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Metallographic methods for
the determination of nonmetallic
inclusions, GOST 1778=70.

h

This standard pertains to steel and alloys and establishes
the metallographic methods for determining their nation

caused by non-metallic inclusions.

1 CLASSIFICATION, N\

. L. 1.1, Non-metallic inclusion% rmined by following

me thods:

method LUl (var*@”- UJM) - by comparing with standard
)

is used for testing deformed metal;

v scales; M&a
b mett}% ants K1=K2) - by count ing the number of inclu-

e method is used for testing the deformed and cast metal;
\ method [T(variants [T1=[[4) - by counting the number and_
volume percentage of inclusions; the method is used for teét;:.n~
the deformed and case metal; method Fl (variants M -N2) - by
linear counting of inclusions; the method is used for testing
the casting.

1.2. Use of the methods and their variants for testing the
metals, as well as the norms for steel and alloy contamination
caused by non metallic inclusions are gi\ien in the standards

or the Specifications approved in the established order for

specific metal product,

Recommendation on choice of methods are specified in appen-

BP—
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caused by non-metallic inclusions is given in standards for
the product and technical documents approved in the established
order and should be minimum 6 from each melting., Number of

test-pieces depends on the required accuracy of detergtion.

2.2, Following is the procedure to select the 36
deformed metal, &
a) During the check on 6 micro secti@\wples are chosen

from & bars, bundles, pipe s%, trips.
b) during check on more ﬁ o-sections-the samples are
chosen per 1, a s*n from each of 6 or more of bars,

2: s
bundles, pip x ts’Cstrips.
a

NOTES: 1 po eement between the supplier and the customer,
‘ established may be the place for selecting the test

from

é" 0\ pieces from bars along the ingot height, Test-pieces ‘
: $ of bars may be selected from one efL a number of ingots

during casting of the metal.

2. During check of deformed metal with diameter or thicke
ness exceeding 150mm, test-pieces may be chosen from
two bars.

3. During check of drilled or intended for drilling round
billet with diameter of upto 600mm and wall thickness
not exceeding 250mm the test-pieces are chosen from two
billets.

4. During check of sheets with thickness exceeding 1000mm,

the test-pieces are chosen from two sheets.

GOST 1778-70
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Note :- These Drawings are only
for referengL. Actual[ra@in%s Test-pieces of deformed bars with diame efeproduced ey W
may be different and shalbe excefding 120mm are cut out from the bar Bfiof BRRNRMn in writing

issued att' time of procurement
P{e o imensioh while the samples of bars with diame®M.ar thickness

hout

rigitfkese Drawmgs*‘may be
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exceeding 120mm are cut out from the specimens reforged or
reflolled in to round or square section with diameter or

thickness of 80 to 120mm,

NOTE: Upon agreement between the supplier and the ¢ er,
it is permitted to cut out test-pieces ith

: diameter or thickness from 120 up and also from
round billet (drilled or inteyd rilling) with

diameter of up to 600% ut forging or rolling,

2.4, Test-pieces from ¢ are chosen: a)from one or more

ingots ar from sp :% oMone melt,
b) for cas Qro one or more cast test bar, from one or

more P of tensile test samples or from one test cast-on
g

b\rYof iven melting.

\ Test bars and blanks of cast tensile test samples are
\ established with the help of the corresponding standards, and

‘ @rrangement of the cast-on test bars are established upon agree-
ment of the supplier and the customer.

2.9% Test-piecesmformed metal for making sections with
longitudinal grain flow are cut out. '

a) from round and square bars with diameter or thickness of

up to 40mm inclusive-from edge to edge through centre of the bar
. drawing 1),

b) from round and square baxrs with diameter or thicknesss from

40 up to 80mm inclusive-from centre of the bar up to its edge.

T
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Drawing - 1.

uare bars with diameter as thickness from

AQE::\
| 80 up nclusive-from centre to tth of diameter or thick-

1. Cutting plane; 2, plane

h%x
section. 3&“«»6?\

ing 3) or from centre to the edge (drawing 2).

X - -~

Y R

1. Cutting plane; 2, plant of
the section,
Drawing - 3,

d) from round and square bars with diameter or thickness exceed-

ing 120mm, - at a distance of 1/6 of diameter or thickness off

W

1. Cutting plant; 2, plant of

No part of these Drawing
reproduced in any form v
prior permission in writin
OFM.

g of

« Cutting plane; 2, plant of
the section. .00 eweme |
Drawing - 2,

|

the section.
Drawing - 4,
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for reference. Actual
may be different and

shalfpetion toincides with the centre of the radiuirﬁfp%?ﬁ\ié?dﬁﬁmritin
issued at the time of pro%u{erﬂ?@tthickness. OFM.

reproduced in any form w
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e) from pipes-over the whole wall thickness (drawing 5),

f) from round billet, drilled or intended for drilling, with

diameter ofupto 600mm, wall thickness, d to 250mm - in conformity

with drawing 6, moreover, dimension of each sample he radial

direction should constitude 1/5 of the billet a@ ess,

\

Q>

u ng plant; 2, plane of 1. Cutting plant; 2, Plane of
section section, :
Drawing-5. Drawing - 6,

g) from sheet and strip with thickness of upto 40mm inclusive-
over the entire thickness (drg. 7a) and for those with thick-

ness above 40mm - upto half of the thickness (drg. 78’) from thel
width centre of sheet. and strips. Length of the test-piece {
is chosen so that thgarea of the section is of 400 + 5011;12.
NOTES: 1. Test pieces from symmetric shaped bars (triangular,
hexagonal,,’honbit and others) are cut out according to drawings
for test-pieces from round or plate rolled stock and those

from non-symmetric shaped bars are cut out according to drawings
approved in an established order,

2, Before making the sections test-pieces of big length
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Note :- These Dravrlings are only

No part of these Drawings may be
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considering those as one section,
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200 SOmm2 .

