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Scme Clteervaticnsg Cn Tre Dilation (T Cozecawiurised Stecl

The letallvrgist ¢i toldsy has at lLis conuwnnd rany nore
tools to e£id him in nitdis gearch 1cor a ucre therouegh Imovil-
edge of tle physicel ond cnexical jproperties oif netals

iles

0

than ¢id his ricleccsosors cf a sev years sio. Le
chemical analysis, the principal rethods oX metallograrphy
cre photonicrogrsrihy end thermal snalysis., Ihotomicro-
ferarhy reveals the structure ol the specimen et ordinary
tenzeratures aiter it has teen sviject to cliemical or
rhysicel chances. Deing annlicalle only in ihe viecinity

¢t rocn temrersture, it ceornnot ¢ive us ony iniormation

-

as to the re sions to which the metsl 1z svtject during

jA]

c
heat {reatient.

It is comnon knowledge that metals errzand on heating
snd uron being cooled contresct. Upon locking in ovr
handbook at ihe tatle of the Coeificients CGf Thermal -
pension, vie ©ind a freal number ol materials listed, but
only for a srall range of tenperature. A greal many sul-
stances expand =2t tiie same rate for several hundred de-
grees and tien thrcuch a small tempersiuvre renge expand
et an entirely diiferent rete. A thorough Fnowlecge of
tle expansion clisrocteristics of a metal ithirougshout tie
vhole range of temcerature to which a metal may te sub-
Jected is of priuc iirportance to tlie man who is endesvor-
ing to use the metal 1o its ltest sdvantace.

Vie Inow that steel is compcsed of several elements.
It would te rather survriging ii =11 these elements had
the scme rate of expansion. These elements may =11 have

8 difierent reie of expensicn so that ithe net expansion

&
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would be the average of the al;ebraic swn of the coef-
Ticients ol 211l of tie constituents. There is a Tossi-
bility thet al certein temreratures new corpouvnds or
solid solutions may be formed. This would cause the steel
to recrystallize snd procduce marled chenses in tle dila-
tion of the metal. OCn the other hend, if the dilatonmeter ‘
revesals changes in tire rate of exvpansion, even tihoush it
is inrossitle to detect eny thernal chanse, tliere is evi-
dence oi A cnen:e ol state.

WVhen a solid material changes from one tyve of crystsl
to enother, it is alweys accompanied by an energy change,
which is generslly maniiested by an evolution or an absoro-
tion of he~t. Steel in its various forws is a goocd example
of sueh a material. Alihough heat must te conducted into
the steel fronm an cutside gouxce in orcer to raise its
temreratire, yet at the instent of recrystallizaticn soiie
of the heat required will le drawn Irom the metal itseli.
This will produce a slight cocling of the metal and conge-
quent contraction. Or, if the opposite reaction slhculd
cceur and heat is evolved during the cliange, the metal weuvld
becone warmer, thus causing an incresse in the rate of
expansion. Tlis phenomenon of absorption and the evolution
of heat at certain temperaturés is Xnown to every one who has
had experience in the heat treatment of metals. The temper-
atures at which this occurs are commonly called Critical
Temperatures.

Thermal analysis registers the peculiarities of a metal

during its transformation under heat, such as intensity,



velocity hysteresis and the phenouwena of fusion, vaporiza-
tion and allotromic trensformation in the colid stete.

The changes that occur in the dilation of a metal ore suf-
Ticiently lerge so that an instrusent can readily be built
to detect and record them. There are seversl excellent in-
struments on the narket. The instrunment used in this ex-

iient was a Chevenard dustrial Therwus alyzer.
periuent v Chevenard Industrial Th 1 Analy



Some Cbgervations Cn The Dilation Cf Cssecerturized Steel

The Chevenard Industrisl Thermal Aralyzer uced in this
investigsetion is a simple but celicate form of a dilatometer.
A picture of this instrument is shown in I'igure(fz). The
sketeh in Figure(?$) shows the instrwient with part of the
tule cut avey to g¢ive a view of the speciliien end the pyros
rod. The specinen, a cylinder of metal 55 millimeters
lony and 16 millimeters in diameter having sn axial hole
drilled througch it one-fouvrth inch in diameter, is placed
in the silica tube. The specimen is placed firmly =aceinst
ithe end of the silica tube whicl: is flet and perpendicular
to its axis. A pyros rod(niclle-chrouitm-tungsten alloy)
is placed within ﬁhe.specimen. Twio silica rods connect
tle specimen and the pyrosg rod throvgh a system of levers
to pen erms. Any noveuent of the specimen is magniried
seventy times and is recordced on a revolving drua Lty the
pen arm while the movement of the pyros rod ics calibrated
to read direct in desrees centifrade. Two curves are drawn
on the chart at tlie sane ti..e, one the expansion of the
specimen and the other the tenperature.

