
September 1986 UDC 669.14: Ei20.186.14 

Metallographic examination 

Microscopic examination of speclal steels 
using standard diagrams to assess the 

content of non-metallic inclusions 

DIN 
50602 

DEUTSCHE NORM 

Metallographisl:he Prüfverfahren; mikroskopische Prüfung von Edelstählen auf nichtmetallische Einschlüsse 
mit Bildreihen 

In keep的'g with current practice in standards ρublished by the International Organizatlon for Sωndardization μSO)， 
B comma has bl~en used throughout as the decimal marker. 
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form of sheet and strip and other product5 of small 
thickne5S and al50 forgin95 in which the fibres do not 
run In a straight line, special features need to be taken 
;nto account and agreements reached with regard to 
sampling and evaluation. 

1.4 For steels influenced by tha form of sulfide 
inclusions, a Stahl.E;sen♂'rüfblBtt (l ron and steel test 
shee t) is currently belng prepared, which will take into 
account the length/width ratio of the inclusions. 

1.5 Stahl.E;sen.Prüfblatt 1572 Mikroskoplsche Prüfung 
von Automatenstählen auf sulfidische, nicht metaJ/ische 
Einschlüsse mit Bildreihen 1 ) (M icroscoplc examination 
of free.cutting steels using standard diagrams to assess 
the content of non.metallic sulfide inclusions) shall be 
used for examination of "free.cutting steels" on the 
basis of the shape, size and dlstribution of the 
non-metallic Inclusions. 

2 
3 

6 Sampling and preparation of specimens , • • • • • " 3 

1.1 This standard describes the examination of special 
steels for non-lTIetallic Inclusions of sulfidic and oxidic 
nature. Both mllcroscopic and microscopic methods are 
used for this purpose. Microscopic examination can be 
carried out using a metallurgícal mlcroscope and auto
matic devices. I t has not been possible to standardize 
instrumentation for automatic evaluation of micrographs 
because development of 5uch instruments is not yet 
complete. This :.tandard specífies a method to be applied 
10r microscopic examination using a metallurgical 
microscope and a set of standard diagrams arranged in a 
systematlc sequence. which enables the micrograph to be 
described on thl! basis of the type and size of Inclusion 
(length and width or diameter) and the frequency 
(standard diagrælm plate 1). An index proportional to the 
content of inclusions from a specified Iimit slze upwards 
can be calculated separately for the oxide and slllfide 

,components or .as a total value. There is also provision 
for determining maximum sizes. 1.6 It is not within the scope of this standa时 to specify 

maximum permissible contents or evaluation of 
non-metallic inclusions with a vlew to determining the 
serviceability of components. This.is covered in materiai 
standards or tel:hnical delivery conditions. 

1.2 By agreem1mt, the standard may also be applied to 
other steels. 
in the ca弱 of low-carbon steels and stainless steels with 
no transfom币atlon. it is necessary to take Into account 
the special properties of sllch st由els (see subclause 5.4). 

7 Test procedure . . _ . . . . . . . . . . . . . . . . . . , •• 5 

8 

Scope and fneld of appllcation . . . . • . . . . . . . .. 1 
Concepts. . 

3 Designation of method .. 

4 Scope of test . . . . . . . . . . . . , • • • • • • • • • • . , 3 

1 Scope and field of application 
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1) Obtainable from Verlag Stahle;Sell mbH, 
Postfach 8229, 0 -4000 Düssoldoli. 

1.3 The standard applies to the steel sections IIsted in 
table 1 and figu l'e 1. In the case ot flat prodllcts in tha 
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pø9 飞 2 DIN 50602 

:ø. Concepts 

多. - Non.metallic inclusionl 

tallic inclusíons to be assessed on the basìs 0 
Idard Ilre constltuents, typlCBlly found In 5te 
IIc or oxldic nature originating from contact 
t with the non.metalllc linlng of furnaces, la( 
19 channels. from oxidation by air or by 51ag 
15, or resulting from the deoxidation process 
ntional addition of sulfur. 
白， slze, shape and quantlty of non.met电Il ic

ns depend on the 5tee! grade, the s1eelmakín! 
Jrocesses. the method of deoxidation. the sl; 

de1F ingot or continuouslv cast bar and thedegree of 
去、rmation of the material. Their distribution Is neve r. 

υn.冒险
- "orm even in products made from one cast. 

c incl咽sions

Polished surface 

/俨一-一

ns 

t飞飞、 ~:~I~.1f ' 飞1

2.3 Macroscopic inclusions 
Macroscopic inclusions are understood to mean inclusions 
exceeding the IImit value of area of microscopic 
inclusions. 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 怕e total 
degree of purity when an index is calculated. 

2.4 Degree of purity 
For the purposes of this Standard, the degree of Puritv is 
a value indicating the content of non.metallic inclusions 
in t怕he form of 5饥dtuh;
the 101l0wing methods 01 det，旬:ermina泪a剖ti阳on.
a) Method M: determination 01 maximum size rating 

values for dif1erent types of inclusion. 
b) Method K: determination of index of percentage area 

01 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 
1000mm2• This index is a value indicating the 
content of such inclusions in the p'roduct. 

