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Metallographic examination

Microscopic examination of speelal steels
using standard diagrams to assess the

content of non-metallic inclusions
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Metallographisr:he Prtfverfahren; mikroskopische Priifung von EdelstShlen auf nichtmetallische Einschliisse
mit Bildreihen

ln keeping with current practice in standards published by the !nternational Organizatlon for Sandardization (tSO)"
a comma has been used throughout as the decimal marker.
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Sampling and preparation of specimens
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'! Scope arul field of application
1,1 This standard describes the examination of special
steels for non-nretallic Inclusions of sulfidic and oxidic
nature. Both mncroscopic and microscopic methods are
used for this purpose. Microscopic examination can be
carried out using a metallurgical microscope and auto.
matic devices. lt has not been possible to standardize
instrumentatiorr for automatt'c evaluation of micrographs
because developrment of such instruments is not yet
complete. This standard specifies a method to be applied
for microscopic examination using a metallurgical
microscope and a set of standard diagrams arranged in a

systematic sequence, which enables the micrograph to be
described on the basis of the type and size of inclusion
(length and width or diameter) and the frequency
(standard diagram plate 11. An index proportional to the
content of inclursions from a specified limit slze upwards
can be calculated separately for the oxide and sulfide
,components or ,as a total value. There is also provision
for determining maximunr sizes.

1.2 By agreemrlnt, the standard may also be applied to
other steels.

In the cass of lo,w-carbon steels and stainless steelg with
no transformation, it is necessary to take into account
the special properties of such steels (see subclause 5.41.

1..3 The standard applies to the steel sections listed in
table 1 and figure 1. In the case of flat procluct$ in tlr0

Structure and use
of standarddiagram plates . . . .,
Testprocedure. . . .

Evaluation using methods M and K
Test report

form of sheet and striρ  and other products of sma"
thICkness and aIso forgIngs:n、 ″hich the fIbrθs do not
run丨 n a straightl:ne、 sρθciaI foatures need to bc taken

:nto account and agrθ ements reached w:th reg口 rd to

samp"ng and evaIuation.

1.4 For stee丨 s infIuθ ncθd bˇ thθ form of su丨 fIdθ

incIu“ ons`a sra沟 艹巳、砘 刀Ⅱn叻 仂 rarr(Iron and steθ l test

shθ et)i1:currenuy№ Ing ρreρ ared口 wh∶ ch WⅢ  takeinto
account thθ  Iθ ngth/w:dth rat:o of the∶ nc丨 usIons,

1。5S扫 乃艹ε内e″亻”凵rDra:r1572灿 刃kroskop庇 ”eP〃 rJI,J
yo冖 月 ″FOm刁 re冖岫 扔 ren a臼

`s口

ltid=“ne,″汹

"″

era}△I茹hε

ε加 sc乃I心啪 仞 ″ 彐i`洳 Jhe,,η (M IcroscopIc exam∶ na“ on
of freeˉcutt∶ ng steels us∶ ng standard d∶ agrams to asse爸 s

the content of non· metaⅢ c suIfide indusIons)shall be

used for gxaminat:on of’ ′
frge·cutting steeIs″ on thθ

basis of thθ shape`s:ze and dIstribution of thθ

nonˉmeta"Ic IncIusions.

1,6 ∶t is not Within thθ  scopθ  of this standard to sρ gcifV

maximum ρermissible conten“ or ev,IuaHor、 “

nonˉ meta"ic incIusions Ⅵ

`Ith a VIew to determi""1g thesefVIceab"itv of components,Thisis covgred ir∶ Ⅱ:ateriaI

standards or teGhn:caI do"verv condit∶ ons,

1)obtainabl弓 from1饴础Vs扫乃Fe's刨 ,佣0″ ,

Pos饣Fach8铉 29`Dˉ4QOO D1ssOIdoIf,

2
3

Continuerl on p6ge$ 2 to 13
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2 concepts
2'a Non-metalllcinclurionr

2.3 MacroscoPioinclusions

Macroscopic inclusions are understood to mean inclusions

exceeding the limit value of area of microscopic

inclusioni, The standard diagram plate in this standard

shows some macroscopic inclusions from line 8 onwards'

and thus it permits a value to be given for the total

degree of purity when an index is calculated'

2.4 Degre,e of puritY

For tho purposes of this standard, the degree of purity is

a value indicating the content of non-metallic inclusions

in the form of sulfides and oxides on the basis of one of

the following methods of dotermination'

a) Method M; determination of maximum size rating

values for different types of inclusion'

b! Method K: determination of index of percentage area

of non'metallic inclusions in the structure' i'e' the

sum obtained by counting inclusions weighted

according to their area, starting from a specified size

of Inclusion upwards, and rEferred to an area of

1000 mmz. This index is a value indicating the

content of such incluslons in the product'

