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~nature: of abnormal steel there-exist many

»
] g

I The natum of the abnormal
3 -gteel™. .

. (a) Introduction. Some carburxzed steels s
~show. strange structures in the hypereutec-
~toid zones as shown in Photos. ] and 2.-The :
. steel which shows such a structure is called -
' b general as an abnormal stlel. As to the

: ‘important pape:s“ =an, accm'ding to which - _
‘the following thme dxfferent theories have

- been proposed as to the cause of - the

" rence of the abnormality. SRR

~ -(a)- ‘Pure iron theorY‘”"“’ )
(b) oxym theoty‘“"(” o S .
(c) Fme gram theery““"‘“’

. : » deOxl/Z :
o ,Photo. 1 _Abnormal structu!’e. (etched thh
A picrate and N:tal) o

g : : x2505xl/2 .
Photo. 2. Abnormal stmqmte 3 coohngrate
7°C pet mm., An pomt at 704"0
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W»hen e!ectro!ytic iron or carbonyl mm is

e
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“ "pure iron. theory. On the other h
oxygen theory is based upon: ‘the “follow]

_abnormal Wheg it is oxydized n the Y
‘f"matenals containing oxygen®#:I, - (i}
- steel insufficiently deoxydized in !

‘seem to suggest  that the cause -of tl
~ tained in the pteel
- fine grained.-
~ -becomes very fine mined when it is
 the use of aluminium for the deox_y_

" of steel causes its strqm.ure to becmne

. ries contradict with each other became
: wcontammated vmh oxygen is called m

| ~:numerous author!tm might bc satis&
_ explamed by a phyazco—chemiml C

- L S |

ohtained and this fact s thae hase

facts,”namely, (1) The norma! steel
-state or carburized in the solid sta
of refining in the molten state also'sh
the abnormal stricture («®), These

normality lies in. iron’ oxxde or the,

The ﬁne grain theory stands on the;
that steel becomes -abnormal When it is
It is Well known that .

dized with aluminium and it is ‘claimed

malih.an.as,

Apparently thé ﬁmj: al the Semndﬁ

tion, and hence some’ experimenta hav |
made to test this aspect.. i
€b) Experiments and conclmion A

» The *518th reportt of the Rmarch Institute ‘for Iron, s:m and Gﬂmr Meta{s.
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ng was then carBunzed thh char-‘
wder contammg banum carbonate

tr&ture was always normal. In this ex-
- while other’ non-metallic “inclusions
“and; mgkel are nobler than iron,
e mettmg -process “and will \g0 into
h ‘makes the steel normal, the non- .
_lmclusmns ca.usmg no abnormahty .

> of . cobalt or-nickel - upon ' the

in Fig. 4 in the next section. ‘
he :next step. similar. expenments were -

o or Ni, and a marked’ 'abnofmai*struc-”

- basle metals* was ' introduced ‘i
penm nts, these bagic ‘metals

fé'in this meaning. When these steels

{gtate and the sBld “solution .of iron
y in this meaning, in spite of the: large
‘of the non-metallic inclusioﬁ§ ~Such’

ot
™ ccoi'ding to-the pure’ iron’ theory. S8
Anfiuence of (Al  and Si- upon -the 'nor-
‘the struatur; ‘of. the Steel may: be
Pigs.3.and 4 i the next..section. -
‘abové explanation may also be. sup'port- i
th ,‘fc‘ailowmg .considerations, - -

the metal combined ‘with iren’ asa sohd
om -becauge traces- of :the- cxygen in
; 1 iron caz’only bé removed-. by us-
ydizéx in such. quantxty as wm:ld
combines with iron as sohd SOl
wn, in, Fig, 1. When more - thar:
‘Si-is contamed in the solid solution -
‘the steel becomes ‘normal as will be

observed. under ‘the : rmcroscope -
nt iron oxide could be observed in the »
‘mass. befor& casburization - but this <

e was found to be reduged on carbu-

s $i0; and the like remained unchanged.

