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1 4 7 1  .il’HINU REVIEW COURSE: PHASE TRANSFORMATIONS ,
4-7 APRIL 1979, YORK , UK

International rcnf renccs devoted to the whole field of solid state
1 I L ~InC tran ;fonnationn (PT) are rather infrequent. There have been only
two such wide—ranqinq meetings in thc UK in the last 25 years , in 1955
(London) and 1968 (Manchester). In the intervening years a number of con-
ferences have been held on ~naller segments of the PT scene, notably the
particular type known as martensitic transformations, which , especially re-
cently, has enjoyed a regular schedule of meetings (Toronto 1975, Kobe 1976,
1(1ev 1977, and Boston 197°). Th~ last comprehensive PT meeting anywhere
was in 1~~72 (Detroit). Therefore , a recent conference held in York (4—7
April l’~7’), which  may be considered an extension of the prominent UK series,
was lonq overdue and welcomed with great expectations by many metallurgists.
Th’ meeting wan sponsorI’d jointl y by t~~ UK metallurgical societies, the
Innt itut ion of Ms’talhirqints and t h e  Metals Society, and attracted more than
1 ’O d~~1e~~iten from a dozen or so countri.e ’s. The manuscripts of most of the
invited papers were collected in a conference proceedings Volume 1 that was
distributed a5’ the meeting , while Volume 2 , containing the remaining contri-
butions, will appear in a few months. Both volumes are readily available
through the Institution of Metallurqists, Northway House, Whetstone, London
N20 9LW, England. Therefore, this report will review the conference highlights
in a general way, without too much detail of individual papers.

The fundamental definition of a phase transformation provided by
J.W. Christian (Oxford University, UK)., who gave the introductory lecture
is as follows: A change in the macrostats’ of an assembly of interacting
atoms or molecules as a result of some variation in the external constraints.
Any such change must lead to an increase in the entropy of the universe and
to a corresponding variation in the thermodynaxnic functions of the closed
a~- semh1y. Perhaps a more obvious way to view the phenomena is to appreciate
what a j~iase i s , and then to realize that a phase transformation is simply
a change in this state . A phase is usually defined by metallurgists as
a structurally un iqu e constituent of a microstructure, i.e., a region or regions
with a given crystal structure , including exact specification of the lattice
param.~t. r ;. In metaflurqical usage, therefore, the concept of a phase trans-
formation simply imp lies tha t changes take place in the spatial configurations
~If thl’ a t o ms  (i. ’., the crystal structure) and/or the chemical composition
of regions of the microstructure.

Because of t h e  wide variety of at-omistic mechani~~its by which such changes
can occur, and t h e  corresponding variations in reaction kinetics, resultant
microstructures and properties (an a function of numerous variables, notably

• temperature and deformation history), PT research is one of the most exciting
metallurgical fields of study , full of constant surprises and often requiring
the deductive skills of a Sherlock Holmes. This conference reflected the
usual intrigue of the field.
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Ill a d d i t i o n  to  the fa sc i n a t i o n  that a t t racts  many researchers, one
c m  argue tha t  PT s tu d i o : ;  are the means by which physical me ta l lu rg i s t s
,m r s t.rvinsj t o  s l i v e l o j i  t ract ical  “heat t r e a t i n g” into a science, and in

~omc c a s t : ;  t h i s  nob le  goal is being achieved in practice. In every case ,
however , t h e  u i s d e r st . tn d l i m q  of 19’ mechanisms constitutes part of the founda—
ion of basic understanding tha t, if not essential , is at least useful

for technological advances in materials . In other words, one may be
al’le to dt-velo 1 a new heat treatment that produces a stronger steel without
ac tual ly  knowing t h e  d e t a i l s  of the mechanism by which the properties
are changed , but i f  one does acquire knowledge of the mechanism, he will
c e r t a i n l y  P s -  in  a be t ter  posi t ion to control and optimize the properties.

