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' URRLEI by dﬁatometnc and mlcrostopm met
| : . <. The catse of modification of the
/ Itis ,a well known fact‘” that the S-cu .ves . was studied .- b?"'magnetxc analyms, the

- of many. of steels contannng one of chro— : amlysis be;ng also used. For pyepara,m
m;m molybdenum tungsten Jor vanadmm Specnnens ewctrolytlc iron .and (
' are modified, andcomphcate in’ pearhte trans- _ to be afloyed or ferro-alloys were ‘use
Yuation range; while the mod:ﬁmy:on ;s ‘ melted 'in a high frequency. m"
not obaervable in some all0y steels. .0 Chamcal composition, austenite 3
'Regarding the cause of modxﬁcatmn of the . ~and maximum heating temperature .
Scurve no nﬁsfactory theory -has yet been Specimens prepared are shown in T:
proposed. - The aun of the preSent investiga: = 4
. 'tion is to throw light on the cause of modi- Y III Resnlts of Expenmenu.
: f@mtxon of gh& Scurves. of. somé alloy stee&

2 . a) Tungsten Steel. . . N ..
Te e ~ Fig. 1 shows the S—curve of :
‘e n FR ] "~
Il '{he g;ecﬁ:f: ?,f ] EETRREE \1 modtﬁcatwn is dearly seen in -t_

\ . . - curve of transformatmn.
ngarat specimerns contmmng oné of ’éhro- The result of magnetzc analyms w1
mmm,, .tungsten, - molybdenum, "vanadmm, " miens isothermally transformed at tk
_ titanium, alundinium, tin and cobalt were _ petature range of 700 500°C i8 - shown
prepared and their S-curves were dehernnnei* F‘xg. 2; curve 1is heating and cooﬁng
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speeimem transformed at 700° C, and
2,3, 4, 5 and’ 6. are heatmg ‘curves.
hose ‘transformed at 675, 650, 625 600

; C respectwely. S C
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IS 0T gk ‘ . (Arptransformatmn)

austemtes-fernte +(Fe3C );WC X

whil 3 the range of NOP, another change
austemte —»fernte +Fe,C \
(Ar’ transfsmatlon)
takes plae:e. o
Although ’che exxstence of the double
. carbide is not’ percleved in microstructur
“a similar pearhte is formed as in the plm
©.carbon steel In order to- conﬁrm its ‘exi-

- - stence the carbide was' separated by electrod

plysis- from a tungSten steel (396W;’ 09%C)

in° ‘which the” An tramformahon ‘Has ‘cormi-.
letely taken place, ‘and then subjected to the
X—ray analys:s Photor 1 ‘shows' the Bebye—
Scherrer’s X-ray ‘fing thus obtamed m w}nch
other lines, not' attributable to the ceme:ntxte

are observable, showing the exxstence ofa
double carmde whwh is considered a8 a solid
solution by S Takeda“’ S

Photo. '1._f A

b) Molybdenum Steel. PRSI S
S-curve of specimen’ C4Mol in Table 1 1s T
shownm F1g 3 On addmg 1% of motyb-
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nper: ure . at whach transformanon 91’0’

_ cirves 2, 3-and 4 for: ‘specimens’ ept for 20
/hours ‘at 6507600 and 550°C ‘sespectively.

. We ‘can-see the increase- of ‘magnetization

" at. a-temperature below 200°C on heating

" This is- attmbwtable to .the tempering: of

P

4' The magnenc change at about 4ﬂﬂmcurves .

ahout 200° in; ‘¢urve 5 shows the fact that
i Ar transformatxon L

;:'v’martensme« formed during “quenching after,

- soaking from - rwdual austemte ‘which was

ﬁhﬁt transformed on soakmg for 20 hours, -

.at. these temperatures ; this view is ' con-

f’rrmd by fhe m:cmstmcture of these spec1- :

