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FREDERICK DENYS RICHARDSON
17 S ep tem b er 1913 —  10 S ep tem b er 1983

E lected  F .R .S . 1968 

B y  J . H:i E. J e f f e s

D e n y s  R i c h a r d s o n , as he was generally  called by his friends, was b o rn  in 
S ep tem b er 1913 in S trea th am , the  th ird  of a fam ily o f four. T h e  
R ichardson  fam ily cam e from  generations of farm ers in Y orkshire. 
D en y s’s g rea t-g ran d fa th er, Jo h n , broke th is  trad itio n  and  by setting  up  a 
b rew ery  for black beer in H u ll was the only know n ancestor to  have 
show n any technological ben t. (T h e  business was unsuccessfu l and  John  
and  la ter generations cen tred  th e ir  lives on L o n d o n  and the  sou thern  
counties.)

B oth  D en y s’s g ran d fa th er and fa ther w ere involved in the clo thing 
trade; his fa th e r’s business was in B om bay b u t his wife could  no t to lerate  
the  clim ate so th a t h is im m ediate  fam ily lived in L o ndon  at 19 K illieser 
A venue, S trea tham , w here his fa ther rejo ined  them  d u ring  his annual 
leaves. W hen  he was th ree  years old D en y s’s fa ther d ied  sudden ly  o f a 
cerebral stroke. A year la ter his m o th er ren ted  a house at S t H elens on the 
ou tsk irts  of H astings, in ru ral su rro u n d in g s and  from  w hich the  sea could 
be seen, som e th ree  m iles away.

H e show ed an early in te rest in observ ing  the w ild life of a pond  in a 
nearby  field and developed a love of n a tu re , of b irds, p lan ts and 
particu larly  of horses and  of rid ing , w hich lasted all his life. T h e  fam ily 
lived a settled  life un til 1919 w hen th e ir  m o th er was taken ill and taken to 
H astings hospital, w here she died on C hristm as D ay after failing to 
recover from  anaesthesia. H er sister, A un t O m ie, who had com e to help 
w hen D en y s’s m o th er was taken ill, took over the ru nn ing  of the house 
and  of the  fam ily. She becam e the fam ily’s guard ian  and, in spite of being 
regarded  by the ch ild ren  as unnecessarily  stric t and over-religious, she 
prov ided  a happy, secure and efficiently run  hom e. She was helped in this 
by M rs Em ily P arro tt, a friend  of hers, w ho acted as cook and nannie.

D enys w ent to his first school at the  age of six, a local k indergarten , and 
w hen he was eight he w ent as a boarder to U niversity  School nearby. 
T h is  was a school th a t taugh t a w ide syllabus to ch ildren  from  8 to about
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496 Biographical Memoirs

17 years of age. I t  was here  th a t his in te rest in chem istry  was first aroused 
and  w here his ability  to study  and learn was given its oppo rtu n ity . H e 
rose to the top form  at the  age of 13 and ob ta ined  a first class in L ondon  
M atricu la tion  w hen he was 16. D u rin g  th is  tim e he s tud ied  n o t only the 
set syllabus b u t he also stud ied  m echanics and  calculus far beyond it.

U n i v e r s i t y  C o l l e g e  L o n d o n

D enys p lanned  to  take the H o n o u rs  C hem istry  course at U n iversity  
College L ondon . T o  s ta rt w ith  he had  to  learn  physics and  m athem atics 
in w hich his p revious education  had  been  inadequate . H is energetic  and 
logical approach  to these subjects w ere such th a t they  caused h im  no 
serious p roblem s.

In  his th ird  year at U n iversity  College he s tud ied  physical, organic and 
inorganic chem istry , and  d u rin g  th is  period  he m ade one of the  m ost 
fateful and fru itfu l acquain tances of his life, w hen he a tten d ed  lectures 
given by the then  D r C harles G oodeve. G oodeve show ed D enys the  value 
of apply ing  classical therm odynam ics to the  s tudy  of chem ical reactions, 
and  fired his im agination  by his en thusiasm  for the  study  of the  kinetics 
and  eq u ilib riu m  conditions o f reacting  system s.

D enys had  the o p p o rtu n ity  of a ttend ing  lectures by m any d is­
tingu ished  scientists because the  chem istry  d ep artm en t of U n iversity  
College, u n d e r P rofessor F. G . D onnan , F .R .S ., was a w ell-know n centre  
of teaching  and  of research  to w hich m any celebrated  v isitors cam e. H e 
becam e the secretary  o f the  C hem ical and Physical Society of the College, 
w hich enabled  h im  to m eet a n u m b er of fam ous scientists. D u rin g  his 
un d erg rad u a te  days he becam e m uch  involved in the  activities of the  
A rtillery  U n it of the  O fficers’ T ra in in g  C orps, w here his horsem ansh ip  
resu lted  in his becom ing a sergeant o f the  U niversity  College subsection 
of the horsedraw n  artillery .