>25mm 三 50mm >25mm 三 50mm

Polished surface in accordance with table 1 

Polished surface 

Size of polished surface subject to agreement 

Fj 
~ure 1. Sampling fmm products of different sizes 
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Table 1. PositicÞn of polished surface of the specimen 
for va l'ious specimen sizes 

Size (diameter, 
Position of polished surface length of shol't side 

ln the specimen or wall thicklness) 

Up to 25rnm oAf ctroh ss the whole cross seetion 
e specimen 

Over 25rnm 
Across the whole cr05S section 0' 
the specimen or e)(tending from 

up to 50rnm the outer edge to the longltudlnal 
a)(15 

Over 60mm 
10 the mlddlø 0' the spøclmøn 
betw..n the ou相r edga and the 
longltudinal 8)(11, or by agrøement 

In tha ca蝇。f wIdeflats, the uploall ished surface of the 
specimens shall lle perpendic r to the larhge er surface and 
shall b目 cut adJøcent to the flr5t thlrd of the product width , 
in thø dlrectlon Clf rollino, and ln thø ca腿。f tubes, In the 
dlrectlon of the wall thlckness and the directlon of rolllng or 
10 the 8)(lal dirøction (seø flgure 11. In the case of forgings in 
川M川
shall b国 made at 1the time of ordarlng. 

2.5 Standard diagram plate No. 1 

For the purpose!; of this standard, standard diagram 
plate No. 1 is a Sl~t of diagrams constructed line by line 
on the basis of a 2" geometrical series for the area of 
non-metallic inclusions, containing forms of inclusioll 
typical for steel , the inclusion area doubling from one 
diagram to the nl9xt in each column. Inclusions of equal 
area but differin!~ in length x width or frequency , are 
shown on the same line next to the basic column for 
each type of inclusion. 

3 Designation of method 

Designation of the examination for non-metallic 
inclusions as spec:ified in this standard , method K, count 
of inclusions from rating number 4: 

Test DIN 50602 _-- K 4 

4 Scope of tlest 

4.1 Single specimens do not provide a representative 
index 01 the degree of purity of a cast or a batch so that 
the te5t is to be carried out on a number of specimens. In 
general , the degme of purity shall be tested on not less 
than six specimens. 

4.2 For each order, a check shall be made whether tha 
circumstances allow a reduction in the l1umber I)f 
specimens to less than 6 , 10r which purpose It is 
necessary to take into account the quantity supplied 
and, if required , the extent of any forming the material 
has undergone arld the position of the specimen in th('l 
product. The deliivery conditions may specify a different 
number of specimens. 

4.3 11 the quantity of material subrnltt由d for testing 
exhibits special fllatures, for example that the specimens 
do not originate 1from the same cast or the sizes of the 
various specimens dif1er 5ubstantially from one anothc l', 

these speclal features shall be taken Into account when 
agreeing the scope of test (see subclause 4.2). 

DIN 50602 f'age 3 

5 Sampling and preparation of specimens 

5.1 The specimens shall be taken in such a manner that 
the polished surface to be evaluated is if possible parallel 
to the direction of forming (e.g. rolling) , and in the case 
of rotationally symmetrical cross sections, that it lies in 
the pJane through the axis of the product, this providing 
satisfactory conditions for comparison of non-metallic 
inclusions wlth regard to their length. 

5.2 Table 1 and figure 1 give specifications relating to 
the arrangement (sampling polnts) of the specimens in 
round and square steel tubes and wide flats with a small 
wldth.to-thickness ratio. 

5.3 The size of the polished surface of the specimens of 
a quantity of material submitted for testing (臼st or 
batch) depends on various circumstances, such as the 
type and cross-sectional dimensions of the product or 
the method 01 evaluation (see the relevant notes given In 
subclauses 8.2.1 and 8.2.2). In addition , the amount of 
work involved in sampling and testing should al50 be 
taken into account when determining the size. For this 
reason, on the basis 01 figure 1, in the case of products 
exceeding 50 mm in diameter or width , the size of the 
polished surface maybe, for eXåmple 12 mm x 18 mm, 
corresponding to 1/2" x 3/4" in ASTM E 45, or the 
section may extend from the outer edge to the 
longitudinal axis. As far as possible, the polished surface 
of the specimens of one te5t unit should have the 5ame 
dimensions. 

5.4 In polishing the specimens, the inclusions shall not 
be torn out or be changed in their form and no particles 
of grinding or polishing agent shall be pressed into the 
polished surface. If necessary , the surface of the section 
is to be hardened. For this reason, the specimens are to 
be carefully ground and then polished for as short a tim日
as possible. 

6 Structure and use of standard diagram platelll 

6.1 Diagram plate No. 1 
6.1.1 Diagram plate No. , includes four basic columns 
giving the most commonly observed shapes of inclusions 
designated by numbers " 3, 6 and B, each consisting of 
nine diagrams with inclusion rating numbers 0 to 8. The 
scale of reproduction of the diagrams in plate No. 1 is 
100: 1. The following types of inclusion are 
distinguished: 
inclusion type SS: ~ulfide inclusions of elongated type; 
inclusio l1 type OA: oxide inclusions of fragmented type 