2

transversal grain flow are cut out:

[ a) from round and square bars h eter or thickness of upto

-8 D 9 inclusive~the pieces .
are cut out in the %f rss-washers 15-20mm high (drawing 8) :
b) from roun a

3. Thin profiles with diameter or thickness less than

10mm may be checked on the reduced area of section minimum

' 4, Inclusions may be checked on sections with ar(a of

500  100mm“, 6
' 2.6, Test-pieces from deformed metal for \&tiens with
!

red bars with diameter ar thickness from

| !
| 20 to 40 infusive, the pieces are cut out from edge tdéd | |
',. | of \ thryugh centre (drawing 9), ; [




Note :- Th e.ljrawilngs are only h ing b
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may be different and shallpeto 27¢mm, inclusive, the piece is cut out in conformity, n writing of
issued at t time o procurementw ng 1. OFM.

e) from pipes-along the entire circular section of the pipe,

from the half, one-fourth or a section of it (drawing 12-15),

| d
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Drawingsrom firilled, round billet with wall thichnpé&o& ofin 4y #8km without

Shaggsnm-the piece should be cut out in the radiptiodpeewission in writing of

procurement OEM.

{drawing’ 16).

g) from sheet and strip with thickness of upto 40mm inclusive-
the piece should be cutout over the entire thickness (drawing

17a), #f the thickness is morethan 40mm, them the piece is cut
out upto half of the thickness from the width ce@ sheets

and strips (drawing 17(5) ;

7

Drawing=17. 1. Wanaken 2.cuth'.3 Rlowa.
3, owa of -aeckion.

Drawing - 18,

Area of the sections should be minimum 200m2.

NOTE: It is allowed to make the required area from a number
of sections.
2.7. Test-pieces should be cut out with allowance ensuring the

removal of unevennesses, left after cutting and oxidation

- l —— GOST 1778=70 oan
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Note Siked ”gSSL‘}?R'&’ hept-trestment, from the plane of the geNajpantof these Drawings may be

for referefce. Actual Drawings reproducedin anv form Without
shkbe Test| pieces for making the sections from ca§¥ meiéi_aré/ .

i prior permission in writing of

e time of procyreent as follows: OEM.

may be different an
issued at

a) from specimen - in the form of 10 to 15mm thick washers at a
distance of 2/3 of the specimen height (drg. 18).
b) from ingot-at three or more horizontal plages along the

ingot height (H) and from three cross sections (at thg.edge from
1ddle ’%
(®)

[
thesand centre of ingot or along the entire crosgfs from

edge upto the @I o} ingot (drawings 1

-

O
/,%

L 0\\" .I \&J
' Drawing - 19,
‘ 'Dvd-v'-z - RO

c) from wobbler lebes~from edge to edge of the labe through
|
centre (drawing 21),

d) from wedge specimen-‘rom edge to edge along the diameter plan#
- (drawing 22).

Dy casiamg — 2.1,
b Calling  Plowe,
2-%‘.‘,\\‘ '\_
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Cutting plan@; 2, plane of section.

C‘P Drawing -23.

Q\ ieces should be cut out by cold meehanical method or °

y other method which does not change the structure of the
metal.

2.10. Micro sections of the cut-out test-pieces are made on the
planes shown by shading in drawing 1-23,

Micro sections may be made on two muthally perpendicular
planes of the test-piece cut-put in the form of quadrant of a
circle or a square., Each plane of the micro section is considered
as a separate test-piece.

2.11. In order to raise the hgrdness, the test-—pieces-, before
making sections, may be subjected to heat treatment.

Modes of the heat treatment should be specified in the
corresponding standards or technical documents approved in an

established order,

Qare
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line oxides - 0OC
point oxides - 0T Iy
brittle silicates - CK -
plastic silicates -Cclt -
non=de formable sili-
cates. - CH - y
»y — - Sulphides - C
line nitrides and
carbonitrides - HC
point nitrides and
carbonitrides = HT
Aluminium nitrides - HA
17T
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ings may be
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3. TEST METHODS.

3.1. Method LU

3.1.1. Non-metallic inclusions of deformed metal having diameter
%oscope
f the

udinal grain

or thickness not less than 6mm are evaluated under

by comparing with standard scales during the i
whole area of unpickled micro sections wi I\

flow.
NOTES: 1. Contamination of t d metal with diameter or
thickness of less tha ermined by method w in inter-

mediate profile or
lbﬁ nt between the supplier and the customer,

% ¢ inclusions may be checked by method Ll in the
XKQ 1 having thickness or diameter from 1.4 to 6.0mm.
The five-point scale classifies the following types of

non-metallic inclusions (refer the inserts).

At
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i awmgs are only No part of these Drawings
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1 ;a\l';”ggSOther types of inclusions also can be ev lmedl@?d ehanvformIv

R rior permission in writing

hﬁeo1p&k@h&nelf their dimensions, shape and arrangem ng oo respond to

may be

ﬂhout

of

the given photo-patterns, Characteristics of i
inclusions are given in appendix 2.