) Iﬁnain in their metallic. state dm :

‘ol --solution of :iron” when. solidified; I

he structure -of the: stegl may X
~ as shown in’ 'Fig. 2 and hence ~1t s abnormal

i which Alvor Si was added instead

‘ebtained ‘in each- case. “As Al :and |
‘re ‘mofe basic than the jron, and ‘as’ g‘;’
tity of xron oxxde* to oxydlze' :

changed ‘into “their -oxides’ leaving the - |

ed, Al and Si do not remain in. ‘the \ (

_nals cotaming O
- reducing agents fo
~ the latter, but act as 2
d naturally show a’onormal strﬂc»

sufficiently -deoxydized < with. 'Syxlwcon- e

#: theory is tu ~be.: considere& “of “am:ondary
,F1g 4 in the next section As ard;- Y i

~may be attributed to the absence of metal_
hc <sxlic m the sohdiﬁed mss L
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o Residunl Emogit of- FeO in mollenstiel
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As AI is a strong deoxyd:zer as compared

o m Si, the steel killed w1th Al smrcely ‘con-

tams any of the -Jatter in its metalhc state

wrespectwely of its: gfam sme =

> Fe01%)

ran w111 carburizé
“oxydiser for metals ..
more ba.sm than iron such as Al Si contained

“in the ferrous solid solution, ‘and the above~
“metals are removed from the solutwn leavmg
. the irony puge, d hence the Cai:bunzed steel
*’may be abn has

y been said,
percent of Co or Ni
«ar jnzed with

Thus the- pi re ., :the exygen

" theory seem to the reifxt jwriters to be
VN 1dent1cgl as’ regards the st
“steel, As” to the fine gram *theory, the Tela-

cture @f abnormal ~

tion between the austenitxc gram size and .the -

- abnormahty ‘will' ‘be ‘explained . in’ the- next

section, in which it will be shown, that this

7 gl e e




x el’ement_upon the abnormahty

e of steel*.. _
ln another ser;est o:f expenments by the

present wrxters, the influence of the alloying

element upon the abnormahty of steel was ’

investigated, the results of which wxll be, sum-‘

I _manzed briefly as follows., R RN
As in the cotrse of the prevxous expen- -
.ments it was_found that the melting of the
specxmen in poroelam crucrbloe mduoes ‘the
+ *, 'reduction of the silica when the- carbon con-

‘ tentiof the steel is high and the silicon thus
' -formed ‘combines With iron.. -

specimen became neary 1%.,

: + The ferro-alloys were prepared from elect- S
"rolsztlc iron with various ”a.lloymg elements R
numbermg about fifteen, melting the two

together anrl then casting in.a mould. The
ﬂcastmg was then earbunzedun the ordinary

. way. and then cooled in‘a furnace, The aus- -
x5 temtrc gram size and the structure were gext
'_k'observed under the microscope. . Fig.3 repre-

senits as an example the result in the case of
“Si. In the ﬂgure the abscissa. represents the

the grain size in ASTM scale.

‘ indicates that the strticture is slightly mod1-
fied. from therr respectrve forms The curve
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Hence in the
: followmg experrments all the specunens Wwére

carbunzed in the ‘solid ‘state to such depth -
. a8 “the carbon content at- the center of . the‘:

_..,..,ttwounts of &[[o;m? e[qr‘en_fs in steels .

‘peroenta,ge of ‘Si in the steel and the ordmate;
; N means nor-:
mal, A abnormal, while 1 before A and N

normal structure is seldom obtamed
: alloymg one. percent or more of the. ‘Stro
' normahzmg element.
" tures ‘were somewhat ‘modi ﬁed in" g

drawn in it separates the normal field from -
the abnormal Asit can be seen from the
ﬂgure, Si acts' as a strong normahsmg ele-
ment :so that -more than even 005% of it

' normahses the steel when the gr’am srze num-' ~
L alloymg elements upon the structure ang

. were not altered It was also observ

formed.
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J o= "Grain -size aumbey

F]g. ‘m‘::‘ o

(w) Noh—normahzers W Cu. (up to' n
'.‘, 5°/o-abn) RNy :
" As ‘will be seen’ from the ﬁgure, w.
gram is ‘80 ‘fing as to be No 9 or

“The ‘abnormal
these ailoy steels but the esseng;al fea

‘when the | gram was 80 ﬁne, no péariite

The mﬂuence of the ccrexrstence of

size were' also studied by the present WrH
but no further {descnptron w111 be m de

L - Some experiments to vfmd th
clue to the' mechanism, of the.
formatron of . the_ abnurmal

G

* M Hommé, ,J. lnst. Metal t}ap”, 8 (1944), 106,‘_‘

* Japan, & c1944), 587, .




ard the primary cementite through. the
te ‘by" the difference of solubilities. of the
iary. and- the: pearlitic (finer) cementites,

i primary cementite.

