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QUOTATIONS ~~DM CflAIl~ A~ MAO

Ntd p o io~~I C&1 ~~d po 1 1 t I c ~d 1~n*~ te kt~y .1 ink . When th e  kt ~v I Ink  ~;

everything t.h~tt - h In ~~~ on t i~ in order .”

“i~n prt~pnred against , war , be nrep~tred ft~’ainst . natural  ~I I  a st.er~ , I ~~

everyth  U~
•
~ C t h ~, eo~ 1 e •

“Cn what b~u~ s ~Iiouid our po 1 1 ~‘y re~it- .‘ It ~h~vt l  ~1 ro~ t on our own :i t r ~ n - h

~nd that means rt~ ~ont t~~t t. I on t ? i r .  t h  ono ~ own ~ ~ ~~r t :1 •

“The Ch I n~o people h av e h I  ~~ ~nit’ I r i  I . t o n n , t !my havti abl i t  t ‘.‘ , t~~I t 1 i t ~y w i l l

carLa Inly catch up w~ th ~~~ s~~~~t~ a advanced world leve hi Iii t ~~~ not . t oo

dl ~tant . Cu tuie .”
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Pret ’~~’e

~oll.~~i’~ e i~~r p et i o n  ‘~‘ C~~Irman Mao
t s rr “etar~an revol~it~ o’mctry

l~ r re , r- ’ot ’i . lur~ 1eal I nd’ .st r’~’ In  ~‘rr - o r ~~ry h as created a v~ rorous and

• - ex~ ne’-~o1y ~o~ d sit nat ~~~~

~n order ~o r’~ ot  ‘ ‘~e re.~in o~
’ ~ e raPid deveiopr~ent of metnHur~ lcn l

‘ i h s tr ’ , we h - tve r ev~ se~ t h e  Steel Metallo raph ie s  Wi th I l lu s t rat i r~ns

a - i Descript- ons o ’ 1’-k’.O e~I1~~ion . Tn our work of’ revision , we ct iop~ ed a

r~ar ~ l1~~ nu t w lel ’ ~ol1cl ~ei  -u s  au~1 ~u~~ est~ ous In re~~v’d to  our

ut o ’t~ In r  ~~om workers , te c  ~c~ an s ard 1ead~ ag ca iros . We also we t

to  ‘ e “ e1d~ ‘mud vtstted a numb er- of metallurgical and machinery

c r r t o r r r i  eps .

Th is Cci pet ion conta ins  15e pict~:res a l l  cori c- rn~ nc~ macrostr ’ict~ re

‘mul defe~ tr~ of s~ool. ~‘ost of thon e r i o t - r n ’ s  ‘~ro t a l u o d  frc~’ ~~~~~

t’o 11woIrr .~ or~ au ~ zat 1ons : Anshan I ron and Steel Compa ny . ThI— m’~hu Iron

rind Steel Co-’u’ i~y, C.ap~ tal Tr on and Steel Ccrrnrmy ,  ‘4tihan Stool Plant ,

Ta—yeh St el Plant , Tsitslhar Ot- o l l  Flunt , Chunc~kino :3peeia l  Steel Plant .

Shanghai Iron and Steel Research Insti tute , S anghai  Steel Plant ‘le .1,

No . ‘~ a ~d No. ~ an-I Sharrghal Diesel Eng4ne Plant (the ~‘e’e- oing 
f1 ve ur ~1ts

are a f ” i  1 ~a e d  t o  The Meta1iur~~.- i~ureau of Shangha i  Cit~’~

I len Mnrrmi ~ ictorv , Chiangnan S1ri nvard , Shan~ h al  St Par r ~~g~- re R~ icr

Research Ins i tute, uarbln Boiler Manufactory , Lanchou Fetroche’-’ica i

t~achinery F lant , ~~han Boiler Manufactory, Chungking 1Ieavy “!ac ”inery Plant ,

Kwan~ ciou Heavy ‘~ach 1nery Pla t and Peking “et a  1 Structure Works,

In our r r e r ar a t  ~on for ~his revision , we rece~ved encoura -ene t ,

surr’crt au-I help fror” various unit-s thr ouehcut .  th e  c-eiu tr . To each o
t’1
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them we here express our hear *fe l t  apprecia~ 1 o n .

Because o” the lirn !J-i t ions in our thinking as well as our work

exn~r1ence , a d  the lack o° suff icient reference materials, we have found

so:me shortcon!n s in thi s book, such as the abse’:ce of a systema t~ c ser ies

of pictures of tr e changes in hot work i ng nr~cc’ss. There rni~i be ~th r

errors that we have not discovered. Criticisms and su~’gestions are all

appreciated and we especially welcome contributions of pictures so that

w can use them in our next rd ’ son.

F d it o rs
December, l°”4
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1. The Strict re ‘k:ld Defects of’ Deoas~ Vi ed Steel

Picture No . Ti t le  Description

101 The cr’:stal The weir~it of the i nc ’’t is 3 ton , and
structure
ar~ defects it ~s hi -‘— c- id— up w!th a hot top . The
‘f’ ~0Or”nSihi

~tr’~ct i’al cr”st a~~zntIon bec’’ns from the mould wall
a , l o ’~ ~~eel
ir ~~ot a d m’ndually spreads t o  the center . From

the  lon~ itud~ na1 sec~ ~n of e

th r e e  crystal zones can be seen. The

extre~ei’
,’ outside one is a very th in  shell

layer, which is formed hr fine isometric

crystals. Next is a rat er thick columnar

cr ’-sta l  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 crystal zone ~s t h e  central

zone rind it is formed by lar~e isometric

grains,

In the central zone, there I s c T e a r

V—shaped segregation . On ho t h  o~ des of ’ the

V—shaped se -r e ~ak or. , a r i  on t h e ‘t ’c-sr ic ’ r

between the c’luranar c ‘-rot a ’, a-n ~ central

zone , there are some s l i-ht l ’-  ~rrc ” i ip cj

segrec’ation lines, w ich are usually c alled

inverted V—shaped segreration, and also

called A—shaped se -regation, “heard” or

3
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“phantom line ”. The ~~~~~~~~~~~ o ” the in~Te~ sion

of’ V—shaped se -re rmr on ~s determined by ~he

steel ch er ’ i cn l  e o r i p o s i t i n and ‘h e  sn -ed of

c nc-elation of’ liquid steel. For exa’- r le,

t r e  ie ”ree of’ I nverted V~~sn i~~ped se -rec’a ’~~ou

of alloy steel , of wh t ch t; e n ickel c~~r r t e n ’

is hi -h , is -rent , and the small st~’e l in ot

or f la t  ing t because their  c-on ‘el ’m t on is

f ’nst , the de~~ ee of the i r  inverted V— shor ed

so~ re -mtion i s  small ,

At th e  denressed parts on the upper par t

of the ~nrot are shrinkage c-iv~ties. Ten

are us :’mlly limited to the top of’ the In~~t ,

and thor can be scrared out when the i n - c t

is cut open . Otherw~se , t h ey  re’~a i n  on the

steel piece and are called can ity  renant s .

Etching agent: 1:1 hydrochloric n e d  water

solution at h~~~o°C.

102 The sulphur The chem i cal comp -’sit Ion of the steel i s
print on the
longitudinal n .6i+~ C , O.22~Si and O,”3~Mn, The weight of the
cross—section
of heavy rail ingot is 5.3 ton , and it  is b ig— en d— up with a
steel ingot

hot top. As a res~~t 
of’ hav~no such sulphur

prints , it proves t h at  the sulphur conten t

• of the steel in the V—shaped and inverf ec~
V—shaped segregation nar 4 s is hirh

.4
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Picture No , T i t l e  Descr lpt . i on

103 Dont,rltc’ TliI~ is t, e s I t u a t i o n  of dentrite crnstal
crystals

~rowth at. I he u n on p r in t  of a cast. ~~ oce a ‘‘t en

qu I ckly pourl n~’ out I he remaining steel

li qu i d  at the  t, t Rio when t h ,~ c’ui f ne has

been part I a I ly con oiled .

Mult i ple: ~.4:l 

. 
10.4 F’ror, t edge of These t’r -ut ~d e~

; ct’ crnn t .q It :~ -~ i
crystal I z’i t i on
and dentri te whIch 1 ~ok like year rin’s of a r oe
crystals

trunk , are a ser f es ol ’ very  t’e -ui ar I oo

of’ oonee ‘ it ion , They are alm ost. porn I in 1

with the I n - c ’ ourf ’,e ’ . In t h e  sul phur p r i n t

t e s t . ,  ~~ese l I n e s  .are w h i t e  in  color , and ,

thr oumth microscop ic obse r v a t i o n , v ” v  I I ’  ti e

~uilp h Ie I nclustire c’~n h8 f~m i nd q” on ~ t heon

lines. The “year rings ” are formed b” th~

very t h i n  pure and h ypo—pure m e t a l  layers ,

which move t.ow.qrd t~ n con ten of I e I mp—o I

and become congealed layer by layer. These

m eta l  layers because of’ the dl t’f~’rertc’e ~ f’

th e i r p I -c-h n~ ngent.s can show ~~i ¶ t o or

hisek color .

In the p l ct u r e , it c-n hr. se,’n th,it the
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dentri to crystals are mostly perpendicular

• to the mould walls of the l n , o t ,

F~teh i ng agent: l2Omnl hydrochloric  acid

added l~~’tnl distilled water

and ~\)c ’ cuprous ch lor !d .

ReCore etching , t h e  testing

piece must he tie-n e d from

2(~ 1 t o  2’h~°C for ~—3)min ,

then cool I t  o “ and polished.

In th e  process o f’ etc -bi n - ,

he surface 0 0 he testing

p iece must be rubbed w i t h  a

p iece o ° wa er—soaked oquze

or cc’ ~on c7oth unt .i ]  hr.

structural lines become clear .

The copner sediment on the

• surface can he removed by

• 
•
! us i ng li quid ammonia or ‘i

l1c-ht polish i ng.

Mult iple: 1:1

105 The crystal The crystal zone of 2 ~~cr— 7~~ N I heat—
zone of’ heat —
res i stant re~ i~ t~nt steel ingot , When he pour ing t am—
stool in°ot

peratur e I s ap p r o p ria te , there w ill arpear

three oryst .al zones: t h e  f i n e  i sometric

crystal zone , t h e  columnar cry stal zone and

the coarse I sometric  er ” s t . l zone. If t.he

I.

-I
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pouring temperature is too high , th e column ar

crystal zone will  st .retch t. the  central

par t o~ the l ngot . ,and the coarse Isometric

crystal zone there will d sappear.

___ -
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Picture No. Title Description

• 106 The crystal The cr’stal zone of’ 2~~ Cr—23~ N 1 ~eo t.—
zone of heat
—resistan t res is tant  st eel  in~~ t. . When the p ourin~
steel ine- . t

em’n’rature is appropr iate , ie ’e  will

ax ’near three crystal zones: the f ine i so-

met r i c  er --stal zone , t a column ar crystal

zone and the coarse i some ’ r ic  cr,rst, ri l zo ne.

I ’~ the pouring temnerniur e Is too high , the

columnar cr’stal zone will stretch to the

central part of the I ngot , and the  isometric

crystal  zone there will disappear.

iCY’ The crystal The transverse cross section of’ a
zone of heat
—res istan t testing ingot . , which is made of 2YCr—2C’~N
steel ingot

heat—resistant s teel , and Its wei --?~t Is l’~k~.

The four columnar cr st a l  zones , which are

perpencflcula.r to the i ni-o t. mould walls , roe

at the Intersection of’ ‘he diaoonal planes of

the in~ot . I0~is is the weak lInk of the i n ~ ot .