Types of inclusions which are to be estimated are specified
in the standards for the product or in the technical documents
approved in an established order,

If the shape and dimensions of the incl$6 not be
estimated by one of two neighbouring scele s, then it is
permitted to estimate those in 0. 5 29 points and so on,

Inclusions above po % stimated by point 5 with the
sign &£& greater tha @7
Mark << eﬁ iven in the case if inclusions of any
type are ab§5‘§:§‘ 1so when inclusions are more than twice less
a

nst point 1,

as co

inclusions of a member of types are found in one field

1ew, then estimation is made for each type of inclusions
separately,

Exception is the case, when in one field of view found are:
a) line inclusions of oxides, brittle and plastic silicates and
nitrides;

b) point inclusions of oxides and nitrides.

The estimation in one or the other case is made jointly,
and the results are written down in the graph of the predominant
type of inclusions.

Notes: 1, Upon agreement between the supplier and the customer,
the line inclusions may be estimated as the maximum of points
obtained during estimation of line oxides, brittle add plastic

silic ates.
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Vari-
ants of
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1M

2 VS P
poLiTy Xircad

90-100

90-110

L4

90-110

90-119

90-110%

90-~110

are given in table-1.

Diameter
of field

Magni-
ficat-
ion

K

X

,01-1 03

1.1"103

-4

‘11-1.3

of view,

S

0.75-0.85

ring estimation of metal contaminatig

sions are not taken in to account,
3.1.4. Variants of method 1) used for estimating condamination

of micro sections and melting caused by non-metallic inclusions

Criteria for estimating

caused by non

- e o e - - -

At t

con tamiyg lace
£4 decdtion

ehaxi g point).

At the maximum
contaminated place
of the section
(maximum point).

At the maximum

contaminated place
of the micro sect-
ion (maximum point)

At the maximum

contaminated place
of the micro sect-
ion (maximum point)

At the maximum

contaminated place
of the micro sect-
jon (maximum point]

At the maximum
contaminated place
of the section
(maximum point).

OFM.

No part of these Draw

Ty eprddacedin any for
ons of line nitrides and carbo-nitrideRrjorperyissignin writi

ings may be
m without
g of

Table‘.
on

nclusions

R i

ean point calculated

as the arithmetic mean
of the maximum estimated
of each test-piece for
each type of inclusions

Mean and maximum points
and number of test
Rieces with a point
igher than the maximum
one expresed in percent
age of total numbexof.
test pieces,

Mean and maximum points
and number of test-pie-
ces with maximum point.

Mean point calculated

as the arithmatic mean
‘of the maximum estima-
tes of each test-piece
for each type of inclu-
sions,

Mean and maximum points
and number of test-pie+
ces with point higher

|

than the maximum one
expressed in percentag
of the total number of)
test-pieces.

Mean and maximum point
and the number of test
pieces with maximum
point,

DUTURE | DATE
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Note :- These Dravlmgs ar<.e only ot tygnpa({}o];t%elsg I?rawings may be
for rebfer fce. Actu (;D;a‘l';'::gs reproduced in any form w‘thout
m erent andshallber = = = = = = = = = = = = = — - e e e s e = e e —— -
) BV : L Criteria for estimating |cBHOLREHVISSIQN in writingof
issued at hetlmechrocurer ent Bisictes caused by non-metallid predusions.
ants |nifi- OF EXedd ™ T g s ST TP
of me~|cat- of view, Micro Melting
thod. |ion mm,
L7 90-110x 0.75=0,85 | Number of fields |Number of fields of
of view with view with point 2 and
point 2 and more |more, sepaffately for
by each type of |oxide, 1 e and
-inclusions. nit ions
an area of

| ATE: 90-110% | 1.1-1.3 | Number o Number of fields of

T of v view with point 2 and

oi ore |more, separately for
. pe of |oxide, sulphide and
udions. nitride inclgsions b
referred to an area of /
10cm2.
p |

L9, [170=21 0N38-0.48| At the maximum [Mean point, calculat-
contaminated pla-|ed as the arithmatic \
ce (maximum point)mean of maximum est- !

mates of each test-
piece for each type of
inclusions. :

\ 10. 1’70—210x 0.38-0,48]| At the maximum Mean and maximum
contaminated points and the number
place (maximum |[of test-pieces with
point). maximum point,

Mi11 |170-210%| 0.6-0.8 | At the maximum [Mean point calculated

% contaminated .|as the arithmatic
place of the mean of maximum estima-
section (maximum | tes of each test-
point). |piece for each type
of inclusions,

Ju12 1’70-210x 0.6=0,.8 At the maximum Mean and maximum
contaminated points and the number
place of the of test-pieces with
section (maximum |maximum péint,
point).

13, [ 170-210%| 0.38-0.48| Number of fields |Number of fields of
of view with view with point @ and
points 2 and more|more separately for

oxide, sulphide and
nitride inclusions
referred, to an area

—— Cohioemz
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corresponds to th
i “ﬁ}
o

e S is taken as equal to 5.

(80mm
2. Duri

CFoan

may be estimated by the number of fields of view with

micro section in methods |} 7;

Continuation of

Notpartbdf these Drawings

may be

r of the photo pattern

n of arithmatic mean of the points, the

points 1, 2, 3, 4, 5 and more than 5.

ws;

W13 and [Lr14

Criterion for

estimation of melt is the number of fields of view with

point 1, 2, 3, 4, 5, and more than 5 separately for oxide

B3 Wk vide (o Clinsled

2

sulphiquto an area of 10 cm .