(aluminium oxides); 
incluslon typc OS: oxide inc:luslons of elongated type 

(silicates) ; 

inclusion type OG: oxide inclusions of globular type. 
The de l'ived columns 0 , 2, 4, 5, 7 and 9 ars described in 
subclauses 6.1.2 and 6.'.3. 
The nine díagrams of a column with the rating nU l1lbørs 
o to 8 show under rating number 0 the smallest 
microscopic inclusion that can be evaluated at a 
magnification of x , 00, and under rating number 8 in 
50me cases inclusions that are already in the macroscopic 
range for the type of inclusion concerned. The area 01' 

DIN50602-Microscopic-examination-of-special-steels-using-standard-diagrams-to-assess-the-content-of-non-metallic-inclusions

http://gang.josen.net 常州仁成金属精密钢管厂 钢管购买热线：13337883086（微信同号）



Page 4 DIN 50602 

the inclusions shown dou !bles lrom one diagram to the 
next, forming a 2n geometric series where n is the rating 
number. 
The length 01 the inclus Íll,n to be considered increases 
from diagram to diagram by 8 f8ctor of 1,5 with 8 
simultaneous increase in the 8verage inclusion width, 
thus conforming to the b:asic formula for the increase in 
area of the inclusions. The length, and in column 6 al50 
the width , are marked on the dlagrams in plate No. 1 in 
order to facilitate measurement. The length 01 an oxidic 
inclusion in the case of OA ;nclusions ;s greater than that 
for 05 inclusions of the 5ame width , because for a given 
rating number, the area VIIould otherwise be dlfferent. 
Rating number 9 is reserved for macroscopic inclusions, 
which are not shown in diagrammatic form, because 
they would extend beyond the limits of the image field. 

6.1.2 If, in the case of a single inclusion , lor the 5ame 
length, the width is only half that in the equivalent 
diagram of column 1, 3 or 6, the area 01 the inclusion is 
also halved 50 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 
lor the evaluation of thicker inclusions with twlce the 
area. In such cases, the rating number is to be increased 
by 1. 

6.1.3 If other non.metallic inclusions up to two rating 
numbers smaller are visible in the field under observation, 
the area 01 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 50 that it was not 

Table 2. Svs徊m for assiigning narrow elongated non-metallic inclu~ions to the lines in di咽ram plate No. 1 (1.8. to the 
rating numbenl) as a functìon of th81r wldth Ind leng伽

Line Average true width (b) of the non.metallic inclusions, inμm Area (A)') 
number (n): 

0,5 2) I 2 3 5 7 10 (magnification: 
rating x100}2 , 

number Average t l'ue length 仙， înmm 10 mn、

。 0,20 0,10 0,05 rn:&l 0.03EEE卫Z E 
0,02 0,014 0,01 

0.40 0.20 0.10 0,06 0.04EEE E 0.028 0,02 2 
2 0.80 0,40 0,20 0,12 0,08 0,056 0,04 4 

3 1,60 0.80 0.40 0,25 0,16 ~ 0,11EEE E 0,08 8 
4 3,20 1,60 0,80 0,50 0,32 0,22 0.16EEE E 16 
5 6,40 3,20 1,60 1,00 0,64 0,44 0,32 32 

e 6,40 3,20 2,00 1,28 0,88 0,64 64 
7 6,40 4,00 2,56 1,76 1,28 128 
8 8,00 5,12 3,52 2,56 256 

The pairs of numbers in the boxes give examples of the appropriate diegrams in diagram plate No. 1. 

') Here again, A = 2n. 
2) Becau5e this is appmachlng.the Iimit of re50lution of the microscope, it is no longer meaningful here to give a 

precise indlcation Ol' the true width of the Inclusions In this size range. 
一一一- 二一 一 一一一 晶一-一一一

Table 3. Ranges of Bvel'age lengthl of non.metallio inclusions I1 specified in table 2 

Mean true width (b) of non.metallic inclusions, inμm 
Line O,fi 1) 2 3 5 7 10 

number (n): 
rating Range of averagelength (1) , in mm 

number I Over Up to Over Up to I Overυpto O\l8r Up to Ovør Up to Ovør Up to Ovør Upto 

一
。 0,15 0,29 0,065 0,15 0,033 0,065 。 ，022 0,045 0,015 0,03 0,010 0,02 0,0065 0,015 
1 0,29 0,56 0,15 0,29 0,065 0,15 0,045 0,09 0,03 0,06 0,02 0,04 0.015 0,029 
2 0,56 ',10 0,29 0,56 0,15 0,29 0,09 0,15 0.06 0,12 0,04 0,06 0,029 0.,051 

一
3 1,10 2,20 0,56 1,10 0,29 0,56 。， 15 0,35 0,12 0,22 0,08 0.16 0.051 0,11 
4 2,20 4.40 1,10 2,20 0,56 1,10 0,35 0,66 0,22 0.44 0,16 0.32 0,11 0,22 
5 4,40 8,80 2,20 4,40 1,10 2,20 0,66 1,40 0,44 0,88 0,32 0,60 0,22 0,44 

由

一一
e 4,40 8,80 2,20 4,40 1,40 2,80 0,88 1,66 0,60 1,20 0,44 0,88 
7 4,40 8,80 2,80 5,60 1,66 3,32 1,20 2.40 0,88 1,66 
8 5.60 11 ,20 3,32 6,64 2,40 4,80 1,66 3,32 

·一·

') Because this Is approaching the limit of resolution of the microscope, It is no longer meaningful here to give a 
precise indlcation of the true width of the incluslons in this size range. 
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True length 一--
Figure 2. Relationship between true width, true length and size rating number for the inclusions referred to in tables 2 

and 3 

considered necessory to represent indlvidual sulfidlc 
inclusions. If sulfidic inclusions occur individu81ly, the 
dlmensions of the longest inclusion in the SS columns 
shall be USlld 85 a basls for estimating the length or area 
and the rating number reduced by 1. 

