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QUOTATIONS FROM CHATRMAN MAO

®Tdeolorical and political line is key link, When the key link is grasped

everything that hinges on it ia in order,"

"Be prepared agalnst war, be prepared against natural disasters, and do

everything for the people,"

"On what basis should our policy rest? It should rest on our own strencth,

and that means regeneratlion through one's own efforta "

"The Chinese people have high aspirations, they have ability, and they will

! certainly catch up with and surpass advanced world levela in the not too

distant future,"

|
|
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into seven divisions: degasified steel, open steel, continuous !
casting steel, electro-slag steel, fracture, welding and
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as reference for identifying and judging steel macrostrpéture

and defects,

A COLLECTION OF STEEL METALLOGRAPHIES
WITH ILLUSTRATIONS AND DESCRIPTIONS

-~-Steel Macrostructure and Defects--
Edited by

Stecl and Iron Research Institute
Department of Metallurpiecal Industry

Publisher: Metallurcical Industry Press
Distributor: Peking Hsi~hua Book Store
Printer: Metallurgical Industry Press Printing Office

Firs print, April, 1975
Printed copies: 00,001-15,000
Book No. 15062.3129

Price: 3,95 (Chinese dallar)

311




el e e

1, The

101
109
115

122

137

146

152
154
161
163

169
B g |
172

CONTENTS

Preface

Structure and Defects of Decasified Steel

- 108
- 114
-~ 121
- 126
~ 132
- 136
- 145
- 151

- 153
- 160
- 162
- 168

- 170

- 174

The Crystal Structure of Derasified Steel
General 'nsolidness and Central Unsolidness
Inpot~shaped Sesrecation

Spot Secregation

Shrinkace Cavity Remnant

nderneath-skin Bubble

White Spots

Axis Center "Crack!” and Concentrie
Circle Crack

Inside Crack
Overturned Skin
Inside Bubble

Foreign Metal Inclusion and Titanium
Inclusion

Silicon Segregation
Incipient Crack

Axis Center Carbon Segreration and
Negative Segregation

Fdge Coarse Crystal
Forre Crack
Non-metal Inclusion
Folding

Hot Brittleness

Lv

(3)

(13)
(20)
(30)
(39)
(47)
(52)

(63)
(70)
(73)
(81)

(83)
(=9)

(91)

(91)
(94)
(101)
(101)
(104)
(104)

A




———e
e

201 =205
206
207
208

209

301 - 302

303 - 304
305
306
307

309

4. The Structure

401 -~ 402
403 = 405
206

5. Fracture
501
502
503 - 504

2. The Structure and Defects of Open Steel

The Structure of Open Steel
Honeycomb Bubble

Silicon Segregation

Secondary Bubble Not Rolled Together

Tail Pores

The Structure of Cast Billet of Continuous-
casting Steel

Depression
Protuberance
Cleavage
Rhombic Change

Shrinkage Cavity

and Defects of Electro-slag Remelted Steel

Corrugated Segregcation
Foreirm Metal Inclusion

Calcium Fluoride Inclusion

Terrace Fracture
Tearing Fracture

Wood~ring Fracture

(106)
(111)
(113)
(113)
(113)

3. The Structure and Defects of Continuous-casting Steel Billet

(115)
(117)
(117)
(119)
(119)

(121)

(121)

(122)
(126)

(129)
(12%)
(131)




505
506
507
508

509

Laminar Fracture
Rock-like Fracture
Naphthalenic Fracture
Graphite Fracture

Rod-like Crystal Fracture

6. The Structure and Defects of Welding

601 - 609
610 - 619
620 - 636

7, Miscelleneous

701 - 703

The Macrostructure of The Joint of Different
Welding Methods

Slag-inclusion, Not-Well-Welded and
White Spots at Welded Joints

Crack at Welded Joint

Cutting Defects

(133)
(133)
(135)
(135)

(136)

(1m)




Preface

Following the direction of Chairman Mao's proletarian revolutionary
line, metallurgical industry in our country has created a vigorous and
extremely good situation,

In order to meet the needs of the rapid development of metallurcical

industry, we have revised the Steel Metallorraphies With Tllustrations

and Descript ons of 1960 edition, In our work of revision, we adopted a

mass line and widely solicited opinions and sugrestions in recard to our
undertaking from workers, technicians and leading cadres, We also went
to the fields and visited a number of metallurgical and machinery
enterprises.