Etch ing a -eot: lOml oxalic ned added

lOOml d i st i l ~~ed wafer Is

used as e lect rolyt ic  li qu i d .

a ’-d p lat lum or st a in l e s s

s t e e l is used as a -ode to

10
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do electrolytIc etching.

The distance between the

electrodes is 25mm., the

voltnce is 6~ro1t ~nd time

is 5—20 minutes.

Multiple: 1:1

11
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Pictur e No . Title Description

• l0~ The e f fec t  When the content of silicon and manganesiuni
of’ chemical steel
c-ompo slt ion of 3OCrNi? ’~~ Is norim’~1 (0 .32~ C, 0 .30 ’~Si ,
to cr s~nlJ zones O~~~2G!n, 1.O~~-Cr , 1. ~‘(t~I , 0.?°’~Mr-~ and

0.061~ A 1), the  columnar cr~rstal zone approximnrely

c~ nstitutes ~~~ of’ its whole volume (see t 1’e

left picture ’ . 0therw~se , wh en the s i l~ con
- • and manganesium content is low (o. ~~~~~~~

SI , 0.ah~~ n , l,0l~~r , i.L~~N 1 , 0.ai~~c- and

0.025’~A.l), the columnar cr’ s’ al zone will

~onst itn te  °9)~ o ° the t n g c -t  volume (see the

r~cht picture~. The aluminum content of’ these

two different kinds of st-eel is also di°t’erent ,

but,accord ng to the fincUngs of research, it

is known that the e°°ect of aluminum c~ntent .

Is not so great as silicon and man ~anesium .

Mult r’lr’: 1:2

109 General The general unsolidness ~~ “or- -ed bi l let
unsolidness

of l~ cr MnTi structura l alloy steel. ~e ”orr

acid etching, i t  ~s • e  or al ly  un ’ds th l e .  On

th e  hot acid etc ing transverse testIng pIece,

t h e  loose porosity is reneraily in the ~hane

C r .oiy~~on When the narrow concaves on the

I~ A 

13
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bottom become severe , they tend to connect-

together and bee ~me some t~~i nr’ like spon ge .

The crevi ces are black in color.

When the loose crevIces are evenly arread

over the whole cross section, i t  is called

general unsolidness.

The cause that produces unsolidness Is

that when the steel liquid begins to congeal

in the shape 0
1’ dent-rite cr’~stal, the liquid

a --nng the dentrites contaIning impuritiea is

of low melting point and begins t.o shrink In - -

the final stage of conoelat,ion. ~t t.he Sm””

t ime , the undissolved gas comes out and makes

crev~ces. It. may also be that th e  non—metallic

inclusion in the steel was eaten away by acid

in the hot acid etch ing test and left those

crevi ces.

The effect of unsolidness to steel qual~ty

is determined by the size of’ the loose spots,

their amount and density.

Etching agent: Hydrochloric a c i d  water solution

of 1:1 at 6o—~o°c.
Multi ple: 1:1./

14
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Picture Mo , Title D e s c r i p t i o n

110 General eneral unsolIdness of forc’ed billet
uns-’ i~i~ ess

of’ !~~~~~!tIo structural alloy steel . In some

stoo l plants , the general u,nsolidness of

lar -e steel bl-’om because of the laroe size

of the loose snot l~ called “particle

looseness ” , but- n many ot -r steel plants.

th ey th ink it .  Is better to call general

unsolidness .

Etching agent: Hydrochloric acid  water so’ution

of’ 1:1 at 60— ’o°c.
Multiple : 1:4

111 Central Light central unsolidness of steel
unsolidness

billet, of’ 48OrN4~Mo structural alloy st - -el.

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 unsol~dness

concentrates on the axis , part of’ stee~

billet..

Etching agent: Hydrochloric acid water solution

of 1:1 at. 6c— ’nc .

~j].t inle : 1:1.7

_________________________________________________ —
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Pictur e No. Title Description

112 Centr al  Severe central unso1L~ness of steel
unsolidness

billet o 1’ Cr~-’n~’oVR structural al~o’.’ steel.

The character ist~ cs an l the c~o:se of’ the

format iofl of central unsoiid ’~ess are same

as ‘ ose of’ •~eneral  unsolidness . it is so

called because the unsolidness conce:~~ra 4 es

on the axiis , pa r t  o” the bi1ie~.

Etching agent: Hydrochlor~ c acid ~iater . -
solution o4’ 1:1 -it- ~°—~7~C

t tj l tip le : 1:1.2

113 Central The f’orn of central unso Y~dness in the
unsolidness

1ongitud~nal (ri- t) and transverse(left) testi:i’

samples cut off ’  from D60 steel billet .

Etch~ ng agent: Hydrochloric ac~ d wat er

sc-’lu ’ ion of 1:1 at ~7—~0°C .

“ultinle : l:2 c

L
--— --- 4
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H ~‘tct.ure No . Tit ie Descr lpt. on

114 Central In a o”t ~n st rue fur : 1 c’-i rhon t oo l  hi 1 let
unsclidness
and I n g ’t ~ 0 ’ -ood q u a l i t y ,  r~- ’ - ’ r’il unn ’ • 1 e no a l

• s ned
segregation I n~ o —sh ap od no- -no  - - - i t i on -i n e l l -  at. t o  r im ’ .

t i m e .

c - u i ,’ a — ~uil : 1:1 ~~~~~~~~ l o n e  - Te d

‘0 0 l i t  ion at t ’  —~~~ T~

~~i l t  p ie:  1:1 .

ll 1 r i - o t  — r h a n o l The l u - I  mar t ‘ ‘  t — r I c ’ i  ,‘.I s~’ no - - i t  t o n

• se”re -.a t- ton
I n a ~o0-~~’l  h i l l  o t o ’’ Wi Cr,Y~ I —h r~’oo.1 rt,’o —

I u~ .- ’ t — o i - i i - o  ~~~~‘ -re- -at Ion on a - ‘t ac

of chod ‘ n - i  i ’- e rse  * 

~~ ng p ,-‘c-’~-’~~~~’ yes q

of ’ ioop eor r os lon _ l’he n -’ore.-:t ‘ on - -m i , which

• a. I c-’ ~~ -i ci :istpr of’ I-i r1~ ii - t r , I a of’ the

shane o f’ t r n n r v e n e ~in -t  on , so It Is cal led

I moo t — rh -p ’e ..l ~i o -r e - - c t  b c .

T i ~ ot. —i ; l i - t -~ d r .. -ro out ion i s b c-i ’ ei ‘t

t.lic’ j otn ing po ut. of ‘lumnur cc-- nc-i l :.one a i d

I soriet.r Ic crystal zoo - It In fo ri- -ed at  t i

ii ~t.a- —e or c i t  I ’T ’I 1 i q i i ~i ~‘ ‘t i a’ ‘i t -ii I e ~’ i i i , ’

ho 11 cp: 1 has -i cen t- ’ ii quant - of’

suiph I -Ie a ‘ 1 ci i i  (‘-i t C l i ’  in - . Th~ n. - ‘-o Is

t .h - m c ’  lualo n , a’ c leare r Is  Ii so .-r ~’ - ‘i t I en

—
~~~~
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he- le ‘ser I~ 
‘ - e  st r u c t u r e  0 ” t h e ’

• a ’ no~ ‘T I en c~t~ - ‘ ‘0~

The’ eff’net. o” Inp it—shaped s - --r~ - -’it ion t.o

~(4 qu ality of ~~t o I is clotormi titid by t he ’

1 , ‘ t ~e ’ei of ~ ~‘a - ico ~; n or no r~n -- i  1.1 on framework ,

• 
— 

liii ,e I’ t 1 i ~s de’-~t e ’o (‘ 9 00(1 - ‘at. ton and ol nofli

on f l i t ’  rna cvw -t1~ , and ‘ 00 14 It ,0r ~~

cioore0’i f - I on t ’rarnewor k —
~‘t  c’n I ng - i . ’’ ’ c c t  : b : 1 l i - ’ . l~~

’
~~~c ’h In s i c ’  ( TO d

w i t  e1 - r ‘ ut on at  c~0—~

• ~‘u 1 ‘ l~’lo: 1:1
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Pict ir- - No. Title Description

116 Iric-ot—shaped Ingot—shaped aer ’-reratlon of’ 3OCr!~~Si
sei~regation

structural .qllov steel.

Etching ac~ent : 1:1 hydrochlorIc acid

water solution at 60.-”O°C.

Multiple: l;l.2

ll’~ The relation— The loneitudinal and transverse con—
• ship between

ingot—shaped t’i---urations of in ‘nt—shared se~re -at~ 7n 
jg . -

• se-re ration
and stream— a low carbon steel billet. The longitudinal
lines

shows than the ètreanline follows the  rollirw

• d~rectIon ,anc1 the transverse ‘ ves the usual

form of inc’ot~ shaped se~-regation. Thus it can

be seen that inc~ot—shaped ser-r e~ ation is

Cormed by immense number of dots and ‘~ ese

dots are the transverse section of’ f-h e

streamlines.

Etchin g agent: 12Dm]. hvdrochlor ’c act-i

lOOml d stilled water and

90g.cuprous chlor i de. ~e”—~re

e ’ chinr , t
, 
e testoing piece

must be heated at 2~~ —2~ 7 C

“or 5_ 3) mInutes, then

cooled n ”. Then It iS

23
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polished . During et&-’Ing,

• the surface 0 0 the testIng

• piece is continuously rubbed

with a p iece o ” solution

soaked ~au ze or co~ t.on cloth

• until  the structure becomes

clear. The copper sediment

on the surf’ace can be removed

by using amrnonlacal liquor

or a light polishing.

MultI ple: 1:1

— - 
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Picture No. Title DescrIption

l1~ Ingot—shaped Ingot—shaped se~regat.ion of’ 4’~ steel .segrec’atlon
Etch i ng ac’ent 1:1 hvdrcsc’~lor1c ac 1d

water  solution at

MultIple : 1:1

119 Square The deeply corroded and clark sp s t .~~ on
segreration
of’ rust— the’ hot acid e t c h i n g  tr ’uisvers t es ’ i n ~ piece .
proof st-eel

There Is a clear boundary hetw’c’n t h e  spot a

and t h e  body ~f t he ~est .Ing piece . Somet. lmes

there are interlocked w~ te -and black layers

in the square spots. The sensitIv T4
~7 0 ”

nr od u cIrc i~ smiare serret-a t lon  I s  di “(‘ere”t

from t - ~ rust—proof s’eel o ” d~ ~“erent numbers.

icri~~ i~ Ti s ’eel I s  th e most ~en g it i ve one .

The cause o ” (‘orm square ae~ r e’ --m t ion ~s no~

ve~ known now. Rut the pr.-ic~ i ce in seve’ .al

st-eel plan ’s ind ca~ps t h a t  It can be eradica ed

by using hirh temperature d i f fu s ion  t - r ea tme ’-t

1100—1150°C water cooling or ll5~ —i~~~~~

gradual cooling).

Etching aoe’nct: 1:1 hydrochloric’ -acid water

solution at 60— ’”O°C.

‘-~u lt -I p1e: l:1.~
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Picture N~, Title Description

12 i In -ot—shap ed Ingot sec-re ’at in n  on heavy rail steel.
se rrerat ion

Etching arent : 1:1 hydrochlor lc  acid

water solution at 6o— ”~~c.