6.2 Diagram platas Nos. 2 and 3 

6.2.1 The principle of identical rating nlJmbers for 
identlcal are~ of inclusions applles al50 to thinner, mora 
elongated inclusions and those wlth 8 greater degree of 
fragmentatlon than shown In diagram plate No. 1. Since 
such inclusions usually extend beyond the IImits of the 
field visible in the microscope (sub.field) these are 
described in tables 2 and 3 by specifyi l1g the appropriate 
rating number for vairious combinations of inclusion 
length and width. 
These numerical relationships are shown in a graph ill 
figure 2. This figure (:an be used especially for slmple 
reading of interpolatl~d values of inclusion length and 
width. 

Diagram plates Nos. 2 and 3, which supplement diagram 
plate No. 1, are Intended to serve as an aid for classifying 
under a smaller or larger ratlng Ilumber, types of Inclusíon 
that are thlnner and more fragmented or more tightly 
grouped than would correspond to the diagrams of tha 
basic serles. The prinolple of assignlng thc reting number 
accordlng to 仙。 area of t.he inclusions 8150 applies for 
thicker inclusions, tho classifloation ()f which by lonoth 
has been made in accordance with the baslc Serie5 of 
diagram plate No. 1. 
When using diagram plates Nos. 2 and 3 , it is impol咽nt
to bear in mind the sC"a le 01 reproductlon (200: 1) when 
comparing them to the baslc series showll il1 plate No. 1 
(100: 1). 

6.2.2 Diagram plate No.2 includlng two series (OA and 
05 and 55) provides a, visual aid for determlning the 
width of such inclusions. The length Is not given here 
and therefore is to be measured and then classifled undor 

a rating number of the basis of the dat8 given in tables 2 
and 3 or figure 2. 

6.2.3 Diagram plate No. 3 gives in the left-hand column , 
type OA Inclusions with different deg l'ees of 
fragmentatlon. The relevant numbers indicate the 
amount by which the rating number assigned to the total 
length, is to be reduced becau5e of the greater degree of 
fragmentation (see subclause 7.2.3 , and also 
subclau5e 7.2.4). The width 01 the inclusion is to be 
asses5ed in accordance with diagram plate No. 2. 
丁he right.hand coluOln of diagram plate No. 3 i5 to be 
used for classifying clustel'ed i_nclu5ions, for classifying 
which in cOOlparison with an individual Inclusion of the 
basic series, it is Ilecessary to take into account not only 
the quantity and the distance betwBen the.lnclu5ions but 
al50 the BrBa of all non-metatlic inclusions, i.e. their total 
extension.γhe associated numbers show the amount by 
which the rating number is to be increased, with 
increasing frequency. 

6.2.4 For a classification ()f globular Inclusions. insofar 
as they are not represented in diagram plata No. 1, í. e. in 
thc case of very small , very large or clustered inclusions, 
the principle of classificatlon IIccordirtg to the total araa 
of the Inclusions is élgllin used 05 a basis. 

6.3 To ensul'o gt'oater clarlty and reduc,e the work 
involvød, once the USBI' is sufficiently pr8ctised, it is 
possible to use for the test just colUlnns 1, 3, 6 目nd B as 
shown In diagram plate No. 1, together with platas 
Nos.2 and 3 for smaller thicknesses of inclusion, greatt3 r 
dagree of fi'啕mentatiol1 and greater fraquency，国C8use
columns 0, 2, 4, 5, 7 and 9 marely show examples of 
evaluation deviating, for one length ()f Inclusion, only by 
one rating number from the raspectiva basic column . 

., Test p l'Ocedure 

7.1 The polished surface of the specimens shall b目
observed uslng a microscope with éI magnification of 
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由
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True length 一-
Figure 2. Relation.ship between true width , true length and 5ize rating number 10r the inclusions re1erred to in tables 2 

and 3 

considered necesulry to represent individual sulfldic 
inclusions. If sul1idic inclu510ns occur individually , the 
dîmensions of the longe5t inclusion in the 5S columns 
shall be used as a basis for estimating the length or area 
and the rating number reduced by 1. 

6.2 Diagram pla旬15 Nos. 2 and 3 

6.2.1 The principle ot identical rating numbers for 
identical areas 01 inclusions appiies al50 to thinner, more 
elongated inclusions and those wlth a greater degree of 
fragmentation than shown In diagram plate No. 1. Since 
such inclusions usually extend beyond the Iimits of the 
11eld visible in the microscope (sub-field) these are 
described in tables 2 and 3 by specifying the appropriate 
rating number for '~arious combinations of inciusion 
length and width. 

These numerical relationships are shown in a graph in 
figure 2. This figure can be used especially 10r simple 
reading 01 interpolated values 01 inclusion length and 
width. 