This Collection contains 156 pictures all concerning macrostructure
and defects of steel, Most of these pictures are obtained from the
follwoing organizations: Anshan Iron and Steel Company, Tai~Y#an Iron
and Steel Company, Capital Iron and Steel Company, Wuhan Steel Plant,
Ta-yeh Steel Plant, Tsitsihar Steel Plant, Chungking Special Steel Plant,
Shanghai Iron . and Steel Research Institute, Shanghai Steel Plant Yo.1l,
No.3 and No.5 and Shanghai Diesel Engine Plant (the forecoing five units
are affiliated to The Metallurry Bureau of Shanghai City), Shanghai
Boiler Manufactory, Chiangnan Shipyard, Shanghai Steam Engine Roiler
Research Insitute, Yarbin Boiler Manufactory, Lanchou Petrochemical
Machinery Plant, Wuhan Boiler Manufactory, Chungking Heavy Machinery Plant,
Kwangchou Heavy Machinery Plant and Peking Metal Structure Works,

In our preparation for this revision, we received encouracement,

support and help from various units throughout the country., To each of




them we here express our heartfelt appreciation,

Because of the limitations in our thinking as well as our work
experience, and the lack of sufficient reference materials, we have found
some shortcomings in this book, such as the absence of a systematic series
of pictures of the changes in hot working process, There may be other
errors that we have not discovered. Criticisms and surgestions are all
appreciated and we especially welcome contributions of pictures so that

we can use them in our next revison,

Fditors
December, 197/
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1. The

Structure and Defects of Degasified Steel

Picture No,

Title

Description

101

The crystal
structure

and defects
of 30CrMnSiNi
structural
alloy steel
ingot

The weight of the ingot is 3 ton, and
it is big-end-up with a hot top. The
crystalization begins from the mould wall
and gradually spreads to the center, From
the loncitudinal section of the ingot,
three crvstal zones can be seen, The
extremely outside one is a very thin shell
laver, which is formed by fine isometric
crystals., Next is a rather thick columnar
crvstal zone and it is f-rmed by coarse and
long crystals which stand perpendicular to
the mould wall., The one that is connected
with the columnar crvstal zone is the central
zone and it is formed by larce isometric
grains,

In the central zone, there is clear
V-shaped serregation. On both sides of the
V-shaped serreration, and on the border
between the ecolumnar eryvstal and the central
zone, there are some slightlvy inclined
segreration lines, which are usually called
inverted V-shaped segreration, and also

called A-shaped se reration, "beard" or




"phantom line", The degree of the inversion

of V-shaped serreration is determined by the
steel chemical compositicn and the speed of
conrelation of liquid steel, For example,
the derree of inverted V-shaped serregation
of alloy steel, of which the nickel content
is high, is great, and the small steel ingot
or flat ingot because their congelation is
fast, the desree of their inverted V~-shaped
segregation is small,

At the depressed parts on the upper part
of the ingot are shrinkage cavities, They
are usually limited to the top of the ingot,
and they can be scraped out when the inect
is cut open, Otherwise, thev remain on the
steel piece and are called cavity remants.

Etching agent: 1l:1 hydrochloric acid yater

solution at 60-"0°C,

L I R R L I I I R R

102 The sulphur The chemical composition of the steel is
print on the
longitudinal 0.64%C, 0,22%Si and 0,73%Mn, The weight of the
cross-section
of heavy rail ingot is 5.3 ton, and it is big-end~up with a

steel ingot
hot top. As a regult of having such sulphur

prints, it proves that the sulphur content
of the steel in the V-shaped and inverted

V-shaped segrecation parts is hich,







Picture No., Title Description
103 Dentrite This is the situation of dentrite ervstal
crvstals

erowth at the upper part of a cast plece after
quickly pouring out the remaining steel
liquid at the time when the casting has

been partially conrealed.

Multiple:s 2.4:1

L R R R I I N A RN BT

104 Front edge of These front edres of crvatalization,
erystalization
and dentrite which look like year rincs of a tree
crystals

trunk, are a serfes of very rerular {sotherms
of congelation, They are almost parallel
with the ingot surface. In the sulphur print
test, these lines are white in color, and,
throusrh microscopie observation, very little
sulphde inclusure can be found among these
lines. The "year rings" are formed by the
very thin pure and hypo-pure metal layers,
which move toward the center of the ingot
and become congealed laver by layer. These
metal layvers because of the difference of
their etehing agents ean show white or

black color,

In the plcture, 1t can be seen that the

j
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dentrite crystals are mostly perpendicular