A fter g raduation  D enys considered  the  possib ility  of taking an ad ­
vanced course in chem ical engineering , b u t after discussion w ith  D r 
G oodeve he decided to  carry  ou t research w ork w ith  h im  for a P h .D . 
degree. A t th a t tim e G oodeve had  a strong  in te rest in estab lish ing  the 
p roperties  of the oxides of ch lorine. O ne of his s tuden ts  had  developed a 
techn ique for m aking C120 6 from  C 1 0 2 and 0 3 and D enys took over th is 
project.

W orking  w ith  these unstab le  and  explosive com pounds requ ired  
apparatus to be b u ilt en tire ly  of glass, and  D enys took a glass-blow ing 
course and becam e adep t at m aking his equ ipm en t out of soda glass, 
w hich had, of course, to be carefully  annealed to  avoid cracking. T h e  
apparatus was constructed  w ith  th in  glass septa w hich could be broken by 
glass-encased m agnets because lubricated  taps could  not be used. C losure 
of tubes was effected w ith  a blow  torch .

T h e  safety precau tions taken in laboratories in those days seem  ra ther 
rud im en tary  to m odern  eyes b u t, happily , because of the obvious dangers
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Frederick Denys Richardson 497

of the research in w hich D enys was engaged, the apparatus was m ounted  
beh ind  T rip lex  glass screens and, w hen these were draw n aside, a safety 
visor and gloves had to be w orn. T h is  is ju s t as well because in the course 
of his w ork D enys p resided  over a num ber of explosions, fortunately  
w ithou t very serious in jury  to him self, although D r G oodeve was heard 
to express concern at the n u m ber of occasions on w hich various parts of 
his anatom y were adorned w ith bandages. O ne explosion was a serious 
one w hich could have resulted  in extensive injuries. D enys was vacuum  
redistilling  about 100 m l of liquid  C120 6 into a trap , cooled in a freezing 
m ix ture  of alcohol and dry ice. An accidental breakage of a soda glass item  
caused the alcohol m ixture to be sucked into the apparatus w here it came 
into contact w ith the C120 6. T h e re  followed a trem endous explosion that 
broke the laboratory w indow s and destroyed the apparatus, b u t not the 
T rip lex  screens w hich pro tected  him  from  the w orst of the blast. H is 
hands and left ear were extensively cu t by flying glass and his hair caught 
fire. A w om an cleaner in the next laboratory came in and w ith com ­
m endable resourcefulness p u t out the fire w ith a bucket of d irty  water!

As a result of his w ork D enys established, by m agnetic susceptibility 
m easurem ents, tha t solid and liquid chlorine hexoxide consisted alm ost 
exclusively of C120 6 molecules. F rom  the absorption spectra of the gas he 
established tha t this consisted entirely  of C 103 molecules. Owing to the 
experim ental difficulties of handling this m aterial, his work has not been 
repeated.

D enys obtained his P h .D  in 1936 and published papers in the 
Transactions o f the Faraday Society and the Journal o f the Chemical 
Society, describing the results.

A fter this he worked w ith D r Goodeve on a project supported  by the 
A dm iralty . T h is  consisted of testing the use of phosphine gas to m ark the 
position of torpedoes after they had been fired on practice runs. T he  
phosphine was to be expelled from  the torpedo, rise to the surface of the 
sea and ignite on contact w ith the air. In  practice it was found necessary 
to add a catalyst such as n itric oxide, and fu rther hazardous experim ents 
were carried out. T h e  problem s of ignition were overcome b u t the 
m ethod was never pu t into practice as other, less dangerous, m arkers 
were developed.

At the end of this work Goodeve drew  D enys’s attention to the 
C om m onw ealth F und  Fellowships (now H arkness Fellowships), which 
were aw arded annually, and although he had some qualm s in so doing, 
D enys applied for one. For his subject he thought he would try  and 
com bine his interests in chem istry and natural history by working in the 
field of agricultural chem istry. Professor D onnan suggested to Denys 
tha t he should contact a D r B. A. Keen, F .R .S ., of Rotham sted Research 
Station, and he learned from  him  that some Indian scientists had 
propounded the theory that n itrogen m ight be fixed in tropical soils by 
the interaction of strong sunlight and soil particles.
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Because he was in terested  in photochem istry , D enys proposed to 
investigate possible reactions b ro u g h t about by the effect of sunlight on 
ligh t-absorb ing  oxides such as T i 0 2 and ZnO , w hich were know n to 
absorb radiation in the near u ltraviolet spectrum .

D enys was interview ed by a selection panel chaired by Sir W alter 
M oberley, and three weeks later was delighted to be inform ed that he had 
been aw arded a C om m onw ealth  Fellow ship to P rinceton  U n iv er­
sity for two years. Because P rinceton  was close to R utgers U niversity , 
w here the fam ous R ussian-born  soil m icrobiologist Professor Silm an 
W aksm an was w orking, the arrangem ent was ideal.

