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The fifteenth internat ional  sc ien t i f i c - technica l  col loquium was held  May 29 and 30th, 1974, in Caen, 
F rance .  The col loquium was o rgan ized  by the Internat ional  Society on Heat  T r e a t m e n t  of Ma te r i a l s  
(MOTOM) and three  F rench  organiza t ions :  the Associa t ion  on Heat  T r e a t m e n t  (ATTT), the Society of Met -  
a l lu rg i s t s  (IRSID), and the Technical  Center  on Machine Construct ion (CETIM). 

The Internat ional  Society on Heat  T r e a t m e n t  of Ma te r i a l s  (the Russ ian  ini t ia ls  of -which a r e  MOTOM) 
was o rgan ized  in 1971. As of May, 1974, the m e m b e r s  were  England, Italy, Spain, Bulgar ia ,  the N e t h e r -  
lands,  Poland,  F rance ,  West Germany ,  Switzerland,  Sweden, and Japan.  

MOTOM is an organizat ion in which par t ic ipa t ion  is voluntary.  The soc ie ty  is headed  by a b o a r d  of 
de legates  (Assembly).  Each national delegation cons i s t s  of th ree  m e m b e r s .  They may  r e p r e s e n t  any n u m -  
b e r  of national organiza t ions .  

The boa rd  of de legates  m e e t s  s eve ra l  t imes  a yea r .  Day - to -day  a f f a i r s  a r e  handled by a bureau  con-  
s is t ing  of th ree  p res id ing  o f f i ce r s  (president ,  v i ce -p re s iden t ,  and f o r m e r  pres ident )  and a s e c r e t a r y  and 
t r e a s u r e r .  

Only one of the p res id ing  o f f i ce r s  is  se lec ted  each y e a r ,  which e n s u r e s  continuity. The s e c r e t a r y  
and t r e a s u r e r  s e rve  fo r  two y e a r s .  The h e a d q u a r t e r s  of the socie ty  is in Zurich,  Switzerland.  

The purpose  of MOTOM is to a s s i s t  in the e s t ab l i shmen t  and development  o f  in ternat ional  exchanges  
of scientif ic  and technical  data and informat ion in the a r e a  of heat  t r ea tmen t .  

The ac t iv i t ies  of MOTOM cons is t  of: 

organiz ing internat ional  sc ien t i f i c - technica l  con fe rences  (congresses) ;  

exchanging informat ion  on national confe rences  or  s emina r s ;  

set t ing up technical  c o m m i t t e e s  for  co l labora t ion  on se lec ted  p r o b l e m s ,  etc .  

At the p r e s e n t  t ime  the p re s iden t  of the socie ty  is Dr.  H. U. Meier  (Switzerland), the v i c e - p r e s i d e n t  
is  P rof .  Dr.  O. Shanber (West Germany) ,  and the s e c r e t a r y  is  U. Wiss (Switzerland). P ro f .  Shaaber  will 
be p re s iden t  until J anuary  1, 1975. Candidate of technical  sc iences  E. Shpunar {Poland) has  been se lec ted  
as  the new v i ce -p re s iden t .  

MOTOM has  se t  up technical  c o m m i t t e e s  on specia l  t e rmino logy  and consolidat ion of types  and t ech -  
nical  r e q u i r e m e n t s  for  the opera t ions  of t he rma l  hardening r e c o m m e n d e d  for  introduction in technical  doc-  
ument s  (U. Wiss); safe ty  in heat  t r e a t m e n t  shops (G. Mart i ,  France) ;  coordinat ion of national  confe rences  
and MOTDM c o n g r e s s e s  (H. U. Meier) .  

P r e p a r a t i o n s  a re  being made  for  s eve ra l  new technical  commi t t ee s .  

The fif teenth internat ional  colloquium was at tended by spec ia l i s t s  f r o m  the following twenty countr ies :  
F rance ,  West Germany ,  Aust r ia ,  Belgium, iDenmark, Spain, Finland, England, USSR, Bulgar ia ,  Poland,  
Czechoslovakia ,  Hungary,  Rumania ,  Holland, Japan,  Lichtenstein,  Sweden, Switzerland,  andI ta ly  --  around 
280 delegates .  