to the mould walls of the ingot,

Ftching agent: 120ml hydrochloric acid
added 10"ml distilled water
and 90¢ cuprous chloride.
Before etching, the testing
piece must be heated from
200 to 250°C for 5-30min,
then ccol it o°f and polished.
In the process of etching,
the surface of the testing
piece must be rubbed with a

piece of water-soaked gauze

—

or cotton cloth until the
structural lines become clear,
The coprer sediment on the
surface can be removed by
using liquid ammonia or a

light polishing,

Multiple: 1:1

D I I R

105 The ecrystal The erystal zone of 23%Cr-23%Ni heat-
zone of heat-
resistant resistant steel ingot., When the pouring tem-

steel ingot
perature is appropriate, there will appear

three oryvstal zones: the fine isometric

crystal zone, the columnar crystal gzone and

the coarse isometric ervstal zone., 1f the




pouring temperature is too high, the columnar
crvstal zone will stretch to the central
part of the inpot,and the coarse isometric

crystal zone there will d sappear.
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Picture No.

Title

Description

106

107

The crvstal
zone of heat
-resistant

steel ingot

D I B R )

The crvstal
zone of heat
-resistant

steel ingot

The crystal zone of 23%Cr-23%Ni heat-
resistant steel ingot. When the pouring
temperature is appropriate, there will
arpear three erystal zones: the fine iso-
metric crvstal zone,the columnar crystal
zone and the coarse isometric crvstal zone.
I° the pouring temperature is too high, the
columnar ervstal zone will stretch to the
central part of the ingot, and the isometric

crvstal zone there will disappear.

L N N R R I I “ et

The transverse cross section of a
testing ingot, which is made of 25%Cr-20%Ni
heat-resistant steel, and its weicrht is 15kg.
The four columnar crystal zones, which are
perpendicular to the ingot mould walls, meet
at the intersection of the diaronal planes of
the ingot., This is the weak link of the ingot.

Etching arent: 10ml oxalic ac’'d added

100m1 distilled water is

used as electrolytic liquid,

and platium or stainless

steel is used as anode to




do electrolvtic etching,

The distance between the

electrodes is 25mm,, the

voltage is 6volt and time
is 5-20 minutes,

Maltiple: 1:1
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Picture No., Title Deseription
108 The effect When the content of silicon and manganesium
of chemical steel
composition of 30CrNiMo,is normal (0O, 32%C, 0.30%Si,
to crvstal
zones 0,62%n, 1,03%Cr, 1.50%Ni, 0,29%Mo and

0.061%A1), the columnar crvstal zone approximarely
constitutes 20% of its whole volume (see the
left picture)., Otherwise, when the silicon
and manganesium content is low (0,32%C,0,07%
Si, 0,34%Mn, 1,01%Cr, 1,48%Ni, 0,31%Mo and
0.025%A1), the columnar crystal zone will
constitute 99% of the ingot volume (see the
right picture). The aluminum content of these
two different kinds of steel is also different,
but,according to the findings of research, it
is known that the effect of aluminum content
is not so great as silicon and mancanesium.
Mailtiples 1:2

109 General The general unsolidness of forged billet
unsolidness
of 18CrMnTi structural alloy steel, Re‘ore
acid eteching, it is generally unvisible, On
the hot acid etching transverse testing piece,

the loose porosity is renerally in the shape

of volyron. When the narrow concaves on the

13
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bottom become severe, they tend to connect
torether and become something like sponge.
The crevices are black in color,

When the loose crevices are evenly srread
over the whole cross section, it is called
general unsolidness,

The cause that produces unsolidness is
that when the steel liquid begins to conceal
in the shape of dentrite crvstal, the liquid
among the dentrites containing impurities is
of low melting point and begins to shrink in
the final stace of concelation, At the same
time, the undissolved cas comes out and makes
crevices. It may also be that the non-metallic
inclusion in the steel was eaten away bv aeid
in the hot acid etching test and left those
crevices.

The effect of unsolidness to steel quality
is determined by the size of the loose spots,
their amount and density.