Refults of estimation of the micro sections and melt

of test-pieces taken for check.

are written up in copformity with appendices, 3 and 4,

3.1.5. Data of checking contamination of the melt caused by non-
metallic inclusions available in the first determination may differ
from the results obtained in the second determination by the amount

of error depending on the degree of metal contamination and number

Maximum errors occuring during determination of the mean

SHeeT

Ne. DF pocumext

SOATURE | DATY

GOST 1778-70

____________________ reproduced in any form without
[Criteria for estimatinprioopéemissioniimrwriting of
Diameter caused by non-metalltﬁ“&nclusions.
on.,|of field b =« = = = = = = = i i et &
of view
Mg ’ Micro Melting
170-210 [ 0.6-0.8 | Number of fields |Number of fields of
of view with points|view with point 2 '
2 and more, and more_geparately
for sulphide |
e)inclusion |
an area
~
NOTES: 1, Diameter of field of view 0 scope used in ‘
methods UWh; [U2; 9; Mo; W13
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e ¥ E b 5). reproduced in any form without
3 | BW A28 appepdix prior permission in writing of

hod K, ‘ OFM.

3,2.1. The number of inclusions having dimensions more than the
estabilished ene is counted on unpickled sections under a
micxroscope.

For estimating the contamination of deformed metalsmsed
are micro §ections with longitudinal grain flow. 6%
3.2.2. The whole area of the micro section i ‘Sk 70 to

180 power manification and division of #he
sU2phide and nitride

ece scale of

0,007 + 0.0005 mm, The number o

inclusions are determined b eparately.,

Ist group = inclusions % to 2 divisions of the eye-piece

2nd group - 1o s are from 2 to 3 divisions of the eye-piece

cale, inclusive;

%@o\p inclusions are from 3 to 4 divisions of the eye-piece

scale, inclusive;

4th group = inclusions from 4 to 5 divisions of the eye-piece
scale, inclusive;

5th group = inclusions are from 5 to 6 d{yisions of the eye-piege

scale, inclusive.

Number of groups may be increased depending on the maximum
SiZg of inclusions in the metal. By means of the eye-piece
scale measured are the diameter or thiekness of the inclusions
of ciecular or square shape respectively or ; "

minimum
and maximum sizes of inclusions of other shape., If, the ratio
of maximum and minimum sizes of the inclusion does not exceed

e % of the inclusion is to be determined as their

GOST 1778=70 ~
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wings are onl < .
ithmatic mean value. Sizes of the stretched iphdNapashefthese Drawihgs may be

\Ctual’'Drawings re rod ced in any f without
srent/and ghtiise of ldngth to thickness being more than twp, e determin- ]

prlor permission in erw ing of
of PIOCYTEMENi ¢ thickness is not less than % of the|egpypiece

scale division.
The mean linear dimensions of the stretched inclusion (fb

is calculated by formula:

0. +2aoﬂo 6

a, and .1 - the measured value§ o ess and length

Where,

of inclusi tively.

The type of inclusi o\e®estimated is specified in
the standards or he! documents for product approved in

ar table=2,

an establishe
32635 : %ts f method for estimating the sections and melt

TABLE - 2,
..... RSN, | |
Criterion for estimating contamination ‘
of non-metallic inclusion of the )
Variants given type.
of method e - - - - - - - et
K Micro section Melt
K1 Number of inclusions | Number of inclusions of l
belonging to 1 to 5th each group over an area of |
groups. 24 cm“,*
- K2 Number of inclusions | Number of inclusions belong
belonging to 2 to 5th ing to 2 to 5th groups
(groups. over an area of 24 cm2.
¥Area of six micro-sections assuming that area of each section
is of 4 cm2.

GOST 1778=70 stass
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Note gs are only e No part of these Drawings may be
for refe ' i . _ .| reproduced in any form without
may b Resulits of counting the number of xnclu311>nr;sri8rrzpmi§aon TR o o
issued ."prgguna‘mast and in melt are recorded in conformi LYORMth appendix—6, |

NOTES: 1. Inclusions may be estimated in deformed metal of

thickness or diameter less than 6mm over an area of

T e——

6 cm2 per one melt,

2. Inclusions may be estimated over an area of cm2 per

melt, in the Case, if more than 75 in l»@s Ist

group are found in one micro s i&
3.2.4, The estimation of Igt detenﬁwt&?c&a\inclusion belonging
to different groups may differ £ro at™of 2nd determination
by the amount of error whj gﬁ upon degree of metal conta-
mination and nummber Q:es ieces taken for check,

g

Example of cal i e error occuring in determination of \

non-metal c’&l ions is given in appendix-7. !
| |
\( . Method [T ' '

clusions of specific sizes are conted on unpickled f
S ions under a microscOpe. .

For estimation of deformed metal used are micro sections

with cross grain flow. Sections with longitudial grain flow

may be also used.

2.3.2. Size of micro sections

of the eye-piece scale, by groups given in table-3, X,

.
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S’ TABLE.3,
I T°] S s e o omemeeeacio: =@oseeeeeeoa
Groups of Average Size of inclusions expressed | . T T - " Tm=---
A v ze of inclusions
inclusions. Significance |[in divisions of thee;%g:i:ge Eye-piece scale divis
g f:rrgf‘):fzn geais, ions expressing the )
a e R oy - - N are of i
to the area of|Along the diameterrxlo axve ring in 2 sauave, "
§ inclusions, N OF e - =
i ------- - - - Ed ——— Rl e ® oS > e > -
- 1 T From 0,5 up \m 0.4 upto 0.6 incl | l.'-‘ ----------
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. usive,
2 T From O@A From 0.6 " 0,8 v From 0.35 " 0,7
5 3 1 “0 T8N " 058 v, 40 w From 0.7 " 1.4
A :
2 4 2 QQ,' 180 % qugl W g «  Joat @ " 1.4 " 2.8
%) 5 &\ .’ 1.9 " X / n { s L 2.4 n " 2.8 n 5.6
3 6 - P\ "2.7 " 3.8 " 2,4 " 3,4 n & 58" " 9%Le
m 7 16 n n )
: \‘ , ' 3.8 5.4 i 3.4 " 4.8 L % a3 o D26
BI 32 " %4 Y 76| "™ 4.8 " 6,7 " " 22,6 T 45,1
\ 64 " 7.6 " 10,7 ]| » 6.7 " 9,5 m LS ® 90,2
10 128 " 10,7 " 15.2 » 9.5 " 13.4 " " 90.2 " 1805
11 256 ¥ 152 v 21.4 " 13.4 " 19,0 S/ "180.5 " 361.0
12 512 " 21,4 " 30.3| " 19,0
& s g y “ . 26.9 ) "361.0 " 722,0
. >3 42,9 26.9 " 38,0 "722,0 "1444,0
;\_,15 NOTE: Groups are made on the priciple of increase of the .
= gression with 2 as its common ratjg,’ area of inclusions in geometric pre-
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TABLE-4,