Muitinle: 1:1.3

2~ 
-
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Picture No. Title Dencri p~ Ion

121 l nc ’ot— s~’-aped Ingot— shared sec-r e -nt iun and sn-’t
ion

and sno t se oreea t t cn  of’ ~°Cr’~ok1 steel. This transvErs
seoreont ion

testing n T ece is taken from a nar~ corres—

pondin~ to 
4he middle—lower pa~~ ~~“ •

steel i n s o t  which has boon rolled i n t o  a

round piece o” 2C~Pmn~. ~e~ie~rnllr snenk~nc- ,

most of’ t h e  sp~t. so -no ~at~ -~n arnear on the

upp er—niddl e par t  of a steel in~ -~t and i~ 
-

~radua11v re-1-:ces f’rom urner na -i d ’wnwnrci .

And most- of’ the in c- n t—s har ed  se re -at ion are

at the middle p art  of’ a st-eel nc-ot and it

c-radua lly becomes severe f’rom unper part

downward . So at the im’ i d le lower nar t  of’ a

steel in~ot , there is only oo t— sha - ~ed

se~-’rer-ation and no snot sec-re -at ion , and neit - ’-er

0 0 ‘*en annea’s on the tat], of’ inr’ot.

Etching ar -ent- : 1:1 hydrochloric ac i d  wa~~er

solutIon at. i~°— ’0°C.

Mul~ip1e: 1:2

• 122 Spot Spot se i’egatlon of 3~CrMoU striic ’~urai
~egrera t on

alloy steel. Spot se—a’egation on the hot-

acid etchIng transverse tes~ i n g  p~ece , according

30
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to the - i i  “i-r ent air content n ” the steel,

appears genera lv in the  following “orns:

snots of i~ - r e - - i i l a r  ‘‘~~rms ; dep ression , ova l ,

w ternelon—s~’pd or round n -~ -~~~~, which are all

darker tb-in the body of’ stool ; and a~r bubbles

which were not welded of’~’. Due to di fferer i t

crv st a i iz ! it i o n  c o ndi t i o n s , e d~~ t -r ib tu t ion

of’ the spots may be in the shape o” broken

• square frame , crucifo rm or c o n c en tn i c a l  circle.

On the hot acid etchin ” ]on oi  t u d i  nal ti-st ing

pi ece , sn~~t- sec-rec-at ion is of’ a share ot’ - -

• blaok s t r ip  s t r e t c h i ng  along the d’ rect on of ’

extrusion.

Rased on i t s  nosit- i on on the cross sectHn ,

spo t se~~r a t io n can be c lassi” i rd  in t o  two

di”f’orent kinds: r-enerai nn~ t se- -ri- -sf-ion and

edge snot sec-regation. The 0rm e ’r on the

tes t n p i ece shows a - I r roon la r  d i s t r ib u t ion .

while the  latter -‘eneral ly d i s t r i b u t e  ‘henselves

‘~long the ed--es of p sting niece an d keen a

reci,ilar d st a - -ce from the s~rf’ace.

Thei~ has not yet been any def ~ n~ t-e conclusion

about the cause of why- snot s e - r o - -it ion ,

esnecially of ~~Cr Mo A1 s tool , cores in to  h e inc - .

Whether the few forms descr ibed shove should

be t~i ven di  “‘i-rent names , t-he answe r is under

--- - —~~~~~~~ -•~~~--- - 
•- - - - • - -
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stud Y in sev~ra 1 steel  p lant s.

Etc 1-in c ac-eat: 1:1 hvdr -~ch1oric acid

wa f er solution at

Gfl_ ’° C.

Mult ip le : 1:2

12
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i~~c t -u r ~’ No . T i t l e  Descrin ion

Spo t Spot- n c - r e- -a t i o n  In  a I )  o~ ee t 1
so -r e-~~lt on

Etc 1 i tig ag e nt :  1:1 hydro -h h ~r c  n c ’ d

water solution at

“tu l t  i- -Ic: 1:1

124 Spo t- General spot so-a’e- - a t  I on  o f’ b5 s’eel.
54 ’ -rI ’ - -it . ion

Beside the sor-recat- l on , t 1 rre are “ m e

• herr~nohone crachs , which are made hr -e

fai lure o ” w e l l i n g  well because o ° ‘he

e x i s t i n g  of air hubbies

Etchinc- -agent- : 1:1 hy drochlorIc  nc~ d

w.a’er solution at-

-
~~ 

t)~~— C.

Mu1t~ple: 1:1
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Pictur e No . Title Descri p t ion

125 S ot. Spot se~reration annears on hea~~
ser-regation

rail steel.

Etch ing .-u ea t : 1:1 h ’niroo ’ li-n c acid

i- c- s ut ion at

6n—~-~°c.

!‘~ul ’ iple : 1:1.3

~C)

L
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Flcture No. Title Description

126 Snot Severe snot sec-rer-at-lon i n  -a steel
segregation

b i l let of’ ~iCr~’oAl structural  alloy s ’ee l.

~ t c h i ’ i g  agent : 1:1 hydro chlnr ~ c ac~ d

water solution at

(d_
~

!-‘5ult.i.ple: 1:1

l2’~ Shrinkage Shrl nkac-e c av i t y  r emn-snt i n  a steel -

cavity
remnant- b i l l e t  of’ 20Cr structural alloy steel . n e cause

the shr~nkage c a v i t i e s  were cut off’ c~ nnle te ly ,

wha t  is seen In the p ic t u r e  is t o  se~ere

si-gre c-at ion region at the bottom of’ the

shrinkage cay if I es. -

j

Etch ing  a -i-nt - : 1:1 hydrochlorIc acid

water solution at

Mnlt~ple: 1:1.2

L.
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Ftct tre No . Title Descr n ’ion

12~ Shr inkace Shr in~car-e cavity remnant in a ~teel
cavity
remnant billet of GCr 15 bear 1 nc- s~ e~’1. T- -ere are over-

turned s- -:i n and o ’ 1-er defects  on the edge

of’ the billet. The sh r ink s -c c av i t y  remnant

at the central p-art. of’ ‘he h~t acid etching

transverse ~estirtg piece (nerhans because of the

e P”ec t of hot work~ nc- de ”ortnation , i~

close to the ce’-t -r al p ar t)  apr-ears to he

wrinkle cracks, j O the crop end of’ t he  bi llet

Is too few, they can eve n become macroscopic

hollow. In the nei ghbouring areas of’ the

shrinkage cavity remnant , there generally are

ar-grec-ation of impurl t~ aclus lon , and

unsolidness or sec-rec’at,ion . This Is the basis

to di ”ferentiate shrinkage cavity remnant

from internal cracks.

Of the billet wh~ch is big—end un and

with a hot top, the shrinkage cavities are

confined in the ri ser part, but, if’ the casting

operation is not proper, they will penetrat e

below the riser line on the top 0” t.~-e bIllet..

rt- is not permi sable to have s~ r inkar -e

cavities in ~ billet , and it can he c ont - In : —

oualy cut o ”~’ f’rom the bIllet .

40
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L -.4

Et ch i ng agent. : 1:1 hydrochloric s o d

w - i t t ’r solUt .~ on at

N u l t 1 ple: 1.1.1

12° Shrinkage Shrinkage ~a v i t v  in a jou r t- ’:iInal
cavity
rI -mua nt  tes ting p i ece of ’ J4 2~

1 n-~ eel hi  let. .

~it ch I ug -~gent : 1:1 hvdroch Ion c ac I d

wa ’er solut Ion at

‘-‘~i l t - itle: 1:1

~

,

41
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Pic tur e ~/o. Ti t le  Descri p ’ i on

lid Shr ii i-- :a- -e -Shr nkace cav ty remnant in
cavity
remnan t a1CrMn~ii’fl l s - r - e r I c  s t - ~e11 h i 1 l e ~~.

~tc -~ ng ac-eat: 1:1 hv -~roc-~I.’r~~ ac id

w at e r  solution at

lal Shr’ncnge Shnink ace c-iv1t’~ remnant seen at t- n e
ca’ I tv
remnant fr acture axial part of’ TS (pictur e -e1ow~ 

-

and T9 (a l c ture  above ” . De t’ect. is that t- hi-

remnan t b~èomee~ a iiumber of’ ariorphous. st-r p s

or constitutes an area of unso 1~Ldne ss , -and

t ore is a1w~ -s a happening of oxidizing.

43 
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~-1

~- i c t n r e  No. T it l e  Descri p t ion

l~ 2 S r n- c a c e  Shrinkage c a v i t y  re~~ant on the heavy
cavl t-y
remn an t rai l s t et~l

~t c h in g  agent :  1:1 hydrochloric acid

water solution at

60— ’Q°C.

Multi ple: 1:1_ i

45
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Pic tu re  No . T i t l e  !~~scrl pt . 1on

133 u nderneath ‘ ndprn e-~ f - h — uik in babble In 45 s te e l

~sk in
bubble billet .

Accord I n c  ‘ -~ t h e i r  di 1’” er e nt  posi tions ,

the bubbles can he cln~sI f’ ed I nt~o “underneath

—skin buhhieH arid “ in t e r n - al bubble ”. The

dl st.r I hut- I on of undertie~ t.li—sk In bubble is

very i-io ns - t-o th e surf ’ace , and -~t ’a r r a l i ~.’ t h e

depth underneath the skin is very re”u Lar. re

they are too clone t~o the surface, when the

hi illet. is c-i ’ ed , f-hp Inner wn in o~ 
I hi’

bubble w I l l  be oxidi zed , tIi pre ”~re it will 1-i -

veI’y d “f’I cu l t  to Ws H i- nt ‘~‘l ‘ o’-e t en

wh en hot- work I n tiP en p l i—p • The biibl 3 es c -in be

burned open and exposed on i h  nar f’ -ice o~’ ‘ ii-

bill et and become loncI t -udl n ai  cn-i c ’~n . The

unexnosnd underne~it’~—sk I a bubbles on t h~ ha ~

ac ii etr’ hi ng t runn er-sc en t ng p Ieee beg ~
- p

pores on dark sn t s , wh I ch ~ire ,‘i t her round

or i-v - i l  I n  shape.

1’1to~-e nre .a few cond It ,I ons wh I ch c-a n c- n ice

th e hncoin n ’ of an h-m eat h_nt In baI-l’le ~ • such

tin the 05~ t I ng rcsnd i t ion is not - ‘o n  ( “or

the uuJi 1 v o “ i- ~ s ii uned on

— —  - -  -- 

-

~~~~ 

--

~~~

--

~~~~~~~~ r~”~ J
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up’ - mo -i l- I is not ‘-i’d enough), the deoxidation

.Y ~5 i- s~ eel is not thorough eno ’:g h and f’a’

~ri - -inal ma t.cni.a In -ire not~ dry enouc ’i .

Steel that has surp lus work lnc ’ o -ipac ~ t-v

w i l l  allow hu H - l e n  t~o exist  In t ’ e surpl us

capaci ’ underneath the surface . In evalua t . tn c ’

t ’ e p” n ct  o~~ undern e a t h — s k i n  bubble to t h e

q’ m l  it y of’ nt i - i - i  , the number ot’ lad l i e n  an-I

t h e i r depth “non the su rf-ice should he ~ ven

ser ious  c~ u s ider - ’ t - ion .

Fi~ c-~ lag -p’ent- : 1:1 hydrochloric no Id witen

a J ut - ion at

t~~t i t  m l — :  1:1

134 I1 n-I~-’rnp .’i’h !Tndcrneath..skjn bubble at th e  longitud ina l

bubble fr-iotnrc of’ 45 st-eel hi let • Their Ie - i -ect

n t . i ~~t t h i -y  become i’~ ~p st.ni~~, 
which have

di °“e~-e- t. color from ‘he body of n t -re ~

~~uen the ~ i” i i-t  ‘urn is of t h e  sPar-c 0 0 01 bre,

It sla-suld I -~e observed under a 10—tIme mac-ni  fier

because f lue bubble Is no ’ easY f.. - be disc --ocred

Iii ’ to t i -  e x i st - s nce o i- t’i lire . 
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Picture No. Title Descri ption

135 The under— The underne~ith—skin bubble on the

bubble heavy ra~l steel.

Etching agent : ~ydroch 1onic ac id  w—t t er

s---siution at ha—”C) C

Multi ple : 1:1.3

50

-
~~~~~ -j
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Picture No. Title Descrip’ ion

Underneath The uind ennea th—s~ 1n bubble ~n 20 st-eel
—skin
bubble billet . PartS of the bubbles were burned

open and exposed on the sur”ace o” ~he

billet , so they became a crack . Resides

these und erneath— sk in bubbles , th e re  i s

defect. of’ unsolidness in the bil~e’.

ftchinc- ~‘ent: 1:1 hydrochloric acid

water solu t ion  at

6n~~o°c.