Fure charcoal is powdered and placed in the silica
tute to keep the specimen Irom oxidizing, which weuld in-
troliuce errors if the silica tube were eaten away by the
iron oxide. The specilmen is heated bty a horizoantel tute
nuffle electric furnace whicl: slideg over tle silica tulte.
The current to the Iurnace is controlled by a Tinely graded
rheostat so tliant the heating and cooling rates cen be con-

trolled easily. A suall amownt ol heat may be used while
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cooling so that any cooling rate dovn to an alr cuench can
be obtained. A very fast heating rnte cen be used by heat-
"ing up the furnace before it is placed around the silica
tute.

This instrument is very accurate and measurernents made
witlh 1t checked with those made on a recording interferom-
eter, Cnreful menipulation is necessary in crder to produce
satisfactory results.

As stated before two curves are drewn on tiie drum. The
upier curve 1is the temperatwre-time and is ruled off every
50°C. while the lower is the dilation-time curve of the
specimen. liany interesting characteristics of netals sare
shovn in the dilation curve whicli are not shown by eny other
means ol analysis. By the use of tlie data obtained fron
tlie temperature-timne and thrhe dilation-time curves, ancther
curve may be plotted using the change in length as on co-
ordinate and temperature as the other co-ordinate. As the
rate of heating and cooling has a marked eifect unon the
change in length ol the metal, a study of both the dilation-
time cuvrves and the dilstion-temperature curves clhould be

nate in eany investigation.



Cbservations On The Dilation Cf Cerburized 1020 Steel

It is connon kInowledre that cage carrurized steel
tends to warp snd shrink when heated atove the criticsal
temperature. The dilatation of S.A.E. 1020 carturirsed
steel wns investigated to find cut how long a viece ol it
would continue to shrink, what denth of case procduced the
createst shrinkagce, the effect ol temrerature, and heating
and cooling rates.

Before going into the discussion of this irvestigation
let us see why a piece of cerburized steel shrinits when
heated througch the critical range. Three dilatation curves
sre shovn in Fiecuvre(2). Curve Nuaber 1 shows the dilate-
tion of a plein carbon steel, while Number £ shows the same
steel after being carburized. Number 3 shows the curve of
a 0.S09% carbon steel. All tlhree steels were annealed telore
teing placed in the dilatometer and were cooled at tlie sanme
rate in the instrument. he curve ol the plain low carbon
steel has glmost a constant rate of expansion uvntil the
lower critical is reaclked. After tlhie recrystallization 1is
comnlete, the coefficient of expansion again tecomes con-
stant, but the rate is different {rom that beiore the re-
crystallization took place.

When the metal is cooled, 1t undergoes the reverse re-
action. The metal expands when pessirg throuvgh the critical
instead of shrinking as it did when heated through the
critical range. At the lower critical, as can Le seen fronm

the curve, thre retel has expanded almost the same anount as
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it contracted on heating. Afler the metal is cooled below
the lower critical, the heating oné cooling cuxrves follow
ecch other very clogely and when room tenrterstire is reach-
ed the metal is prectically tle sane length as tefore heat-
ing. Curve Humber & shows the diletlation of a steel iliat
.1s glicst of the eutectoid conposcitica. Tle coeilicient

01l expansiocn is different ITro that of plsain low carbon
steel but on cooling 1t retuvrns to practically its origci-
nal length.

As 1s evicdent irom tihe curves ITumber 1 and Twaber &,
rlain low carlton and 0,¢Cs% carbon steeis do not shrink eany
on teing heated throu h tlhe criticel ranse enc that tLey
nave different coefficicents of exransicn. Xor purposes of
anélysis let us consider tlie cese carlurized specisen og a
cylinter ci plain low carton steel currcunded by a ring oi
eutectcid steel. \Vhen tilie case carburiced steel 1s lieated

up it continues to expand until tlie lower critical is reacii-
ed. At this temperalure ithe cagc tries 1o contract but the
core is still exponding. Then as tlie tenperaturc continues
to rise the case wisies to expand vt the core is still
chenging to ganng iron enc prevents ihie case Iron expanding.
Mter all of the core has changed to ;amna iron the plece
starts to exu~nd agrain. The erzect ci tl.c resciions werl-
ing against each other is legs contraction in the carturized
than in tlie uncarliriced steel,

Upon cooling thc piece shrinks uniil 1ilie upper critical
is reaclked. The core ot tlis point leging to expand tut at
this temperature the case uvndergoes no reaction so conitinucs

€
L

o shrink. If the casc 1s rairly think, it will te strons



enough to keep thie core Irom expanding tle normal anovnt,
At the lower critical vnoint the case tries to expand but
the core is Loldirng back and this exmanxi» je slso sur-
pressed. Thus it tecoies a battle letween tlhe core and
the case and the case scems to (et the uprer hand, the
net effect teins a considerable contracticn. The contrac-
ticn of carburized specimens is consistent. In Ifact sever-
al specimen have been heated up throuch the critical tem-
perature snd cooled a great number ol times and the con-
traction of a single heat, if the heating and cooling rates
and the maximum teuperature were the same in all cases.