Polished surface

Po"shθ d 'lace

>25
T

mm- 50mm

Polished surface in accordance with table 1

Thickness
of specimon

Polished surface

￡刂互
of

彡

'霏

Fi\rr" 
t, Sampling from products of different sizes

Size of polished surface subject to agreement



Size (diameter,
length of short side
or wall thickness)

Position of polished surface
in the specimen

Up to 25 rnm ￡fIR罗褴社社莒Ⅱθσ°sg sOc刂 0n

Ovor 25 mm
up to 50 rnm

Across tho wholθ  cros· sootIon of
the$ρ θcirnθ n or oXtendIng from
thθ outer OdgO to thθ  Iongltudln日 I

臼×I6

Over 60 nrm

In tho caso of wirle flatt, tho potlshsd surface of tho
rpeclmens shall lle perpendlcular to the larger surface and
rhall be cut adJacant ro rhc flrst thlrd of thb product width,
in the dlrectlon of rolling, and In the case of tubes, In tho
directlon of the lvall thlckncs snd tho dir€ction of rolling or
In the axial direction (see ftgure 1). ln the caso of forgingi in
which tho flbros rjo not run ln a stralght llno, 6n agreoment
shall be rn€de at llhe time of ordorlng.

Table 1. Porition of polished rurfaoe of the specimen
for valious spocimen saz€s

DlN50602 Page3

5  sampⅡ
"ga"d proparatiom of sρ

ecimens

5.1 The specimens sha"ba taken in such a rnannθ r that

the po"shed surfacθ to be θVaIuated is If possibIe para"el

to the dIrection of forn1ing(θ .g,ro"Ing),and In tho c口 se

of rotationa"y$yn1metrica丨 cross sectIons、 that∶ t Iios In

the pIane through the日 Xis of the ρroduct`this ρrovid∶ ng

sa"sfactorV condItions for Comρ arison of non刂nθ ta"ic

inClus:ons wIth regard to their∶ θngth,

5.2 Table1and figure1give spec∶ fic8t:ons rθ lat:ng to

thg arrangθment(sampIing ρoInts)of the sρ θcimensin

round and squarθ  stOel tubes and、″idθ fIats w∶ th a gma"

Wldth· toˉ thiCkness ratio.

5.3 The sIze of the po"shed surface of the sρ eCimθ ns of

a quantIty of mate"aI submitted for test∶ng(cast or

batch)dθ ρends on Var;ous circumstances`such as the

type and crossˉ sect∶ona|dIrnensions of the ρroduct or

the mθ thod of evaIua"on(see the reIeVant notθ s giVθ n In

subclauses8,2.1and8,2,2)。 In addition`the amount of

work involvθ d in samρ

"ng and testing shouId aIso bgtakθ n into account、 ″hθn detθ r了n∶ ni"g the s;ze,For this

rθ ason`on thθ basis of figurθ 1、 ∶n thθ casQ of ρroducts

exceeding50mm in diameter or widthf the sizθ  of thθ

田 Ⅰ七::礻甘犭 :%η

°

汐
∫
;∷挑 帮 罂 π 爸 T⒊ rfΓ

叽

sectIon了 nay eXtend from the outθ r edge to the

Iongitudinal axis。 As far as possible`the ρo"shed surfacθ

of the specirnens of one test unit shouId have the samθ

dimensIOns,

5.4 1n po"shing thθ  spec∶ rnens,the incIusIons sha"not

be torn out or be changed in their form and no ρarticIes

of grindIng or po"sh:ng agent sha"bθ  pressed i冂 to the

po"shθ d surface。 丨f necessarv`the surface of the section

iC to be hardenθ d,FOr thIs rθ ason,the specimens ar¤ to

bo carθ fu"v ground and then ρo"shed for as short a tIrnθ

as possiblθ ,

6  structure臼 nd use of stondard diagram plato§

6.1 DIagram ρlato"o.1

6.1。 冂 Diagram ρIatθ No,1indudes four basic colum"s

gIving the fnost commonlv obserVed shapes of:ncIusions

designated bV numbers冂
`3`6and8`each cons∶

sting of

nine dlagrams WIth Inc丨 usIon ratIng numbers O to8,The

sca丨θ of rθ productIon of thθ  dIagrams In ρIatθ No。 1∶ s

100:1,Thθ  fo"owing Wρ es of incIusion are

distinguished:

inc|usion typθ ss:  sulfidθ  incIus:ons of e|ongatod tVρ e氵

inc丨 usIon tVpθ oA: oXide incIusions of fragmentcd tV卩 e

(a:uminium oxides)氵

IncIusIon tVpO0S:  oXIde InC丨 usIOns of θlongatOd tVρ e

(silIcato引
:

ihcIusiorl tVpθ  oG: ox∶ dg inclusions of¤ 丨obular tv卩 e,

The dε rived coIumns O`2、 4,5`7and9are de$Gribed in

subcIauses6.1,2and6.1,3,

Thθ ninθ di臼 grams of a c° lumn with the rating numbors

o to8shoVV under rating number O the sma"θ s{

microscoρ ic incIusion that can be θva丨 uated at a

magnificat∶ on of X】 00`and under rating nvmber8in

somo casOs inCIusions th臼 t are aIreadV in the macro§ cop:G

rangg for the tVpe of inclusion concθ rned,The arθ a of

2.5 Standard diagram plate No. 1

For the purposeli of this standard, standard diagram
plate No. 1 is a sr:t of diagrams constructed line by line
on the basis of a 2n geometrical series for the area of
non-metallic inclusions, containing forms of inclusiorr
typical for steel, the inclusion area doubling from one
diagram to the nBxt in each column. Inclusions of equal
area but differing in length x width or frequency, aro
shown on the salne line next to the basic column for
each type of inclusion.

3 Designation of method
Designation of the examination for non-metallic
inclusions as specified in this standard, method K, count
of inclusions frorn rating number 4:

Test DIN 50 602 * K 4

4 Scope of test
4.1 Single specimens do not provide a representative
index of the deglee of purity of a cast or a batch so that
the test is to be carried out on a number of specimens. In
general, the degnre of purity shall be tested on not les$

than six specimens.

4.2 For each order, a check shall be made whether the
circumstances allow a reduction in the rrumber of
specimens to less than 6, for which purpose it is
necessary to take into account the quantity supplied
and, if required, the extent of any forming the material
has undergono arrd the position of the specimen in the
product. The dellvery conditions rnay specify a ditferent
number of specinnens.

4.3 lf the quantity of material subrnltted fr:rr testing
exhibits special fr:atures, for example that the speciment
do not originate llrom the same cast or the sizes of tha
various specimens differ substantially from one anothnr,
these speclal f€atures shall be taken lnto account whell
agreeing the scope of test (see subclause 4.2).
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the inclusions shown doubles from one diagram to the
next, formlng a 2n geometric series where n is the rating
number,
The length of the inclusicrh to trc considered increases

from diagram to diagram by a factor of 1,5 with a

simultaneous increase in lthe average inclusion width,
thus conforming to the biasic formula for the increase in

area of the inclusions. The length, and in column 6 also

the width, are marked on the dlagrams in plate No. 1 in

order to facilitate measurement. The length of an oxidic
inclusion in the case of OA inclusions is greater than that
for OS inclusions of the same width, because for a given

rating number, the aroa vrrould otherwise be dlfferent.
Rating number 9 is resen'ed for macroscopic inclusions,

which are not shown in diagrammatic form, becauss

they would extend bsyond the limits of the image field.

6.1.2 lf, in the case of a single inclusion, for the same

length, the width is only half that in the equivalent
diagram of column 1, 3 or 6, the area of the inclusion is

also halved so that the rating number is therefore reduced

by 1. This is represented by columns 0, 2 and 5, each on

the left of a basic column, Similar considerations apply

for the evaluation of thicker inclusions with twice the

area. In such cases, the rating number is to be increased

bv 1.

6.1.3 lf othor non'metallic inclusions up to t$,o rating

numbers smaller are visible in the field under observation,

the area of the inclusions within the circular sub-field

again increases and the rating number is increased by 1

as in columns 4 and 7, on the right of basic columns'

Sulfides mostly occur in clusters so that it was not

Tabh2。  sVs们 m for ass屺nino narrow e∶ o口ga巾d non· mθtaⅢc“ clu亻 oⅡg to thθ

"nOs h dIagram卩

latθ No。 1们 。o。 to th0

rating numbenrl as a function of thelt wldth and length

Table3,

Line
number (nl;

rating
number

Average true width (b) of the non'motallic inclusions, in pm

o,s,)l 1 | 2 | 3 | 5 | 7 
|

Average true length (l), in mm

10

Area(^)1)
(magnification:

x100)f
in mm2

0
1
2

o‘20
o∶40
o,80

o,10
o,20
0:40

o;05匡Ⅱ彐
oJ0
o·20

oiO3 □ΣE口
o,06 囤
0i12囤

o,02
oIo4 圃
o·08 囤

4
8
6

1
2
5

0
ο

ο

ο

ο

ο

o)01

o)02
o∶04

1
2
4

3
4
5

1,60

3,20
6I40

0,80
1,60

3〕20

o,40

o‘80
1,60

o,25

o,60

1,00

o】 16囤
oi32
oj64

o,11I亘囝
o·22囤
o,44

o:08

o,16囤
o‘32E≡I彐

8
6
2

1
3

θ

7
8

6,40 ο

ο

2
4

3
ο

ο

ο

ο

ο

ο

ο

2
4
8 1,28

2,56

5j12

o,88
1I76

8i52

ot64
1;28

2,56

4
8
6

6
2
5

1
2

The pai sofnt rmbers n the boxes ;ive oxamples of the approf rriate dlagram in diagram
"atθ

 No,1。

Here again, A = 2n '
Because this is apprrraching the lirnit of resolution of the microscope, it is no longer meaningful hero to give a

precise indication oli ths true width of the inclusions in this size range.