I ”Criteria of estimatin?icontaminati;n-

Variants | Magnification (lue to non-metallic inclusions,

of miﬁlod Micro section me%_ T

M1, 300%(280-300%) Value of the mean of
na, hooX(_mo—M-b and number rcentage of
3. SDOYSDO-Q&X) gigsions.k each micro section
T4 | oeor(beo-652) @ sl
'
NOTE: Specified i gﬂb ets are the limits of the magmifi- !
. catio s&d. .

volume percen values of volu-
and the number of
0 100mm2 of area,
3.3.4, @ s of all or several types of inclusions depending
o

f analysis are determined in each field of view,

og Before examination, the section is divided from edge to

centre in to 5 equal zones (drawing 24), Fields of view in the

zones on each micro section are set up in compliance with requirew- l
ments of table 5, \
P‘ |
e
§ Temg . 0 gt l ‘
vl 8 e [ 1]
laows | @ ! saowe | 1
28001 »L. ' 23ewe .L.
AL . <
L Iroms | 0 |
a b]
Drawing 24.
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Minimum number of fields of view | TBESE P SSIo P W

rm Without
riting of

Magnifieat— | o - 0 - A micro seeti

ion. 1’ O R L o S v n 2o V;GI

- - - e e |- -1— - —2— — -3.- - f e 4 _5. =2 J - - - - 2?’
X X

300"and 400 5 15 25 35 45 125

500%and 600° | 15 | 45 | 75 |105 | 135 g;s
The fields of view in each zone of the s @Ap
along the straight lines on the micro sec@o \ h are perpen-

dicular to the axis of ingot or roll?s\ Ke
i

For improving the accu mating the contamination
of the micro sections en r of fields of view in the
gones may be res 1 creased by 2, 3, 4 times and so on.

3.3.6, DiamgterN\or gide of the square for circular or square

incl slﬁ; ctively fare considred as the dimension of the
P\ |

lar shape, calculated is the arithmatic mean of the minimum
and maximum dimensions, taking this dimensibon as the diameter of

the inclusion,

For determining the size of inclusion of rectangular,
rhombic or similar shapes counted is the arithmatic mean of
the minimum and maximum dimensionsltaking this dimension as the
side of the square. If the difference bet‘ﬂe‘en the maximum and
minimum dimensions of inclusions is more than twice the group is
determined on the basis of area of the inclusion. The total
area of inclusions of complex shape may be determined by adding

areas of individual sections.

For determining the size of inclusions of oval or irregu-
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Results of measuring the inclusions are noted |deFigr permissiondp writing of
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3.3.8. For calculating the area occupied by inclusions in the
micro section, the number of inclusions of each group is to be
multiplied by the average area value of inclusions of the giwen

group and the products thus obtained for all the 6‘%”

added together.

The average area of inclusions (fa \ () field of
view is calculated by formula: N
fav = f/n%h
o

Where; f - total area _of ns.

n - numb elds of view,

3.3.9. Inchﬁ\ tent (V) expressed in volume percents
is ¢ u%! y formula:
\C V= fav K,
re; K = ‘—;’9— - Bo-efficient.

Fe MD° - area of the field of view on the micro
section with the established magnification in eye-piece scale
divisions in square;

D - diameter of field of view expréssed in divisions
of eye-piece scale determined by dividing the diameter of the
field of view (in mm) one assured with the aid of object-
micrometer by the value of the eye-piece scale division of the
given microscope;

E;D and K - constant values of the given microscope and
the magnification.
3.3.10. Content of non-metallic inclusions expressed in volume

exggnts for melt is calculated as the arithmatic mean of

I
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’Oe\ ariants of method [] for determining contamination of

per 100 sq.mm. of area are calculated in compliance with

appendixes Band 9,

3.3.12, Estimation of inclusions resulting from the first deter- |

mination may differ from that resulting from the se ond deter-
mination by an amount of error which depe al contami
nation and the number of fields of view the melt under

eanalysis,
Example of counting an erro n determination of inclu-

sions in volume percent@ in appendix 10,
3.4, *
J4%% Con1s;h tTon of steel caused by inclusions is estimated

icro sections under microscope.