Etching apent: Hydrochloric acid yater solution

of 1l:1 at 60-70°C,

Maltiple: 1:1.4

14
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Picture No, Title Description

110 General General unsolidness of forced billet
unsolidness

of 40CrNiMo structural alloy steel, In some |

steel plants , the general unsolidness of

large steel bloom because of the larce size

af the loose spot is called "particle i

looseness", but in many ot'eor steel plants,
they think it is better to call general
unsolidness.
Etching agent: Hydrochloric acid water solution
of 1:1 at 60-70°C,
Multiple: 1l:4

L I I R R I I I I I I R R S S NS IR N RN SN I

L1t Central Light central unsolidness of steel
unsolidness CrMMoV P
billet of 496rNiMe structural alloy steel,

The characteristics and the cause of
the formation of central unsolidness are same
as those of general unsolidness. It is called
central unsolidness because the unsolidness
concentrates on the axis. part of steel
billet,

Etching agent: Hydrochloric acid water solution

of 1l:1 at 60-70°C,

Multiple: 1:1.2

16







Picture No. Title Description

112 Central Severe central unsolidness of steel
unsolidness
billet of CrMnMoVR structural allov steel.
The characteristics and the cause of the
formation of central unsolidness are same
as those of general unsolidness, It is sa
called because the unsolidness concentrates
on the axis. part of the billet,
Etching agent: Hyvdrochloric acid water
solution of 1:1 at 60-70°C,
Multiple: 1:1,.2 v

113 Central The form of central unsolidness in the
unsolidness
longitudinal (right) and transverse(left) testins
samples cut off from D60 steel billet.
Etching agent: Hydrochloric acid water
solution of 1l:l at 60-70°C,
Multiple: 1:2.5

L D I R I R
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Picture No, Title Deseription
114 Central In a 65Mn structural carbon steel billet
unso lidness
and ingot- of pood quality, central unsolidness and
shaped
segregation ingot-gshaped serreration appear at the same
time.

Eteching acent: 1:1 hydrochloriec acid
water solution at 60="00C,

Multiple: 1:1.

R T I I T )

115 Ingot-shaped The laminar ingot-shaved serreration
secreration v
i in a forged billet of W1SCr4{V high speed steel.
4{ The Inpot-shaped serrecation on a hot acid
etched tra sverse test'ng plece gives a sight
of deep corrosion., The segrecation band, which
i i1s made of a cluster of dark snots, is of the
b | share of transverse section, so it is called
ff ingot-shaped serregation,
% Ingot~shared serrecation is loeated at
’ 1 the joining point of columnar ervstal zone and
, z {sometric ervstal zone. It is formed at the

final stage of steel liquid conpelation beesuse
the liquid has a certain quantity of
sulphide and silieate inclusion, The more is

| the ineclusion, the clearer is the serrecration

20
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and the lonser is the structure of the

segrecation reglon,

The effect of ingot-shaped serreration to
the quality of sterl is determined by the
derree of clearnaess of serregation framework,
nanely the degree of agpraeration and closeness
on the framewvork, and the width of the
gefreration framewvork,

Eteching agent: 131 hyvdrochlrole acid

water solution at 60-7070C,

Maltiple: 1zl

D R Y
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Picture No. Title Deseription

116 Ingot-shaped Ingot-shaped secrrecation of 30CrMnSi
serreration
structural alloy steel,
Etching agent: 1l:1 hydrochloric acid
water solution at 60-70°C,

Multiple: 1:31.2

R T T ) D I L I N N A A A

117 The relation- The longitudinal and transverse con-
ship between
ingot~-shaped fimurations of incot-shaped secrecation id
serrecation
and stream- a low carbon steel billet., The longitudinal
lines

shows that the streamline follows the rolling
direction,and the transverse ¢'ves the usual
form of incot-ghaped secregation, Thus it can
be seen that incot-shaped secrecsation is

formed bv immense number of dots and these

dots are the transverse section of the
streamlines,
Etching agent: 120ml hydrochloric acid
100ml d'stilled water and

90¢, cuprous chloride. Before

etching, the testing piece
must be heated at 270-250"C
for 5=30 minutes, then

cooled off, Then it is

23




polished. During etching,

the surface of the testing
piece is continuously rubbed
with a piece of solution
soaked cauze or cotton ecloth
until the structure becomes
clear. The copper sediment

on the surface can be removed
by using ammoniacal liquor

or a light polishing.

Multiple: 1:1

D I I RN B N
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Picture No., Title Description
118 Ingot~shaped Ingot-shaped serregation of 45 steel,
segrecration
Etching arent: 1:1 hydrochlorie acid
water solution at
60-0°¢,
Multiple: 1l:1
S ev 0P et es e e e o0 s 0 a0 a0 % 0@ TNttt et B e ee et GePGRETtae et 1
119 Square The deeplv corroded and dark spots on
segrecation
of rust- the hot scid etching transvers testine piece.

proof steel

There i1s a clear boundary between the spots
and the body of the testing piece. Sometimes
there are interlocked white and black layers
in the square spots, The sensitivity of
producing square sesreration is different

from the rust-proof steel of different numbers.
ICrl8NioTi steel is the most sensitive one.