3ut'the present writers consider that when
;at a ‘moderate rate the width of the
rnte found "in the abnoprnial structure
“steel], is so ‘wide that the migration of
cementite through this ferrite layer. during
time of the said cooling would seem to be -

ifferent ‘way by the present writers, and the

3 cf the ‘experiments which gave the
- that led to - their conclusion was
\wn, will be given in the following.
The hyper-eutectoid steel prepared by
: éntation of electrolytic iron was quenched
m its austenitic state. to obtain the marten-
-and was theén tempered at 710 - 718°C for
BOminutes. By this heat-treatment the
re shown in. Photo.3 was obtained, in"

Y cementite have migratéd 4hrough - the
ound mass of ferrite ‘and there appeared a
ferrite: area around the pnmary cemen-
However the sorbitic part gradually -
s into the ferritic and there is no shari)
ary. between them, The same steel was
led from 1ts austenitic state-to room .
serature at a cooling rate of 7°C per
e through the Ar, fange, durmg which
rizontal arrest on the cooling curve was
| 'at about 704°C. The structure of
specinen thus obtained was abrnormal as
own in Photo. 2, in which a sharp boundary

be seen between the free. fernte and the
The above fact’ shows that :the
rmat structure is- easily obtamable by
ing” the steel from its austenitlc state

. X 2505< 1/2:
hoto. 3 The same steel as that of Photo. 2;
++ ' quenched and tempered at- 715 ~718°C for
"~60 ‘min, -

> ',constztuent of the peariite nﬁgr'm o

ving’ pearhtic ferrite unchanged, or in other -
de, the pearhnc cementite deposits upon ]

3 Lmible “The mechapism is considered in

‘the cementlte partlcles near the pn- ﬂ

“ this case no free ferrite was found in the -
. specimen, ‘though' the coaling rate was same"
- as-before. These facts ™ay- mdieate that the

~

ned’
- from 'the abstemte ‘

. ¢b) In other series of experments, the
same specimen was cooled’ from its austenitic -

state through the Ar, range at slightly diffe-
_rent coolmg rates. in each case the structure

obtained was' the miore abnorma.l the slower .
the rate. In the next plaoe, in order to quench .
the specimen after it had begun the reaction’
correspondmg to the horizontal arrest, the
-cooling’ curves of spemmens of the same kind .
‘were again taken with a moderate coong S

raté. Then the first specimen- was quenched

after the beginning " of the said’ arrest, the .
- second’ at the middle part and the last' at -
nearly the end of the arrest. \The abnor—
. .- mality (broadness of the free ferrite) of the - -
‘'structure was nearly the same in all cases -

fanq the_sum of the areas of the\pearhte

~and of the martensite was also nearly the -

- same m ‘every ‘case,” the. ‘martensite’ predo-

mmatmg, in_the first specimen and the. pear- . -
lite in the last one. In every case there were

_sharp boundaries between the free ferrite and

-the pearhte ‘The same specimen was next -;k

v‘quenched at the PSK temperature.and in

horrzontal arrest on. the cooling curve corres-
ponds to the forma;xon of the pea.rhte Ar,

_ . change-+and that the broad ferrite around o
* the primary cementite is formed directly from '
‘the* austemte, supercooled ‘bélow the PSK. -

temperatuye,” pnor to the formation of the
pearlite.. .
Before explaming the mechanism of ‘the

formation of the abhormal - structure, it may - |
be corivenient to review the characteristic
¢ features1® . of this struc;ure, whxch .may ba

put down as follov\ls _—

1) “The width of the primary. cementzte .

: ‘through the tAr, range Qnd net b »a..‘longr__, 5
,(annealmg of” pearhte or. ‘the ﬁk r : Vi

. is large as compared to" that in normal LT

steel1D),

(i) Between the pnmary cementite and '

the pearhte there exists a’ broad_ clear-- o

ance occupied by free ferrite

_ the free fernte and the, pearhte. =
“(ig), In the. ferrite zone few partn:les of
. the cememite.can be seen. .-




| "‘IV Phase cha.nzea in the farmatmn
) of the abnormal sttucture* :

!t is assumed by the present writers- that

tlre formation of the ,pearlite ‘requires more
: supercoolmg below: the PSK ‘line  (or moye

strictly below the SR line -in  Fig. 5) than
- normal -steel. This ‘assumption may be con-.
sidered . as. natural becauue the pearhte is

- awent “around the pnmary oementlte m the
: abnormal structure (the cause -of whtch may

nucleus) N

S e Tamperatuyse

VD Fet e Car bcn (,u f«uf R

Flgo o o f e

The phase ehanges takmg place m tvhe for-
matmn of the abnormial structure are con-
- sidered as follows.* : e
- 'When a hyper®utectoid abnormal steel is
cooled from its austerﬁtlc state, it separates

- out the cementite pnmanly along the éurve

ES, passm the point S and further continttes
" its separation along tbe curve ‘SR, ‘becoming
more and ‘more supercooled from the curve
‘GS as the temperature lowers. Therefore the

_ meta-stable ferrite on the. curve PA may

finally separate out from the austemte on SR,

wlruch in turn induces the formation of the .
pearlite in the case of normaI steel, because
_the austenite leaves the curve SR’ and becomes ’

aupersaturated with . the cementxte when it

separates but the ferrite. But in the case of :

abnormal steel, the formafion of pearlite does.