1-Pilt- i ple: 1:1

li’7 White At the longitudinal fracture -f ~
spots

s~ee1 billet- , the wh ite San ’s beca’--e coarse

crystal which is o~ the share o~ si lvery

br i ght oval dots, and *hp in - er walls o~~
4,-

- 

~- the naot s have the cha--uni -- at. - os o~’ coarse

‘l-ains .

~ tch~ ng a~ ent :  1:1 hydrochloric acid

water solution at.

c- s

Multiple: 1:2
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Picture N o. Title ~~scriot- ion

Wh ite ‘4bite srot~ on the transverse tes inr
sp a t  a

13° p iece of 50 steel billet (picture li~fl , -a -- i

the white  spots became f ine and sho*. cr~ cks .

On the loni-’itud ’nal testing piece, the

white s - - s t - s became hor izon~ a1 and vertical

cracks w~-ich  look like saw t i -ct -h  (picture

13°’) . ~‘rom micr asc’or - s ic  observa t ion , the

cracks --are p i e r - c l - i c -  c r v n t a ln ,

~t.&ing a - ~ent: 1:1 hydrochi--si” c acd

water solution at

6~ — ’70°C .

Multiple : 1:2

54
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Pic ture  No. T it l e  Descrip t ion

White White snots on the ‘rarsverse section o’a-
srots

a round billet of 20 steel.

On a hot a&d etchinc tn—i averse testIn”

piece, white su-~t-~ become a fire nd short

crack , w~-ich has a regu lar  distance to i t s

borders ( -oner-illv lar - -cr +han 2~
) sum). Sane

of the cracks h~ e of ~i shape of’ saw t eeth.

On the  ionoitud ’ nal t e s t i n g  piece , the  crack

made of’ w ite spe 4 s usually runs parallel

wi th  the fl hre st rptc -e or niahes an a n - ~ie .

the saw—teet h—like c i iar acter - st- I c  g ’a- the

crack is very e~isy to he seen.

I I On the i~~n~ it u d na1 f r a c t u r e  under the

condition of’ quenching, because of’ t r e

di”t’ereat kind of st-eel and the di “erence 0~

position and direction of’ t~-.e broken face,
ght.

the white spots  became ~t ~~ ice  with ‘on~~ex

sur f~ice like a duck—hil , a-’ l the also become

round or oval a 1i-er~ specks. The I ‘iner walls

of ‘“ e whi te  spo t are ~ the sh.au e o’ coarse

crystal :l~uin .

T e  w1-i t.e spcY c~~mes °rnm t.~ e un d~ aao1 ve 1

h’-drc-- e n , which c -ncent.ra~ c 
1 n the lcn~e

pores and produce a rress’ure . This pressure

56 - -
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to -oth ’r  with t~’e heat  stress ar ,I s t ruc t ure

stress caused - by st-eel pha se ch-i -- - -es ,

“orces the ins~de of’ a st-.- s -l billet to produce

cracks.

The mart enn~tIc and semi—avurtensit4 c st-’el

is easy to produce white sp ot s . iiext c~ nes

pear litic steel. Recause the solubility of

hydrogen in -‘uunte -dte is ra-reat , .-u,~ hen I c

steel is not eas’- to produce whi te snots.

n i-cause of ~ -e foregoing re-i s~ ns , in

smelti n c , the hvdr~ -en content in  steel s’~ouL i

be reduced , and a-~o~her measure to prevent

wh i te  spots is to 1e~ the steel c-raduallv cool

to below 2- )O °C a 4” er- “or~ e rollin~ .

sr-c t Is an unpermisahie defect . ~ut

th e  usefulness of ‘be steel can be decided

accordinc~ to t -k e welding cond it ion  a f t e r

re—fer~Ing.

Etching agent: 1:1 hydrochloric acid water

solut -~ on at. (~ —~Q
Of a-

Multiple: 1:1.2

141 White Whit e spot in GCrI5 ~- e n r l n g s t—e l
spots

~~ch j ng ac-ent: 1:1 hydrochlor~c ac id  wa ter

sc-hu t - on at 60—?’O’C.

Mult i p le: 1:1

5-, 1 - -
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P i c t ur o No. Title Descript ion

l ’2  I~Ihif e ~Thi te  soots on the lonc-itud!nal ~‘rac ’iire
n-

of’ a square billet of’ 1~CrMuTi structural

alloy s~ ee1. The spots “-ar m so’—e silvery

— hr i a-ht round or ova l specks .

143 White  White spots on the  lor~’iturI ’ al f’racti~~e

of a square billet of’ 5~ rMu~to tool steel. The

silver-v bri~-ht snots are the white snots , 
- 

-

wh ich are parallel wi t-h th e  surface of the

body on which the fracture exists. The dark

ones nrc-,~ ect inr like ~i duck—bill are the whit .e

srots which are perr-endic-.~lar to ‘he boTh-,

59 
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Picture No. Title Descript ion

14h White White spots on the Ion-i ‘ ii-d n-i l section
spots

of’ a rail end, and t h e  heav rail does not

have c’rad ual cooling n i-ter rolling (p~cture

above ) . There i S no ~~ ite Sr -Cl ’ on I c

lon- -itudi n-il -uect ion ~f’ the r-i~i end -~i- er

gradual coolin~ (p cture helow)a-

Etching agent: L:1 hyd rochlor ic  ac~ d

w-i - -r solution -i t-

at 6O.-~’o°C.

Multiple: Approximately 1:1.3

145 White Small white spots (as  arrc-~ p a i f l t i f l~-’)

srot-s
on a billet- o~’ train wheel s’.eel (corres-

ponding to 65 steel).

Etching -ic-ent : 1:1 hvdroch1or~c acid

wa 1 er solut ion at

(,O—~O°C.

Mul~~i u i e :  1:1

61
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Picture No. Title Description

146 Axis The axis center “crack” in a billet of
center

- - - “crack” 1~~rNiW structural al loy steel , when it

is niagnif~ed, looks like a “dotted line”

which is made of a ser ies 0-f iot~ 5

Etching agent: 1:1 hydrochloric acid

wa~ er solution at

60— ’O°C.

Multiple: 2:1

14 Crack Crack between axial crystals in a billet
between
axial of anchor c h a i n  steel (o.l2—o .l~~ C , O.V~—
crystals

O .55t ~Mn , ~~ O .O5~) S i , S, P � 1.030’ . In

addition to ‘~~~~ defect of crack, t h ere is

non—metal inclusion in the billet.

Crack between axial crystals on a hot

acid etching tran sverse t e st i u i ~ piece refers

to three or more than three 1’ine curved

cracks ,which run along the crystal boundary .

The cracks r adia te  °roni the  center of axis,

and they can connect a- a— eth er and beco~’e a

spider net when t~~y become severe . In most

cases, this kind of defect a---r-ea”s in h~~lle~ ,

of which the &ze is relat i vely large and

..

~

.. . 
_ _ _ _ _ _ _ _ _ _ _  

_



_ _ _ _

t h e  dentrit -e s tructure is severe .

The defects of’ “dotted line ” ax is (see

p icture 149 ) and groove—like axis (see

p icture 150) should not be regarded as crack

between axial crys tals . The-se defects are

made due to the non—metal inclusion being

eaten away or the structure Is not homoeenous .

~e ’ore the h nr~ made by these two defects

is thoroughly stud~ es and standardized , in

t I - i s  Collect ion , we temnorartly use tho ter”’

of ‘Axis center “crack” ’ with  such quo tat ion

mi~rks.

Etchinjr ai~ent: 15—2O~ hy-irochlortc acid

water solution , electrollytic

etching . ~lectr~c cur - - e- ~

o.O1A/mn? ; voitage,”V;

solut~on t i -np t are, 2~~C;

and time , 4— ’ mm .

Multh’le: 1:1.5

64
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Picture No. Title Description

j4~ Concentric In a testing ingot of ~r1 Ai4Si he~q *
circle and
ctack resistant steel,due to cooling stress , the re
between
crystal hanpen concentric cracks , and some of’ ~hem
boundary

are cra&-~s between crystal boundaries .

Etching agent: hydrochloric acid and

potassium dichromat-e water

solution ~ h O— 7U~ C -

Multiple: 1:1 -
a-

149 Axis Axis center crack In a billet , of
center
crack ~r5Mo d~e set steel. Accordin g to the result

of’ electro—microprobe inetallo r-raphic analys~s,

they are not real cracks but- corroded c~-roo~’es .

Amon~ the primary dentr it - e cr’-stals , ‘ i-re

is some suiphide, which is corroded when hot

acid corrosion takes place and produces such

grooves.

Etching agent : 1:1 hydrochloric ac id

water solut ion at-

60— ”O°c.

Mult i ple : l:1.c

-- . .  Li
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Picture No. Title Degoription

150 Concentric Concentric piercing crystal crack on
circle
crack a tes~in~ ingot of Crl~Ni5?’fo6 rust—pro&

steel .

Etching a a-ent: Cupric sulpate plus

1:1 hydrochloric acid

sulfuric—acid solution ,

cold acid etchi~r.

Nu1t~ple: 1.3:1

151 Concentric Concentric circle crack on the tail ~
“

circle
crack of’ an ‘i nc’ot of Cr2’7 rust—proof steel.

Etching acen t,: ~upr~c sulfate plus

1:1 hydrochlor~c acid

sulfa-uric—acid sc— lution,

cold acid etching.

Malt- ip le: 1:2
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Picture No. Title Descript ion

152 Inside Crack in a billet of 3OCrMnM0TI
crack

struct-iral alloy steel. ~ ien the speed of.

increasing heat to the ina- ot is  too fast ,

inside it produces crack acorspara-ing a sound

(the crack is usually called a snap). This

kind of ins de crack is somet imes easily

confused wit i shrinkace cavity remnant or

a f’or e crack. The wa’~ to di ‘fere--tia
+e a- -

them is that In the vicinity -~f ~he shrinkage

cavity remn ant the r e  is always an accre-a-ation

of inclusions and thFre is none around an

inside crack . When th ’re is only one forge

crack , it. always runs alon-- th e  d iagona l

d i rec t ion  on the billet . When th ey  are two or

more , they will in cruciform radiate from

the axis center.

Et .c in ~ a— eat :  1:1 hydrochloric a c id

wa~er r- --lution at

60— ”O°C.

Multii-a-le: 1:4

153 “Ton iie” Ia - Ton a-ne ” is a metaphoric t e nm used by

rollinc mill op erat er t
~ . ind i c a t e  whet - n cr t h e re

‘~‘0
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is defect in the billet. The experienced

operators often use “tongue” as a means to

do macroscop ic exanination . n t-~-, s picture ,

t h e  form of’ the “tc- n- -ni e ” looks like an ar c—

shaped boncave in the midmost part of’ the

billet , and th er e  -ire st-r i ps in e concave .