The p a p e r s  p r e s e n t e d  at  the colloquium concerned  two pr inc ipa l  themes:  

1. Deformat ion  during heat  t r e a t m e n t  and res idua l  s t r e s s e s  in machine  p a r t s .  

T rans l a t ed  f r o m  Metal lovedenie  i T e r m i c h e s k a y a  Obrabotka Metallov, No. 11, pp. 76-80, November ,  
1974. 
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2. Heat  t r e a t m e n t  with loca l  h igh-speed  heating. Br ie f  r ev iews  were  a lso  p re sen t ed  on seve ra l  
o ther  m a t t e r s  in p r o g r e s s  in va r ious  count r ies .  

The Soviet r e p r e s e n t a t i v e s  rev iewed  r e s e a r c h  in the a r e a  of ni t r iding (Yu. M. Lakhtin) and the p rob -  
l em of reducing  s e l f -de fo rma t ion  of machine  p a r t s  during heat  t r ea tmen t  (V. G. Vorob 'ev) .  

Other  r e p o r t s  concerned  the following p rob lems :  

effect  of s teel  composi t ion,  conditions of the quenching medium,  and conditions of t emper ing  and cold 
working on res idua l  s t r e s s e s ;  

dis t r ibut ion of res idua l  s t r e s s e s  in machine p a r t s  a f t e r  induction hardening; 

warping of machine p a r t s  and res idual  s t r e s s e s  with h igh-speed  local heating; 

ef fec t  of the distr ibution of res idua l  s t r e s s e s  and dis tor t ion of the c rys t a l  la t t ice  on the fatigue l imi t  
of c a r b u r i z e d  and ca rbon i t r ided  s teels ;  

t he rma l  s t r e s s e s  in hardened  a l loys  based  on aluminum; 

m i c r o s t r u c t u r e  of the su r face  l aye r  a f t e r  induction hardening; 

the f i r s t  data on hardening of unal loyed s t ee l s  with use  of pulse heating; 

effect  of me ta l lu rg ica l  f a c t o r s  on warping and the p r o p e r t i e s  of toothed wheels; 

ef fect  of the t e m p e r a t u r e  of hot oil quenching baths on warping of machine  pa r t s  with a sur face  l aye r  
differ ing in chemica l  composi t ion.  

The sc ien t i f ic - technica l  data p r e s e n t e d  at the colloquium were  of cons iderab le  in teres t .  Many of 
these  data can be used  in scientif ic  r e s e a r c h  or  r e c o m m e n d e d  for  t r ia l  in production.  

Let  us  ment ion some data f r o m  the pr inc ipa l  pape r s .  * 

V. Shampen, L. Serafen,  and R. Tr iko  ( F r a n c e ) i n v e s t i g a t e d t h e m e t a l l u r g i c a l  f a c t o r s  affect ing the 
deformat ion  of toothed wheels  during heat  t r e a t m e n t  - the source  of noise in gea r  t ra ins ,  local  o v e r -  
loads,  and rap id  wear  of the p a r t s  in operat ion.  

A specia l  method was used  to inves t iga te  the effect  of the following fac tors :  1) the composi t ion  of 
the steel  on the hardenabi l i ty;  2) specia l  additions - boron to inc rease  the hardenabi l i ty ,  a luminum for  
grain refining, and sulfur  to improve  the machinabi l i ty;  3) s t ruc tu ra l  inher i tance a s soc ia t ed  with specif ic  
forging and rol l ing conditions and a lso  with normal iza t ion  on annealing (s t ructura l  banding); 4) c h a r a c t e r -  
i s t i cs  of the technological  p r o c e s s e s  in heat  t r ea tmen t .  