Since case-carburized steel, both plein carbon and gl-
loy, show a contracticn on teing heated snd cooled tlroush
~the critical range, a scries ol tests were run to ceternine
whether contraction would continue to occur on successive
Lheati treatuments. ZIeliore tliese tesils were ruvn, it was de-
sirable to Inow thie heating and cooling rate thaot would
produce the moximun tempersture and the greatest asnount of
shrinkage. The dlilatation data Irom the diiferent rates of
hesting and cooling showed thal there was very little dif-
Terence in the amount ol shrinlksge that any heating or
cooling combination produced. It was therelore decided to
use a repid heat and a rapid cool to save time and also to
prevent the speciiien fron oxidizing a great amount which
viould deteriorate the silica tule. A specimen was heated
and cooled rapidly 55 times and shoéwed cnly slight oxida-
tion and no noticeable decarburization.

To deterunine tlie temperatvre that would produce the

maxinum shrinkace, o rapid heating and cooling rate wele



used. Since the shrinlasge talres place at or above the
critical points, tlie desired tenpersture nust e atove ihe
critical temperatuvre., Temperatures at 50° intervels were
tried, above the critical temperatiure, until 1CCCOC was
reached which is the linit of tlie electric Turnsce. Irom
tte ¢ilatetion data it was found that $50°C and 17¢C°C
procuced tre maximuii end almost icentically the sare anotnt
of shrinkasgce. Since 9009 would cause less oxicdation, it
was used as the maxinum teuperature to which any srecimen
was heated. IT a slower rate of heating had lteen used, the
maxinwil shrinkage micht have been procCuced at a lower
teunperature.

Specimens that have been run in tiie Dilestoweter previ-
ous to this had contracted different amouwnts and seened to
be dependent upon the deptli of case. To deternine thie ef-
Tect of the cepth of cese upon the shrink-;.e, speclimens
of S.A.E. 1020 steel were carburizcd for 47 ninutes, 2.5
hrs., 5 hrs., 8 Lrs., snd 1% hcurs. Each piece was then
run in the dilstoumeter scveral tiies so that the averace
shrink per heat could be otteined. TIrom tle dilatsticn
Cata it wes feund tliat tlhe shrinkage voriles directly with

4.

the deptir of case. The greater the deptli of case, tue great-

3

th

C

er tlie shrinkace per heat. There must be a certain der
ol case such that the shrinlkage will decrease, 1f a epecirien
was carburized all tlhe way tlirougii, tll.e slrinlkzoce wewld stop
or at least tecone very small. In production or comnercial
practice, it would follow that in orcer to ¢et away iroan
shrinke¢ge and vicrpace it is test to have as thin a cage cs

rescible.



Al ter ilie lieating and cooling 1ates had teen deternin-
ed, a specimen of S.A.E. 1Cz0 cicel, carlburined icr 182
hotrs at 17CCCY. and coocled in tlie box, was heated and
cooled tlhroush the critical range £1 {i.es. This speciuen
showvel a contracticn each time. The shrinleoge per heat
vas not a consiont byt varied with ile heatins and cooling
rete end also the mexiinw: tewnerstures reoclhed. The con-
traction per each heat Is chown in Tabtle 1. The ¢reater
anctnt ol contraction shovn in heot ITumber 11 was couscd

Tty the maxinu tenreralure belng 1000 Liigher tlirann i ox

e tenperatuire was raiced

otler heat. Cn ilie last run t
to samme point as tiiat ot vwidich 1ihe specirien had Leen
carburized and then cooled glowly ilrou l 1ic criticel
ronie. The structure ol tlils sw»eciuen is showvm in Figure 4,
This structure necy te conpared with that oi rigure & vihich

has not itcecen run ‘n lle dilaotoneter. The siructiure ol the

1O

-

specinens will bte discusgced on anotlier pace. The Koelwell

ol

Lhoréness was the core beiore and oxter zunming, in le
Ciletoseter. T2 oversll len bh ol li.e specimen Leiore ti.c
tect was 2.160 inches. Al%cr Leing shirunk Z1 tilrics the

len th was only £.135 inches., Tliis cliceks the ghrinlicle

as measurca by tlie dilatometer. A second specinen wos
cerburizcd for 12 howrs and heated and cooled tirougit the
critical ronge ©5 11 es. This specimen, as the preccding
one, showcd a contraction each heat. The shrinlage per
heat also varied as beiore. Teble £ gives the contraction
for each he=t and tlhe total shrinkage. The cross-sectional
area of these specimens changed very little, wmost oi the