Ranges of avst,sge lengths of non.metallic lnctusions as rpecified in table 2

Mean true wldth (b) of non'metallic inclusions' in um

o,ri,) | r I z I s I s I z | ''o

Rango of average length (ll, in mm

over Up to I ov* up to I over Up to I o*t up to I over uo to I over un to I over Yt-:
o】006ru O,° 15

ojO15  0tO2g
ojo29  0Io51

o,061  0,11
o,11   0,22
o,22   0,44

o,o15 0,o3
o氵03  0,o6
o,06  0,12

oIo10 0,02
0jO2  0,04
olo4  0I08

0,o22 0IO45
o:o45 0〕o9
o,o0  0冖 5

o;003 01065
o,o65 0,15
0冖 5  0i29

o,16 0.20
o,29 0〕 56
0,56 1I10

2
2
4

ο

°

ο

0,15  0.35
o:3s  o)66
o∶66  1,40

0·29  0,56
o156  1Jo
1,10  2,20

o:56  1,10
1,10  2:20
2,20  4,40

1,10 2,20
2,20 4,40
4,40 8∶ 80

o,44   0,88
o·88   1∶ 66
1I66   3i32

o】60  1,20
1,20  2,40
2,40  4,80

1i40  2:Bo
2180  5:60
5,60 11120

oi88  1,6o
1,66  3.32
3,82  6,64

| ) Because this ls approaching the limit of resolution of the microscope, it is no longe r meaningf ul here to givo a

precise indication of the true width of the inclucions in this oize range.
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True length *
true length and size rating number for the inclusions rcferred to in tables Z
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1,00 1,1 1j30

6.2 Diagram plates Nos. 2 and 3

described in tables 2 and 3 by speclfying the appropriate
rating number for various combinations of inciusion
length and width.
These numerical rela.tionships are shown in a graph irr
figure 2. This figure can be used especially foisimple
regding of interpolated values of inclusion longth and
width.

diagram plate No. 1.

When using diagram plates Nos. 2 and B, it is important
to bear in mind the sc,ale of roproduction (200: I) whorr
comparing them to the basic series shown irr ptate No. l
(100;1).

6.2,2 Diagram plate No,2 i
os and sS) provides a visual
width of such inclusions. Th
and therefore is to be measu

a rating number of the basis of the data given in tables Z
and 3 or figure 2,

6.2.3 Diagrarn plate No.3 gives in the left-hand column,
type OA lnclusions with different degrees of
fragmentati<ln. The relevant numbers indicate the
amount by which the rating number assigned to the total
length, is to be reduced because of the greater degree of
fragmentation (see subclause 7,2.3, and also
subclause 7,2.41.The width of the inclusion is to be
assessed in accordance with diagram plate No.2.
The right.hand colunrn of diagram plate No.3 is to be
used for classifying clustered inclusions, for classifying
which in comparison with an individual Inclusion of the
basic series, it is necessary to take into account not only
the quantity and the distance botween the inclusions but
also the area of all non-metallic inclusions, i.e. thoir totat
extension. The associated numbers show the amount by
which the rating numbor is to be increased, with
increasing frequency.

6.2.4 For a classification of globular inclusions, insofar
as thay aro not represented in diagram ptate No. l, i.e. in
thc case of very small, very larga or clustered inclLrsions:,
the principle of classification according to the total area
crf tho Inclusions is again uaed as a basis.

6.3 To on$ulo groator clar.ity ancl reducp the work
involved, orrce the user is sufficiently pr.actised, iE is
possibls to use for thE test just colurnns 1, B, 6 ancl g as
shown in diagranr plate No. l, together witlr
No*" 2 and 3 fol srnaller thicknosses uf inclu arrsr
dogree of fragmontatiorr and graater frequen us6
columns A,2, 4,5, 7 and g merely slrrlw exsm6les of
evaluation deviating, for one length of inclusion, only by
one rating number frorn the respectivB Lrasic colurnn.

V Test procedure

7.1 The polished surface of the snecimerls shall bs
olrserusd using a rnicroscope with a magnification c.lf
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Figure 2. Relationship between true width, true length and sizc rating number for the inclusions referrod to in tables 2
and 3
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congidered necessrtry to reprosent individual sulfidic
inclusions. lf sulfirjic incluslons occur individually, the
dimensions of the longest inclusion in the SS columns
shall be used as a basis for estimating the length or area
and the rating nunlber reduced by l.