The cause of form square serreration is not
vet known now, But the practice in several
steel plants ind ecates that it can be eradicated
by using high temperature diffusion treatment
1100-1150°C water cooling or 1150-1250°C ;
gradual cooling). A

Etching agent: 1:1 hydrochlorie acid water

solution at 60-”00C.

Multiple: 1:1.2
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Picture No, Title Deseription

120 Inpot-shaped Ingot segregation on heavy rail steel,

serreration
Etching agent: 1:1 hydrochloric acid

water solution at 60-"0°C,

Maltinle: 1:1.3
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Picture No.

Title Description

121
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122

Ingot-shaped Ingot-ghaved serreration and svot
secreration
and spot serregation of 38CrMoAl steel, This transvers
secrecation
testing piece 1s taken from a part corres-
ponding to the middle-lower part of the
steel incot which has been rolled into a
round piece of 200mm, Geuerally speaking,

most of the spot serregation aprear on the

upper-middle part of a steel inpot and it |

gradually reduces from urner part downward.

And most of the ingot-shaped secreration are

at the middle part of a steel ingot and it

rradually becomes severe from upper part

downward. So at the middle lower part of a

steel ingot, there is only ingot-shavred

secrecation and no spot segrecation, and neither

of them avpears on the tail of incot.

Etching arent: 1:1 hvdrochloric acid water

solution at 60-"0°C,

Multiples 1:2

Spot Spot se regation of 32CrMoAl structural
segregat ‘on
alloy steel. Spot serregation on the hot

acid etching transverse testing pfece, according

30
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to the different air content of the steel,

appears generally in the following forms:
spots of irrecular forms; depression, oval, |
watermelon-seed or round snot, which are all
darker than the body of steel; and air bubbles
| which were not welded off, Due to different

cryvstalization conditions, the distribtution

e

of the spots may be in the shape of broken

square frame, cruciform or concentrical circle.

On the hot acid etching longitudinal testing

piece, spot secrecation is of a shane of
black strip stretching along the direction of
extrusion,

Based on its position on the cross section,
spot secrecation can be classified into two
different kinds: general spot secrecation and
edge svot secregation. The “ormer on the
testing piece shows an irregular distribution,
while the latter cenerally distribute themselves
along the edres of testing piece and keep a
recular distance from the surface.

There has not yet been any definite conclusion
about the cause of why svot serreration,
especially of 38CrMoAl steel, comes into being.
Whether the few forms described above should

be given diferent names, the answer is under

31
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studY in sgeveral steel plants.

Etching agent: 1:1 hydrochloric acid
wvater solution at
60-"0°C,

Multiple: 1:2
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Picture No,

Title Deseription

-------- PRI T R T R R N R I L I
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Spot Spot serregation in a 10 steel billet.
serregation
Etching agent: 1l:l hydrochloric acid
water solution at

60-70°C,

Multinles 1:1

Spot, General spot sesreration of 45 steel,
serreration
Beside the secregation, there are fine
herringbone cracks, which are made by the
failure of welding well because of the
existing of air bubbles.
Etchine agent: 1:1 hvdrochloriec acid
water solution at
60-"0°¢.

Multiple: l:l

34
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Pieture No.

Title

Deseription

125

ces e P e s e e

Srot.
serregation

Spot serregation appears on heavy
rail steel.
Etching arent: 1l:1 hvdrochloric acid
water solution at
60-"0°C,

Multiple: 1l:1,3

36
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Picture No. Title

Description

126 Spot,
segregation

127 Shrinkage
cavity
remnant

Severe snot segrecation in a steel
billet of 32CrMoAl structural alloy steel,
Etching apent: 1l:1 hydrochlorie acid
water solution at

60-70°C.