Diagram plat自S NOI,. 2 and 3, which supplement diagram 
plate No. 1, are intiended to serve as an aid for classÎfying 
under a smaller or larger rating number, type5 of inclusio l1 

that are thinner and more fragmellted or more tlghtly 
grouped than would correspond to the disgrams ot the 
basic series. The principle of assigning the rating number 
according to the arlla of the inclu$ions aiso lippiies fo l' 

thlcker inclusions, the classification of which by length 
has been made in a'ccordanC6 with the basic se l"Íes of 
dlagram plate No. 1. 
When using diagram plates Nos. 2 and 3 , it is important 
to bear in mind the scale of reproduction (200: 1) wh(m 
comparing them to the basic series shown 111 plate No. 1 
1100: 1) . 

6.2.2 Diagram plate No. 2 including two series (OA and 
OS and SS) provides a visual aid for detørminlng the 
width of such inclusions. The length is not given here 
and therefore is to !be measured and then classified undar 

a l'atin9 number of the basls of the data given in table5 2 
and 3 or figure 2. 

6.2.3 Diagram piate 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 01 
fragmentation (see subclause 7.2.3 , and also 
subclause 7.2.4). The wldth of the inclusion is to be 
assessed in accordance with diagram plate No. 2. 
τhe right-hand column of diagram plate No. 3 is to be 
usad for classifying clustered il1clusions, for classifying 
which In comparison with aÍ1 individual inclusion of the 
basic serles, it is nec9ssary to take into account not only 
the quantity and the distance between the. inclusions but 
al50 the area of all non-metallic inclusions, i.e. their tota! 
extension. The associated numbers show tne amount by 
which the rating number is to be increased , with 
increasing frequency. 

6.2.4 For a classification of giobular inclusions, insofal 
as they Bre not represented in diagram plate No.1 , i.9. in 
the casa of very small , very large or clustered inclusÎons, 
the principl日 of classification accordÎllg to the total area 
of the inciusions ís again used as a basi~. 

6.3 To ensure greater clarity and reduc:e the work 
invtllv时， once th由 tlser 1& sufficiently pl'8ctised, it is 
possible to use for the tast Just columns 1, 3, 6 and B as 
shown In diagram plate No. 1, together wi i:h plates 
Nos. 2 and 3 for smallar thickll8sses of inclusion, greater 
degree of fragmantation and graatel' frequen町， because 
columns 0, 2, 4, 5, 7 and 9 merely show examplc5 of 
evaluation deviating, for one langth of inclusÎon, oniy by 
one rating numbar from the respectÎlfe basic coiumn. 

7 Test procedurÐ 

7.1 The polished 8urface of the specirnens shail be 
observed using a microsc:ope wlth a mllgnification of 
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x 100. This magnification is the 5ame 85 the 5cale of 
reproduction of the dia~rams in plate No. 12 ). 

The specimen can be observed either through the 
eyepiece or on a projection on a ground glass screen. The 
field under observation ishall be of the 58me size as tho 
reference diagrams of plate No. 1 (if possible, 80 mm in 
diameter; fields with a diameter between 75 and 80 mm 
are however permitted). It is advisable to limit the field 
under observation to thls size by having a clrcular mark 
in the eyeplece or on thia ground gla55 screen. For 
observation of very thin Inclusions, it 15 advisable to US9 
a magnlflcatlon of X 200. Such a magnification is equal 
to the scale on which diagram plate Nos. 2 and 3 are 
reproduced. 

7.2 For rating non.metalllc inclusions in R field under 
observation it is neces5ary to determine the diagram in 
plate No. 1 corresponding to that observed, where 
necessary supplemented by the appropriate diagram 
from plate Nos.2 and 3. For this purp05e, it is advisable 
to start from the measurement or e5timate 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 c.olumns 0 to 6 there are some 
fíelds in which the length of the non.metallic inclusion 
to be considered extends beyond the diameter of th晤
circular field to a certain extent. Non.met8llic inclusíons 
observed in such 四ses are to be rated on the basis of tha 
inclusion length given bl!low each diagram. Unless 
otherwise agreed, even larger inclusions (of the same or 
of greater thickness) thsln those shown al's all to be 
classified under rating number 9. 

7.2.2 11 inclusion! of dlfferent types and shapes, as 
shown in the series of diagrams, can be clea l'ly 
distingulshed from each other within one field under 
observation, these 5hall be treated as though they had 
occurred separately in different fields. 

7.2.3 Inclusions of types S5, OS and, at a lower degl'9Ð 
of fragmentatfon , OA, Iving one behind another on onG 
lin目 shall be regarded 8S continuous If the distance 
between two inclusions is less than the length of the 
smaller of the two inclusions. Isolated point.shaped 
inclusions are not to be taken into account when 
determining the totalle l1gth. 

7.2.4 For Inclusion type OA , diagram plate No. 3 
(left-hand column) providøs a basis for assessing the 
degree of fragmentatlon to asslgn to the area the correct 
rating number. If the avarage distance between the 
particles of a string of inclusiol、 S 01 thls type Is larg自 r
than the 18rgest distancal betwsen the polnNhapad 
incluslons represented 111 tha top ieft-hand diagram of 
plate No.3，、the evaluation shall be made on 甘18 basis o'f 

inclusion tγpe OG. The r曲production is Intendecl to 
show that loosely groúped strings are to ba assigned 
lower rating numbers c，~rresponding to the ar6 f1 ()f 
oxides contalned. These numbers ere then generally in 
ranges which, for examplA ;11 the case of method K 4, r-In~ 
not recordad, but stlll ali9 to ba taken Into account for 
method K 1. 