contraction taking place lengthwise. 1This piece contracted



olle 1

Contraction per Total Shrinl-ce
lLeat o, leat in inches in inches
1 C,0C04 0, 000s
P 0.0604 . 0.CCOR
i N, C004 0.C012
4 C.00C4 ¢.,0C16
I 0,0007 0, 0003
3 C.COCH 0.,C0wE
7 0.CCOE 0,0004
C 0.C006 0.CC40
9 0.CC0E 0.N04E
10 0.0007 0,C0N3
11 0.0C10 00,0063
1o 0,0006 0,00€9
13 0,C0C7 0.,0078
14 C.C006 0.0088
1r 0,CO07 0.00&°
16 0,0006 0.00¢H
17 : 0.C0C5 c.0100
AR 0.,C007 n.0107
1¢ 0.0006 0.0112
20 0.CC06 0.,011°

21 040006 0,0178



so much during tihe 50 heats that the =22ial hole, in wihiich
the »nyros rod slides, had to be crillel out
Eefore tliis srecimen was rin in tue dilatconeter, it was
wel nned so tliat the contraction axnd ti:e lcse in weislkt
couvld te cowmpareld. The lcoco in weight oiter e P runs
was .0¢C grams while tle total shirinkogse was C.18H inchecg.
rrom 1hé shrinkage the loss in volwie was calculated and
trere was no reletlon tetlween loss in welight end shrinloce.

Eecause ol the Tact that the contracticn filled in

the hole in wiiclk the pyros rod sliceg, a third specinen
was rigue witihout a lLole. After bteing carbturizcd for 1L

nours, it was wcighed and run in tie dilatometer 110 tinmes.
This specimen warped a large emcunt in conmgarisca wiikh
tiie otlier tvio. Tie end ol tlie piece bulged out, the cor-
ners rovndeda ofl, end it was bent 2 1itlle lenrthwige. The
total contraction of tlis gpecimen is only ap;roximatcly
one-Ifouvrti ¢reatcr tran the gpeciimen that was rvn oL tines.
Thre logs in welight was only 0.07 ¢grans wiiclh acain has no
relation toc the contractiocn., The awmount ol contraction per
heat does not decreose as the nunbter ol runs is increasec.
The amount of contraction of the last heat seens to be a
little greater than that of the first, slthough this moy
be due to the variatioﬂ in the rate of leating and cooling.
¥Finding that a case carburiced specinen of S.A.E. 1020
steel continued to shrinlk independently of tlie nuuter of
times 1t was heated and cooled tlirouch the critical rauge
and that a’ter repeated runs tlie total shrinkage wag A
comparatively large amount, i1l wonld seen plausitle that

this shrinking must have some effect upon the structure
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of the core. All specimens were heated to 17C0°F. and
cooled at the same rate siter carburizins and alter being
run in the dilatometer. Tleoretically at least, all of

the specimens should now have tlie same structure as the

were 211 tsken from the some bar of steel. TFigure 3 shows

o specimen that was heated to 1700°F. held for 15 minutes
and cooled at apnroximately the same ro*ec as were the
carburized specimens. The structure is that of nornal
pearlitic steel. The specimen shown in Figure 4 was car-
burized Ior 17 hours and Leated and cooled tlrovsh the
critical range Z2 timesg. Soie oxr the grains of mnearlite

are about the same size asg +the original, but most of them
are reduced abont one-half and look as il thiey had started
to "ball-up." A specimen that was casc-cerbturized 12 hours
and heated and cooled throush the critical range IH times

is shown in YFigure . Although all of the ¢rains of pearlite
are reduced in size end appear to have Iormed "balls", the
originel ¢rain boundsries are ctill visible. Figure 6 is
that of g specinen(without an axial hole crilled throush

it) which was case-carturized 1or 15 hours and lLeated and
cooled trrouch the critical range 110 times. This structure
looks like that of Tigure [ except that the pearlite grains
are slightly larger. Although tle pearlite grsains in
Figure 3 and Figure 6 look entirely different, it can be
seen from Figure 7 and Figwe &(which were talen respective-
ly from the saie specimens as were Iigure 3 end I'igure €)
that the grains of pearlite appear very sinilar at £0C0

diemeters. The case of tlhe specimen that was healed and
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cooled trrougch tlie critical range 110 tiwes is shovmn in

o}
|—

tiowh the pilece

s

rigure . It can be seen Irow this that o
was.heated enG cocled a jreat nunber ol times, iliere ving
rractically no decorburization anc very little oxicaticn.
Figures 10, 11, 12, and 13 are tiore of specitens Lhot
have been cose-carburized 45 minutes, 2i hours, 5 hovrs,
end € hours resrectivel;, showing that tlie grains ol
pearlite are reduced in size a snall smount alter teing
heated ancé ccoled trrough tre critical rancse oniy twice.