Multiples 1:1

Shrinkare cavity remnant in a steel
billet of 20Cr structural allov steel, Because
the shrinkage cavities were cut off completely,
what is seen in the picture is the severe
segregation region at the bottom of the
shrinkage cavities,
Etching agent: 1l:1 hydrochloric acid
water solution at
60~70°C,

Multiple: 1:1,2
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Picture No. Title Description
128 Shrinkare Shrinkare cavity remnant in a steel
cavity
remnant billet of GCrl5 bearing steel, There are pyer-

turned giin and other defects on the edge |
of the billet., The shrinkare cavity remnant
at the central part of the hot acid etching
transverse testing piece (perhaps because of the
effect of hot working de‘ormation, it moves
close to the central part) aprears to be
wrinkle cracks, if the crop end of the billet
is too few, they can even become macroscopic
hollow., In the neighbouringc areas of the
shrinkage cavity remnant, there generally are
aggregation of impurity inclusion,and
unsolidness or serrecation, This is the basis
to dif“ferentiate shrinkage cavity remnant
from internal cracks.

Of the billet which is big~end up and
with a hot top, the shrinkace cavities are
confined in the riser part, but if the casting
operation is not proper, they will penetrate
below the riser line on the top of the billet.

It is not permisable to have shrinkage
cavities in ‘g billet, and it can be continu-

ously cut o°f from the billet.
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Etching agent: 1:1 hydrochloric acfd
water solution at
60-70°C,

Multiple: 1:1,1

129 Shrinkage Shrinkare cavity in a longitudinal
cavity
remnant testing piece of 42Mn2 steel billet,
Etching agent: 1l:1 hydrochloric acid
water solution at
60-"0°C.
Multiple: 1l:1
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Picture No. Title

Description
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Shrinkage eavity remnant in

130 Shrinkare
cavity
remnant 30CrMnSiNi isomeric steel billet,

Etehing agent: 1:1 hydrochlorie acid
water solution at

, 1
60-70"C.

e s s e s s e st e i ee et

13k Shrinkage Shrinkace cavity remnant seen at the

cavity

remnant fracture axial part of T® (picture below)

and T9 (picture above), Defect is that the
remnant becomes: a Hnumber &f amorphous. strips
or constitutes an area of unsolidness, and

there is always a happening of oxidizing.

P I R R P AN I I I
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Picture No. Title Description

:
132 Shrinkage Shrinkage cavity remnant on the heavy
cavity
remnant rail steel, i

Etching arent: 1:1 hydrochloric acid
water solution at
60-70°C,

Multiple: 1:1.3
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Picture No. Title

Description

133 Underneath
~skin
bubble

Inderneath-skin bubble in 45 steel
billet.

According to their different positions,
the bubbles can be classified into "underneath
-skin bubble" and "internal bubble", The
distribution of underneath-gkin bubble is
very close to the surface, and generally the
depth underneath the skin is very recular, If
they are too close to the surface, when the
billet is heated, the inner walls of the
bubble will be oxidized, therefore it will be
very difficult to weld the steel tocether
when hot working takes place, The bubbles ean be
burned open and exposed on the surface of *the
billet and become longitudinal cracks. The
unexprosed underneath-skin bubbles on the hot
acid etching transverse testing piece become
pores or dark spots,which are either round
or oval in shape,

There are a few conditionsa which can cause
the becoming of underneath-skin bubbles, such
as the casting condition is not pond (for

example, the quality of the oil used on the

L7
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Underneath

ingot monld is not good enough), the deoxidation

of the steel is not thorough enouch and the
oririnal materials are not dry enough,

Steel that has surplus workins capacity
will allow bubbles to exist in the surplus
capacity underneath the surface. In evaluating
the ef"ect of underneath-skin bubble to the
quality of steel, the number of bubbles and
their depth from the surface should be riven
serious consideration,

Etehing agent:1l:1 hydrochloric acid water

solution at 60-70°C,

Multiples 1:1

Underneath-skin bubble at the longitudinal
fracture of 45 steel billet. Their deffect
is that they become fine strips,which have
different color from the body of steel,

When the fracture is of the shape of fibre,
it should be observed under a 1l0-time macnifier

because the bubble is not easy to be discovered

due to the existence of fibre,

-
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Picture No. Title

Description

135 The under-
neath~skin
bubble

The underneath-skin bubble on the

heavy rail steel,
Etching agent: Hydrochloric acid water

solution at 60-70°C.

Multiple: 1:1.3
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Picture No., Title Description
136 Underneath The underneath-slkin bubble in 20 steel
-skin
bubble billet, Part of the bubbles were burned

3 open and exposed on the surface of the

billet, so they became a crack. Besides j
these underneath-skin bubbles, there is

defect of unsolidness in the billet,

S oY

Btching agent: 1l:1 hyvdrochloric acid

e

water solution at

60-70°¢.

e QLS.
.
.