6.2 Diagram platls Nos. 2 and 3
6.2,1 The principle of identical rating numbers for
identical areas of inclusions applies also to thinner, more
elongated inclusions and those wlth a greater degree of
fragmentation than shown ln diagram plats No. l. Since
such inclusions usr.rally extend beyond ths limits of tho
field visible in the microscope (sub-fieldl these are
described in tables 2 and 3 by specifying the appropriate
rating number folyarious combinations of inclusion
length and width.
These numerical relationships are shown in a graph in
figure 2. This figura can be used especially for simplo
reading of interpolated values of inclusion length and
wldth.
Diagram plates Nor;,2 and 3, which supplement diagranl
plate No. 1, are intiended to servs as an aid for classifying
under a smaller or larger rating number, types of inclusion
that are thinner anrd more fragmonted or more tightly
grouped than would correspond to the diagroms of the
basic series. The principle of assignlng the rating number
according to ths araa of the inclucions also applies for
thlcker inclusions, the claseification of which by length
has been mads in ascordanco with the basic series of
diagram plate No. 1.

When using diagrant plates Nos.2 and 3, it is important
to bear in mind the scale of reproduction (200:1) wher.r
comparing them to the basic series shown irr plate No. I
(100:1).

6,2.2 Diagram plate No. 2 including two series (OA and
OS and SS) providos a visual aid for determining the
width of such inclusions, The length is not given hore
and therefore is to be measured and then classified undsr

a rating number of the basis of tho data given in tables 2
and 3 or llguro 2.

6.2.3 Diagram plate No.3 gives in the left-hand column,
type OA inclusions with different degrees of
fragmentation. The relevant numbers indicate the
amount by which the rating number assigned to the total
length, is to be reduced because of the greater degree of
fragmentation (see subclause 7.2.3, and also
subclause 7.2,4l,.The width of the inclusion is to be
assessed in accordance with diagram plate No.2.
The right-hand column of diagram trlate No.3 is to be
used for classifying clustered inclusions, for classifying
whlch In comparison with ah individual inclusion of the
basic sorlos, it is necessary to take into account not only
the quantity and the distance betwoen the.inclusions but
also the area of all non-metallic inclusions, i.e. their total
extension. The associatod numbers show the amount bv
which the rating number is to be increased, with
increasing frequency.

6.2,4 For a classification of globular inclusions, insofar
as they are not represented in diagram plate No. 1, i.e, in
the case of very small, very large or clustered inclusions,
the principle of classification according to the total area
of the inclusions is agairr used as a basis.

S.3 To ensuro gfeatet'clarity and radrrc.e the wolk
invcllved, once ths user ls sufficiently practised, it is
pnssible to use for tho to$t just columns 1, 3, 6 ancl E as

shown in tliagrarn plato No. 1, together with plates
Nos, 2 and 3 for smaller thieknesses of inclusion, greater
degree of fragmentation 6nd gr6at€r frequency, bseause
columns 4,2, 4,5, 7 and I mere ly show examples of
evaluation deviating, for orre lengtlr of inclusion, only by
one rating number from flre respective basic colurnn.

7 Test proosdure

7.1 "fho polishecl surface of the specirnens shall be

obserued using a microscopo with a magnlfication of

0,70 0,80 0,90 1,00 1,10 mm 1,30
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x 100. This magnification is the same as the scale of
reproduction of the diagrams in plate No. 121.

The specimen can be observed either through ths
eyepiece or on a proiection on a ground glass screen. Tho
field under observation shall be of the same size as tho
referencs diagrams of plate No. I (if possible, 80mm in
diameter; fields with a diameter between 75 and 80 mm
are however permitted). lt is advisable to limit the field
under observation to this sizo by having a circular mark
in the eyepiece or on the ground glass screen. For
obssrvation of very thin inclusions, it is advisable to use
a magniflcation of x 200. Such a magnification is equal
to the scale on which diagram plate Nos, ? and 3 are

reproduced.

7.2 For rating non-metallic inclusions in e field under
obsorvation it is necessary to determine the diagram in
plate No.1 corresponding to that observed, where
nece$ary supplemented by the appropriate diagram
from plate Nos.2 and 3, For this purpose, it is advisable
to start from the measut?ment or estimate of length of
the inclusion to be considered,

7.2,1 For an evaluation on the basis of diagram plate
No. 1 it is particularly irnportant to note that for rating
numbers 6, 7 and 8 of columns 0 to 6 ther6 are $omo
fields in which the length of the non-metallic inclusion
to be considered extends beyond the diameter of the
circular field to a certain extent. Non-metallic inclusions
observed in such cases are to be rated on the basis of the
inclusion length given below each diagram, Unless
otherwise agreed, even larger inclusions (of the same or
of greater thickness) tharn those shown are all to be

classifiod under rating number 9.

7.2.2 lf inclusiono of different types and shapes, as

shown in the series of diagrams, can be clearly
distinguished from each other within one field under
observation, them shall ba treated aE though they had
occurred separatoly in different fields.