7.3 In general , the complete araa of the pollshed surfaclil 
01 the specimens shall be examined. Any exceptlons to 

this, which only arise in the case of method K (see 
$ubclause 8.2.2.剖， shall be specially agreed and specified 
in the relevant delivery condltion. 

8 Evaluation using methods M and K 
8.' 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 8ach case with 
the number of the diagrar:n column concerned (type and 
shape of inclusion) and with the r8ting 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 permitted to give fractions to indicate the 
inclusion rating (e.g. 2,5; 41/2). 

8.1.2 Printed forms should preferably be used for 
recording the test results and their evaluation (e.g. as 
shown in tables 4, 7 and 8). 

8.2 Method of evaluatlon 
Two different methods 01 evaluation are described in 
subclauses 8.2.1 and 8.2.2. Which of the two methods 18 
to be used, shall be specified in the r~levant deliverv 
condition. 

8.2.1 Møthod M 
8.2.1.1 This method serves to determine which of the 
maximum'size 3) incluslons of the variou~ types and , 
whare appllcable shapes, occur in the quantity of 
material submitted for testlng. 
了he specimens shall be taken in accordance with the 
specifications givon in subclauses 5.2 and 5.3. The 
polished section to be evaluated shall bø about 200 mm气
If a size of 12mm x 18mm has been agreed. 
This method of 目valuation is adequate for most industrial 
purpo揭5 and is, for example, used for speclal structural 
steels. 

8.2.1.2 The complete polished section of each specimen 
to be evaluated shall first be examined and then for each 
colurnn of diagram plate No. 1 (lf necessary, additlonally 
using pla饱 Nos. 2 and 剖， the hlghest ratlng number of 
non.metallic inclusions occurring shall be noted and 
recorded. From the rating numbers determined for each 
column for the mlcrosections examined , in each case th由
arithmetic mean shall be cBlculated. These values se l"ves 
as indlcas for the "degre自 of purity" of the quantlty of 
mat目rial submittad for testing under the conditions 
existing. The frequcncy of occurrence 01 non.metallic 
inclusions is not assessed in thls method. This method 
therafore also does not providè a comparative value of 
th日 ccJtltent o'f non.rnetallic inclusions. 

3.2.1.3 Table 4 givm; 1m e>:ample for reeording the test 
results obtainsd in an evaluatiorl 11'1 which the values of 

2) Diagnun plate No. '1 shows the diagrams on a reduced 
scale or about Of\e third of that of the original plata. 
11: can therefore olîly give an approximate indication 
of tha originai plate. For tb自由valuation proper, 
the full scale diagram plate shouid be used; 
thl5 can be obtained from 8euth Verl8g GmbH, 
Burggrafenstraße 4-6, D.1oo0 Berlin 30. 

3) SÐO subclause 2.4. 
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Table 4. Exampllø of røpresenting 1851 results 
when e'闭lua1ing on the basis of mllKimum 
rating I1lumber嚣， using method M 
(see subclause 8.2.1.3) 

Number Maximum rating number determined 
of :for each section and for each column 

polished in the diagram plate usad 
section 

No. 55 OA 08 OG 

4 5 3 3 
2 5 4 4 。.. 
3 3 4 4 2 

. .-
广「4 4 8 3 

5 4 4 2 1 
6 3 4 4 3 

←一一一.-
7 4 3 3 4 
8 5 4 3 3 
9 3 5 4 2 

Mean 3,9 4,0 3,3 2,6 
… ..~._--_.-←·一-

the derived columns of diagram plate No. 1 have been 
collated for the four types of inclusion with the values 
of columns 1, 3, 6 日nd 8 , in accordance with the 
procedure describod in subclause 6.3. Inclusions of the 
58me area, whether thin or cluster目d， are given the 5ame 
r由tin9 number and can thlls be grouped together under 
one type o'f inclllsion. 

8.2.1.4 I n the calie of method M, fo l' a test for sulfidic 
inclusions assignecl to ratillg n l.lmber 3 below, a general 
method for determinin9 the degree of purity e.g. the use 
of compal前ive di~lgrams that give only rough idaa of the 
inclusion conte时， m i'ly be agreed additionallv at the 
time of ordering. 

8.2.2 Method K 

8.2.2" 1 In some c:ases it rnav be døsirable to record 0111 
non-metallic incllliõÎ ons from a specified sile upwards 
and 1:0 give the denree of purity of a cast 01' R batch bV 
maans of a compYElhensive index, !(勺 I characterizing 
the area of the inclusions. With this l1lethod, the araa of 
tha polis l1ed sectian of the speGimen to be evaluated 
shall be 8t least 100 111m2. With l'egal'cI to the sampling 
points for the samples Ilnd tl1由 area ()f the polished 

Table 5. Guidance evaluatio l1 !)I'ocadu i"0 I.! ~ing methCld 1{ 

了y!)e of 111<11:81'ial 
and staelmaklng pro口esr.