The problem with organizing a conference on PT is that the subject
i s  s . . far—ranging. It encompasses virtually all classes of metals and
alloys (i.e., from A , aluininun to Z, zirconium) and a high proportion
of the wide ran s of phenomena that relate to the technologically critical
f i e ld  of heat  t reatment. Therefore , such a conference cannot hope to
ho comprehensive, and the best program would be one that  strives to qual i ty ,
not q u a n t i t y ,  of c o n t r i b u t i o n s. In other words , papers on virtually every
active PT research project worldwide arc probably not the goal the program
coninittee wants to achieve. A better idea is to do as was done at this
conference, arid provide an excellent selection of overviews by prominent
ren ’ar ch( rs in  t h e  f i eld and a selection of the best current work. I
::mi. :psct , however , t h a t  h i sto r i ca l l y  this 1q79 meeting will not be regarded
as much a laislrn,srk a’; Were the  l’5 s~ and l%8 conferences .  Several of
tim. ’ “l~i.i rssmt -s ” i l l  t h i .  f .-l i  were not in attendance , and the internat ional
l~ s 15 mncI ’ Wa: .  dr,s::t ie,il lv sk.’w.’.i t oward the UK (about 80% of the program),
with su ’ri’;inqly l i t t l e  c o n t r ib u t i o n  from three  count r ies  tha t  are quite
actjv,’ and i n f l u e n t  t , i l  i n  the f ie l d , namely Japan , Germany,  and the US ,
and (not surprisingly) no cont r ibu t ions  were from the  USSR or other Eastern
bloc countries.

The conference was divided into about 10 sections, with an invited
overview used te keynote each. These were prepared by J.W. Edington (Univ.

A of Delaware) S s I i  n w  tvchm~ ques for PT research; H.I. Aaronson (Michigan
T chn~~l n i i i i l  T ; j V ) on diffus lona l transformations; G.W. Lorimer (Univ.
of M i n d - - :;t - r) on r ’~- I i tat ion i n  nonferrous a l l o ys;  P. W.K. Honeycombe
( i n  i v.  of ulmi -I i i ; - ’)  on fer rou s i l l  ov t r an sfor m a t  ions; W . Gust (Univ.
of ~t u t  t .~ ir t , W. m ;e r m . in v )  Oil d is co n t i n u o u s  pr l ( -i p it a t  ion ; M . McLean
( N i t  105.11 lhmv:.ie ,s I i.,,l. r t ry ,  T .’ddinq ton , U N )  on morp hologica l i n s t ab i l—
i t  i - - ;  N • A • !~II -k 1. - ’  (1 iii ~ ~ f ~h . -f  f t  o ld)  on nrds’r—d I sorder rs -ar’t ions;

m ’• M. W, i vman (I n m  V • 0 $ T i  Ii i l l ) !  s) on martens it I n  t r . insforma t ions;  P. J • Brook
( $ ‘ t i l v . t I. . 1 -  ) ‘ii t r . i r i ,t - n n . it  ions i n  p o i c t ~-s t.Il I i i i - - c t - raf lhic5 ; ; and

T. I • R i m -  \ (N . i  I ‘Il l I t h y  It ’ l l  l a bo rat o r y ,  Todd i rmq t on , U K )  on t r a n s f o r m a t i o n s
I i i  i i  .5 n V  s V I I I I t  . . Ti -em by iloneyi oml and h ook were read in the i r
it : . n - . I v nul l - - t ~~ii - . Ti m .  re  were also two t r - c l s r s o l o qy— o r i e r m t e d  sections ,

on t - e U  s t  of -r  -~~
-
~~ 5:1 rig on transcorma t ion characteri ~ t ics of co~~~ercial

r ‘ I I ! : ;  t n t  s : .  s t i i . h i - - t h a t  dcmmon s tra t ’-  how PT research has contributed
I the - b -v . - ln t e i .  m i t  s t  i i i  e - - s slve conunercial materials. There also was
a ~~~~~~ er s . -nsi on  and a m~~ orahle evening session dea l ing  wi th  microstructural
IloJfl - r l C  l at ur s  - .
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Iii h i :  Lrann fornm at ion s , the phermoniena of most interest frequently
e , ss-ur 00 a very  f i r m . -  n e i l , - , sc that  advances in PT have generally followed
U:e :; mn. n, n n i ve  ds -velopms nt of new h igher—resolu t ion  techniques of inves—