T h e  R o y a l  N a v y

W hen D enys re tu rned  from  A m erica in 1939 W orld  W ar II  was 
loom ing, and he found tha t Goodeve, whose naval connections had 
becom e even stronger, was involved w ith the developm ent of m ethods of 
countering  the serious th rea t to shipping posed by the G erm an  m agnetic 
m ine. T h is  led to the developm ent of the ‘double L ’ sweep for detonating 
them . T h e  protection of ships rem ained a vital problem  and D enys jo ined  
Goodeve, who was by then  a C om m ander R .N .V .R ., w ith the rank of 
S ub-L ieu tenan t, also R .N .V .R .

T h e  A dm iralty  departm en t responsible for such th ings was H .M .S . 
Vernon at Portsm outh , and as w ith  o ther service departm ents at the start 
of the war, it was slow to react to the urgency of the situation. T h e  fitting 
of ships w ith ‘degaussing’ coils had been developed to a high degree of 
perfection, b u t the am ount of insulated cable required  to pro tect all allied 
shipping was so great tha t it was im practicable to consider the m ethod for 
general application. D enys and Goodeve though t tha t the perm anent 
m agnetism  of a ship could be altered by the passage of a heavy cu rren t 
th rough  a cable rubbed  along its steel plates, a technique tha t came to be 
know n as ‘w ip ing’. T h e  initial tests by the established departm ents took 
so long to carry out tha t Goodeve got D enys to carry out some unofficial 
tests, and these were com pleted w ithin hours by using a toy com pass 
bought at a chain store as a detector

A greem ent was then  obtained to ‘w ipe’ two destroyers to test the effect 
on the ir m agnetism . Again, long delays th reatened  to develop and 
G oodeve took the unusual and now celebrated step of arranging for a 
signal to be sent from  the A dm iralty  to h im self at P ortsm outh  dem anding 
to know why the tests had no t yet been carried out. W hen he arrived at 
Portsm outh  he found that D enys and he had been given the highest 
priority  for their work. T h e  eventual success of this developm ent was 
proved during  the D unkirk  evacuation w hen only two ships were lost 
from  m agnetic m ine explosions.

Following the work at H .M .S . Vern, A dm iral Som erville, a m an of 
vision and im agination, gave Goodeve ‘a free h an d ’ to try  out some of his
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ideas u n d er the aegis of Som erville’s cover title  of In specto r of A nti- 
A ircraft W eapons and D evices (I.A .A .W . and D .). H e secured the 
services of a strangely varied collection of energetic scientists and 
engineers, w hich included D enys, C om m ander John  Dove, R .N . (a kite 
and balloon expert), N evil Shu te  N orw ay (an airship eng ineer-cum - 
novelist) and others.

M any  of the personnel in the  departm en t had had sea-going experience 
and could com bine technical know how  w ith  a practical appreciation of 
the problem s involved in developing w eapons for use at sea. T h e  
D ep artm en t of M iscellaneous W eapons D evelopm ent (D .M .W .D .), as it 
cam e to be called, was organized to obtain  rapid  answ ers to problem s, the 
‘E stab lish m en t’ departm en ts being already involved in o ther m atters.

In  addition  to its headquarters in L ondon , a trials establishm ent, 
H .M .S . Birkbeck, was set up  on the p ier at W eston-super-M are, b u t work 
was also carried  ou t all over B ritain  as well as at sea and, later in the war, 
at overseas locations.

M uch  of w hat happened  in th is departm en t is well described in a book 
by G erald  Paule, en titled  The secret war 1939-1945  published  by H arrap , 
from  w hich some of the incidents described below are taken w ith kind 
perm ission of the publishers.

D enys rem ained w ith  D .M .W .D . until the end of the war. T h is  was 
w here I first encountered  him  in 1943. I t was fashionable at tha t tim e to 
be ra ther scornful of the intellectual pow ers of officers of the Royal N avy 
and w hen I presen ted  m yself for interview  I was very m uch taken aback 
to find m yself being interview ed by an R .N .V .R . C om m ander, who 
com bined an obviously extensive knowledge of scientific m atters w ith an 
energetic and incisive m anner, w hich was ever the hallm ark of D enys in 
action. H e always dem anded, and got, enthusiastic action from  his 
subordinates and as D eputy  D irec to r of this highly effective A dm iralty  
departm ent, he was directly or indirectly  responsible for m any im portan t 
developm ents tha t took place in the fields of an ti-aircraft defences, 
m ethods of attacking subm arines, radar counterm easures and a variety of 
tru ly  m iscellaneous devices.