,A/

y of Magnetuaton - .~

e ‘.L il oy L e
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1,2 .and 3is attribited o the. ex:stence of
- a double ﬁafbnie, formed. by the rqactmn :

Austenimfemte +ﬂnub1e carbide
at: temperatures above 600", the change at

N austenite—»fem;é+Fe3C

,toak plaoe at 500", -and ‘we " can- also mier
" that both changes took place. at 550°C since.
_in Burve 4 two magnetlc changes axe oMerva—
~ bleat. 200° and. 400°, R IR
o ’I‘he .eyrie. point: of the douhle carb:.de 13
. lowexed as the sozking tGmmfature rises ;-

i : "@%ﬁfact that. the. selubilﬁ

heas

] "_' um in e‘mhh earbidé mm

\ mg molybdenum and supersaturated

“ “double carbide by the curie pomt, 400°
. ceeds-.most mp&iim Yhe result of ‘magnétic
.. analysis carried ‘out with- jsothermally: tram»

,'chermcal formula or atoxmc struktﬁ
iemed weclmens is shown in’ Fig. 4 in ’

: yet deterrmned

'range JD and the lower -the' soaki

o fernte (like proeutécto:d ferrite) lt
~ to be rather of acicular form in the lst stag
r;‘oi transforma‘gon and there is no" fune

“tion between the specimens transfo
‘the temperature ‘ranges: JD angd |

Cin F:g 5 and the result: of magnetm Enain
for speclmens, mothermally transform hak

@0 700 w0
wns Temperature! woooiv oy int
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is clearly observable. - The heating and cO

N “‘

sirony, ‘but- we may mfer the. existence
lated from 200° of the cementlte th

“X” -structure rei)orted by Davenport(
others - is that formed in the _temperaty
. perature is’ the ﬁner the acmular stucture

becomw., . -
Though “X” structure mcluda

mental difference in the mode of trms

well developed Xstructure is- specidled

_ carbides and far from. aczcular ferritew

.+¢) - Chromium. steel FORRNSS
Scurve of chrommm steel c4cn is shin

several temperatures, in Fig 6.
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.ing curves for specimen, transformed at 700
show no . magnetlc change at tempera
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Fig. 6,
As the: soakmg temperatute

at a temperatum above 650°C, noh
stic. double carbide is formed “while
soak’ing temperature is’ lowered, the,
8, Ffe,C dassolvmg chro:mum wsepa

")* Vanadmm Steel. ,,
nu;'ve of specimen C4V1 in Table}

1 i8 80 ﬁne that we can not estimate

ring soakmg ata constant tempera-
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4, a. magnetic change at'a tem: |
beIow 200°C, gradually ificreases,
#he curie point is raised to 200°C. This
i explained as below, in the spocnne'ns trans- o

S

y-in Fig. 7., The microstructure of this

pr&ress of the Ar1 or-Ar transforma-[

datecta&le A RO

‘Hence. the Scurve fs comtructaﬁ by the‘__'
dﬂatometnc measurement - during seakhlg at >
several congtant temgetatures. In -this ﬁgﬁm.
“we can see that va dium dlso modifies ‘the -
. Scurve selightly; ever and’ Langeﬂl ‘ob-
~ served the fact that the modxﬁcatﬂﬁxm cone-
'picuous as the mamimu‘m heating tempera—" '
- ture increases. The: result of maghetic anﬂ o
lysxe of ‘these sothennally fi'az\sformd spem-‘,
mene xs ahown in Fig 8. a

-
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Thxs shows the facts . that at the. temperwf
ture range above 600° a non-magnetic carbide -
‘probably VL, is formed,. while at tempera-
- turés below about 550° the cementtte Fe,c ‘
is seﬁarated : L

ey Titamum Steel, DA

“S-curve . of a spec:mew cafntaming 0»31%
tltamum C4Ti3 is shown in- Fag 9 and’ the, ,
result of magnetic’ana!ysxs in Fig. 10, froin

whxch we find* that S-curves of t:tamumg,’j

steel is not modified and carbide which is
fformed from austemte in the Aﬁ or Ar
transformation is;always Fe,C.' s
This is- explmned on the ‘basis that tita-
mum in steel forms very stable mrbxde TiC