In the process o ’~ hot shear ing  of th e

billet , there are t~v-ee continuous st-ares of’

cii-a -~~e qnc~ each stage c-’n~ t itutes a dii-a-’erent

par t oi- the h~11et . ( )  the eprersed nar~,

~h i s  i s  th e -  t~art where the shear nresses the

metal and the metal be—~ns to shrink and

curve; (2)/sheared ç-~arf , this constitutes

t-ne most p-ar’ 0 i- ‘he end; and ( ~~~ the

n ar t  - The ~a-ton~~ie U - . f’en appears be’w- -en

i-a rt (~~~~~ and nart (31 .
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Ptcture No. T it e Descrip t i o n

154 Overturned Ovei~tu~u-jed skin (also called titaniumskin
shell) on a roun d billet- of’ l~ CrMnTi

structural alloy steel. The rm of

curlinr skin of’ th is kind of steel is

d~ f’f’erent from t ha t  of’ ct- - c r k~nd o” steel.

It often a~-i-ear~ in a shape o” “ m e  strip,

but the reason o~’ it s  com nr into hein

is all the same.
! I

~-t chin g acent: 1,sl hvdrochlor~c a c c ~

wa ’er so lu t ion  at

60— ’o°C.

Multiple: 1:1

155 Overturned T!nderneath surface ove~’turaed skin of
skin

l4CrMo st rnc ’’i r.a~ a~ ic-v stec~ . ~iade~~ipat.~i
skin

surface ove~’tur-ied - refers to that of’

which the rosit ion is ei”. c oce to the

surface of the steel nata--rial.

Etching agent. : 1:1 hydrochloric acid

wa f er s-lut ion at

60— ”O°C.

Mu lt i ple : 1:~ .5
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Picture No . Title Descr~~ot ion

156 Overtuened The overturned s~~n ‘in 45 s~eel. At the
skin

le”t uprer cc rnBr , the overturned skin apnears

to be a white br i~ht band, and around it

t~--ere are pores , which were left after the

imnurity inclusion was eaten away by acid

etching. At the right lower corner , the

overturned skin is of the shape of black

curved band. In the black band and its vicinity ,

there are some imp ur ~ty inclusions. ~~1ring

ingot casting, there is an oxide film f’1oatin~ 
‘a-’

on the surface of steel liquid. In pouring,

the film roes down into the liquid , an d then

it became an overturned skin in or on the

-‘1cast ingota-

Etching agent: 1:1 hydrochloric acid

water solution at I 
Overturned The laminar overturned sk~n in a large
skin

steel bloom.

~te~-ing agent : 1:1 hydrochloric acid

water solution at-

60— ”O°C.
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Picture No Title Description

l5~ Overturned ‘Overturned skin in a billet of
skin

3OCrMnSI structural alloy steel .

Etching agent: 1:1 hydrochloric acid

wat ’-’r solution at

60a-a-’’O°C.

Mult~nle: 1:1.2

159 Overturned The form of’ ov&rturned skin on the 
-

.

5n in
lonr itudinal testing p~ece of an axial

billet of’ 45 steel. The skin is like a black strip.

Etching agent: 1:1 hydrochloric acid

wet-er solution at.

6c— ”O°c.
Multiple: 1:1.”
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Picture No . Title Description

160 Overtu~-ned OvertUrned skin se-en in heavy mu
skin

steel,

Etching agent : 1:1 hydrochlorIc acid

water solution at

60—~O°c.

Mult iple: 1:1.3

‘a-,

79
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Picture No. Title Description

161 Inside The rorm of ins’ de bubble in the
bubble a

162 transverse sect-ion of billet of 3Crl3

rust—proof test~ing steel (picture 1621 , and

the inaide bubble in the pagpda—shaped

testing piece (p icture 161).

Etching agent : 1:1 hydrochloric acid

water solut~ on at

60— ”O°C.

Multiple: 1:1
if
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Picture No. Title Description

163 Foreirn Eoreign metal inclusion in a billet of
* metal

Inclusion 35 Steel . The color of t h e  “-~re~gn metal

is distinctively di~~’erent from that. of’

the billet . I” 4he etc~- i n g  a~ ent is proper.

the internal structure of the f’oreign metal

can be exposed. Accorda - n~- to analysis,

the forei gn met-al in this  picture islike a

flying ring . -
.

Etching arent: 1:1 hydrochloric acid

water solution at

6o—~o°C.

Multinle: 1:2

164 ~‘orei gn ~‘cr e i — a-n i--etal irn~Iucion In a ~~ s~ee1met-al
Inclusi-a-n billet.

Etching are -t: 1:1 hvdrochlor4 c ac i d

wa te r  so lut ion at

60—rn oC.
Mult - i H e :  1:1.4

I
_ _ _ _ _ _ _ _ _ _
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Picture No. Title Descript on

a
165 Foreign Foreign metal inclusion in billet of

metal
inclusion CrNI3MO structural alloy steel.

Etching agent: 1:1 hydrochlor ic acid

wa~er solution at

60— ”O°C.

Multiple: 1:1.4

a
166 Titanium Titanium inclusion in hi ile~- of’ a- 

-

Inclusion
1crl~Ni Ti rust—prrof’ s eel . Titanium is

Included or scattered at tn e edge of t~~e

billet.

Etching agent: 1:1 hydrochloric acid

water solution at

6o-~0°C.

Multiple: 1:1

—
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Pict-nre No. Title Descript~on

16” Titanium Titanium inclusion in a billet of
inclusion

lCr1~Ni 9Ti rust—proof st”a-el . Tita-2~um is

included or sca~ tered underneath the skin

of the bil1et~.

Etc-inr agent: 1:1 hydrochloric ac~d

water solut~on at

6o— ’~0° C.

Mu1t~ple: 1:1 a
-

Titanium Titanium Inclusion in a billet of
inclusion

l~ CrMnTi struct ~ural alloy st-eel . The inclusion

ar-a-regated on one side.

Etching a- — ent : 1:1 hydrochloric n c d

water solution at

6O_~O0 c.

MU1t1ple 1:1

L 
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Picture No~ Title Description

169 Silicon Silicon segregation on the tra~sverse
SecTeration

170 testing piece of a billet of 3cr2~..J~V alloy

tool steel (picture 169) and the ror n of

silicon éegregation on a longitudinal

fracture (picture 1’70). The serrec’ation was

caused by the fact that when the casting was

shielded .. by using graphite slag, the silicon

contained in the slag entered t~ the top of

the ingot, thereby segregation Was created.

Etching agent: 1:1 hydrochloric acid

water s’lution at

60.-’O°C.

Multiple: 1:1 

1 . ;I I
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Picture No. Title Description

321 Incipient Incipient crack on the paroda—shaped
crack

test ing piece of 40~rNi.MoV s t ructura l

ah oy steel. Inci pient crack ~s made by

non—metal inclusion or ‘iir in the steel.

Etchi agent: L:l hydrochlori c acid

water so]ut.ion at

6n— ”o°c.

Mul t~ ple : 1:1

‘p322 A x s  Carbon segrorat. lon in  a b i l let  o~’center
carbon 10 steel , and the segrec’ation appears in
no ~regation

the area close to t~’e top of’ the ~.n~zot .

It was caused by th e  Nct that when the

cast .in~ was shielded by pr ~nhite ~~~~

carbon eitei-ed in to  the top o ” the ~n r n t .

~t ch ing  agent : 1:1 hy~ r~ch1o r~ r n& d

water solution at

~u.l t ’ l e : 1:1

323 Axis Carbon segre —i t . ¶ c’n in a billet of
center
car bon 20 steel , and the segregation appear s close
segre~at. on

to the top 0r th~ i ngo t,. It ~‘ns Caused ~v
I

91
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t,he fact tha t when the casting was

shielded by graph i te slag, carbon entered

into an t i  the ‘op of’ the 1 nec~t..

Etching ‘i ’ent: 1:1 hydrochloric acid

water solution at.

0
60— .•,0 C.

Mult i ple~ 1:1 

I,

f
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Picture No. Title Descrip~~on

174 ‘~e~at!ve ~ p~~~~H v e  ~r e ’~~t o n  on ‘he tn ~ l of
segrera t I ~ n

‘in i n . ’ot of 3’~Si!~nt4oV structural ah oy

st .eel. On a hot. acid e t & l n g  t ,ra s\’erse

t,0~~~~~~’~~ niece , nerat ive se~reratlon appears

in the shape of ’ e ither  oval. ir irrec-ular

white or black band. e di’~ ere’~ce he+ween

ne at ve serre~ation and ove!-tarned skin i~

that in the vicinity of  the h a n i  t here is

no inclusion, and a3 he sac t.~~ae , t~~e

C and S contents are lower than that in the

cornpos~tion if ingot. The reason of’ producing

t h i s  kind of defect i~ not yet known,never—

theless,1’ can he a’~ciided by Increase the

steel li quid te- nerat ’ire , pouring f’ist .er~

eariecha hl~’ at  the beginning of pou . r ln -  or

changing the shape of the die bo~ t.o~n.

~t , c ’ i n g  agent : 1:1 hydrochloric acid

water solution at.

Mult i ple: 1:1

325 Edge DT1 pure steel ingot . 1” the contro l
caorse
cr~’sk.a L of heating i s  not appropriate, there will

94
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be edge coarse cryst al .

Etching agent s 1:1 hydrochloric acid

water soluti on at

6o—°o°c.
Mult~p le: 1:1

05
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Picture No. Ti the Descri pt i n n

l~~ Edge ~ot acid e t c h i n g  tra s~’erse ‘es ’ I n ~
S 

c i a r s e

crystal p i ece (p i c tu re  l”~~ and long i t,ud ’ nal

b esting piece (picture l”~ of a forre

bil let  of ~~~~~~~ st eel .

Etcl l n g  aep nt, : 1:1 hydrochlorIc ac ’d

w a t e r  s . l i i t  ‘on at
-.5

e l _~~) C.

il~~’ ple: 1:1

‘p

Cl
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~i c ’~re No . T~tle Descript ion

Edge T~e “orm of’ ed’-e coarse cr~’sta1 at
coarse

329 crystal the fracture on a f’c’r ’e billet of’ 2SCr3Mo

steel (nict ire l.”e), The coarse crystal

is if strenr netal hrthhtness. “a i n t a in ~ ng

ten~era ’ure of 920°C f’or some time, th en

,af’~er heating, the c~’arse crystal will

basically di~apnear (n~cture 320).

Etching agent: 1:1 hydrochloric acid

wa~ er’ sc~~ut~ ofl at
4,

Mult Ip le :  1:1

l~0 Coarse Coarse cr’rstsl seen at. t~e “rac ture on
cr’rstal

a tube of Cr25 rust_prc’ir steel. 

99
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Picture ~1o. Title Description

181 Thorge i~’orre crack in a billet, of’ Crl~’!i25Si2crack
heat reaistant steel . Most of the crack

appear at the axial part.. When there is only

one strand of’ crack , it always runs along

a dial”onal direct on, when they are two , t~ ev

make a cruc I form and when they are more then

two , they radiate out .from the ax~s ce ter . —

Etching agent: 1:1 hydrochloric acid -
.

water solution at.

60— ’70°C. 
‘p

l~2 Forge The form of forge crack at a fracture
crack

when a forge.billet of W1~ Or4V hi~ h speed

steel is broken along the crack. Te  crack is

~rey in color and there is no oxldiz ’g happeninr~.

Because when the billet is broken, t .e crack

is not coapletely open, so on the rr.acture.

there are a few crystal—like strips.