All who served under D enys came to know that he expected them  to get 
on w ith the ir work by any m eans and that if in doing this they ran foul of 
any of the num erous rules, regulations and protocols of the arm ed 
services, he w ould come to their rescue. I discovered this when I 
infuriated  a Senior Naval Officer in charge of a harbour in the W est 
C ountry  by innocently arranging for a traw ler to be pu t to sea w ithout his 
p rio r perm ission. Visions of court m artials were averted by appeal to 
D enys who pacified the S .N .O . by explaining tha t I was a naval tiro 
under his instructions. L ater on, when I got back to the A dm iralty, 
D enys invited me into the privacy of his office where he told me in very 
plain w ords w hat he though t of my ineptitude. It was well w orth the 
telling off to know that my C om m ander would defend me in the face of all
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com ers even though I had acted foolishly, and tha t he w ould reserve a 
well m erited  ‘ticking-off’ for the privacy of his office.

T h is  support tha t D enys gave to those who did the ir best for him  was a 
lasting feature of his relationships w ith fellow w orkers in all fields 
th ro u g h o u t his life, and accounts, in part, for the strong personal loyalty 
tha t m any of his colleagues felt for him  and for the success of the several 
team s of experim entalists and theoreticians of w hich he becam e the 
d irec to r and who looked to him  for inspiration.

T h e  stories of D enys’s activities in D .M .W .D . are legion and make 
in teresting  and often d iverting reading. T h e  following are some of the 
incidents th a t occurred during  his tim e at the A dm iralty .

S h ip s’ camouflage had apparantly  not been considered since W orld  
W ar I. An artist-turned-naval-officer nam ed C urrie  was sent to observe 
ships at sea under varying conditions of light, as a result of w hich a 
s tandard  shade of light grey pain t was adopted for all sh ipping, and w hich 
has never been bettered.

A num ber of devices were developed th a t w ould lay a length of piano 
wire in the track of an oncom ing aircraft and entangle it, to the 
discom fiture of its crew. One of these, the P.A .C . rocket, was m ounted  on 
m any ships. I t consisted of a cordite rocket that lifted a w ire fitted w ith 
parachutes at e ither end and w hich, in service, not only scored a num ber 
of ‘kills’ bu t, perhaps even m ore im portantly , caused G erm an aircraft to 
make the ir attacks on our shipping w ith greater circum spection and w ith 
less lethal effect.

T h e  greatest ‘w irebound’ an ti-a ircraft effort was the Free Balloon 
Barrage (F .B .B .) w ith w hich D enys was closely involved, and although it 
was not in the end successful it is w orth  describing, as it shows some of 
D enys’s characteristics w hen confronted w ith a problem  requiring  
energetic and unconventional action.

A num ber of schemes for laying a wire entanglem ent in the path  of 
enem y aircraft had been proposed and M r C hurchill was personally 
in terested  and urged the ir developm ent. T h e  schem e finally tested was in 
the form  of the F.B .B. Each unit, of w hich there were hundreds, 
consisted of a large m eteorological-type balloon, filled w ith hydrogen, 
suspended below which was a container fitted w ith a long reel of piano 
wire and a parachute. T h e  balloon had a prim itive device to cause it to 
rise to a given altitude and rem ain there. W hen it reached its operational 
height the piano wire reel was released and a contact bom b attached to its 
lower end was activated.

In  theory, if an aircraft struck the wire, the parachute caused it to be 
pulled over the leading edge of the wing un til the contact bom b struck it 
w ith suitably unpleasant results to the aircraft. T h e  first m ajor test of the 
weapon was on the n ight of a m ajor G erm an firebom b raid on London. 
Tw o thousand F.B .Bs were released and because of various faults, m any 
came to ground in a highly dangerous condition. A special recovery team
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was led by M idsh ipm an  J. R. D . F rancis (later Professor of H ydraulics at 
Im peria l College) who em ployed every available device, including patrols 
of Boy Scouts, to recover them .

A contro lled  test of 200F .B .B s was then  organized by D enys in 
B edfordshire. Recovery by m en walking th rough  fields proved very 
difficult and inefficient because the small bom bs and the th in  wires were 
very hard  to locate. D enys, w ho always gained from  previous 
experiences, realized th a t horses were the answ er and he h ired  every 
horse from  a local rid ing  school for the afternoon. T h e  resu lt was the 
astonishing spectacle of a band of naval officers on horseback, some not 
very good at staying on, scouring the countryside w ith very m uch m ore 
success than  the earlier foot parties. T h e  resulting  correspondence 
betw een D enys and the A dm iralty  accounts departm en t concerning the 
h ire of fourteen horses was a source of am usem ent to m any of his 
colleagues.

In  addition  to his m any tasks in assisting Goodeve, w hich included 
w ork on the ahead-throw n pattern  of bom bs for attacking subm arines, 
code-nam ed ‘H edgehog’ and w hich accounted for the destruction  of over 
50 enem y subm arines, D enys becam e particularly  involved w ith some 
projects including the tw o-pounder starshell, of w hich he was the 
inventor.