1t by non-metallic inclusions are given in table-6,

Variants of|Magnification | ion caused by non-metallic inclusion
me thod e e - L) e a7 ) e T 0

[ Criteria for estimatIng ;o;t;hin;t: {

. -

JT1 300%(280-300%) | Contamination |Contamination to in.
caused by inclus-|clusions over a
ions of specific [total counting leng
size. th of 10 cm,

{72 500%(500-520%) [ Contamination |Contamination to inL

caused by inclus=|clusions over a
ions of specific [total counting
size, length of 10 cm,

NOTE: Specified in brackets are the limits of magnification

—

ay be
hout
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DrmNbfirary direction so, that the length choser| count

apgvthe central

p“iﬁrgggnge s than 3 cm and covers the boundary
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;
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zones of the cast specimens,
3.4.3, With the aid of -metric screws, mounted at the stage
of the microscope, the section is moved in one direction along
the marked lines. The maximum size of the inclusions e (see
drawing 25) falling in the cross-thread of the ey@%ﬂe
\& fied in

measured and noted in comformity with the
table=7,

TABLE-T,
Groups of Dimensions of | Mean value Group | Dimen- Mean
inclusions inclusions ex- | of inclu= } of sions of [value of
pressed in sion size |inclu-|inclus- inclusio
eye-piece scalq expressed |sions.}lions ex- size ex-
divisions, in eye= pressed |pressed
iece sca in eye- |in eye-
e divis- piece piece
ions, scale di-|scale di
. visions, visions,
----- —--——--—-----—---“-'---—i-—-—-
1 0 -2 1 9 16,1-18,0 17
2 2.1 - 4,0 3 10 18,1=20.0 19
3 4le== 6,0 5 11 20,1-22,0 21
4 6.1 = 8,0 7 12 27,1=24,0 23
6 10.1 = 12,0 1 14 26.1-28,0 27
7 12.1 = 14,0 13 15 28.1-30,0 29
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purpose of analysis,

3.4.5, Contamination of the melt (W) caused by inclusions is

N,

ision at given

calculated by formula:

H :bzf.e;-mi,

Where; b = value of an eye-piece SC

magnification, i

ai - mean valu o@l ions size expressed in eye-piece
sca ion

f inclusions belonging to the given group;

ntmg length, in /u"’
ample of calculating the contamination is giwen in

o:e dix 11.
3.4.6, Estimation of contamination resulting from the first
determination may vary from that of second determination by
the amount of error which depends on the degree of the metal
contamination and the total counting length per melt,
The manimum errors @ccuming in determining the contami-

nation caused by inclusions are given in appendix 12,
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Research.

Routine
tests.

Contir

Melting in electric
arc, induction, open:
hearth furnaces and
converters,

Vacuum induction
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No part of these Drawings may be
without
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Steels and alloys of a
-all grades.

melting, refining
remelting (el

slag, vacu T
etc. %

Vacuum-induction
melting, refining
remelting (electro
slag, vacuum arc,
etc.)

Vacaum induction
melting, refining
remelting (electro-
slag vacuum-arc and]
etc.)
Vacuum=-induction
melting, refining
remelting (electro-
slag, vacuum-arc and
etc.)

or precision
b®arings, high stren-
gth steels (having an
ultimate strength
higher than 180qu/mm2
in heat-treated condi-
tions.
Steels and alloys of
all grades,

Ball and roller bear-
ing steels for preci-
sion bearings, blanks
out of corrosion.steer

for special thin-wall
tubes.

Structural steels of
special purpose or
for manufacturing
articles of high-class
accuracy and surface
finish; tool steels
for measuring stan-
dards and articles
of high-class of

YWz, Uh ‘:5;:§§h
\ ests.
K1 Routine
tests
K2 Routine
tests.
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NOTE: Methods 1, M2, (134 N4 may be used for research tests
of the metal melted in open-health, electric arc furnaces
and converters in this case.
under examination, should be increased by 3 or more times.
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articles of high-class
of surface-finish for
vacuum-tight apparatus.
Preci loys
suppl i s for
s e A BT S g e s \
K1, K2 |Research [Vacuum-inductio eels and alloys of all |
tests, ting refin by grades, x
ing (e shal,
vaglum- and etc.)
e
A1, []2 |Res chum - induction Steels and alloys of
ns, n t& melting, refining re- | all grades.
melting, felectric=
\\‘ slag, vacoum-are and
0 (etc). ‘
M1 02 | Research |Melting in oper hear- Casting from carbon
tests, th, electric-arc and | and alloyed structural
induction furnaces, structural steels,
converters, .
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‘time of procurement Ch cteristic of the types of

Non-metallic Ineglusions.

1. Belonging to oxides are:
inclusions of individual sma}l grains, frequently of corrundun#,
and spined in the form of lines}
point inclusions, mainly of simple or complex crys'%of oxi-

des in the form of individual particles or separa dis-
persed all over she plane of the micro secti
2., Belonging to silicates are: |
brittle silicates or soda—lime maged due to defor- r
mation and stretched in to fu imes together with ‘
[l

oxide inclusions;
silicate or soda- 9 nclusions undergoing plastic
deformation and tr % alo the grain flow, differing from
sulphides b lour and transparence in a dark field
of view;
nofi-de ble (globular). single or group inclusions of sili-
x ass-lime glasses of circular or irregular shape, big
@&1 les of'oxide inclusions, frequently corrumdum,
Inclusions enumerated in sub-paras 1, 2 belong to oxide ink |
Ixclusions.
3. Belonging to sulphides are, plastic, opaque in dark field of
view, stretched along the grain flow individual inclusions or
groups of inclusions, usually di-sulphide of iron and mapganese.
4, Belonging to nitrides are:
lines and yellow-pink orystals of nitrides and carbo-nitrides
of titanium, chiefly of regular shape dxspersed all over the field

of view;
lines and pale-pink inclusions of nitrides and carbonitrides

of niobioms of irregular and circular shape dispersed all over
the field of view;

dark crystals of alununium nitrides, mainly of regular shape
and anisotropic,
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cn ming point c des des nitr
silicat- from and and des,
es CH line carbo- carbo=| HA.
inclu=- nitrides| nitri-
sions » des
(oc, CX,
and Cn)*
0 4.0 4,0 1.0 0 0 0
0 2.0 2.5 1.0 0 0 0
.0 0 2.0 0.5 0 0 0
0 1.0 2.0 2,0 0 0 0
0 3.5 19 1e9 0 0 0
0 1.0 3.0 2.5 | o 0 0
0.0 1.9 29 1.3 0.0 0.0 0.
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time of procurement prior permission in writing of
OFM.
X = M_QD_.
n
Where;

m - number of test-pieces with point higher than the

maximum onej
n - total number of test-pieces. $
Example of calculating X- for non-def \ ificates
when the maximum point establisha