Multiple: 1l:1 v

ﬂ{ 137 White At the longitudinal fracture of 50
'25 steel billet, the white svots beecame coarse
crystal which is of the shape of silvery
bright oval dots, and the inner walls of
the svots have the characterist’'cs of coarse
sFrains,

Etching agent: 1:1 hydrochloric acid

water solution at

! 60-”000.

Multiples 1:2 ﬁ
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Picture No. Title

Description

138 White
spots
139

White sprots on the transverse testing
piece of 50 steel billet (picture 138), and ;
the white spots became fine and sho® cracks. .
On the longitudinal testing piece, the

white spots became horizontal and vertical

cracks which look like saw teeth (picture
139). From mieroscopiec observation, the
cracks are piercing crystals,
Etching arent: 1l:1 hyvdrochlorie acid
water solution at
60-70°C,

Multiple: 1:2




v

138
133




e

Picture No. Title Description
140 White White spots on the transverse section of
spots

a round billet of 20 steel.
On a hot acid etching traisverse testing
piece, white svots become a fine and short

crack, which has a regular distance to its i

borders (cenerally larcer than 20 mm). Some

of the eracks hre of a shape of saw teeth,

On the loncitudinal testing piece, the crack

made of white spots usually runs parallel

with the fibre stretche or makes an angle. v
the saw-teeth~like characteristic of the

crack is very easy to be seen,

On the longitudinal fracture under the
condition of quenching, because of the
different kind of steel and the difference of
position and direction of the broken face,

bright
the white spots become a,/8lice with convex

4
surface like a duck-bil], and they also become
round or oval silvery specks. The inner walls
of the white spot are of the shape of coarse
crystal grain,
The white spot comes from the undissolved

hvdroren, which concentrate in the loose

pores and produce & pressure. This pressure
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torether with the heat stress and structure
stress caused- by steel phase charves,
forces the inside of a steel billet to produce
cracks,

The martensitic and semi-martensitic steel
is easy to produce white spots. Next comes
pearlitic steel. Recause the solubility of
hydrogen in austenite is creat, austenitic

steel is not east to produce white spots,

Because of the foregoing reasons, in
smelting,the hydroren content in steel should
be reduced, and another measure to prevent
white spots is to let the steel cradually cool
to below 200°C after forre rolling,

White svot is an unpermisable defect, But
the usefulness of the steel can be decided
according to the welding condition after \
re-forging,

Etching agent: 1:1 hydrochloric acid water
solution at 60-70°C,

Multiple: 1:1.2

L I I T U Ce et e et e e

White White spot in GCrl5 hearing steel,

spots
Etching agent: 1:1 hydrochloric acid water

solution at 60~70°C,

Multiples 1l:1
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Picture No.

Title

Description

142

White
snots

White spots on the lonecitudinal fracture
of a square billet of 18CrMnTi structural

alloy steel, The spots form some silvery

brirht round or oval specks.

White spots on the longitudinal fracture
of a square billet of 5CrMnMo tool steel, The
silvery bricht spots are the white spots,
which are parallel with the surface of the

body on which the fracture exists. The dark t

-

ones projecting like a duck-bill are the white

spots which are perrendicular to the body.
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Picture No.

Description

R R N

White spots on the longitudinal section
of a rail end, and the heavy rail does not
have rradual cooling after rolling (picture
above), There is no w ite spot on the
longitudinal section of the rail end after
gradual cooling (pieture below).

Etching agent: L:1 hydrochloric acid

water solution at
at 60-70°C,

Multiple: Approximately 1l:1.3

Small white spots (as arrow pointing)
on a billet of train wheel steel (corres-
ponding to 65 steel),

Etching agent: 1l:1 hydrochloric acid

water solution at
60-70°C,

Multiple: 1l:1
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Picture No,

Title

Description

146

DR I R I N N SN B AT

11"'7

Axis
center
"erack"

Crack
between
axial
crystals

LR R N I A R Y ® e 0 00 D R

The axis center "crack" in a billet of
18CrNiW structural alloy steel, when it
is magnified, looks like a "dotted line"
which is made of a series of dots,
Etching agent: 1l:1 hydrochlorie acid
water solution at
60-70°C,

Multiple: 2:1

Crack between axial erystals in a billet
of anchor chsin steel (0,12-0,18%C, 0,35-
0.55%Mm, £ 0.050%8i, S, P €0.030). In
addition to the defect of crack, there is
non-metal inclusion in the billet.