The in te rac t ions  of these f ac t o r s  were  studied and a lso  the i r  role  in c rea t ing  res idual  s t r e s s e s .  The 
t e s t s  made it poss ib le  to de te rmine  the effect  of these  me ta l lu rg ica l  f ac to r s  on the s t rength  c h a r a c t e r i s t i c s  
of gea r s .  

It can be concluded f r o m  this work that,  in accordance  with data f r o m  other  Soviet and foreign studies,  
i t  is n e c e s s a r y  to pay pa r t i cu l a r  at tention to the quali ty of the meta l  in p a r t s  that  a re  machined - the op-  
t imal  composi t ion  and s t ruc tu re ,  high puri ty ,  and the inher i tance  due to the technological  f ac to r s .  

Only on the bas i s  of genera l  i m p r o v e m e n t  of the meta l  is it poss ib le  to de te rmine  the full and las t ing  
effect  of va r ious  specia l  methods  of r educ ingse l f -de fo rma t ion  of p a r t s  during heat  t r ea tment .  

R. P r t e s t n e r  and D. Kazan (England) r epo r t ed  that the widely used  marquenehing  does not always,  as 
is  usual ly  thought, reduce warping with e levated  t e m p e r a t u r e s  of the oil bath. 

Studies of four  different  s t ee l s  quenched in two kinds of oil at t e m p e r a t u r e s  f r o m  20 to 270~ (with 
final cooling in iced br ine)  led to the following conclusions:  

1. The s ta t i s t i ca l  value of the deformat ion  of r o d - s h a p e d  s a m p l e s  homogeneous  in composi t ion  and 
s t ruc tu re  d e c r e a s e s  with inc reas ing  t e m p e r a t u r e s  of the oil bath down to a value of ze ro .  

2. The s a m e  re la t ionship  is  obs e rved  in quenching homogeneous  s a m p l e s  with a notch on one side, 
although in this  case  ra i s ing  the t e m p e r a t u r e  of the oil bath cannot a lways  comple te ly  p reven t  
warping.  

�9 ~he texts  of all r e p o r t s  can be acqu i red  at  the cen t ra l  office of NTO Mashp rom (Scient i f ic-Technical  So- 
ciety of the Machine Construct ion Industry) .  
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3. Nonhomogeneous samples  (carbur ized on one side to a depth of 1.2 mm or  deca rbur ized  to a depth 
of 0.75 mm on one side) are  warped to a g rea t e r  extent with increas ing  t empe ra tu r e s  of the oil 
bath. This is due to the difference in the t ime of the t r ans format ions  In var ious  zones of the s a m -  
ple and the overal l  distribution of residual  s t r e s ses .  

4. With l e s s e r  degrees  of chemical  heterogenei ty  there  is an optimal t empera tu re  of the oil bath at 
which warping is minimal .  Higher t empe ra tu r e s  of the oil bath again produce infer ior  resul ts .  

The authors repor t  that marquenching cannot be recommended  to reduce the deformation of pa r t s  
made of chemical ly  nonhomogeneous mate r ia l s .  

Many repor t s  concerned a re la t ively new heat t rea tment  technique - h igh-speed local heating of the 
surface.  

Data on phase t r ans format ions  during rapid heating of steel were p resen ted  by Yu. Orl ich (Technical 
Universi ty,  West Berlin). 

Rapid heating can be divided into three a reas :  1) ord inary  ra tes  in which the heating t ime is m e a -  
sured  in minutes (furnace heating); 2) rapid heating in the range of seconds (induction or  f lame heating); 
3) pulse or br ief  heating in the range of mil l i seconds (electron beam, l ase r ,  or  inductive heating). 

The t rans format ions  during ord inary  heating a re  cha rac t e r i zed  by C - C -  T or  T -  T -  T diagrams.  
The change to rapid heating does not a l ter  the general  pattern,  but phase t r ans fo rmat ions  shift, especial ly  
toward higher t empera tu res .  

These relat ionships  were well p resen ted  in a se r i e s  of d iagrams for  the individual f ac to r s  under con-  
s iderat ion - grain size,  solution t empera tu re  of carbides ,  hardness ,  M s, etc. 