~ not take ‘place and the separation of the fer-

rite is continued, becoming’ the more super-
~ saturated as the ferrite is -separated. The
S separatxon o,f the ferrite sust’ naturally take
. place along the _primary oementlte beCause’
" the carbon concentration in the austemte_ is
~ the legst at that pomt

e K Iwase, M. Homma and T. Mochxda, k;c. cit, -

‘ timtes ‘to separate out* itom tha ‘al

. -wvill become more favoufable for\tshe
explatation the separatioh
 neglected for sunphclty ~This" separa

‘cementite: from the meta-stable- fers:

- ;shown in the next paragraph. .
- be the nature of the steel that forms the -

point g along the curve SR, separates ou
. the point ¢ and by further separatmn
_austenite becomes ‘more supercoqled f

-and - the less from SB. -1f the.separ:

* of the austenite will vamsh the width
* free ferrite in this case being not £0

. separate out and, before the austeni  re

tact surface between -the austenlte ‘

~ thanga reactlon may again take place Lo fi
 the ferrite at c. By this reaction the quan

_the austenite b are in equ:hbrium W
~other, and the separatton of cément

- as a result of which a change mﬁst-

© tact peints in such ‘manner that a par

As the‘ ferrite con-
L quant:ty of the ferrite phase increasing

mg in the abnormal structure.

the meta-stable ferrite on- éurve PA- has

closely related to the broadening of the
ferrite in the abnormal structure s wﬂl‘

For the sake of snnphc:ty it may be
that the temperature ‘is held constan
instant at which the austenite, reaching’

ferrite. Then this ferrite is represented

rite ¢, as the time goes on, the,

cementlte from the austemte takes
may "induce the formation of pearht

that is, the: abnormahty will be less si
in another case, however, the separation
cementite from the austenite ‘will no
place and only the" ferrite wﬂl conti

the point b, it may happen ‘that the.
separates out from the fernte at¢ :
supersaturated with carbon. ,\Then at th

ferrite, which is becoming ‘poorer i

of the ferrite phase increases at ‘the
of the austenite phase, which may be 1€
as a sort of Ar, transformatxon Th""
be more easily understood when the
takes place after the austenite has
the point 5. -In. thlS “case the ferrite ¢

the ferrite will disturb the said " eq.’

place to fegain the equilibrium. Thxs c
occuts between the two phases at thetr

austenite at- b is congumed whx}e the
‘uon of the fernte rétutns to the poin

Whole, (1f the femte reaches the pomt



- in such a Way that d and b reacts
rform.c)... A smrular Yeaction has been ex-
\the case of the decarbunzatxon of

: a,tmn NG

Jateral Ar;. transformatmn the eth-
em-is regained and further. separation of
pementite
the equmbrmm for which the same tra

T the ‘quantity of the' austemte w1ll
and that -of the free ferrite inicrease’
.goes_on, until finally "all of the aus-
‘be - converteq into ferrite. If, in

¥ also induce separation of ferrite, which™
structur.es shoWn in Photos. I’ a:na

n 1Le is caused by the separatmn
cementite from the meta-stabLe ferrite
e formatlon of the nucleus in the.
e ferrite is difficult. '

ﬁhe ahove explanatmn can mterprete satls-
observed phenomena already
! that is,’ :

at the free, fernte seems to be
between the temperatures of PSK and

we: pearllte ’(by the, co-existence of
e.and the austemte at the mstant

hich the‘fernte is formed) o L

+

peélmen . .
abnormal structures the pmna.ry

‘through the free ferrite. This may

from the .ferrite will again dlSr :

oﬁ will be followed ‘and in., such a

eQurse of- the above reactmn, a.séparation -
“ tite. from the austenite takes place, .

L -

,cha:n the formauon of - pearhte o

formed. “The broadness of the pri-

A

| e
) rldge the pearhte and the pnmary e

o -(17)

~ rence- of the soft spot formed when the abnor-

akmal ‘steel“is quenched has’ not been touched, =

“ but as: th1s is related.to the hardenability of
L steel and is: clbsely :related to the pur:ty and :
to- the austenitic grain size ‘of thesteel, no]

’further explanatwn ‘will be needed. -
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