Crack between axial erystals on a hot
acid etching transverse testing piece refers
to three or more than three fine curved
cracks,which run along the ervstal boundary.
The cracks radiate from the center of axis,
and they can connect tocrether and become a
spider net when ﬁh};.ﬂgéome severe, In most

cases, this kind of defect anpears in billet,

of which the size is relativelv large and

63
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the dentrite structure is severe,

The defects of "dotted line" axis (see
picture 149) and groove-like axis (see
picture 150) should not be regarded as crack
between axial crystals, These defects are
made due to the non-metal inclusion being
eaten away or the structure is not homogenous.
Before the harm made by these two defects
is thoroucrhly stud‘es and standardized, in
this Collection, we temvorarily use the term
of 'Axis center "erack"' with such quotation
marks.,

Etching agent: 15-20% hydrochloric acid
wvater solution, electrollytic
etching, Electric current,
0.0lA/me; voltage,V;
solution temperature, 25°C;
and time, 4~5 min,

Multinles 1:1.5
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Picture No, Title

Description

148 Concentric
cirele and
ctack
between
crystal
boundary

149 Axis
center
crack

D I R I N Y

In a testing ingot of Crl7Al4Si heat
resistant steel,due to cooling stress, there
happen concentric cracks, and some of them
are cracks between crystal boundaries,

Etching agent: hydrochloriec acid and
potassium dichromate water
solution at 60-70°C.

Multiples 1:1

Axis center crack in a billet of
Cr5Mo die set steel. According to the result
of electro-microprobe metallorraphic analysis,
they are not real cracks but corroded crooves,
Among the primary dentrite crvstals, there
is some sulphide, which is corroded when hot
acid corrosion takes place and produces such
grooves.,
Etching agent: 1l:1 hydrochloric acid
water solution at
60-70°¢,

Multiples 1:1.5
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Picture No. Title Description

150

E5E

Concentric Concentric piercing crvstal crack on

circle

erack a testing 1ingot of Crl8Ni5Mo6 rust-prosf
steel.

Etching agent: Cupric sulpate plus
1:1 hydrochloric acid
sulfuric~acid solution,
cold acid etching,

Multiple: 1l.3:1
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Concentric Concentric circle crack on the tail
circle
crack of an ingot of Cr27 rust-proof steel.

Etching agent: Cupric sulfate plus
1:1 hydrochloric acid
sulfuric-acid solution,
cold acid etehing.

Multiple: 1:2
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Picture No.

Title

Description

152

Inside
crack

PR R R R AR

153

"Toncue"
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Crack in a billet of 30CrMnMoTi
structural alloy steel, When the .speed of . ;
increasing heat to the ingot is too fast,
inside it produces crack acompaning a sound
(the erack is usually called a snap)., This
kind of inside crack is sometimes easily
confused with shrinkace cavity remnant or
a forre crack, The way to di“ferentiate -
them is that in the vicinity of the shrinkage
cavity remnant there is always an aggrecation
of inclusions and there is none around an
inside crack. When there is only one forge
crack, it always runs alonc the diagonal
direction on the billet, When they are two or
more, they will in cruciform radiate from

the axis center,
Eteching agent: 1:1 hydrochloric acid
wa‘er solution at
60-"0°C,

Maltinle: 1:4

"Toncue" is a metaphoric term used by

rolling mill operatertq.indicate whether there

70
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is defect in the billet. The experienced
operators often use ‘"tongue" as a means to
do macroscopic examination, In this picture,
the form of the "tongue" looks like an arc-
shaped concave in the midmost part of the
billet, and there are strips in the concave,
In the process of hot shearing of the
billet, there are three continuous stages of
change and each stage constitutes a different
part of the billet. (1) the depressed part,
this is the part where the shear presses the
metal and the metal berins to shrink and
curveg (thgﬁzared part, this constitutes
the most part of the endj and (3) the broken
part. The "tonrue" .ften appears betweren

part (2) and part (3).
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Picture No.

Title Description

154

L

155

Ozfrturned Overturned ekin (also called titanium
skin
shell) on a round billet of 18CrMnTi

structural alloy steel, The form of

curling skin of this kind of steel is

different from that of other kind of steel,

It often appear® in a shape of fine strip,

but the reason of its com.neg into being

is all the same,

Etching arents i&ivhydrochlor?c acid

water solution at
60-70°C.

Multiple: 1:1

Overturned Underneath surface overturned skin of
skin
340rMo structural alloy steel., Underneath
skin
surface overturned . refers to that of
which the position is very close to the
surface of the steel material,
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