In orcer to cdetermine if heating and coolins the snec-
imen through the criticel range 110 tircs had changed tlie
Gimensions of the crystel lattice, ilhe following X-rey
patterns were mole ty Lr. Wayne Sisoin of tlie University

oi Illinois.






L=roy Sonnles

Samile 1, :- As received, lict cssecorturired

: Arnesled, Not casecarturized

(&
&)
2]
K3
]._J
(0]
)
L ]

i

- C(Casecerburized stl7OCO o1 & houwrs.
ot rvn in the dilstormeter.

Sauple 3,

- Casccarburized st 1700° for 1F houvrs,
Lvtn in the diletoneter 110 tines,

Sample 4,
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X-Ray Pictures

Samule No. 1.

1q
lb - n P:u—»allel 1 1" n " 1 'L

pendicular to a radical scectiocn.

lc - Beam parallel to the disk ané g rac

section.,

The continuous rings in lhe X-Ray patterns ior

Leen normal to the flat disk samile.

ut rer-

ical

tlie

tliree sections sliow that slipyace has tolien place in ell

the ¢rains(re crystals) due ito tlhe rolline process.

continuous rings c¢f la shiow that the crystal frorents

are arran.ed at rendon erounc on exis ncriel to lle
1b and lc have 6 intersity nnaxina on the insicde lro
enC the 2 inner rings(cduve to Ka and Kb rays diffrac
from the 1lo planesg). This shows that the crystal

1ents heve token up a prelerred direction with tlie

Girection of the body centcred latiice parsllel to

axis ncrial to tre dislz, Lut tlie crystal Ifragients

rotated at random grouvnd this diiecticn.

o

Sample No. 2.
£a - X-ray leon norrnal to the dicl.

&b - X-ray vean parslliel to the disk.

The

4

-
ile

die
ad band
ted
Ireg-
119
an

are

The X-rey patterns of tiis sample have chanced fron

rings to spots due to the recrystallization of the

stecl.

These Fatlerns show that the crystals hove ¢grovn ond ore

nov free from strain snd are arronged at randow in

directions.

the O
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Samrle 3 Foticing tiiat thcre wvi-cs congiiersble ¢ii-
al 4

Terence in tle lLockwell i.arrcnces nenr tle incile -nd “he

tiic rins, eneccinen I took two exnosires, cne

outside cf
necr tlie ingicfe =nd one ne>r tie ovtside
tre tean was normnl to tle dilsit,

oa - Incice.

You will notice that there ic a cifferernce Letween

4 2. 5 0 - a4 At N L T m- vy S T e QS
thie ingcide -nd thie ocutoice rmatierns. Tlerc is olgo o Cif-

and 2t ghow 1nlicaticns of internnl sitrein widle the dif-

)
3

Terence tetiveen Ja omCc Sl is prob-bly duc bo thie crrlwxrlzed

Saurle 4 Specicens verc token ivon Wo. 4 0In

There aryecrs to te only = glicht difiercnce betlvern

tle X-roy retlerns ol gonplc T, & ~uc 4,
Mote: Lhe {iricrence in diasmeter ¢i 1lc rinss cf b and 4U
are due vo ihe £ilm beins o ¢rceater Cistence Jroi tle

The atove paitcirns were tolen to show the noture of
the creing within tic samsle. In order o cceteriine i wnhe
of pocsing Llreueh the oritical rance 100 Lileo

haed charged +he dinensiong of ile iron lattice, occurate

. i ' JSJ bl 40008 -, e A
l.e onrcing of Lo erysiol lattlce WOYE
1. pecins ol LI 3

Cercrninationg ol
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I A Sne T Aa*ts . 1.0 - - T -
tiiz lines relative 1o tic zozo line, wo nee thi-* tle

crecings ere alne " ddertics) Dov fle o gonmles, with
the eveertion ¢ a poomitle glisvtt shiit o le linec

Tor s, 4 bteovieris e zere line., Yeouv will nodicc 1ot
there ave o lew extra feoint lines in iic. <. Inv CToT

bo deterviine Li theze ertro lincog werrc t.o e ollecy
of *he corlbon Tron Al ocntoeicing, phictosverts were

exr tir o oguri-c ~vd il e fmterior o of gorle Lo, 2.0 e
wotiern of YT guriace of In. T oslos tho ooele nint Line:o
cs To. 4, wiiel indicntcz fToat Moo otvue to e 2ol g,
Vol vwill rotice 1o Sl Ll Gen Mies Tmes Do nuUTLone
e e, D oleve e gooe obiid toverds Tllc ewo lLine o
Lhienl o TTo. <. This ennll oeli7t deoovn Dol Gl O

5T diron holdings a suocll srcunt of csxrton or coartide in
ite Torm of a golid solution vwrielh weull =10 20 Tl lettice

. . . ey . et R e A2 il PR
Tor *lc very ousll erpemsion motlceld. I 2w

- .

not Leea otle o identify ile Loirt lines rentioned albove.