I q i t . l o l l . T h e  York meeting will perhaps be remembered as the conference
o~ l i i ’ j h;  r : -olut L O l l  t e d l I I i i i I U e S , which are now being used widely to develop
detailed transformation morphologies. In his  review of advanced techniques
for the study of PT, Jeffery Edington showed that although a wide range
of techniques have been used, the most useful are those that combine quanti-
tative measurements of composition and crystallography with direct micro—
structural observations. Electron—beam based methods have been the most
successful and currently are being used widely. In his paper, Edington

- I emphasized electron microscopy techniques , including such procedures as
quantitative x—ray microanalysis, electron energy loss spectroscopy, con-
vergent beam xnicrodiffraction, and weak—beam technique. Also the capabil-
ities of Auger electron spectroscopy and the atom—probe field—ion microscope
were reviewed. Edington emphasized that the techniques tend to be complementary,
i .e., no sing le technique wil l  give all the information one needs; several
techniques may often be used to develop a complete microstructural—crytallo—
graphic—compositional impression of the material under study. For example,
x—ray microanalysis and electron energy—loss spectroscopy tend to be quite
comnp icunentary in terms of the atomic number range where they are applicable.

This complete arsenal of techniques will cost an arm and leg, but
with it one will be able to obtain diffraction patterns and crystallographic
information from regions as small as 2 mis, detect very small lattice
straini (l0~~’ mis) , do chemical analysis on regions as small as 50 mm,
detect mnicrosegregation, image lattice planes directly , analyze a 1% surface
monolayer, and many other amazing feats . Readers who wish further insight
to the bases and to contemporary metallui.-gical applications of these tech-
niques may be interested in two earlier notes (ESN 32—2:65, by Bernstein
and ESN 32—10:351).

In a support pap- r in the advanced techniques session, Paul Butler
(Imperial College of Science and Technology , London) described special
methods developed to study phase transformations directly in the electron
microscope, utilizing hot—stage equipment to transform specimens while
being observed and recorded . (Berstein has recently reported on other
aspects of this in ~-i’1-u work at Imperia1—~ see ~SN 32—10:349).

Gordon Lor i m, -r (Un iv . of Manchester) reported on applications of
quantitative analytical electron microanalysis, a subject that was the
focus of a two—day meet m g  held at Manchester imiunediately before the York
conference. The main application emphasized by Lorixrier was partitioning
of alloying elements in steels during the pearlite transformation. Groups
at both Oxford and Cambridge have been developing the atom probe for PT
studies. The atom probe is an instrument based on the field—ion microscope
and is a microanalytical tool of ultimate sensitivity, in that one can
identify single atoms. Furthermore, the depth profile of composition
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irom n time satiipb- sur fac - inward can be acquired by successive field evapora—
t iorm oh the surface, and the lateral distribution of composition can also

displayed over the surface by developing the so—called field denorition
image . The techniqu e j:; therefore particularly suitable to the study
of t h e  very early stages of phase transformations. The work of the Cambridge
group was exemplified by an excellent presentation by Sally Hill on order—
disorder transformations in Ni—Al alloys, using primarily the depth—profiling
mode; w h i l e  this ’ Oxford work , reported by George ~ nith and coworkers , has
05 -5 :1 appl ied  to t h e  chemical analysis of individual small precip itate
ar t i c l e s  as w i-il a:; to ortlering reactions and other transfori~~tions.

ifuhs , - rh A .iroiinon (mio wlv ~ is isoi f l t . ’d  P .1?. Mcli ]  Professor of Metal lurqy
- i t  ( ‘- I rs- - s t  it - — M t - i  i on Un i v ., Pi t t s b u r q h r )  , i n h i s  keynote  paper on diffusional
I r a i l : ;  ferm i I l o l l :  - , h. ’- : i :r i  l e d  l i i ; ;  moot recent results on tim e subject he has
L ‘ii ~tmisIv i l l - i  f u r  t h i s  - l .ist 2 m m  or no yearn , wor k t ha t  has involved the
-UI : -u i t of a m r  s - I n s - l i t  I - I  wi- t n  experimental data and models for growth

k i m i s t ics , - -s~-s -ei a hly fu r  grain boundary f er r i t e  p lates in Fe—C alloys.
Ii I1S() con s i i  r , - j  I i i , -  subjec ts  of i n te rf a ci a l  st ruc ture  and the role
of :1:. ar in cs- rt am ca:: -- . , Both of these are q u i t e  controversial contemp—
- r u - ;  topics .in i will r- rt ain l y be given much f u r t h e r  study, perhaps with
I : ;  - a ss i s tan s - -  of some of the aforementioned new techniques.