183 Non— metal The ~‘orm of’ non—metal ine~usinn at the
inclusion

fracture of a bill et 04’ l2Cr~!is st r i ct u ra l

alloy steel. On the longitudinal fr acture ,

the inclusion is of’ he sh”~~ of ‘5He stri pe

101
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Picture No Ti t le ~~scr I ption

F ’ld l ng The f’. .5 ld ing of 45 steel . On a hot acid

et c h i n g  transverse ‘eating place, t’ is a

crack which runs hevelinr ly ‘~ga in st  the

surface of’ t h e  billet. , and in the ~‘ic 1nit”  o~’

t h e  crack , ~~ere is decarboniz~ng hanpeniri -.

This is beca~:se that. the scars or pri~foct.ions

on the rf’ice of’ the bill et . hen d on t h e

b i l l e t ,  when hot .  ~orl. lng takes place or t .ha~

the ears o~ steel fold to ether as the

continuous hot. work i ng oes on .

Etching ,n ’ent.: 1:1 hydroc~lorie aHd

wa t er solution ‘it.

6o- ”o°c.
Mul l ~“le: 1:1

l~ 5 t I ot nor , .e crack caused by low “n , S r a H ’
brittleness
(Red (M:i :S 2. c ’t tn  DT1 pure ~~eol . Ti kind

1.5ri~.t 1eness)
of br ittl enese is genera l ly called hot.

bri t.tlenes:i or red bri ~.tlenpøs.

Etching agent. : 1:1 hydrochlor c acid

water  solution at

6o— ”o° C.
Mul t iplet l~ ”

104
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2. The Struc~ iire and Defects of’ Open Steel

PicL~ re No. Title Description

201 The structure The structure (pict ~ire 201) and sulp ho’
and suiphor

2~ 2 rint of an print (picture 202)ot an open Ineot of B3F
open ~n~’ot, of ’
open steel steel. The structure of “ e lonc’i tudin al

sec tion cs ° the i ngot. is n~ the “ollowi nc’ 4’ew

lay ers : The out~ost ltr er ~s a sd ~d an d

hard shn i l ,w Ich contains  no bubble. The

t.hi~ k’iess or t.hirrnesn ~ 4’ t ~s layer is

determ ined by the c~ ,nl1t on of’ srwi’ In g  and

cast i’ .g. Tnside t.he hard shell , t l e~ e is a ‘p

la’ er of ’ honeycomb bubbles. On t i s  la’ er

scat ter  many ion - str ip— l i ke bubbles , a’ d

the long axis o 4’ t h e  bubble is perpendicular

to the mould wall arid stretches from the

bo~ t .on of the ingot . to its central par t.. m a d e

tne honeycomb bubble layer, t: o’e is a layer

of’ secondary bubbles.

Etchin~ an-ent. : 1:1 hydrochlor i c a c d

w a t e r  sol ut i on at.

60— ”O°C.

106
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Picture J~ , Title Descri ption

2~ 3 The s tructure The structure (m -s i c f ’ :r e  2a1) an-i sulpho”
and sulphor

2~14 print of’ a print (nictur e 201,.) of’ a “ .76 ‘ on ho~~ lp—
bo~ tie—shapedI n e ~t of open shaped ingot of’ B3~ steel. ~‘ron t h e  structure
steel

of t h e  lon itudinal cr-sn— section of’ I e

in -of , it. can b~ seen t, i . i t, the ti.ickness o~
’

the  ingot shell is 20—30 mm and th ickness

increases gradually from down up . The

distribution of the honeycomb bubbles is

di4’f’erent. erom that of ‘he open s~ eol i n ~o ’ ,

the bubbles scat ~er -~ver t1’e who le l enr th  
‘p

inc~uding the round arc par ’ at the head , and

their bod.v is &ior 4 er th an  t,hose on the open

steel ingot. . The l a t t e r  is -ener al1~- f l —l C~O mm

wh i l e  ‘he “ormer is about. 25—45mm , Tn-i tH cv

gradually become short from down up. The

secondary bubbles are not clear . The li quid

extrac ’ ccsnce”t .rat .es in an area whi ch cons~-

~i tutes 6—1é~’~ o” th e ‘ op .

There is clear inverted V—shaped aegregat i n n

I n  t .:’ie 1- so t  ~. 1e—~ haped h-e’o ’ . The sulpI~or print

I nd cates that. the niilrhor content. o~ the

i nver 4 ed V—shaped se~ ro’~.a 3 inn is  h i -b , but.

Is l ower t.han the part whor” I ‘ e 11 rni~ ci

1(1’

1 -



5-— -— - -~~. —
- ——-—--—---------- _ _ _ _  -. 

~~~~~~~~ 

- 
- ‘

~~

extract conceatra 4 es.

Etching agent: lzl hydrochloric acid

wa4er solut ion at

6O—~O°C.
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Picture ‘Jo . Title Description

2’~5 The stru ct.lr e The strncture seen on t~’e lon” itud inal
and suiphor
nr int of an cross_ section of an open inc~ot of’ open steel ,
open steel
ingot w~- s i ch  con ta ins  ~~~~~ C. ~ ‘om down up at. a

.11 stance of  25~ , ‘5 ~~ and ‘5’~ from th e bottom ,

there are ‘ 1 ree not— acid——co rroded est . inn

p~eces (le ’5-t ‘ a l f ’)  and sulphor ~-sri ts (right

h.aif ’t . The “ -srr.er illustrates the distribution

of r arthus ~c ind s  ot ’ bubbles and the latter

illus’rates the ‘~~st.rihution of suiphide

from nn rf ’ace to the c ont s~r 
-“5- t. 1-se incot.

206 Honeycomb Honeycomb bubbl is on the t ransverse
bubbles

cros~— sec t ion of t h e  middle a ‘d lower rart

of’ open steel .

Etching agent: 1:1 hydrochloric ac ci

wa t er solution at.

6O—~’O°C,

20’ Silicon When 73’~ st.eel i n ’~ot has chs’a cal sealing
se.~re,Øation

of i t s  top by using sil~ con iron ,soine sil c-’n

enters into the honeycomb bubbles.

Et c~ ing agent : 1:1 hydrochloric ach  wat.e’-

so iu~ ion at 60— ’O°C.

~ultiple : 1:2 .5
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i~~cture ~Jo. Tin le  Descr i p t i o n

2~~ Sec. ’ndary Sec-’ndary bubbles that are not rolled
bubbles
not rolled to -ether in a billet of’ P3~’ steel.
to “e t1 or

Etching agent: 1:1 h’.’cirnc’- J or c a c id

water n o l u t k - sn at

60— ’n°c.

Multiple: 1:/+

2~0 Tail T.a~ 1 - ‘ores on a billet H’ P~~ st~’e1.
pores

Thi s de ”ect is -iade beca ~se at ~~‘e be

t h e r e  is not lam e enouch pressure or t~-e

heat ing  of t h e  rteel is no t  ennunh , so the

deformation cannot reac 1’ the middle -‘~~~ th e

trans”erse sec tion  of’ the i ng ot  and is a

result, the extension of outer nide of’ ‘he

ia-nt is much lark -er than that. of ~t.s

center .

~tch ing  agent: 1:1 hydrochlor ic acid

water solution at

6o— ”o°c.
!‘fult.iple : anrroxi—ni ’el’- 1:/,. 
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3. The Structure and Defec t s of Continuous—casting Stc~ l Ril le t

Picture ~o. Ti tle De8cr lnt , i o n

301 Cast billet A cast b illet of silicon steel shows
structure of
continuous— t ree c:”-stal reglon~ ii f ’ er cold acid
casting steel

et,chirn~: fine isorne~ric crystal region ,

columnar crystal reg ion and coarse isometric

crystal region.

Etching agent : 2 ° -  f’ein-~ c trichloride ’plus

310m1 nitric acid and lOOmi 
- 

-

water .

Multiple: app roximately 1:2. 5

302 Cast billet A cast billet of lCr1~Ni9Ti rust—proof
structure of
continuous— steel after cold acid etch4 r~’ shows that the
casting steel

coltunnar crystal stetc~’es from surface to

its center .

Etc~ ing agent: 200n fer’-ic t .*ichlor i de

plus 300m1 nitric acid

and lOOml water.

Multiple : 1:1.5
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_ _l i d  tire N - s. Ti t i e  Descri p t i o n

Depression When t.ha qu .ant. it .y of ’ secondary water—

j e t t i n g  on a east hi 1 let  of  0. ’~~.C s emi—

dena si  f led st-ee l Is n l6t l  litres per m inut e .

t: n’e will he a deprennion on he h i  I ct

(p t.ur~’ ~~ ~“ , when t p ot:n’t f i t  v I a reduced

to ~~~~~~~~~~ l i t  PC:~ !‘° ‘ ni i niite , the ze ( f 0

b i ~le ’ w i l l  li-s ~ x , -i~~t lv  what requ ired

(p i c t ure 304~.

Muitinie : 1:!~.’~

.. • - It

Protuberance Protuberance on tHe c.-is t . b i l let  of No .

at eel , produced by ‘
~~~~ l’h~ mm arc— shaped

cont,inttoua casting mach I ‘c ~. In •~ i.i i t .  ~~ t o

h~’ ~-sr ‘t .nl- serance , t . ’ ’e~-e are cracks .

HI e t t i  ng a —put. : 1:1 hydroch lorIc ac d

WI or solut n i  at.

(~~~_~ ‘ ~ C.
.,

Mul t i n1 p  1:1.2
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Picture No. Title Description

306 Cleavage Center cleavage a d  corner cleavage on

a cast billet of No . 3 steel. The billet is

produced by a 90 x 90mm standing bowed

continuous—cast ing machine .

Etching agents 1:1 hydrochloric ac id

water solution at

6 n _ °o°c.

Mul~ ip le : 1:1.2

30’ Rhombic ~. 90 x 90rmrt stand i ng bowed continuous—
chanoe It

cas t in g  machine produced cast billet, of’

2OMn V steel , and i ts  cross—section becomes

slant—rhombi c change.

Etching agent.: 1:1 hydrochloric acid

water solution at

60—70°C.

Mult. ple: 1:1.2

119
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Picture No. Title Description

30.~ Shrtnkage Shrinkage cav ity at the center of’ a
cavity

cast . billet o ° 60S12 sprinc? steel, produced

by a 90 x 90 mm standing bowed continuous—

cast ng mach ine . ±n addit on , there is a

°Ltte crack runn ing alonc t ’ e d rect on c-s f’

C l u mn i r  crystal.

Htch i :g a~ ent: 1:1 hydrochloric acid

water solution at

6 — ”O ° c.
It

Multiple: 1:1.2

4. The Structure and Defects of Electro—sl.’ig Remelted Steel

Picture No. Title Descript~ on

4.01 Corrugated Corrugated segregation on the trangr ers
segregation

sect-ion of an olectro_slar remelt-ed 12Cr2N14

steel billet . At . the begi n i ng ~t~~-e of’

electro—slar reme lt in -s~, the vibrat i on of vo l tage

and electric—cuiirent causes change of’ speed

in crvsta.Iization , and t. us crea~ps

corru rated segregation . Generally speaking,

121
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the ferri~ e content in white ring band is

more than that in the black ring band.

Recaus s each ring band is very narrow , so

it hardly possible to di ’ferentiate their

composition by merely using chemical

composition or ordinary spectrum analysis.

Etching agent: 1:1 hydrochloric acid

~~t.er so~ut ion at

60—~0°C.

Multiple: 1~2.5 - -

It
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Pictur e No. T i ne  Description

4 ) 2  Corrugated Corru ”nt .ed se~re ’-at i ,-sn on the transverse
ser!re-’O t-i on

sect i on of’ an e1ectro—sla~ reme T~t.ed Cr1~

s~ ee1 billet .