Thesr 10y te egimilar to gore of {l.cge Cigevgsed by west e

Tove of lctal Irosresc ser 1001,

in the July frld Avruct nui

The X-rey petteras on flre long £ilms were obtained

5

from a vowdel gwneciren - ihe rinhole matterns Iren @ thin

(0.0lem) solid specimen.






i, wer) there is a nossiltili

4 BN

. » bty Llat a

sreom tle Joreg ;
few conclusicere wy be Crawn,

First:- Casecerlirized stcel witii a thin conce will teve less
tenCency to vwarp then cleel with o tliclh croe.

Seccnd:= Cacecorlirizet steel 11 slowly cocled frow tie cor-
bturizins heat =nd tlen larderned by cuvencliing from Just alove
tlie lower critical will have the least tencdency to warp or
shrinit cue to the frct 1hiat we fet aveoy frowm tle tenldency
of tre core and case to worlk ~rsninst each otler,

Third;- Casecerburizel steel slrinks every time it is lieated
and ccolecd tlrous) the criticsal.

Fiurth:- Repeateld slirinks have very little if ony eifcct up-

on the groce lattice,






Tre Tranciornetion Foint At 4700C In Beta Irass

The late Sir Kcberts-Aveten in 18¢7 published‘the {irst
complete freezing voint curve ol tie coprer-zince alloys.

In nis c¢isgran, which is shovn in Fifsuvre 1, certaln thernial
.chiangcs represented bty horizontal lines bb, cC, e, snd !
e! viere included. As can Le seen Ifrom Lis dlagraii, til.ese
liorizcntal lines vere interprcted.by Lim as evidence cof the
precence oi eulectics at tlese teuperatures. This Glagran
wag “he rviret atitentt to consiruct wiot would in precent
day phreseolory be called tlhe ecuililrium Giagran of the
cormer-zince systemn,

The horizont~l line e''e' indicastes a thernal change
at abtout 47COC. occuwring in alloys containing sepproxiiate-
1y 46 to 7€% ol conrer. Althoush Roberts-Austen relarded
e''e' as evicence ol a eutectic crange, he did not Iind any
support 1o tnis view i Iilz study of tlie struectures of tie
elloys in tiilc range and he Goes 1ot appear to have tl.ouw Lt
ci any other interpretation of this 1lher:.al change.

At a latter ¢ate E. S. Sheperd maoe a corerul deteriil-
nation ol the comstitution of {tlis series or alloys, ond in
1¢04 published {li2 Lirst conlete eauvllibriuva dlagra o the
coprmer-zine syster. This Clegran 1s reprocuccd in rigure 2.
E. S. Sneyperc iinle reveated recoris oi tle teating and cosl-
ing ctrves of eolloys romging in coirnosition rrom -0 to TEH

conyer withwoutl I'inding any evidence ci tihe line e''e',
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Taiel also adie smeciasl tesis 1o ccler. . liie wieiler 'le

pan

]

line e''e!' was 1cal or net. Ie Jownd no cvidence Ior 1
existcaes, and conecluicd, thovgl: with ore legitation tien

St.everd, tlat 1t was tezed vron o1 errcrirenial err

bl

Later, Carrenter wmd Liwarle, using o iilerential metlic
were atle to redigscover Lolerte-iAusten's hnorizeoatal line
e''e! and prove its existence., Althiov i tle limits do not

(oterts-Auvston's discr-n,

=
1o
-t
1)
-

agree exoctly with tlicce give

the teriecratiie at wiich tlz inverslon occurs is tlie =ale

It haz Teen shovm Tty Shenerd -mi ctlicrs Llat no evtectics
exist in itle ccrer--ine crnten., It is o~ nuetter of congiler-
=hle tlheoretical interect fto dcliine 1lie cliznye trat must of
necessiiy occur in allrys at e teuperature indicoted 1y

o

the critic-1 73ipnt., Since tle critical =oint ceccvr~ in «1-

- ~d an " I I N B . . a9, e A IR EN .. - RN,
loys coriaiving elzha rive bete, belo =10 Teto JUs ooarn -

3 C et e Ty - - y o~ o - 3 ° B ey - T MR 7 4
csincce 11 ccevrns in 1T e obreiice or b2’ alrhia ond [~ = 1t
nvet e dve To tlo Leiba constitrvent. Thereiore, vioiovew

sitotecs ~n olicr=1icy 21 Slcrer 's Jleoerom,

o ) e . . e ~ e . \ N e . Ay
1l tre two curves Db, and cieo (Picwre ) Co not nctuni-
1 neet av 470 C., tien tlie viisicol mecnins 0T e eritical

e
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to modliiyr
47C°C. there warll tc normal teta ~nd telow that tenperatire