Lor ime-r ’: r ev iew of classical precipitation reactions in nonferrous
:;y s t -m5 s’m J)b ;asi ~~e(i s !- inodal decomposition and included descriptions of
transformat ions  i n  mineral systems (e.q., silicates , feldspars, and py—
roxunes).. Lorimer explained that the interest in these terrestial minerals
was inspired by the concentrated lunar rock studies that grew out of the
hiS moon fliqhuto , by which methods to apply advanced techniques (e.g.,
TEM) were d.’vt-lojsed .

I s  i r ii - I r u m :  - I ,s rm ,u I I. ‘em: ; irs ’ t ime niO:- I t e c h m n o  log i ca l l y igni ficant
- i i ,  s ; s  s rv oh h - i  • -rr ~ in - h ‘r m i t  ion from tb ~.- I i i  qhm t i - m i  ‘s ’r a ture aus ten  i t  i c phase
t s s  t - -rr it . - , j - ar i i  t .  - , - r:i.l ot her low—t emj s . -r a t  ur - pis i ss -  m i x tu r e s  occur s
I i :  m i 11 ion of I t s r , : :  -‘f st e,-l sn ic lm week throughout the  world , and we now

l : i V s  , i :  s r- :.ult nsf ex t - i s - i  v~- r s - ss -a rch y r  t i m e  years , a reasonable und er—
Si . rmi h u t  of l b .  - $ r - i i i : .  f o rma t  ions . Iioneyce nml se •~~ k eyri o te paper (presented
n -  P.l~. i h o w s - l i  of s .tnh r i d q t - )  emp hasized s tudies  on the  e f f ec t  of a l loying
c i -  -rn n t  : ( . ‘l ’ -m .  n t  s-st hm , r t h a n  Fe and C, t I~ - I -is i r components of steels)
on s importan t r i - I  ions , and there w an al ce  a number of related support

r :: from l i i  f r r  mm group at Cambridge .

I ;mu: t r- - - n t  1 u a.m.i.~i n gly  thm or ou qh ;  (4~,O re ferences)  review of di s—
I n u t  i nuouu ; r - I I I  I t - i t  I in hi nary react i s n u . Perhaps unfortunately,
H -  h s s u s i - s I i t s  , ~ •~ - : j t  i l l  t sy  i n c l u d i n g  c e r t a i n  r i - a r t  i ons  tha t  do not

- o r r s - : :h s o n s l  t - - i l l  I L -  s ’] . - :  hea l id -a:: a l - ou t  t h i s  mode of transformation.
Thi s - - 1 , m s u : i r a h  l yp, ‘ 5 $  Imns -ssntinuous i r t - (i l - i tat mo n begins at high angle

- m r - o t m  l~~u i , - ii r i - a n - i  i t  f r  e s ur f , ices ar sl - s15:1 :t  S of movement of an
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incohe - s ’nt phase boundary that 1e v -s behind a two—phase mixture comprising
t ue  orig inal phase and one new ph i -- - - . Gust also identified another type
of discontinuous reaction , which h. °-il]ed the “dislocation type , ” in
which high—angle grain boundaries, nub—boundaries, and dislocations serve
as preferential nucleation sites. i~~~S inclusion received some serious
cr i t i c i sm  in discussion.