Pulse  heating has thus far  been studied only in separate  exper iments  accompanied by new phenomena. 

Diffusionless format ion of austenite can be achieved at least  part ial ly.  With e lec t r ica l  methods of 
heating, carb ides  can reach a higher t empera tu re  and dissolve very  rapidly. The anstenite grain size is 
commonly sma l l e r  than grade 10 on the s tandard scale.  An exception is an original mar tens i t ic  s t ruc ture  
which during reheat ing (requenehing) undergoes  the r eve r s e  M --* A t ransformat ion,  and the original  grain 
size is reestabl ished.  This can be avoided by pre l iminary  temper ing  of mar tens i te  - temper ing el iminates  
the r eve r s e  t ransformat ion  and permi t s  grain refining. 

H. Reichelt  and B. Koktanchik (West Berlin) invest igated u l t ra rap id  quenching of band steel (with 0.08 
and 1.25% C) ~ 0.2 mm thick in water.  

Heating pulses  lasting 15-50 #sec were produced by discharge of a 40 #F capaci tor .  Tempera tu res  in 
the range of 700-1100~ were r eco rded  by means of a special circui t .  

Measurements  of the mic rohardness ,  examination of the mic ros t ruc tu re ,  and determination of the 
amount of re ta ined austenite revea led  no essent ial  differences as compared  with the resu l t s  of quenching 
with heating at the s tandard rate.  

A detailed review of the theory of rapid heating and rapid cooling was presented  by H. Shlicht (West 
Germany).  

The conditions of phase t ransformat ion  and s t ruc tura l  cha rac t e r i s t i c s  were examined with local su r -  
face heating by means  of e lec t r ica l  energy,  l a se r s ,  and e lectron beams,  and the result ing local plastic 
deformation.  In all these cases  rapid cooling occurs  with heat removal  to the bulk of the metal .  

Considerable attention was given to an analysis  of the mechanism of the format ion and the nature of 
so -ca l l ed  WEA (white etching areas)  - the white zones observed  in a r ea s  subject  to high contact  p r e s s u r e s  
and shear ing s t r e s ses .  

High hydrostat ic  p r e s s u r e s  and elast ic and plast ic deformation of the c rys ta l  lat t ice occur r ing  under 
var ious  conditions substantially affect the kinetics of t r ans fo rma t ions  along with the s t r ic t ly  thermal  effects.  

Under conditions of hydrostat ic  p r e s s u r e  of the o rder  of tens of kbar the phase equil ibrium curves  
on the Fe - C diagram shift to the left and downward (for example, the eutectoid point l ies  at 645~ and 
0.29% C at a p r e s s u r e  of 34 kbar). 

With a high concentrat ion of thermal  energy purely al lotropic t r ans format ions  occur  without diffusion 
p roces se s .  The solidus is r eached  without preceding solution of carbides .  Considerable heterogenei ty  of 
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the hardened zone (especially when rehardened) is noted, although the habitus of mar tens i te  is general ly 
retained. The hardness  of these zones is not unusual. 

E. Schreiber  {West Germany) descr ibed the commerc ia l  use of new methods of high-speed heating of 
the surface of steel par t s  that change the proper t ies  considerably; special equipment is manufactured for  
this purpose.  

The s t ructure ,  distribution of hardness ,  and residual  s t r e s s e s  after  local surface hardening of c a r -  
bon and chromium steels  were investigated with e lectron beam and pulse high-frequency heating (inductive). 

The resul t s  depend great ly  on the original condition of the mater ia l  - t empered  or previously 
quenched. 

With pulses of the same power the depth of the hardened zone is l a rge r  in the lat ter  case,  but the 
hardened a rea  is of course  separa ted  f rom the matr ix  by a t empered  border .  A comparat ive  analysis  was 
presented of the p a r a m e t e r s  af ter  var ious  t rea tments  (changing the power and duration of the pulses). 

Also of in teres t  was a repor t  by M. D. Wirr  (England) on the rate of heat t rea tment  in fluidized bed. 