* The grap ’&kd in, if upon agreement between the supp-
tomer, it is permitted that the number of line

lier cus
s 1s maximum out of points obtained during estimation

® ine oxides, brittle and plastic silicates.
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Cazlcutation of maximum error in the determinatiloprff.
mean point of non-metallic inclusions by <

inclusions by method 1A} Example.

Number of |= == ===<==< Y 99
test-pieces | For alloyed and carbon steels of high For b n
quality with dimensions in mm,

Less than 40140 and more ILes
Line i
6 0.4 Q\ 0.3 0.5
9 0.3 ) 0.2 0.4
p
“ 0.4 0.2 0.3

0.7 1.2

12 0

n e _1._.-2—- __ﬁ e
= VA T Vn

\ Brittle plastic silicates

0 0.6 0.8 0.4 0.6
9 005 007 0.3 0.5
12 0.4 0.6 0.3 0.4
n 4.5 2.0 1.0 15,
Tw 'l v yn
Ndn-de formable plastics
6 0.5 007 002 0.4
] 0.4 0.6 0.2 0.3
: 12 0.3 0.5 0.% 03
#
n 1.2 107 005 1.0
| = JJ J n Vv
Sulphide
6 0.9 0.6 0.3 0.4
9 0.4 0.5 0.2 0.3
12 0.3 0.4 0.2 0.3
= - F= |
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No part of these Drawings may be

tam shallbe ~ ~ ] | Maximum error expressed ijn "gRAAdpeed | ithout

e . For alloyed and carbon steeds of | . f9T bearingn gof
umber of high quality with dimensions in o el with di-
test-pieces

Less than 40 |40 and more |Less than 40 0 and more

6 0.4 0.7 - 68

g 0.3 0.6 $

12 0.3 " 0.5 \ =

n 1:& 1. - -
v

&stmuon (X) is calculated by formula:

n
Mear p)(‘{%
X A
9\ n
: $ Sxl = total of maximum points of all test-pieces

n = number of test-pieces.
Maximum error (§ox) occurring in the determination of

mean point is calculated by the formula:

_ 60.'-56
Sox =%y %

| Where; 60 - root-mean-square deviation calculated from the
K distribution of estimates of at least 200 test
1% pieces.
- 1.65= the constant factor for probability of 0.9;

n - number of tes t-pieces.

c——
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of recording the results during estipgffon of

metal melted by method Ki.

S EEE T ~ “Number of inclusions for groups-
Melt. |[Mark of Area of
No. test piece |the micro
section, 1 2 5
cme. _
1A 4.1 i 0 \ 0 0
iH ~ 3.9 2 0 0 0
2A 4,2 0 0 0 0
421384
2H Q, 36 0 0 0 0
3A Ns. 49 1 0 0 0
4.4 27 0 0 0 0
- - - - - s au = = = o o» e = s o» e en] = = an] o» on B ) w oo &= -
@\L 24 200 3 0 0 0
\‘E\ ==
APPENDIX=-7 to
GOST 1778-80
Reference.

Calculation of error occurring in the determination

of non-metallic inclusions belonging to Ist group

by method K1. Example.

R - i -

Test-piece | Area of the umber of Deviation
No. test-giece, inclusions from the mean
H cm®. of Ist group | value of a a*
: on test-piece
——————————— - s o = = -11 - - -J - a» @ @ en ep S B & e -
1 3.7 6 -5 25
2 4,2 7 -4 16
3 4,3 9 -2 4
[ GOST 1778-70 vert
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hese [,brawings are only

forr . Actual Brawings- ~ o = = -t; - ﬁt;xb- - ; - - D- ; -i- - J\lo-pnrt-of-these-Dm\[Nings may be
b ece| Aea of e er o eviation .
mas _ taﬁ?,.h%TP&e {test-piece, inclusions from the mreprcduced in any form without
he time of procurement cm2. of Ist group |value of a prior|permijssion in writing of
on tg‘st-piece OFM V\W
5 3.9 12 1 1
6 4.1 22 " 21
Total 24 66

ing in

Where;

N

Arithmatic mean value of “the number \§ms (X) appear=-

v(ﬁ (ESOJL) occurring in counting of inclusions is

Where; d'- standard deviation.
—
N .
¢ =1/ 2o .
-\
Where; Eaz - sum of squares of the deviations from mean value
of the number of inclusions.
t
d =(1' 68 = 5.3.
_ 5

one test-piece is calculated rmula:

“ er of inclusions of given group

er of test-pieces.