T h e re  was an u rgen t requ irem ent for a m eans of illum inating the scene 
of naval engagem ents, particularly  attacks on convoys by surfaced enem y 
subm arines. T h e  N avy already had a very pow erful flare called 
‘Snowflake’ and D enys im proved its tactical usefulness by adapting it to 
the P.A .C . rocket to increase its operating height and range of 
illum ination. T h is  was excellent for illum inating the im m ediate vicinity 
of the convoy b u t the need rem ained for illum ination outside the convoy, 
to provide a background against w hich an enem y could be sighted 
w ithout giving away the positions of the ships. T h e  only m eans of 
providing such illum ination at this stage was the standard  naval starshell, 
a parachute store fired from  a 4 inch gun. T h is had the disadvantage that 
the rate of firing was com paratively slow and, in any case, the 4 inch guns 
were urgently  needed to attack the subm arines.

D enys’s invention gives an insight into the way his m ind worked: 
logically and w ithout fear of breaking new ground. T h e  starshell he 
devised was revolutionary in that it was projected from  a quick-firing 
tw o-pounder gun, and it had no parachute so that it fell fast and lasted 
only 5 seconds. T h e  idea was to fire a pattern  of these such that five flares 
were in the air at any one tim e, providing a curtain  of light as a 
background. For this purpose D enys w anted m agnesium  flares of about 
one m illion candle power and the prototypes produced by the Navy 
O rdnance Board were very m uch less bright. He had some high speed 
films made and found that the m agnesium  was rem aining jam m ed in the 
nose of these shells. A modification including a tinplate case was made,
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w hich still was no t satisfactory  because b its  of tinp la te  still stuck to the 
flare. A t th is po in t, D enys m ade one of his early contacts w ith  Im peria l 
College, w here D r R onald  Purcell devised and  tested  a m ethod  of packing 
the  flares in cardboard  cases. In  the  tee th  of opposition  from  the 
O rdnance  Board, I .C .I . techn icians m ain ta ined  th a t the design was 
perfectly  sound and D en y s’s starshell was p u t in to  service. A lthough  
radar detection  of surfaced subm arines som ew hat overshadow ed the  use 
of th is pyro techn ic, over a m illion w ere p roduced . ( I t was la ter found  by 
C oastal Forces th a t the  tw o -p o u n d er starshell was useful no t only as an 
illum inan t b u t could be used  as a devastating  incendiary  device in com bat 
w ith  G erm an  E -boats.)

A m ong the o ther developm ents w ith  w hich D enys was involved w ere 
‘H ajile ’, a m eans of decelerating  heavy stores d ro pped  from  aircraft by 
m eans of re tro -rockets  and ‘P an jan d ru m ’, a fearsom e device consisting  of 
tw o large w heels connected  by a steel cy linder m ade to  contain  a very 
large charge of dynam ite. T h is  was p ropelled  by rockets attached  to the  
periphery  of the w heels so th a t it behaved like tw in  C atherine  W heels 
resting  on th e ir edges and jo ined  by an axle. T h e  trials at W estw ard  Ho! 
of th is device w ere fru stra ted  by difficulties in con tro lling  the d irec tion  of 
travel of th is m achine. I t was too late for e ither of these rocket-based  
devices to be developed before the  invasion of N orm andy , b u t they 
prov ided  m uch  in teresting  in form ation  and  a m em orable  film of 
‘P an jan d ru m ’, m ade by the w ell-know n racing cine p h o tog rapher Louis 
K lem entaski, exists and was show n som e tim e ago on a B .B .C . television 
program m e.

Several aspects of the construction  of the artificial h a rbou rs tow ed to 
N orm andy  for operation  ‘O v erlo rd ’ w ere the resu lt of D en y s’s initiatives, 
particu larly  the  ‘B om bardon’ b reakw ater un its  and th e ir anchoring. H e 
spen t som e tim e in N orm andy  m easuring  the a ttenuation  of the waves by 
these devices. F loating  roadw ays and a irstrips also cam e in to  th is 
category.

O ne of the stories about D enys th a t was quo ted  to the end  of his life 
arose from  his hab it of playing w ith  objects lying on his desk, particu larly  
while he was talking on the telephone. O n one occasion w hen he was 
w aiting for a call, he tapped  the end of the tw o -pounder starshell, w hich 
he was using as a paperw eight. As it happened, it had no t been defused 
and it exploded, ejecting the ignited  m agnesium  flare so th a t the whole 
place was filled w ith  dense sm oke. So deep-roo ted  was his hab it th a t some 
tim e later he set off a free barrage balloon de tonato r w ith  a pen  n ib  and 
after th a t his colleagues took care to rem ove any potentially  dangerous 
objects from  his desk.

O ne exam ple of D enys’s ability  to get th ings done quickly and well was 
the testing  of how susceptible to de tonation  from  spigot bom bs the 
G erm an  ‘T e lle r’ m ine w ould be. W ith in  the space of one week D enys 
located a supply  of these m ines in N o rth  A frica, had them  air freighted to
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the U .K ., set them  up as a m inefield at W eston-super-M are  and 
determ ined  the spacing of the spigot bom bs necessary to clear the 
obstacle.