Reviews were presented of the theory and technological cha rac te r i s t i c s  of heating in flutdized bed (in 
par t icular ,  the work of Soviet invest igators  A. P.  Baskakov, V. Ya. Zubov, and others).  

Furnaces  with a fluidized bed are  used for  solutioning, par t icu lar ly  for oxidation-free heating, gas 
carburiz ing,  and tempering,  and also for  cooling during austempering.  

We should also mention s imi lar  equipment to replace the liquid cyaniding p rocess  involving the use 
of toxic salts.  

The following compara t ive  data were presented  (in pence per  English pound of finished steel): 

Heat t rea tment  in salt  bath . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 .15;  
Same, in fluidized bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0,847; 
Liquid earbur iz ing  in fused salts  . . . . . . . . . . . . . . . . . . . . .  -2 .16;  
Carburizing in fluidized bed . . . . . . . . . . . . . . . . . . . . . . . . .  - 1 .1  

The principal advantages of this method of heating are  due to the high coefficient of heat t r ans fe r  
- it is five to ten t imes  higher  for  a fluidized bed than in a s tandard gas furnace.  

The earbur iz ing rate  can be cha rac t e r i zed  by the increase  in the thickness of the diffusion coating 
- of order  25 p per  minute: 

Schematic d iagrams and photographs of the equipment used  in continuous p rocess ing  were presented.  

In the present  stage of development the p roces s  and the equipment used are suitable for  small  parts .  
The productivity is cha rac t e r i zed  by the following data: 

Furnace  for  gas cyaniding with dimensions of 
450 x 300 • 300 mm (300 mm high) 

Small conveyor  quenching furnace 

Apparatus  for  patenting wire (diameter 0.8-1.6 mm) 

Annealing furnace for  wire (operating in Belgium) 

200 English pounds 
per  hour 
800-1000 English 
pounds per  hour 
1.5 English tons per  
hour 
2.5 English tons per  
hour 

We should also mention a repor t  somewhat outside the theme of the colloquium by a group of inves-  
t igators  f rom the Renault Resea rch  Labora tor ies  (France) - A. Diame, R. E1 Haik, R. Lafon, and R. 
Wiss. 

They investigated pitting of ca rbur ized  and carboni t r ided couples in roll ing fr ict ion without slippage. 

These p r o c e s s e s  depend great ly  on the interact ion between the residual  s t r e s s e s  af ter  heat t r e a t -  
ment and high local operating s t r e s s e s  - with some quantity of re tained austenite in the s t ructure .  
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When the amount  of r e t a ined  aus teni te  is  no higher  than ave rage  the t h e r m a l  s t r e s s e s  a re  c o m p r e s -  
sive; with l a rge  amounts  of r e t a ined  aus teni te  they change to tens i le  s t r e s s e s  a lmos t  immedia t e ly  below 
the sur face .  

The s t r e s s  and ha rdnes s  in the ca rbon i t r i ded  case  a r e  i nve r se ly  propor t iona l  to the amount  of r e -  
ta ined ansteni te .  The amount of r e t a ined  austeni te  is  an impor tan t  f ac to r  in the development  of fa t igue in 
the rol l ing f r ic t ion  sur face .  

Af te r  cooling of c a r b u r i z e d  and ca rbon i t r ided  s amp le s  in l iquid n i t rogen the number  of loading cyc les  
to fa i lu re  d e c r e a s e s  notably. Carboni t r ided  s a m p l e s  not cooled in l iquid n i t rogen "adapt  s t ruc tu ra l ly"  to 
the s t r e s s  f ie ld f r o m  ex te rna l  loads.  Atoms  of carbon and ni t rogen escape  f r o m  the m a r t e n s i t e  la t t ice .  
The s t r e s s e s  d e c r e a s e  in a zone at a depth of 0.05-0.15 ram, i . e . ,  where  the H e r t z s h e a r  e o m p o n e n t r e a e h e s  
i t s  highest  value.  The s t r e s s  gradient  n e a r  the su r face  i n c r e a s e s .  