ted by formula:

i
Sx=% 7

e
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orre ctual Drawings Appendix i
: N% pta?tofth i
may b 3 : ese Drawings may be
: :ngraﬂbe GOST 1 7ﬂﬁ%86ucedinanyfcnr\Nnhout
procurement RefereNCSuor permission in writing of
Example of recording and calculating the re sl {GFMIE
estimating the oxides by the microscope MW N-B
under 290-times magnification.
T 1 eyt i T —as = --’———-—4»—---
G Number of inclusions in fields of [Total Mean |Area
rggps views number |valye |of ins
P | S e 2 o Iy clus-
ke Vg O i ions
sio 1 2 |3 |4 |5]|6 7 rais-
ed to
squar
and
expre
gsed
in ey
plece
scale
divi
1\ sions
1 ] o bmdilsl =l = =| = & T | 16.72
@\ g TR o e S S e et y | 32
\$ = 349 - - |- - -] = =] 3 49 1 49
4 N I I O G e 2| = =| - 34 2 68
5 N I Sl B S ) T 34 4 | 136
6 2ul e e e ) L R T 45 8 | 360
7 1 I = R R e T 1 = - 14 16 | 224
i 8 - |1 s lael =l=] =1* = = 13 32 | 416 ,
---d---—L—————-L-—L— ----- .d.--_-__,_
TM (P %
! £ 1291,75
| mean = 125 = 10.33
‘ v = 10,33.100 10,33.,0,0.0098 = 0,1012%
10200
K = 90 — = 0.0098.
' 10200
e ——
» The graphs for fields of view 14 siosine 12D 8 field in
- similarly.
GOST 1778=70 i
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Bht dnd shall be GOST 17 F8prdduced in any form without
time of procurement Referephgrior permission in writing of

Example of counting the number of oxides on th€WMero

2
section having an area of 100 mm .

Groups |Area of |Number [Number NOTES: 1, Data given in
of in-|the fi- |of in- |of in-
clus- |elds of |clus= [clusions appendix 8 have been used for
ions. |[view, ions, at an
examin- | group area of calculation,
ed, .| wise, 100mm2 .
at an .$ he fields
area of :
21.625 m‘: mined (21,625) is
. mm2 ,
an area of one field

67 Q\ of view (0.173mm°) multtplied
2 4% Q by the number of fields of
3 Q 227 view examined (125).
& I® ﬁy\ 34 157 3, Arithmatic mean
I P 34 157 value of estimates of indi-

0\ 45 208 vidual test-pieces over an’
| \$ 7 14 65 *

area of 100mm“ is taken as the

8 13 60 number of inclusions in the
melto
Total | 21.625 320 1485
il GOST 1778=70 ==
N&l‘ 75?([’1_“‘. UM,...’!‘“. IAV! 4'
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Drawings are only 1

Actual Drawings No part of these Drawi bgs may be

ntandshaHbf Appendix 10 tgproduced in any form without

imelof procurement GOST 1778=T0 gr:lz; permission in writing of
Reference. '
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Example of calculating the error occurring in determining

the oxide inclusions expressed in volume percents

by method I
------ h E; e» @S G OB WS WD G»IES @GS W = @ @ "> - = — - - - e
Number of Oxide inclusions Deviation from ) v
test-pleces. expressed in voluma| arithmatic 2
percents, %. value &«
- e AN !
0036 0.00001296
-0,0008 0.00000064
-0.0015 0.00000225
+0,0010 0.00000100
-0,0018 0.00000324
0.0000 0.00002034

in volume percents is calculated by formula:

‘i’=£xi

/
A

Where; Txi~ total content of inclusions expressed in volume

percents %;

n = number of test-pieces.

Error (¢ 0X ) occurring in the calculation of inclusion

content expressed in volume percents is calculated by formula:

o g
Sox = + ¢n
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Fawip - deviation; ‘
el ¥ d 2Lt ' reproduced in any form without
nt and shall be —ii _ e 1
; f t 2 prior permission in writing of
ime of procuremen (y OFML
n=1

Wherej;

\(/?s 0. 060

Sie% sum of deviation squares from the mean volue of

number of inclusions expressed in volume percents,

%. -

X = 20360 _ 0,0060 % 66
6 $

0.00075,100 _ 45,.5%
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Example of counting the contamination of
the melt of steel, grade 35J by method JI
Inclus-| Size of [Mean Oxides hides
ions inclus=- |value ----——--1-- -
group. | ions ex- |of in=- Number of
pressed |[clusion |inclusions
in eye~ |sizes of the a; a; my
piece express- |given en
scale ed in group, . roup mi.
divisions}eye-piece
scale
divisionsg
______ai‘_ Nl o 4w e | ——
|1 0-2 *?, 25 25 29 29
2 2 .XQ\ 4 12 69 207
3 4, 5 2 10 22 110
@ /1-8.0 7 = = 8 a6
8.,1=10.0 9 - - 1 9
6 10.1=-12,0 1 - - 2 22
12.1-14.0 13 - - 1 13
14,1-16.0 15 - - - Y-
LISl TSN et SRC e B IR ARG I B o ot e = e - - - - -e- - .- -‘ =
Total 47 446
\
1 = 180000MM \A sulphides = 22446 - 9 91, 10/
Magnification 3007
W Oxides = —141— = 1,04.107%
180000 W total =W oxides+Msulphides
-3 -3
total = 1.04-10 091 010
= — v = 10.95.10'5?
GOST 1778-70 —
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Example of calculating the ma)imum error OCCUurring
in detemmination of non-metallic inclusions
by method JJ depending on the length chostm

for calculation.

:ength chosen for| Ma)imum error Length chosen

calculation, cm. d;; 10-3 calculati@ - -9;-1?—— )
f = 1.30 N 0.308
0 % 21 0.283
@ 24 0,266
43

RS

LV T« N )

—

C"’ =% d;lﬁéé-
o SRS v-r'
Where ¢§ rood-mean-square deviation of distribution per 25cm of
calculation length;
y65 =cons tant factor for probability of 0.9.

1 -calculation length, chosen cm.
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