In  F ebruary  1942 D enys m arried  Irene M . A ustin  w hom  he had 
know n as a fellow studen t at U niversity  College. She was a graduate in 
engineering and tow n planning and they had m et th rough  com m on social 
in terests. She had also jo ined  the A dm iralty  in the D epartm en t of 
Scientific Research. T h e  m arriage was a long and happy one in which 
they shared m any interests. T hey  had two sons: H ugh, born  in D ecem ber 
1942, and Rodney, bo rn  in O ctober 1947.

B r it is h  I r o n  a n d  S t e e l  R e se a r c h  A s s o c ia t io n

A t the end of the w ar D enys w ent to work once again w ith G oodeve (by 
then  Sir C harles G oodeve, O .B .E.) who had left the A dm iralty  in order to 
establish the British Iron  and Steel Research Association (BISRA ). T h is 
was financed by the then  independent steel industry  and by the D ep art­
m ent of Scientific and Industria l Research th rough  the British Iron  and 
Steel Federation. H e was invited to build  up the C hem istry D epartm ent 
of B ISR A . T h e  Association consisted of five applied divisions dealing 
respectively w ith ironm aking, steelm aking, m echanical working, plant 
engineering and physical m etallurgy, together w ith three supporting 
departm ents: chem istry, physics and operational research. T h e  depart­
m ents were, in the m ain, in tended to conduct basic investigations that 
w ould support the shorter term  R&D program m es of the divisions.

D enys started  work by finding out about iron and steelm aking at first 
hand by visiting various works, m ainly those of the U nited  Steel 
Com panies. T hey  arranged a very instructive course that was attended by 
three new B ISR A  m en and by the new A ssistant Secretary of the Iron 
and Steel Institu te , M r A. J. Post. D enys was im pressed by the harsh 
high tem perature environm ent in w hich iron and steel were produced, 
and the great difficulties associated w ith controlling such processes to 
give the desired com positions and cleanliness of the metals produced. He 
was also surprised by the rather rudim entry  chem istry in term s of which 
the processes were then in terpreted .

A t first he had no laboratories of his own, which restricted what he 
could do. He inherited responsibility for certain university researches 
sponsored and financed previously by the old Iron and Steel Industrial 
Research Council, now taken over by B ISR A  and financed through the 
chem istry departm ent. T here  was a team  at Cam bridge working under 
the direction of D r U. R. Evans on aqueous corrosion and a smaller one at 
the Royal Technical College, Glasgow, led by Professor R. Hay, working 
on iron blast furnace reactions and slag-m etal equilibria. These groups 
had received grants-in-aid  for m any years past and it proved impossible 
to influence these program m es except by technical criticism.
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D enys w anted to start o ther w ork m ore directly  related  to  the basic 
chem istry  of iron and steelm aking. T h e  first th ing  th a t had struck  him  
d u ring  his iron and steelm aking to u r was the large nu m b er of reactions 
th a t occur and equilibria  th a t are approached at the h igh tem peratu res 
d u ring  these processes. H e had also been struck  by the im portance of 
oxygen potentials in influencing these reactions. O ne day he m et D r H . J. 
T . E llingham  who to ld  him  about the two free energy diagram s he had 
p roduced  during  the war, and w hich had been published  in th  of
the Society o f Chemical Industry. In  these he had p lo tted  A for the 
form ation  of a substantia l nu m b er of oxides and sulphides (per m ole of 
0 2 or S 2) as a function  of tem peratu re  from  w hich could be seen at a 
glance the o rder of stability  of com pounds at any tem peratu re , and  how 
these varied w ith  tem peratu re . H e saw at once the potential use of such 
diagram s for sorting  ou t reactions and equilib ria  and separating the 
im p o rtan t from  the un im portan t.

I had rejoined D enys w hen I was dem obilized from  the N avy and I, 
and, later on G . W ithers, w orked w ith  him  to p repare  a n u m ber of new 
diagram s based on the m ost accurate data then  available, m uch of it 
com ing from  D r K. K. K elley’s im m ensely valuable calorim etric studies 
and com pilations. Eventually  these diagram s covered oxides, sulphides, 
silicates and carbides. W e devised special nom ogram s for reading off such 
useful data as the partial pressures of 0 2 and S 2, carbon activities, 
equ ilib rium  gas ratios ( C 0 / C 0 2, H 2/H 20 ,  H 2/H 2S, C H 4/H 2) and CO 
pressures in the presence of carbon in equ ilib rium  w ith  oxide system s at 
any tem peratu re . D enys here dem onstrated  th a t a piece of fine string  
w ould be a valuable therm odynam ic tool, especially useful in conjunction 
w ith  the nom ogram s in discussion and  lectures. T h e  diagram s were later 
extended to equilibria  involving carbon and su lphu r dissolved in liquid  
iron in contact w ith appropria te  carbides and sulphides.