7.2.3 lnclusions of types SS, OS and, at a lowor degt'eo
of fragmentatlon, OA, l'ying one behind another on onc
line shall be regarded as continuous lf ths distance
betrryeen two inclusions is lese than ths length of the
smaller of the two inclusions. lsolated point-shaped
inclusions are not to be taken into account wherr
determining the total length.

7.2.4 For inclusion type OA, diagram plate No.3
(left-hand columnl Frrovides a basls fqr assessing the
dogree of fragmontatlon to asslgn to tho area ths col'rect
rating rrumber. lf the averags distanco between the
particlos of a string of ittclusiorrs of thlc type ls larger
than the largest dlstanccr betwBEn tlto polnt"shalmd
Inclusions repres€nt€d in tho top left-hand diagratn of
plate No.3,'the evaluation shall lre macie on the basis of
inclusion typa OG. The reproduction is intendecl tct

show that loosely grorJped stt'ings are to bo assignecl

lower rating numbors corresponding to the arer of
oxides contained. These numbers are then genorally in

ranges which, for examplo in the case of mothod Krl', srrt

not recorded, but still ari'e to bo teken lntcl accoltnt for
method K 1,

7.3 In goneral, the complote area of the pollshed surface
of the spocimons shall kre examined, Any excoptlone to

this, which only arise in the case of method K (see

lubcfause 8.2.2.31, shall be specially agreed and specified
in the relevant d€livery condltion.

8 Evaluation using methods M and K

8.1 General

8.1.1 The non.metallic inclusions observed shall be

designated (in the sequence indicated below and
separated from each other by a polnt) in each case with
the number of the diagraqn column concerned (type and

shape of inclusionl and with the rating number as in
diagram plate No. 1, determined in accordance with the
procedure described in clauses 6 and 7, e.g. 1.2, 5'3, 6^5.

It is not permittod to give fractions to indicate the
inclusion rating (e.9. 2,5; 4 1 l2l.

8.1.2 Printed forms should preferably be used for
recording the test results and their evaluation (e.9. as

shown in tables 4, 7 and 8).

8.2 Method of evaluation

Two different methods of evaluation are described in

subclauses 8.2,1 and 8,2.2. Which of the two methods is
to be used, shall be specified in the rplevant deliverv
condition.

8.2.1 Mothod M

9.2.1.1 This method serves to determine which of the
maximum-slze 3) inclusions of the various tyPes and,

whore applicable shapes, occur in the quantity of
material submitted for testing.

The speclmens shall be taken in accordance with the

specifications given in subclauses 5'2 and 5.3' The
polishod section to be evaluated shall be about 200mmz,
if a size of 12 mm x 18 mm has been agreed.

This method of ovaluation is adequate for most industrial
purBoses and is, for example, used for special structural
ste6l$"

8,2,1"2 The complete polishsd section of each specimon

to bs evoluated shall first be examined and then for each

column of diagram plate No. 1 (if necessary, additionally
using plato Nos. 2 and 31, the hlghest ratlng number of
non-metallic incluslons occurring shall be noted and

recorded, From the rating numbers determined for each

colunrn for the microsections examined, in each case tho

arithmotic mean shall be calculated. These values serves

as indlces for the "degree of purity" of the guantity of
matorial submittod for testing under the conditions
existing.'l'he frequency of occurronce of non'rnetallic
lnclr.rsions is not assessed in thls rnethod. 'this method
therofore also does not provitJe a comparative value of
thg content of non-rnetallic inclttsions.

8.2.1.$ Table 4 givoa an examplo for recording th€ tsst
results ohtairred in an evalual:icn lrr which the values of

l) Diagram plate hlo, 'l slrows the diagrarns on a reduced

ocale of about one third of that of the tlriginal plata.

It can therefore only give att approxirnatc indicatiott
of tho oliginal plate. For tlre evaluation proper,

the full scale diagram plate should be used;
'il1is can be obtainod fronr Eouth Verlag Gmbll '
BurygrafonstraBe 4-6, t1"1000 Berlin 30.

3) See subclauso 2,4.



Number
of

polished
saction

No.

Maximum rating number determined
for each section and for each column

in the diagrarn plate used

ss
|

oA
|

0s
|

oG

1
2
3

4
5
3

5
4
4

3
4
4

3
2
2

钅

5
ο

4
4
3

3
4
4

8
2
4

7
8
9

4
5
3

3
4
5

3
3
4

4
3
2

Mean 3θ 40 8,3‘ 26

馋
Tablg4。  Examρ ‖o of repro幽 Ⅱting test tBsuIts

whon el旧 lⅡ ating oⅡ  tho bas:gof ma浏 mum
mung mumbθ

"‘ "s:"g method m(seo su1,clause8,2.1.3)

tlre derived columns of diagram plate No. t have beerr
collated for the four types of inclusion with the values
of columns 1, 3, 6 and B, in accordance with the
procedure describrld in subclause 6.3, Inclusions of tho
same area, whether thin or clusterod. are given the same
rating number and can thr.rs be grouped togethor under
on€ type of irrclusiion.