Etching agent: 1:1 hvdrnchloric acid

water solution at,

60—70°C.

Multh ’lLe : 1:].

403 ~‘orei~n “oreign metal inc lus ion  (dark color)
metal and
non—metal and non—metal inclusion (white color) seen It
inclusion

on t .hc lonc’itudinal cross—section of an

e1ectro—sl’i~- remeited GCrl5 hearing steel

billet..

~t,chinc’ agent: 1:1 hydrochlorIc acid

water solution at

60—~0° C.

Multiple: l:l~6

434 ~‘or~ilgn 
Hore ii’~n metal inclusion seen on a

metal
inclusion paooda_ shaped testing piece of’ elect-ro—slar-

-~ L~ C I t ’ ~I I~ ’ 1
remelted

,~~ tee 1.

Etc h u g  arent : 1:1 hydrochlor i c acid wate r

solution at ~O~~ O°C

Mu lt~~r-sle : l t l .’ 5

124
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Pictur e No, Title Descript.~on

405 In ’~ot guide ~~~~ ai de he’i ’~ ~ticked to a billet
hoard not.
cu ciean  of p~ e c t - r o—s 1 a - ’~ reme1~ ed GCr l~ ~e a n l n -  st.rcl

was not cut clean (the  dark pai’~ on 5he

ed~ e ’h .

Et.& ’i ng ‘i -eat- : 1:1 hydroc’hlori ac id

w-’i~ cr ~~ ~u ’ ~c n  at

- - 0
~s0— ”i) C

t~u~ t.ip1e: 1:1

Calcium f luoride “ ne crack— ’~ ke c-l c iu ni “ u~ride
uclus ion

inclusion in a billet of electro—slac

remelted ~~r15 hearing . steel .

Ptcht n a erit. : 1:1 hydrochloric ‘iei.l

i ;ate r so ut hen  at .

Mul5i nle: 1:1

126
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5. ~‘r’~ct 11- e

Picture ~o. Tit le  Deser~pt. on

501 Terrace In the n i c~ ’ire from up down are t errace
fracture

- 
f’ractures with hi~~’erent de-s—rees of ‘

~~Cr ”iMo

of eel.Ch the breken 1on~-’i ‘ u d i ’t a l  fracture

~est .i t ~ p ece , under condi~ i - - s n of ao,ii~~ ca~ ion ,

f-s-ore are Ci-i~ te~races ’ o~’ d i 4 ° ~’rent; size .

The structure of’ the terrace is similar to

t. ‘a~ of’ the steel body hut i4 s color is

li~ ht c’’. Nost o” the terraces scatter iii the

areas of axis and se -re -at ion on t ‘-e in g o t .

The le~~ severe ~et ”-acc f r a c f n r c  has only

slight effect  to the transverse p la s ’ i c it y

ot’ th e  steel , but the serere ones c a - s - s  reduce

t’e trarm verse n1as~ ic t.y t.o a de.’Tee of

be i ng useless. 

502 Tearing In t h e  ~Yctu : ’e  Cr0!- up dn -n are t oa r i t - i -

fracture
“rac~n - s ’ e s  i~~ t ’ d “~enea t. Ic  -v--co o~

steel . On t h e  broken 1onrltudin ~ 1 f ’r - - s c t i n-r

4 c o f . b n ~ a iec .c , t h e  are oo~l ~d , o m m . - — rev

strips. The id -su ng pe nt. O~
’ ~~ t 1~~5 strips

shows concave~ e,mn ’ ex markr t of f p ar f ’  . The

distrihut~on ~~0 hu p strips i n  not. re-s-ular.

l2~
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When they become severe , they can cover the

whole fracture.

They are primarily re-~’irded as products

of rem aining hi gh aluminum c nt .ent of’ the

steel . The less severe t , e ar l n ~ Cr,-ict , tr c has

l i t t le ef’fect to the mechanical property of’

the steel, but when they become severe , they

can reduce the transverse piast i&ty and

- - tenaci ty  of’ the steel. Accordincs to their

experiment in one plant , the e~”ect of hir’h— 
- 

-

temperature annealing (1200°C , 5 hours) is -

not obvious. -
.

129
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Picture No, Title Des~~ ipt ion

503 Wood—rin g Less severe wood—rin g fracture (picture
fracture

above ) a d  seve re v--sod—r ing f’r-ic -ure (picture

below) seen in 1~CrNiW steel under condition

of ’ m o d i f i ca *.ion . The f racture  shows concavo—

convex wood r ings  without metal bri~htness ,

but sometimes there are hri ht lines with

var ous ien ’t ’.n . It has been considered that

when the non—metal inclusion is hir~h in the

steel, the wood r ings  will be severe , and

that t h e  width of’ the wood—ring re~ion is elosely

related to the w i d t h  of’ the reglop of j ~~~c~~_

shaped serrregation .

504 ~~~~~~~~~~~~~~~ W o o d — r i n~ fr actur e seen in l~~rNiW steel.
fracture

111
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Picture No. Title Descript on

505 Laminar In the picture from up down -ire laminar
fracture

fractures with di~~
’erent decrees. On the

loncitud i nnl frac ture testing niece , they are

strips of’ various width . They are ~enerally

distributed fr( axis region of f he testing

piece , nv — i sometime s they a”p e—r in some other

re—ion, Laminar ~
‘r.-i ctir ~-e is ma

i nly made by

the Cac t- that during hot workthr~, the axis

center cracks ~~0 5h e  in r — ot were not welded

tocether. Laminar fracture can destroy the

cont.inuousnoso of’ steel structure and it !~

not permissable to h ave such defect.

506 Rock — like Rock—like frac ure of’ 1~CrNiW steel . It
fracture

is a kind of br i t t le  f ract u r e  o f’ coarse crystal

without metal brightness . It. looks l ike a r~ ece

of clay made of’ Cra”meri s of broken concreted

cement. and rocks . This k ind of f’ra ct.’ire i s

created by overhea 5 ing . Overheating of oa~-

kind -sf s~eel var~es from the characterist.5 es

of’ srnelt.t ng~ flock— like fract ure can he eliminated

by heat—treatment (such as annealint’, rec’ulated

h eat ing ,  mod if’ c at i on  -i’d repented t.reat.men ) .
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Picture No. Title Description

Picture No. Title Description

50” Naphthalenic Naphthalenic fractur e of hi”h speed
fracture

steele

Naphthalenia fracture is a kind of coarse

crystal fracture of brit,~ le piercin-! crystal

break. From the slant angle 4’orned by the

coming— in light during the change of’ t .est in-

piece, some naphtha—like pram whith weak - 
-

met al brightness on the fracture can be seen.

Naphth a lenic frac uire is t.~ e result of

not having annealing when t he hj ~ h speed st eel

is overheating at about 125t)°C or ,having

repeated quenching.

The naphthalenic f ractur e of h i t h  speed

steel can not be elimina+.ed by the techni ques

of heat treatment .

5O~ Graphite Graphite “r.act.iurc of’ T~ carbon thai. ~~~~~
fracture a
(black Graphite ‘rnc~’-s”e ,kc1e”ec+ .-sJ ~ 0n

br itt. le —
ness) at the time when th~ oil~ c-~n n--r~ --~ steel or

eutectoid end over—euit.oct,oid ccl othel is in

the stath of annealing. The n’urf’-~ce of’

the f’rnc + ’ u .re is black th color. The ~‘act o rs

- . 
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that cause r ’rnpbit iz in g are many, such as

chemical compos it on, preheat—treatment

condition, :de ~Tee d f ’ plastic d&’ormation,

and the atmo rs~h~re of’ annealing furnace.

~ cperiemeri t indicates that graph ite fracture

can hanpen under any one of’ t h e  f’ol1ow~ng

conditions, such as .-‘r-idir-sl cooling of carbon

tool steel after super—temperatur e annealing,

and the steel which conta i ns ~raphitization

promoting eletner-ts (such as silicon and

aluminum ) ove r what is required , maintains

temperature and cools c-radually ‘ slight ly

belOw Thwer critical p~-s m nt .

509 Rod—lik e Rod—like crystal appears in the frac tur e
crystal
fract ure of 22Mn2MoCuBR st eel piece. Accor-1~ng to the

finding of pr imary study this kind of’ defect

is made due t~ the fact that aluminium oxide

comes out alon g the cr ’-sta l boundar y of

pr~initive austenite.
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6. The Structure and Defects of’ Welding

eture No. Title Descr iption

601 Thick board l~MnMoNb steel , thickness ll5nun ,
hidden arc
automatic welding wire HO~~~~~A, and welding agent 250 .
welding

After welding, put to heating to 640 C

arid retain the temperature for 5 hr-art’s, then

air cooling.

The lower half of the welded seam is

black because that is t~’rough af’t.er—weldin~

heat treatment , and t :e  unper half ’ is w-~i~ e

because that is w thout after—welding heat

treatment .

Etching agent: 2’~ nitr i c ac 1d aichohol

s-~lution.

~agnjf~ring mult. ple: 1:1 

602 The joint Cr—Mn—N is rust—proof steel and its
of’ isoior t
welding thickness is l~xnm. 

603 The joint at l5MnTi steel and weld ing wire i0°MoSi.
double—face
section of Etch ing agent: Fer r ic chloride , hydro—
hidden arc
automat ice c i

~lnric aeid aichohol
single—face
weld 1. ¶ ng solution.

Magnif’cTing multiple : 1:1

l3~
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Picture ~o. Title Descript i on

The h-sint. o f’ l5Cr ?’~ s eel and it~ t ichno ~ s is 32mm.
~io Ut i le_  ‘-ice

• automatic Through ~50°C tempering a
45ter welding.

welding

605 Thro —wire Ship—hu ld~ n,o steel plate , welding 350
automatic
welding and 1t~ thickness is 24mm.

606 Seamg of l6Mn Nb steel, welcflnc~ wire ‘
~O~ThA

angle—
welding and welding agent 102.
in hidden
arc auto— Magnif~ving mu1t.~ple: 2.5:1
mat~cwelding

~
Il
~ ~
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P i c t i i r t ’  No , T t ~ e Des cr i~ t i e n

60~’ Perpendicular Low alloy - m d  high s~ ~~~~ 
-

automatic
welding low o~iL oy ~ t a e i  wo ’i w i re -mncl we~ r 1l~1’

~‘i ’~~(’lded by
carbon diox de a -eri~ ~~~~~~~

~~~~~~~~~~ multi -mle: 11

Tr~i~ sverse 
Pictüré on l&t.—har~d ‘side is o .3

section anj
n-~i t.ucL nal der .asified steel pl~m~e ‘ir~i i t s t c i ~r.es~m

section of
~ee—~oint ¶~~ is -~0rim . On it ~5 t’ e ~r-~~r ’ erse ~eo~ ion
melting nozzle
e.lect-ro—sla~ of Tetm~ .ioint 0f’ mo~~~n-~ ao. zie oo r o—~ ia - ’
welding

we1d~n’.

i ’~ c~. Ur L’ on r ‘~t—hnrid side is the

ion n:il sec~ ian of melt - i nn no~-~-.le eioc ro—

~iia. welding on No.3 de-s .5ns~~
S ed steel p i-ite

and i ts  t h i c~c’~es~ is ~0nr’,

14~



‘~~~~~~~~~~~~~—--~~--- -.5 -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --

- — 
~~~~~ --~

- -
,

- -: - -~ - ~-- ~—
-

- 
.5 -‘-- .5 1 ‘- ‘ - i - 

- 
- - .5- 

~-
,

- -. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~~~~~~~ : . ‘

.5 . 
~i.’—~~~’_ t , _ - -~~- - - .5 - ‘.5 - .5 -’  - -

- ‘~ ~~~~ 
~ a . 

~~~~~~~~~~ ~~~~~~~~

~~ 
~~ ~ 

‘1~

~~
-
~~

- 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

~ -i~~~~ - - ’ - -

- 
& -~~~~~~

_

~ 

~~~~~~~~~~~~~~ ‘ ~~- ~,‘ I .1-.’~ 

- 

4~~1~ 
~~~~~~~~~~~

607

r

- 
-‘

~~ ~~ 
-

~~~~~~~

~~~~~~~~~

tI 

_ __ _ _ _

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.5

_ _ _ _ _ _ _ _  

~~~~~~~~~~~4 J~- 
~~~~~~~~ - -~~~~~ I.e ~ 

rh t

608

143 
S

— -‘.5-- ---

~

— 
- -

~~~~~~~~



.5 ~~~~-- - - - -- - .~~~ ~~~~_~~~~~ , _*_~~~~_ _ ,____

}5ieturo Nc . TI t i e  De~ cri ptIon

609 CastIng The normal welded seams of’ electro—

~t~el
t ’i t ’~ct- ro— s ! -~ ’ w e l d i n g  on th e par t s of a water press

- Wt ~ I cii ~~ g

mach I me. tk”wn and above ar t ’ s~ ri nk:t -n caviti es

of’ hi’ ~ i i ’ ~~-s t  , and in the mi ddle are the

se:tms ‘f’ c ect.r o— ~ 1n ’  w e l d i n g .  

