi, of the banded or oriented phase (constituent) by poinihe pands was determined, calculate the difference in Knoop
counting (see Practice E 562) or other suitable methods. Theardness between the bands, if desired. Conversion of HK
mean free path spacing, , is calculated in accordance with: y5jyes to HRC (or other scales) may involve considerable error

1-Vy (particularly for test loads below 500 gf). The conversion chart

A= 9

N, in Test Methods and Definitions A 370, or the equations in
Annex A2, should be used.
where: . 12.4.1 For as-quenched carbon and alloy steels with mar-
V,, = is a fraction (not a percentage).

; ) tensitic matrixes and martensitic segregation, the carbon con-
The difference between the mean spacing and the mean fregnis of the matrix and segregate can be estimated from the
path provides an estimate of the mean width of the banded ¢fs.quenched hardnesses using the procedure described in

oriented phase or constituent. . Annex A2. This method is applicable only to steels with carbon
11.6 Calculate the anisotropy index, Al, using the mean:gntents from 0.10 to 0.65 % and both segregate and matrix
values determined in 11.1 as follows: must be martensitic. The degree of carbon segregation may be

N, P, estimated by this method and reported for such specimens.
Al = —or, Al = . (20)
Hi L 13. Precision and Bias
TABLE 2 t Values for Calculating 95% Confidence Intervals 13.1 There are no standards that can be used to rigorously
NoTe 1—n is the number of measurements. define the precision of banding measurements gnd dete.ct bias.
) ; — ; 13.2 Because banding is detected on longitudinally oriented
metallographic specimens taken parallel to the deformation
2 4.303 2.365
3 3.182 7 2.306
4 2.776 8 2.262
2 SEE 12 2.228 “E. E. UnderwoodQuantitative StereologyAddison-Wesley Publishing Co.,

Inc., Reading, MA, 1970.
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direction, deviations of the plane of polish of more than about 13.9 The verbal description of the nature of the banding or
5° will influence measurement results. alignment is qualitative and somewhat subjective. There are

13.3 Improper specimen preparation will influence test represently no absolute guides between the measured quantita-
sults. Etching must produce strong contrast between the phastige parameters and the qualitative terms used to describe the
or constituents of interest. It is best if the etchant used does naicrostructure.
reveal grain boundaries within a given phase. 13.10 The values of the anisotropy index and the degree of

13.4 The degree of banding or alignment and the width obrientation cannot be used to establish whether the microstruc-
the bands will vary across the specimen cross section. Therédre is merely oriented parallel to the deformation direction or
fore, it is necessary to evaluate the banding or alignmenis actually banded. This difference requires pattern recognition
characteristic at specific locations. techniques which are beyond the scope of this method.

13.5 The magnification used can influence test results. ThElowever, an experienced operator can distinguish between the
magnification must be high enough to permit accurate countingvo forms of alignment, perhaps aided by the examples in
of feature interceptions or phase boundary intersections. HowAnnex Al.
ever, the magnification must be kept as low as possible so that 13.11 The microindentation hardness procedure for defining
each test line traverses a reasonable number of the grains thre difference in hardness between bands is subject to those
particles of interest. factors that influence the precision and bias of such test results

13.6 The test lines must be accurately aligned perpendiculgsee Test Method E 384).
and parallel to the deformation direction for accurate counting 13.12 Conversion of 500 gf Knoop hardness results to HRC
and determination oN, ,, N, , P, andPy. Deviations of values introduces another source of uncertainty which is
more than 5° from perpendicular or parallel must be avoideddifficult to define.

13.7 In general, as the number of fields measured increases,13.13 Prediction of the carbon content of as-quenched fully
the statistical variability of the test results decreases. Thenartensitic carbon and alloy steels (matrix and segregate), or
relative accuracy of test measurements parallel to the hothe difference in carbon content between the segregate and
working axis is nearly always poorer than for measurementsatrix, should be viewed as an approximation due to the
perpendicular to the deformation direction, as demonstrated byariability of published data for the as-quenched hardness
the test data in Annex Al. For a given number of fields(100 % martensite) as a function of the carbon content of
measured, the statistical precision is generally better for coarsmrbon and alloy steels.
structures than for fine structures and for isotropic structures
compared to highly banded or aligned structures. 14. Keywords

13.8 The counting rules must be followed consistently, 14.1 anisotropy index; banding; feature interceptions; fea-
otherwise the within-laboratory and between-laboratory repeature intersections; microindention hardness; orientation; steel;
ability and reproducibility will suffer. stereology

ANNEXES
(Mandatory Information)

Al. EXAMPLES OF MEASUREMENTS OF BANDED OR ORIENTED MICROSTRUCTURES

Al.1 This annex provides examples of microstructureanm (0.79 in.) apart; each line measured 125 mm (4.9 in.) long
(Figs. A1.1-A1.20), both single-phase and two-phase, thafor a total line length of 1000 mm (39.4 in.). The grid was
illustrate various degrees of banded or oriented microstrucalternately aligned perpendicular and parallel to the deforma-
tures. Each microstructure has been qualitatively described ition axis at various locations over the prints, selected at random
accordance with the scheme outlined in Fig. 1 and each hagith as little bias as possible. A minimum of five measurements
been measured using the appropriate procedures describedjineach direction, generally more, were made on each micro-

10.3. All of the measurements were made using @nlarge-  graph by one or more persons. The deformation axis in each
ments of the photomicrographs presented. The grid used fQhicrostructure shown is horizontal.

these measurements consisted of eight parallel lines, spaced 20
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Tint Etched

PR
Wrought AISI 312 Stainless Steel
N, , (No./mm) Ny (No./mm) Al N, IN,y, [0S P, . (No./mm) Py, (No./mm) AP, 1P, [0S
X 32.30 28.71 1.13 0.074 62.02 56.50 1.10 0.059
s 1.409 2.316 3.208 4.117
95 % ClI +1.06 +1.75 +2.42 +3.10
% RA 3.3 6.1 3.9 55
n 10

Note 1—Measurements made on the austenite (white) phase.
FIG. A1.1 Nonoriented, Non-Banded Isotropic Two-Phase Microstructure with no Matrix Phase; Ferrite (Dark), Austenite (White)
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Wrought AISI 329 Stainless Steel

N, , (No./mm) Ny (No./mm) Al N, INy, [N P, , (No./mm) Py (No./mm) AP, 1P, (O
X 61.28 13.18 4.65 0.699 121.83 25.58 476 0.705
s 3.828 2.390 7.231 4557
95 % CI +2.57 +1.61 +4.86 +3.06
% RA 42 12.2 4.0 12.0
n 11

Vy, = 0.227 SB, =0.0163 mm A, =0.0126 mm

Note 1—Measurements made on the austenite (white) phase.
FIG. Al.2 Highly Oriented, Banded Two-Phase Microstructure; Oriented Austenite (White) in an Oriented, Banded Ferrite (Gray to Black)
Matrix

10
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