- ~ I
¢oive conctitvent ceceritbel o8 & .

o

o polymcryphic Zorr of
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Accordivny to rijuvre £, D is o honcrenecus colid sclu-

tion wiidichi wny vory 1 cownositicon at £70°C. from 53.5
to 51.0% conver. In tlils casze the ccuposition of the
ou.ht to indluence ilie tenperature oi the criticonl for
the following recsons. Alloys to the lest ol the 1coint
X Yigure ¢ on cooling from temneretvres sbove {he 1live
h]x dencslt alnha at temperatures on that line. The

<4 1A

seperation of elpha »rcoceceds vith Tallins temmwersatureg,

.

end heta 1s consecuvently imnoverished in eomner until

at 4700C., the counpositicn is represented Ly tle point x.
Allcys to the right of ¥ vhen cooled from nbove ile
lire cly deposit ssimna, wnich rmesns thet bete Tecomes
relstively richer in corper until et 470°C. its composi-
tion‘corresponds o the point y. In thege two classes

or elloys, if the two lines blx and c 1y do not neet,

the conpositinng of Teta at 4700C woulc be quite Ciffer-
ent, ead 1f {he criticsl point viere due to sn allotropic
chanee, lbe temperature ot which it occurred shouvld te
cifierent in the two clesses, that iz, alpha plus bhete
anc heta mnlus famiin,

Since the critical point indicated on lle diagran

in I'igzure 3 occurs at the-sm::e tenrveralure in both the
alpha plus beta and the beta plus gamma alloys, Carpenter
and Edwards discredited the foregoing disgram and tried
to find evidence to support vhat appesred to them to be

the only alternative explanation. Carpenter and Edwards'
hyvothesis is that tke solubiliiy lines blb and CiCe
ectually meet nt a point 2ot 470°C snd at this tenmperature

the followirg inversion occurs B -7 7.2 xr
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1o S 21 B, I . L . -
Tihis Iyoolliecic woull micoergitoic ¢c ervililariuv feszren

c T~y - T I - -- - -

coovn In o iigize .0 2 COLTINET oL el C-C. J0 et et

Y . “

S Om 1 ~ 4 -~ ' - 4 2
LTG0, , 1te Leta thece verll 4lien 21 . Yorlins
T bl - _ - £ P I = -

elow thig tenrerciure Uit tie Dorrieli D oe i Tlus
R, » P S T - 4 - h - . -
Sualilis. oA Yoot murler ol cerirents heve elovia tlal olnln

-

" - - ~— - 1Y - - 4 4 -

CILL fellie oM C ol o .1 B CEENCN ( . ieTv.ce .
s T epvrer She w4 LT P A Gy o F A S P A S U
Cllave Lou,v 0T 1T Lot N 010 CoMLn1 T elmulyelt ™ CoL PO RN SR Gl

~— 4 7. . 4 - 3 ~ - =
-nd the vhite s . Lhe ! coller =1 oy i

-3 ot TLCOC cnd cuvrneled, It leccoren

ceoenesis Vil .rrecled ot 4000 grovirs totl elnhe end

tete cr;rit- I, Tiic i sicwn i wivre &, Tho D04 covcx
allcy differs wron thic Yoy teing lonicociicous b ¢l fen oo
trres rrove ATCC ond jrobelly et lower tergeratures., AU

Te oo 4 Tes not Lcen ohgervel 1o Tresl Covm oSter onnesl-
ings ot 4002C. Ter 70 hovrg oo ochovn In ricure f.0 Luon ile
shcve sinteemt 3t is evicdent ithat the 22 ¢ f congtitu-
tion renvircd L tle interoretaticn ol the coullibrive Cis-

frem in Iigure 4 mvot te verpr JIITiculd o dcteet cirvetur-

ally Ly nesns of tle nmicroscolc,
Corpenter en’ Ldwords wvere vmable to show in sny Joglicel
’

[ . . ] 3 - . I~
mepner tret teta on snnesline belovy £7CYC inverted into elrhe

plus ¢elain.  Trer Ten leatins on7 cocling curves 1 alrha

plus beta, teta and teta plus gannn allds

alloys rave tlie critical temreratures at 44 59 end +tle third

at 457°C, It cen be seen &ror this thet thelr relection cof

E' on *tte rround of constency ol f.orrcrature was not fully

establiched. Since the alplia plus teta sndl the Tete nlus
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et T . B ' Ea P 1. TR e - G gy e - . - - RSN
olimng S0 0 Teneroxrir o av tle sore tlenjcronulc, 0l oglirnce

longe exnesls lelow “le critical tenmpersture o ryet geraraote

cut olrvha »lus uao(ilet ca1 U orclved bt fre micciicete)
B e T i i T I S I PN 2 q TSd e

thece focip wWovl., neccgaliante the dio >e ghovn in rirure 7.