A special series of such diagram s were p repared  to dem onstrate  the 
equilibria  approached at various tem peratu re  levels in the iron blast 
furnace. T h is  was the first serious a ttem pt to apply the principles of 
physical chem istry  to the shaft and hearth  reactions of such furnaces and 
m any aspects were clarified. A m ong the new ideas were the conclusions 
tha t the alkali m etals and silicon (as SiO) could be vaporized in the tuyere 
zone and swept up to cooler levels w here they could be reoxidized and 
partly  swept away as in the top gases, b u t also partly  deposited on the 
solid b u rden  so they recirculated  w ith in  the furnaces. Alkali m etals have 
since been found in blast furnace refractories and are a con tribu ting  cause 
of the ir failure. O ther im portan t points were m ade concerning cyanides 
and the ir p roduction  in blast furnaces.

D enys was anxious to get some basic experim ental w ork started  on the 
p roperties of liquid slags and on solutions in liquid iron. W ith  the 
agreem ent of Sir C harles G oodeve he therefore initiated  researches in the 
C hem istry  D epartm en t at Im perial College under the supervision of D r
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J. A. K itchener and D r J. O ’M . Bockris. One project was on the electrical 
and viscous properties of liquid silicates and the other on su lphur 
dissolved in liquid iron, and the influence of carbon at saturation on its 
chem ical activity. H e had frequent consultations on the progress of these 
researches and m ost friendly cooperation. T h e  slag work revealed for the 
first tim e unequivocally that m ost silica m elts are ionic conductors and 
that their viscosities are sm ooth functions of their com positions. T h e  iron 
project was one of the first fully controlled gas—m etal equilibrium  studies 
conducted at 1200—1500°C, and showed clearly how greatly the activity 
coefficient of su lphur was raised by carbon, a factor im portant in 
understanding  the slag—m etal relations in the iron blast furnace. A th ird  
project was initiated w ith D r A. J. E. W elch on the phosphorus—oxygen 
equilibrium  in liquid iron held in contact w ith lime and solid calcium 
phosphate.

In  due course B ISR A  acquired fundam ental research laboratories in 
Battersea and he was able to set up an experim ental chemical group led by 
the author, who was responsible for getting the laboratory equipped and 
working. W e em barked on a variety of experim ental investigations. I set 
up a heat-of-solution calorim eter for establishing the heat of form ation of 
silicates for w hich only sketchy data then existed. Denys got M r C. J. B. 
F incham  to start a careful study of sulphur in silicate m elts by means of 
gas—slag equilibria, which had never been attem pted before. D r W elch’s 
student, M r J. B. Bookey, came across from  Im perial College to complete 
his phosphorus work by using a m ore convenient technique w ith our 
newly installed induction furnace. M r O. H. G ellner joined us and 
started a study of the way in w hich wustite grew on iron plates held under 
controlled oxygen potentials.

T ow ards the end of his tim e at B ISR A  Denys got M r C. B. Alcock to 
join it from  U niversity College London, where he had learned to 
m anipulate radioisotopes. It was intended he should study equilibria at 
high tem peratures in which the use of isotopes could simplify the 
experim ental procedures.

In  1948 Sir Charles persuaded the Faraday Society to arrange a 
discussion on the Physical C hem istry of Process M etallurgy. B ISR A ’s 
Chem istry D epartm ent’s work had not yet got very far, so Denys 
contributed a paper on the constitution and therm odynam ics of liquid 
slags in which he endeavoured to put together what was then known 
about these systems, and what could be deduced concerning the sta­
bilities of binary m etal-oxide—silica m ixtures on the basis of the known 
phase diagrams. It fell to him  to organize the discussion, which was held 
at the British Iron and Steel Federation’s country mansion at Ashorne 
Hill. He got m ost of the significant workers in the field to attend, most 
notably Professor John Chipm an, who during the previous decade had 
led a group at M .I.T . working in this field. His experim ents were of the 
highest standards and the ideas em anating from his school were most
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im portan t. C h ip m an ’s w ork differed from  B IS R A ’s in two m ain aspects. 
H e tended  to w ork w ith  about a kilogram  of m elt w hereas D enys’s team  
preferred  small drops of a gram  or less. H e also preferred  to investigate 
slag—m etal equilibria  directly , w hereas D enys preferred  to study the 
m etals or slags separately in equ ilib rium  w ith  gas m ixtures in w hich the 
oxygen, su lphu r or o ther potentials requ ired  could be precisely 
controlled .

T h e  Faraday discussion of 1948 was a landm ark  and the papers reflect 
very well the state of bo th  theory  and experim ental w ork at the tim e. 
T h e re  was clearly enorm ous scope for basic experim ental w ork relating to 
the  problem s of m etal p roduction  at high tem peratu res.

In  1949 D enys had concluded th a t the  C hem istry  D epartm en t of 
B IS R A  could not becom e a strong research group because of the way it 
was financed, and the lesser p riorities attached to basic investigations 
com pared  w ith the ad hoc w ork organized by the various process 
divisions. H e also found tha t the paper w ork involved w ith com m ittees, 
for w hich he was responsible b u t whose w ork he could hardly  influence, 
was an unw elcom e deflection from  his researches. H e also felt tha t the 
steel industry  was not as supportive of B ISR A  as it should have been. 
D espite  the great attractions of w orking for such a dynam ic person as Sir 
C harles G oodeve, he began to look around for o ther possibilities.