8.2.1.4 In the case of methclci M, for a test for sutfidic
inclusions assignecl to ra'titlg ntlmlter 3 below, a general
method for detsrmining the degreo of pLrrity s,g. the use
of comparative diagrams that give only rough idoa of the
inclusion content, may be agreed additionally at the
time of ordering.

8,2.2 Method K

8.2,2""t In sorns cases it rnay be desirable to record all
non.meftllic incluriions from a specified size upwards
and 1o give the dellree of purity of a cust or a batch by
maans of a comprolransive index, l( a), characteriaingl
the area of ths inclusions. With this nethcrd, the alea of
the polished section of the specimc,n to be evaluatod
strall be at least 100 nrmz. With regarcl to tlre samplirrg
point$ for the samples ond the area of tho rrolished
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soction, the notes given in subelauses 5.2 and 5.3 shail
apply.

8.2,2,2 lt is necossary to decide in eaeh sass flom
which rating number on inclusions are to be evaluated.
Thls (lowest) rating number depends mainly on tho
manufacturing process (particularly the steelmaking
process), and on the intended application of the materisl
concerned and the dimensions of the product.

On the basis of experience the rules given in table 5 for
guidance have been drawn up, which should as far as
possible be used as a basis when agreeing on the method
of evaluation.

8,3*?.3 Unless otherwise agreed, in each case, thc whole
araa of th€ polishod soctlon shall be examined, The
sulfidic and oxidic inclusions shall be counted separately
and recorded using the examples given in tables 7 and 8.
Where only separate, predetermined measurement fields
or parts of measurement field within the polished section
are to be cxamined (which is only advisable in exceBtlonal
cases), the size and distributlon of these fiefds or parts of
measurement fields shall comply with the conditions for
a statistical test,

8.2,2.,4 Calculation proceduro for evaluation using
method K

T'he calculation procodure for obtaining tho total index
is, for simplicity, based on the method of assigning tlre
factor 1 to the most frequently determined rating
numbor 4. The factors obtained on the basis of the Zn-a
goometlic series for tho other rating numbers are to be
rounded so that, in the calculatlon, it is only necessaryr
to double or halve the numbers. Tho resulting deviatioil
in the calculation lies within the disparsion arising frorn
th€ fact that non-metallic inclusions are not unifonnly
distributed in steel. With this procedure, the larger
inclusions are more accurately ovaluated,

Table 6 gives the factors to be userJ in the calculations.
For calculation of the total indices the procoduro is as

follows (see also examples glven in tables ? and 8): the
numbet of non"metallic inclusions of each inclLrsion tyFe
(SS, OA, OS, OG) and each rating nr.lmtrer observsd slrall
be nrultiplied by tlre appropriate factor (/g, see table 6)
and tho products added, normally separately for sulfides
and for total oxldes, The "first $ubtolals" obtained in

a) See subclause 2.4,

Range
of rnting numberrt

to kre rrssd
ln the evaluation

$ynrhol ")
Fr.rr oxample
of evaIuatlorr,

50e

*') The number following code lotter K indicates tlre smallest rating numlrel frcrm diagranr plotc Nn. 1 includt*d
in the evaluatirrn (see clause 3).

》 犭

Σ 1

T'nble 5, Guidance cvaluatiom grroeeeluro u.lsing mothec! K

Air nrolted spsclal steels, e,g. $tee[ for ball and r*llsr
boariugs, structural steels arld trrul steels with sprycial
quality requirements for frroduct sizes not less than ijO mm

Vacuum melted or vacuum remolted slrecial steolg
or alloys or ronrolted by the electroslag process
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Table 6. valuor of factor /. to bo used for the avaluation using method K

this manner for each irrdividual polished section are then
to be added for all sper;imens in the test unit, thus
producing a 'tecond subtotal,, (in mm2l for all
speclmens. This result is then to be converted to a
section area of 1000mm2, using the following formula:

second subtotal X 1fi)O
totar 

"r"a "6ilshed 
#m = total index

of specimens (ln mnrzl

The "total indices" calculated soparately in this manner
for sulfides (S) and ox|Ces (Ol mav, by agreemont, be
added to produce an ,,clverall total index,,.
The two total indices or the ovirall total index reprss@nt
the degree of purity of the test unit examined. The
values obtained in the two cases should if possible be
integers and for this reason rhould be rounded, if
necessarY.