Buckley pointed out that ord’-r—rh i sorder transformations are perhaps
n~sr, d i f f i c u l t  to stud y than other  ~ss t i -’S of PT, and his paper emphasized
work at  ;d i ef f i . ]s i  on I-’e—Co alloy:- , i : - i n q  x—ray diffraction, T~ 4, and other
t e c h i n i . i u s - u ; , w i l l s  s l i t  .*i I s s i  studje: s f  m t  i j sh a se  boundary morphologies and
rn ,  - r s - s : ;t  r u s-t  ‘ir a I moth-s of I he isr ~ c- - :  - of ordering as a function of tempera—
‘ur.- , an n e a l i n g , (‘old work , quenci ;i ! msj , etc. Various recent models for
ords-r irug were also discussed.

The word “morp hology ” by d i c t ion a r y  def in i t ion  includes both the
uu t ructmjre and sh~ 1ss- of thinq s, but an; used by metallurgists refers only
t.o the shiajsv of }5 h ict~~~5 l  (for a total microstructure the morphology refers
to tim e si;~s - , nha~~e , and rgsat lal distribut ion of all the phases, i.e.,
to how i t  “looks ”)  wit bout reference to crystal structure within these

~han -. -:; . Morphologica l instability in microstructures refers to transfor—
niki t i or; l ii ’ - n n i . na (ouch as dissolution of phases , coarsening , change of
l h i , I : ; t - ;;hi aI ’ , - , etc .), by which metastable microstructures evolve toward

u lowt-r ens -rs;y esjuilihriuin state; these changes are often quite undesirable
(-x’ &-pt in certain instance:; such as hot working, where it is desirable
for the  structure to change quickly to a workable state) because of the
h-r !- s ’rties changes involved. The importance of this subject was emphasized
in a recent symposim.un sponsored by the Institution (see F.SN 33—3:106)
and of coursc-, in the review given by McLean at this conference. McLean’s
an a l ysis was t-szuentiall y phenomenoloqical, with no consideration of interface
nt ru ctu re s and such . Using mass transport analysis, he considered cases
:u’b : a:; particle coarsening and breakdown of lamellar or rodlike morphologies
in aligned s-utec tic microst- ructures. lie also made a distinction between
ir ’rinsic instabilities that axe driven by free energy changes resulting
from .~ reduct ion in defect density in the material and intrinsic insta—
h s i h i : i . - : ;  trivet: I-y ,-xtr-rnal forces such as temperature and stress gradients.

Mar t s t m ; i t i m -  trannfs -’rmations have their primary importance in connection
• t his - sk- vele t sm.-vm t s s f  h i g h  strength in steels , although there are also

i t ? ? .  ru : ; l t t - s t s r r n s - sl in ru%mk-rous nonferrous alloys. Wayman ’s review was
i - i  - -d toward work in  r,s rmf,-rrou s systems and included discussion of pre—

~ j  i m s s f o r r n . r t  ion i hle nomen I , nucleation , crystallography, and morphology
(h - ,- ki ’d u~- w i t h  an excellent film of thermoelastic inartensite growth),

- shiaj .—mtmrnory - f f ~~i ’t , and recent studies on transformations which are
- u - ,n t - i l loqr q l ically similar to, but not (by pure definition) actually
m .rt s-n sitic. In this last- category, for the example of the transformation
o ?  v a i i&i ium —hy drogen solid solut ion to vanadium hydride , Wayinan presented

r 5 sa~ -s th i first proof of a case where both shear and diffusion are involved
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in th e tran sf o r m a t i o n  mechan l cm . I s , -  theory of nucleation of m a r t e n s i t i;
Lrunmst s~rnn~uti oni in: iii a Isoor state , u~ alluded to by Christian in h i s
opc’rm ins; talk , arid t b t s -  conference ri -t lit t Is- to shed light on tin s i:n t - n ,
wi th t i t e  exception of an interesti I : ;  ~saI,r by J.W. Brooks and coworkers

b u l l y ,  of Birming h a m , UK) which is. - i ved ~~i ~ itu TEM studies.