Air melted speci~jl steels, 8.g, stee~ for ball and roller 
baari l1gs, structural steels alld tooi steels with special 
quality requirements for rJroduct sizes not less 1:h i:ll1 ao mrn 

Vacuum melted or vacuurn I'emsltad special st(i创$
or alloys or remellted by the electroslag process 
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section, the notes given in subclauses 5.2 and 5.3 shail 
apply. 

8.2.2.2 It is necessary to decide in each 四se frorn 
which rating number on inclusions are to be evaluated. 
This (Iowest) rating number depends mainly on the 
manufacturing process (particularly the steelmaking 
process) , and on the intended application of the material 
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 8 basis when agreeing on the method 
of evaluation. 

8.2.2.3 Unless otherwise agreed, in 8ach case , the whole 
araa of the polished section sha" be examined.γhe 
sulfidic and oxidic inclusions shall be counted separately 
and recorded using the 8xamples given in tables 7 and 8. 
Where only separate, predetermined measurement fields 
or parts of measurement field within the polished section 
ars to be 6)(amined (which is only advisable in exc帽ptional
cases), the size and distribution of these fields or parts of 
measurement fields shall comply with the conditions for 
a statistical te5t. 

8.2.2.4 Calculation procedura 10r evaluation using 
method K 

l'he calculation pmcedure for obtaining the total index 
i5, for simplicity, based 011 the method of assigning the 
factor 1 to the most frequently determined rating 
numbar 4. The factors obtained on the basis of the 2"-4 
geometric 5el怡s for the other rating numbers 81'e to be 
rounded 80 that, in the calculatlon , it is only necessarv 
to double or halve the numbers. The resulting deviation 
in th由 calculation lies within the dispersion arising from 
the fact that non-metallic inclusions are not unifonnly 
distl'ibuted in steel. With this procedure, the larger 
inclusions are more accurately evaluated. 
Table 6 gives the factors to be used in the calculations. 
For calculation of the total indices the procedure is as 
l'ollows (see also examp!es glven in tables 7 and 8): the 
number of non-metallic inclusions of each inclusion type 
(5S, OA, 08, OG) and each rating I1l.1mber observed shall 
ba Illu!tipli日d by the appropriate factor 饨， 5ee table 6) 
and the products added, l10rmally separately for sulfides 
and for total oxidas , The "first subtotals" obtained in 

4.) See sllbclausø 2.4. 

Range 
of r目ting l1 umbers 

to ba IJ自由d
In the evaluation 

2: 4, 

:2: 1 

SymbCl I 勺

K4 

f(1 

Foi' example 
of øva!u<lt!o l"l, 

S自由

tabla 7 

怜) The number fClllowing code letter K indicates the smallest rating number from diagmm p!ate No. 1 incluclr:id 
in tha evalllatil:m (see clause 3). 
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Table 6. Values of fa悦。rf.tobeu锦d for the evaluation using method K 

Rating number (fI) 。 1 2 

Factor F = 2"-4 1/16 1/8 1/4 

Factor f. 叮 to be used 0,05 0,1 0,2 10r the evaluation 

份) 9 means rounded. 
·勺 See subclause 7,2 ,, 1. 

this manner for each individual polished sectlon are then 
to be added for all spec:imens in the test unit, thus 
producing a "second subtotal" (in mm2) 10r all 
specimens. This result is then to t?e converted to a 
sectlon area 01 1 000 mm2, using the following 10rmula: 

second subtotal x 1 【归。=.- = total index 
total area of polished sl,ction 

01 specimens (In mm2) 

The 气otal indi四5" calc:ulated separately in this manner 
for sulfides (5) and oxldes (0) may, b川'1 agreement, be 
added to produc晴 an "(,verall total index". 
The two total indices or the overall total index represent 
the degree of purity of the test unit examined. The 
values obtained in the two cases should If possibie be 
integers and for this reason should be rounded , if 
necessary. 
The index denoting the degree 01 purity is in each caω 
to be given the letter K and, in combinatlon with It, the 
rating number 10r the smallest inclusions covered by the 
evaluation and if necessary, the code letters designating 
the types 01 inclusìon, 50 as to avoid con1usion and the 
posslbility of comparìnu results with a dlfferent 
information content. 
The method of wrìting the index is (as shown in table 7): 
K 4 = 66 (5: 26; 0: 40). 

3 

1/2 

0,5 

4 6 6 7 8 份) **) I 
2 4 8 16 

2 5 10 20 

Tables 7 and 8 each give an example 01 evaluation 
including a complete description of the evaluation 
condltions. 

9 Test report 

32 

50 

The te5t report shall refer to this standard and give the 
1ollowing information: 
a) steel grade and symbol identifying the steelmaking 

process; 
b) 10rm and dimensions of product from which the 

specimens have been taken; 
c) method used as described in 5ubclaU5e 2.4, together 

wlth any special features; 
d) result of the evaluation, Includlng by agreement 
- for method M, 

elther the subtotals (see table 3 for example) or only 
the flnal results (mean for each column of diagrams 
consldered) 

- 10r method K, 
statement of the smallest rating number included in 
the evaluation, either by specifying the 5ubtotals (see 
tables 7 and 8 for examples) or only the final results 
(total indices for S and 0 or overall total indices) as 
described in subclause 8.2.2.4. 