“which-is* slightly seluble in avstenite be?ng
- partly dissolved in Fe,C. The fact that ‘the'

pearlite in this specimen is very fine even
when transfmns at 700" is’ atbﬁbutéd ‘to 5
me'péesence of ﬁnetiiatﬁﬂ& cf TiCc! Wh%n
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point ‘is lowered shghtly showmg the exi- -
'stence of solid solubihty of titanium in Fe,C.
If
i‘a:sed to dissolve a sufficien

nt amount of the

timnium ‘carbide, mod:ﬁcﬁtmn of the S-curve»

wﬁl be obaervabke a8 ‘in the case ‘of vana-

chum steel ‘though the solubﬂity of TiC in -

austemte is slight -at temperaturee below

1050" as also found in the present experx-__,

ment
f) Alummxum, ‘Tm and Cobalt steels.

Figs. 355 12, and 13 show _the:Scurves of,; _
smdmm CAAH, C4$nl and C4Col in Table
and Fiz 14 showa the result

‘j

of CiSnl and C4Col where omitted be
; they are similar to- F:g 4.

L ﬁcaticm of the Scurve is- odservable

- tion. for. 0.49%C “steels containing” about
- of tungsten, molybdenum, chromxum al
. .mum, tm, vanadium or cobalt, and :

the ‘maximum hmtmg temperature is -

“In aluminium tin or cobalt steels. no mod

"
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m by the \dllatometric 'methoa and
Scurves of thess steels were determined -
id. of the microscopic and other metallm
ic: methods. . :

- On’ the. ‘addition of tungsten, molyb-
um; chromium and vanadium the S-curves
‘modiﬁed in pearhte temperature region, -
e-'_in cobalt, aluminium or tin' steel no -
fication is observable. -
g _c"cntxcal points of carbides f
several isothefmal transformation —

~”‘curve is- not the alloying itself ‘of chihide

o 5 ‘When “a steel contalmng an alloymg -

- range, the change

- utilizing magnetm analyms the ‘

turea Were studied and it was demon— '

bldos?' that is, in the Ar range p

tlte\ls sepa‘rated while in the Ar;l range““; i

ther carbxd& or double carblde 1s separa;ed. g
In cobalt aluminium or tin: steel, however,

n no other carbide than .the plam eementlte; S
.+ is’'formed, and hence no mod:ﬁcatmn of 'che*_ '
" Scurves'is abservable. S ’

 4) Titanium forms stable carbidd TiC but L

".no modification of the S-curve for titanium .
steel is. observable for the carbide is slight-
Iy soluble in austenite’ and is not concerned
in the Ar, transformation; that is the suffi-
cient . comhtmn for modification of - the S

for.mmg elements as chrommm‘ molybden‘?xm\ S
etc., but. the difference of carbide or doubIe
- carbide separated by 'che dlfference i,n trans
o formmg temperature ‘

L ~
*

’

element which forms different carbides in .~
steels is soaked at the Ar, transformation '
austemte—»femte-{-car-
‘blde or . double carb1de,' takes - plate, thlle

it it is- soaked at the Ar transformatienl' i

»range; the - change austemte—pfernte-i-l"e,()f

proceeds, the Ar; transformation bemg sup-
- pressed, and the mod1ﬁcat1on of the S-cufves;

s observeﬂ showing two.. noses in tempem_

_ture range above 500°, ‘besides’ the Ar” trans- .

formatmn range or martensite zone, - -

"6) At a temperature below: 500°C ,

'( course of the S<curve only . slightly shxfts'["

‘ to the rlght even if the alloying element is
 increased ‘because these ‘elemeénts have_no

‘effect on stabilizing the austemte at low tem-'

perature xf the carbon content is co:nstant '
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