Af te r  cooling to -196~ and t r an s fo rma t ion  of a cons iderab le  p a r t  of the r e t a ined  austeni te  the " ad -  
aptation" of the m a t e r i a l  is  s t rongly  inhibited in the zone af fec ted  by the rul ing fo r ce s .  

Thus, in se lec t ing the op t ima  conditions for  chemico the rma l  hardening of p a r t s  subject  to rol l ing 
f r ic t ion one mus t  take into account  the f a c t o r s  that  affect  the fat igue l imit .  

No rev iew of the theore t ica l  and technological  fundamenta ls  of heat  t r e a t m e n t  in vacuum was given. 

The p r o g r a m  of the colloquium did not include cons idera t ion  of the p r o b l e m s  involved in the use  of 
vacuum,  although they were  touched on in d iscuss ions .  Attention should again be drawn to this  t r end  in 
modern  machine  and in s t rumen t  const ruct ion,  since it has  become  of cons iderab le  impor tance .  

This  is  due to the advantage of vacuum technique and the development  of b r a n c h e s  of industry  p r o -  
ducing va r ious  vacuum equipment.  * 

These quest ions  occupied a l m os t  the en t i re  D e c e m b e r  issue (1973) of the West G e r m a n  journal  H ~ r -  
t e r e i - T e c h n i s e h e  Mitteilungen. The journal  contains r ev iews  of the designs  and c h a r a c t e r i s t i c s  of vacuum 
fu rnaces  and specia l  i n s t rumen t s ,  the technical  c h a r a c t e r i s t i c s  of us ing vacuum for  heat  t r e a t m e n t  of v a -  
r ious  meta l l i c  m a t e r i a l s ,  etc.  Data  on vacuum heat  t r e a t m e n t  were  a lso  p r e s e n t e d  at the 28th col loquium 
on heat  t r e a t m e n t  in Wiesbaden (West Germany) .  

Many of the furnace  m a n u f a c t u r e r s  in England, West Germany ,  the United States,  and Aus t r i a  p r o -  
duce va r ious  appara tus  for  vacuum heat  t r e a t m e n t  of machine p a r t s  (including chemico the rma l  t r e a t m e n t  
and quenching without the hea ted  p a r t s  coming in contact  with a i r  as  they a r e  t r a n s f e r r e d  to the quenching 
bath). 

Fu rnace  uni ts  a re  manufac tu red  with in te rchangeable  components  to suit  individual needs.  

Af ter  the scient i f ic  r e p o r t s  were  p r e s e n t e d  and d iscuss ions ,  the d i r e c t o r s  of the internat ional  society 
on heat  t r e a t m e n t  m e t  on May 31 - the boa rd  of delegates .  The Soviet de legates  submi t ted  documents  to 
con f i rm  m e m b e r s h i p  of the Soviet Sc ient i f ic -Technica l  Society (NTO Mashprom)  in MOTOM. 

In conformi ty  with the p r e l i m i n a r y  a r r a n g e m e n t s ,  the Russ ian  language became  the fourth official  
language of the socie ty  (in addition to French ,  English,  German)  when the Soviet organiza t ion  a s s u m e d  
m e m b e r s h i p .  All publ icat ions of MOTOM will be pr in ted  in these  four  languages.  

The next  mee t ing  of MOTOM on meta l  sc ience  and heat  t r e a t m e n t  will be held in 1976. The b o a r d  of 
delegates  accepted, the suggest ion of the English Society of Metals  to hold a c o n g r e s s  in London, May 4-6,  
1976. 

We should note the f r iendly  recept ion  of the Soviet delegates  in Caen. 

Our  eng ineer ing- technica l  soc ie t ies  should be aware  of the new oppor tuni t ies  for  in ternat ional  ex-  
change of scientif ic  data and p rac t i ca l  exper ience  that  a r e  avai lable  due to Soviet m e m b e r s h i p  in MOTOM. 

* 2hese  b r anches  of indust ry  have undergone rap id  development  in connection with the needs  of a tomic 
energy.  
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