The index denoting the degree of purity is in each case
to be given the letter K and, in combination with lt, the
rating number for the smallest inclusions covered by the
evaluation and if necessary, the code letters designating
the types of inclusion, so as to avoid confusion and the
possibility of comparing results with a different
information content,
The method of writing the index is (as shown in table 7);
K4 = 66 (S: 26;0r 40).

Tablθ s7and8each give an θxamρ le of θvaIuation
∶ncluding a comρ Iθ tθ dθ scr:ption of the eValuation
condItions,

9 Test repoFt

Thθ test rθ port sha"refer to this standard and givθ  the
fo"owing information:

a)steel grade and symbd identifving the steelmaking

process`

b)form and dimensions of productfrom w"ch the

spθ clrnens havθ  been takθ nJ

c) mθ thod usQd as dgscribed in subc丨 ausθ 2.4`togθ thθ r

vVIth anV spθ ciaI fθ aturθ sJ

d) rθsult of the θvaIu日 tioo,InCluding bv agreθ ment

-for mθ thod M`

θIthθ r the subtotaIs(sθθ tabIθ 3f。 r eXampIθ )or onlv
the刊 nal resuItg(mθ an for θach column of d:agrams
con引 dθred)

-for mθ thod κ

`

statemθ nt of the sma"est rating number incIudθ d IR

the evaIuation`eithε r bV spec∶ fving thθ subtotals(see
tables7and8for e× amρ lθ s)or onIv the fina丨 rθ suIts
(tota丨 indices for s and0or oyθ ra"tota丨 indicθ s)as
described in subclause8,2.2,4,

Rating number (n) o 1 2 3 4 5 6 8 (9)¨
)

Fact° rF〓 2Ⅱ
-4

1`16 1`8 1'4 2 4 8 16 32

耶::∶牦悟:‰

usgd
o05 o1 o2 o5 1 2 10 20 so

nl g means rounded.**l 
Sse subclause 7.2,,1
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Table7, Examρ I。 °f ovaI"a刂 oⅡ uong mot"od κ 4口s described i"subcIa"so8.2。 2(seQ臼 bIθ 5)
(for aⅡ mθ ltOd1m mm squ。 m gpodd sto。Ib"h“ )
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polished
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evalurated,
in
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Types
of

inclusion
as in

diagram
plate No. 1

Numbor of inclusions classified by rating number

o l1 | ,l s | 4l5l6 | ? | I
Factor /*

o,oolo,1 lo,z lo,s I I I 2 | s | 10 I zo

Multiplication
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first subtotal
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∞
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1

1

1

1
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s
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1
2
一

1

1

1
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一
 
一
 
~

16

21

rotar [:z!q1J o:98

S - sulfides;
O = oxldes.
Converted to a polished section area ol 1000 mm2 and rounde

TotalIndθ x κ4艹
艹

) s:26 0:40

Overall total index K 4 66

to the nearest whole nulnbers.
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Table 8, Exampla of evaluation using method K 1 as deseribed in subclause g.2.2 (netahle 5)(using vacuum remelted 120 mrn square spacial $tool billets)

Number of inclusions classified by rating number
o I 1 | 2 I s I 4 | s I .'l , I B

Factor /s
0,05 10,1 lo,z lo,s 1  |  2  丨  5  |  1o | 20

560

s
s
o
A
o
s
∞

_
s
s
m
∞

o
G

7
〓

 
一
 
〓

一

 
一
 
〓

 
一

T0tal
Secorrd subtstal

Total Index l( 1 ""1

0verall to'tal index K 'i e*+t)

") S = sulfldes;
O = oxides.

"") Cnnvortod to a polished section area of l000nrrn2,
" 
*") Rounded fronr 1 ,Gg to 1,7 .

o:0‘ 16
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Standards and other documents referred to
ASTM E 45'85 Standard Practice for determining the inclusion content of steel E)

Stahl'Eisen'Prafbhtt 1572 Mikroskopische Priifung von Automatenstilhlen auf sulfidische, nichtmetallische Einflilsc
mit Bildteihen 1l

Other relevant r;tandards

DIN 50 600 Testing of metallic materials; metallographic micrographs; image scales and formats

Explanatory notes

3 1 /F ES Metallograf ische prllfu ngen of the Normenausschug

International standard lso 4967, Stoel; determination of content of non-metallic incluslons; micrographic method usingstandard diagrams|tl has been issued by the International organization for standardization tisot.
This International standard h
diasrams th'i;;;;;;;,;l-il ,:.['iiT":l"oriT:il'&?il1'J:fi1:',!:liffi::il11"
standard' which has been dev 570 (lg7l) and its Supplemeht 1 l1g77l has beenprepared.

International Patent Classif ication
G 01 N 21184

See page 1.

Obtalnabfe from the Auslandsnormenvermittlung ol DtN,BurggrafenstraBe 6. D-1000 Berlin 30,
obtainabfe trom Beuth veilag GmbH, BurggrafenstraRe 6, D-1000 Berrin 30.