'~ 
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Table 7. Examp le of evaluation using method K 4 as described in subclause 8.2.2 (see table 6) 
静 {伽由 melted 100mm 町uare lpeci川剧Ibille

} 

;:伊F 

. 

. ' 

Aroa of 

Speci-
polished 
section 

men evalUlated, 
No. in 

ml11 2 

1 4fiO 

2 4CIO 

3 350 

4 600 

5 250 

6 300 

Total 2350 

骨) s 国 sulfides;
0= oxldes. 

Types 
of 

inclusion 
as In 

diagram 
plate No.l 

5S 
OA 
05 
。G

55 
OA 
05 
OG 

S8 
OA 
05 
OG 

58 
OA 
OS 
。G

85 
OA 
05 
OG 

58 
OA 
05 
OG 

Number of inclusions classified by rating number 

。 4 5 6 7 

Factor 乌

0,05 0,1 0,2 0,5 2 5 10 

3 自

5 - -
2 - - ' 

- - . 

1/ 4 2 - -
3 -
2 - -
2 - -
2 -
4 2 - -

- -
.- - -

5 - - _. 
日 - . 

' -
- M 蛐'

V 1 -
3 

_. -
- - >

4 
2 2 1 . 
2 - 1 

_. 

- -

Second subtotal 

Total index K 4 份份)

Overall total index K 4 
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Mu Itiplication 
8 and 

first subtotal 

20 S .) 。.)

- 10 切级启发
-

这这- 10 
" 

8 切饰，-

这- 21 
-

- 14 切切，
-

这 12 
E 

- 5 扬绍绍-

整整- 15 
-
- 8 级纫级
-

整整." 14 
F 

-. 16 ~ 

整整 21 
『

5 :6'1 。 :93

5:26 0:40 

66 

份传) Converted to a polished section area of 1000 mm2 and rounded to the nearest whola nurnbers. 

. -
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Table 8 , Exampla of evaluation using method K 1 as d8scribed in subclause 8.2.2 (188 table 5) 
(using vacuum remelted 120 mm square special 5tøel blllets) 

At'ea of 

Speci. polished 
sectlon 

men evaluated, No. 
10 

Types 
of 

inclusion 
as 1n 

diagram 

Number of inclusions classified by ratíng number 

011 121 3 I 4 I 5 I 6 I 7 I a 

Factor f i 

Multiplication 
and 

first subtotal 

付1m2 plate No , 1 0,06 I 0,1 I 0,2 I 0,5 2 5 10 I 20 I S ~) 。 .)

560 55 6 
OA 
05 

一」一哇
530 5 I 2 

3 570 55 I \ I I ; OA 
OS 

4 600 手|H6|3

6 520 

6 I 540 

Total I 3320 

骨) S '" sulfides; 
。= oxides , 

OA 
os 
OG 

55 Hti 4 

份将) Ccmvertød tO !l pollshed sect.ion area of 1l100mm2. 
铮铮铮) Rounded from 1,69 to 1,7 , 

Ove l'!l ll total index K '1 份份勺
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Standards and t)ther documents referred to 

ASTM E 45.85 Standard practice for determining the inclusion content of steel 6) 

Stahl.Eis9n-Prüfblatt 1572 Mikroskopische Prüfung von Automatenstählen Buf SUli刷ïsche， nichtmetBllische Einflüsse 
mit 8ildreihen 1) 

Other relevant !itandards 

DIN 50600 Testing of metallic materlals; metallographic micrographs; image scales and formats 

Explanatory notes 

Thls standard has been prepared by Joint Committee NMP 131/FES Metallografische PriJfung9n of the Normenausschuß 
Materlalprüfung (NMP) (Materials Testing Standards Commlttee) and the NormenausschulJ Elsen und Stahl (FES) (Iro l1 

and Steel Standarcls Committee) in conjunctlon wlth the Vere的 Deutscher Elsenhüttenleute (VDEh) (Society of German 
Ferrous Metallurgy Englneers). It has been developed from StBhl.EIsen.Prüfblatt 1570-71 Mikroskopische Prüfung von 
Edelstählen auf nichtmetallische Einschlüsse mit 8ildreihen (M lcroscoplc examinlltlon of speclal steels uslng standard 
dlagrams to a5sess the content of non-metaflÎc incluslonsl and from Supplement 1 to this specification, Mikroskopische 
Prüfung von Edelst事ihlen Buf schmale langgestreckte nlchtmetallische Elnschtüsse (Microscopic examination of special 
steels for flne, elongated non.metallic inclusions). 
International Standard 1504967, Steel; determination 01 content of non.metallic Incluslons; micrographic method using 
standard diagrams 叫 has been issued by the International Organization for Standardization (150). 
This International ~5tandard. has not been adopted by the Federal Republic 01 Germany, mainly because it gives standard 
diagrams that are not used in Germany and which are not intended to be Introduced in Germany. Instead, the present 
standard, which has been devetoped from Stßhl.Eisen.Prüfblatt 1670 (1971) and its Supplemeht 1 (1977) has been 
prepared. 

International Patent Classification 

G 01 N 21/84 

1) See page 1. 

5) Obtalnable from the Atislandsnormenvermittlung of DIN, Burggrafenstraße 6, 0.1000 Berlln 30. 
6) Obtainable from Beuth ν'erlag GmbH, Burggrafenstraße 6, 0.1000 Berlin 30. 
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