. 
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Picture No, Title Description

610 Pores not Pores cmce~ t .rnt ion of No . 20 ~tee1
welded off’
by manual -i- the no~ well welded cart between
e lecro—arc

la--ers ri nd at the bo’to n.

t11 N ot—vei l  Composite plate of’ 1Cr1~ Ni9Ti and

joint o ’ Al stoel and ~t s t i ~1e~:ness i s 14.5 nm .
- . ‘ “

The atni - - l e s s  we lc i in :  layers welded

us ng manuaJ~ n c r ~ — -~rc weidi c~ and the

i - a s i c  we~ d l n ’  c l e r i v~ s welded by us i”i g hidden—

-~rc a u o n - t .~ qe weldi ’~o. Welding is uO5~~nA and

we :ci~ • -i~-m~~t is ~~ -

~‘t ’h~~- - t - ar- t”n t : ‘itric acid wa~-er solution .

!~~~~i ’~ i rig multiple: 1.2:1

~‘ul~ 1nle — Mult. 1ple_pl~r n ate of 16 Mn stee l ,
ply piri e -

sealing end 7’~!-’n”o s’ eel , weld m nc .5 ~~~~~

a nd eld~ n~’ q~ t sn t_ 0.

There are tw snail i~ c m us i sf l 5~

Isomeric Internal c~ iinder of ’ 1Crl ’Ni°T~ st~’nl,steel weid~ n.c~
joint stag multi—ply pl’it. e of No. 7~ “m’~m- ’ce at on ,
inc ins ion
at sealing npj Cinr - end fl~ I!~ r~ -’’i , welfln-- wire in~-nrrialend of multi-
ply pin~.e h~~h d i n er H1Cr~~’N i O T~ rind the jO1ri~ flr’ po In t
pressure ooth -t ner

146
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Cr25Ni2O, multi—ply and sealing end welding

fissure ~TO~Mn2Si.

There is ~ne slag inclusion.

Etching agent: 5O~ hydrochloric acid

hot etching.

Magnifying multiple: 1:2

• . . . • • • • •  . 
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Picture No . Title Descript on

614 Not—well Mn—Ni — Cr—Mo is a low alloy arid high
welded
and sia-~— stren”t.h steel and i ts  thickness is 150mm.
inclusion
of thick ‘-!n—Ni— Cr—~o is steel welding wire and
plate
hidden— welding 250.
arc
automatic 1!eating a4’ter welding to 660°C and
wel~ing - 

- 

- 

. -

t empéràture retent ion heat treatment for

15 hours. Sla” inclusion, not—welded—well ,

cut edc~e and not-welded-full can be seen

between layers ,

I!
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Pictu’-e ~1o. Title Description

615 Slag Large slag inclusion at bottom and
inclusion
of slant end of No.20 steel.

automat ic
welding Magnifying multiple: 1:1

616 Scattered No. 20 steel. Volt age l3O~0—l350O volt,
spines
remain grid current 10—12 ampere, ‘~creen curre-it
on a high
frequency 2.5 ampere, frequency 3004 ~tcle, speed
weld ing
steel pipe 4OWrnln.

Spines on inwall. were no~ cleared arid

they ilid not stick together after pressed

flat.

Etching agent: Nitric acid alcho 1- ol

solution

Magnif’~ing multiple: 20:1

L 
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Picture No, Title Deseriptlon

61” Concentrated Micro—carbon pure iron (tlrD) , rotten—
air bubbles
of manua3. resistant welding bar 50—D52.
welding

Magnifv-ing niu1t~p1e: 1:3 

61~ Slag inclusion No. 3 steel, welding wire H0~Mn~a-, and
and uninelted
part at joint welding agent 431.
of electro—
slag melding Etching agent: Nitric acid water solution.

Magnifying multiple: 0.-~5:l

It
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Picture No. Title Description

619 White sp.t 15MnMo,lCri~Ni9Ti steel.
at. fracture
of automat~ic Fracture testing of three—wire automatic

- . welding it
welding ,.is w -ite spot at welded fracture.

Magni~y multinle: 1:1

620 Cleaves of ~reaves at the bo~torn.
double—face - -

hidden-~~’c Ma .-mi fving mu1tip1~: 1:1
autornatl-ce
welding 

621 Cleaves of l4MncrMoV low alloy steel.
mar~ U51

- - electro—ar c Cleava~ e resistant test i ng , cr”stal
welding

cleaves of’ weldinn metal.

Etching agent: Nitric acid water solution .

Magnifying multiple: 1:1
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Picture No. Title Descript ’on

622 Cleaves of H’i~h strength weldin~ bar of hsip—manual
electro—arc building nteel and its th~ckness is 35mm.
welding

airing chrack resist-u t testing , at thr

r s urt . ’i cr ”~er welding (below right corner”

produces crack.

623 ~ffect of S~ip-hu i 1d~ng steel.
manual
corner crack at the foot of’ welding. ‘

weld~ n~’
to local Magni~’ying multT ple: 1:1 -;
crack It

624 Crack 0g High stre’~gt}i welding bar of ship—
manual
electro— building steel.
-are
welding In grind i ng t-ent~ n~ , cracks were ~ i~e1

together.

Picture on left hand side is part.i.~ul

enlAr ’ement of t hat on rtght hand s~~io .

Etching ri~ent-: Nitric ac id -aichohol

solution .

Maomifyi ng mul t ip le :  10:1 
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Picture No. Title Description

625 Crack of Crystal crack in welding seam .
electro-.
ala” welding Etching agent: Nitric acid water
on a nlate o’
furnace steel solut i on, cold etchin~

Magnifying multip le: 1:1

626 Crack of High strength welding bar of ship—
manual
electro— building steel.
arc
welding In toughness testing, crack happens in

the lower part of the welding seam.

Etching agent: Nitr~c acid nlchohol It

solution.

Magn i fyin ’ multiple : 5:1

62” Crack of Cr—Al steel , weld1n~-- metal is 1~ — ’~
manual
electro— steel and the thicknean is 10mm.
arc
welding Crack lines were fussed tø-~~ t. er .

Etch in g n”ont . : N ’~~r ’ e se id a] io ”~ 1

~~rs ’’~j f  Csf l .

55 a ’ r :i” - r i - n-~1 t ~ple: ~:l
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Picture No, Title Description

62~ Crack of Crack . on welding seam of’ Crl’~Nil2’o2
manual
electro— steel.
arc
welding Etch in g  agent: Nitric acid n~ c ohol

~~~

Magnufying multiple: 5:1

629 ~ ‘ack of Longitudinal crack and slag inclusion
jar —like
arc auto— at the joint.
matic
welding
on ply-
board and
sealinc~ end 
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Picture No. Title Description

630 Crack of Crystal crack and slag inclusion

automatic
welding between layers of No. 20 steel.

631 Crack and Because of the inadequasy of
slag—
inclusion temperature in perheating and not reducing
of auto-
matic welding stress in t’rie. 

It
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Picture No . Title Descrip t ion

632 Crack of ‘tlelding of’ No.2~
) furnace steel and

manual
electro Cr16Ni~6 sta inleso steel.
—arc
welding Crack at foot par t of welding seam.

Etching agent: 1-lydrochloric acid 5.ml ,

ni tric acid 5ril,rotqosiun

bich±omate 2.5r’, water 50m1,

mix tir’ether and heat~ nr’ to

50°C, hot et.ch i n”.

633 Crack of
automatic 115mm thick plate o ° 15~NnMoNb st-eel ,
welding on
thick plate welding v~ ro N0~Mn2MoA, welding agent 25fl .

Heat~ng to 640°C after welding and

tenn ’r-’.~ure retention 
f’or 5 hnu±s, then

air cooling.
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Picture No . Title Description

634 Crack at Crystal crack in we1d n’~ metal.
cross joint
of’ e,Lectr - —

sla” welding

It

16”
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.5 Picture No. ~N.tle Description

635 St rainhten ing  crack of brittle break.
crack of steel
pipe by manual The reason of its h~ppeninr: Civin’~ a
elect.ro—arc
welding sli’~ht straight en~ ng to the wel ~ing seam

of manufactured pipe (both the ‘ ictur e

above and picture below are examples~.

636 Crack of O9CuWSn low temperature steel.
na’~ual
electro ~acrocrack of ring seams on the outs~de
—arc
weldin~ of’ an explosion test ing piece .

It
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‘7. ?~iscellaneous

Picture No. Title Description

01 Cutting Cracks and structural changes made
defects

at the time when a round billet of’ 60Si2

spring steel is’ cut with a sand—wheel—

blade and partially oi’erhea*ed .

“02 Cutting Black circles made at th e time when a
defects

round billet of’ GCr15 ~ear” ng steel is

cut with a sa’ d—wheel—b lade and n-~rti-all~r

overheated. It

Etching agent: 1:1 hydrochloric acid

water solution at

60—”O°C.

Multiole: 1:1.3

cutting Cracks made at the time when a round
1e~’ec ~~

billet of GCrl5 bearing steel is~ cut with

a sa”d—wbeel—blade and the  coolin” is not

a- -p r -~rr5a to .

ftc ’ - mi ’  .ar-er~t :  1:1 hydrochloric acid

w-a~ er solut on at

‘5’ti~ ’~~ç 7e: ‘ :1.4
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DISTRI BUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORG~~~~I ZATION MICROFI CHE O R G A N I Z A T I ON M IC ROF I C R E

A205 DMP.TC 1 E053 A F / I N A K A  1
P210 DMAAC 2 E 01. 7 A F / RDXTR—W
B3lO~ DIA/RDS—3C 8 E4 04 AED C 1
CO1~3 USAMIIA 1. E408 AFW L 1
C509 BALLISTIC RES LABS 1 E410 ADTC 1
C510 AIR MOBILITY R&D 1 E4 13 ESD 2

LAB/FIO FTD
C513 PICATINNY ABSENAL 1 CCN 1
C535 AVI ATION SYS COMD 1 E TID 3

N IA / P U S  1
C591 FSTC 5 N I C D  5
C619 MIA REDSTONE 1
D008 NISC 1
H300 USAICE (USAREUR ) 1
P005 EBDA ItP055 CIA/ CBS/ADD/SD 1
NAVOHDSTA (5oL) 1 -

NASA/KSI 1

AFI T/LD 1 
‘
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