Tiis dlarreon viidell dg renrotue” iar o 1le 1920 elition

T the Motdicnal Tietnls Iondtocl ) Ve Yeen egcentlod Jron

Q

ata cereivlly selected iron a ¢reat reny scvreces. It is

(%)

inpocseitle here to ninle Cetailed and ~decuvate ecinrowledso-

L -

g ol the nieny inveoti ez centriluiing te this ecvi-

t+

L€

-

litrivn ¢israi, It will be soid lere, lLowsver, that ire
cotrce ol tlie Teta itr1rncforrotior, exteniing from 47.27C tHo
(7CCC from tle olihia 4o tle roivo golvbility curves, Do
Leen t-len 1o tile doio of ILovw/ hiton end Grifiitrhs., A
double linc eziitenting throuch tte beteo field vermreccnts
o nerrow L pius F' field.  liccording to tihe mlhese rule

coulil not le o gingle line since twe so0lid goluvticns cen-

not exirst ezt to eacu olltev,

As han Teen stated telfore, longe enneols helow tre
eritical tenveratvre of Leta Trass £o3iled to show sirns of

recrvatalli-:ition excert roceilly o clicght ¢znin grovth,

v

lotguda garys that = dizoscible to prevent the B to I

trenalorraiicn by crdinary cvenching, Refeated cuenchog
fromn 75C0C into ice cold trine of teta Trass Toiled 1o re-
veal o ¢iflcrent sirveiivre ilan tliat of ennenled teta Trnss.
The only rotlicenlle ciiferencec wrs that tlie repented cuench-
es crachol ilte cpecimen at ilie ¢reir boundories. It has

been found by Ls-ray annlysis that there is no Jifference in
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tlhe epscc lettice Tetvween snmesled and rvenclicd tels Trocs.

v
O
0
]
[
lag
ot

Irom the alove Ceota it is evilent tlhet =1 Lie j g
Ty

it 1e iupoeesitle te diffezentiats Yetvieen B end L',

trcu *t Torvord evidenee tco shiow ihat b eo:lé te Torned ovm-

theticollyr at ienmeratizes telow ot videl “le troncioretion
tocir risce. This cilronsly sureents iled of leact il vies ned

en ettectic tromsformeaticn aul hi» ccrcicdered 1tat e evi-

a.ey

3
Q
[0}

indiceted tlie ccerrrence o a polymoryldc clen e in
L to B'. It =y e gimiler to tle Ao in iron, thet ig, a
clian;e telies Tlece within ilhe crystals but tle croin Yound-
-1

aries rensin the gane, viich mickes it inrossille 1o dig-

tinculisn one rron Lle oLler. Atove tle transiloriotlicn E,
treocs is body centecred., (n the teoolz ol L-rsy evidonce, it

arresrs tuat the Leta {rancioriction is not ascsceiated with

-L

a euteclold inversilicn nor a rolynorpiic trensfernsticn, if

1y rolymorziiice tranciormaticn a chiange ol atonlc erran; e-

rrent is dewnnded, Tut 1s siunly an enersy chian,e witliin the

aton vithout eny fundanentel alteration of the crystalline

4.

lattice., Tie traznsforrmetion siows & norkeld peint o tre

differcntiel pyreiieter recorcer Lhut shiows an exceedinsly

S

gmall, 1T an;, pointv onn tire dilatouneter. This is Turiher

1

211

0

proci of tle akove point thev Lie L -- B' inversicm 1
enexr.y choxn, e vithin the atloil,

In considering a fransforuaiion voint, ¢ne usuvally
thinks ol tlree thinss telinge place vl.en tle 1i¢ct-1 is Lieat-
ed or cooled throuwh a critiecsal point. riret, tlat tlere

is en eveolution cit abtsorpii.n ol heat. Second, thet tliere



- -

-
|

[=5

abeove two, regrasinulatici lsies rlece.

It was iotnd in iron €C.CC0%

g o change in dilaticn cund lhird, thet ccconnenying the

Ture, w.en lLested tihaourlh

the critical akcorted heat end slhoved o nerked dilation

but there weg nc change in ¢rain structure. Vhen bets trans

-3

vog hested thirowh thie critical, there was s niarled

eat, Luh no dilation or regrainulation. Irouw

Sorp-

the

atove, it is seen 1hat resrainvlation =nd dileticn do not

alvinys acconnany o thermal changce., It i =2lsc evicent

o

b

cone ol ouvr eculilibriuwn Cliagrans owhnit to e clinnsed or

ti:at ve shouvld chenge ovr 1ldea as to what toles ploce

a cirritical point.

ot
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