Some other in teres t ing  c o n t r ii u h c d  papers included an impressive
st u dy  of a sequence of phase transformat ions  in Zr—Ti alloys by
5, Ban- - r u - s  (Bhahba Atomic Research Center , India), work on ferrite—to—
;u:; t~~~~t e transformation (reverse to the direction usually studied) in

-u st u i : - l e : s  nt - -I by P.D. Southwick (UnIv. of Cambridge), early growth
k i n - t ics St U s h i s - :  s f  plate precipi t i t -s in aluminum alloys by R.D. Doherty
(ornjv . -f 5u:;scx), interface phase t ransformations in ~ :B t i t an ium alloys

C. ikirnmsr ;1 (U n i v . of Leeds), microanalytical studies of austenite de—
c :mr: c,5 jt is~ru l v  R,A , Ricks and coworkers (Univ. of Cambridge), precipitation
r i - t i o n : ;  in f e r r it ic  steels by A. ilebdry (Univ. of Newcastle upon ~~‘ne),
m l  nn;r t n n i t i c  morpholog y in rapidly solidified ferrous materials by
B. :antor (Univ. of Sussex). The session on thdustrial processing included

-s n-i rs related to alumi num alloys, steels, an~ superalloys , and the case
h i s s rv sessions included reports on the development of ultra—high—strength

- - -Is , TRIP ( tr ansformation—induced—plast ic i ty)  steels, and shape—memory
al loy devices.

In recs—nt years i t  has become fashionable for metallurgists to broaden
t i s i r  horizon:; and become “mater ia ls  scientists, ” a title that if taken
literally encompasses an impossibly wide range, but which in practice
usually ~‘ieans that attention is paid to ceramics arid polymers as well
a:; to metals , and that att~~npts are made to consider this range of materials
i n  a common framework , acknowledging both similarities and differences
is th ’-ir fundamental bases. Thus at this conference a section on phase
:r mn - :;forn .-n t i n n r  in ceramics was included for the first time, and although
j t  wmm ; n i t  a :- i rt is -uia rly strong part of the program, there are enough
u :imilar i i - n  ise t ws -en t h us phenomena in metals and ceramics that in principle

i:: sens ih i . -  to make t lm i~ inclusion. As for metals, investigatory
s i n u s :; have become c r i t i c a l, and have lead to confirmation of various

I : -  nom s - u d . A l v a i c s  in specimen preparation techniques for TEN and the
n:: nf hi~ - ’-t -- -lerating voltage microscopes have now made it possible
I examine  c- s - r Ir j c  microstructures on the sam e fine scale as metals which
is, -ms ns’ntic-ne l before, the scale at which the important phenomena are

-. -n :uring . In fact , the ceramic session probab ly seemed a bit weaker than
t h e  me tals s. ssions only  because many of the papers reflected the more
rim -r~ ;c -o n i c  and indirect characterzation techniques on which ceramists
busy sd to depend in the past.

On the w h o l e , the York conference was certainly a me~orable one.
A r i s r s ~ oth ’-r delights it illustrated that in the ten years since the last
PT - - - - n fors -n- - ’ dramatic advances in techniques have been made, and the
I -s. sm i  - 1 : - i ; ;  ;‘- - d t hroughout the was the importance of structural and
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srs nnisositton al obs -rv .mt ionu;. Numerous papers were keyed to the use of
s) j - ! u i s t i s a t s - s i  hirjim—re:;oiut-ion techniques for direct study of phase trans—

I - - i n s i s t  ion mechanisms, sometimes directly at the atomic level. Indirect
i n s .l macroscopic techniques such as electrical resistivity, calorimetry,
arid dilatometry, seem to be used only in a secondary vein these days,
and their utility was directly poob —poohed several times in discussion.
The latest high—resolution studies are leading to the replacement of some
of the classical phenoinenological models for phase transformations with
detailed mechanistic description. Another interesting aspect of this
s ns u ;f o ronucs n , which generally tends to be true of PT meetings, is that micro—

- - ;-tlUCtUXe—isroperties studies were not very visible. This may seem surprising
in view of time key goals of detailed PT characterization, but in fact,
t i m e York meeting probably did much better than previous meetings in addressing
time vital research/technology crossover in the PT field , with help in
t l i : :  vei n given by a healthy level of participation from an active industrial
s nut irugent in tine 13K. The conference confirmed that the study of phase
Lr a r i s forma t - ionmo  is both interesting in its own right and important as
i basis for wmderntanding how heat treatment can produce useful changes
in the properties of materials, It is certain that this field will continue
to be a highlight of materials science research in the future.
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