I m p e r ia l  C o l l e g e , L o n d o n

A t the end of 1949 D enys found an out-o f-date  notice in th  of
the Society o f Chemical Industry, advertising a Fellow ship at Im perial 
College to be financed for a five year period by the N uffield Foundation  
and advertised by the In stitu tio n  of M ining  and M etallurgy. T h e re  was 
£5000 p.a. available, w hich included the Fellow ’s salary, and in those 
days it was considered sufficient for him  to bu ild  up a research group in 
extractive m etallurgy w ith in  the M etallurgy  D epartm en t at Im perial 
College. H e was a ttracted  by the opportun ity  to w ork in an academic 
environm ent and to have scope to experim ent on system s o ther than  those 
of concern to the steel industry . T h is  was a ra ther risky decision because 
he was by then  superin tend ing  chem ist of B ISR A  w ith a very secure post, 
w hereas the Fellow ship was only guaranteed for five years. He though t 
the opportun ities were greater than  w ith B ISR A  and tha t he could raise 
industria l m oney to supplem ent the Nuffield g rant and ultim ately to 
carry it on. He was encouraged by Professor C. W . D annatt, then  H ead of 
M etallurgy at Im perial College and he agreed to take the Fellow ship, on 
the basis of a five year budget proposed by him self, this to provide for two 
research assistants as well as his own salary and certain key apparatus that 
w ould have to be purchased specially for h igh-tem pera tu re  research. One 
could do a lot w ith £5000 p.a. in 1949. T h e  College was to provide the 
laboratory space, norm al chem icals and glassware and o ther usual
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laboratory  equ ipm ent, w orkshop facilities, heat and light and some 
secretarial assistance.

W hen he arrived in F ebruary  1950 he found to his dism ay that none of 
those arrangem ents had been p u t in tra in  by the D epartm en t of 
M etallurgy . H e was offered a small laboratory on the ground  floor, quite 
unsu itab le  for the group th a t he envisaged. I t was covered w ith  dust and 
grim e and filled w ith  the in terconnecting  glassware of some bygone 
corrosion experim ent. T h e  creators of this experim ent had departed  w ith 
the experim ent in full swing and it seem ed they m ust have swept away 
w ith  the suddenness of the Black D eath . T h is  place was im possible and 
unacceptable. H e discovered a large laboratory in the basem ent w ith no 
benches b u t strew n w ith old packing cases and w ith m ercury  lying in 
small pools betw een the ridges of the floor tiles. T h ere  was a m oderate­
sized office next door. H e could see tha t these could be conveniently 
converted  to a small laboratory for isotope work, an office for the two 
research assistants and a m ain laboratory in w hich six research students 
could conveniently work.

T h e  departm en t could not apparently  afford to p u t in new benches bu t 
luckily the C hem istry  D epartm en t had discarded a lot of old benches that 
had been standing exposed to the w eather for two years. T h e  teak tops 
were still in good condition and the support benches were strong enough 
to be rebuilt. T h e  laboratory and its services were designed around these 
salvaged benches. H e decided to make a tw o-m onth  trip  to the U .S.A . 
and Canada to exam ine the researches in progress there, particularly  at 
M .I .T . and the U .S .B .M . in Berkeley U niversity. H e knew nothing 
w ould happen in his absence unless he got a chaser so he engaged me as a 
consultant and to progress the conversion in his absence. It was an uphill 
task b u t I kept things m oving and m ade some im provem ents to the 
original designs.

D enys’s visit to the U .S .A . and Canada showed that there was a fair 
am ount of research in progress scattered over a num ber of institutions, 
b u t by far the strongest h igh-tem perature  group doing the best experi­
m ental work was the one led by Professor John C hipm an in the 
D epartm en t of M etallurgy at M .I .T . T hey  tended to work w ith sub­
stantial inductively heated m elts, usually involving quite complex equi­
libria. A t tha t tim e D enys had no m oney for a high-frequency generator: 
he planned his program m e of work w ith small drops of metal or slag, w ith 
resistance heating and gas m ixtures to control precisely the chemical 
potentials of 0 2, S2, C, etc., they would require.

O n his re tu rn  from  the U .S.A . he was able to start some four or five 
researches in the half-finished laboratory in the autum n of 1950. W hen 
his colleagues from  B ISR A  heard what he was doing they started asking 
w hether they could jo in  him . M r O. H. G ellner and M r C. B. Alcock 
came and they were an enorm ous help. At the same tim e B ISR A  
generously agreed to second M r C. J. B. Fincham  to com plete the
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slag—su lp h u r equ ilib rium  work, w hich he had started  at Battersea and 
w hich was then  going very well indeed.

In  1952 D r O. H . G ellner died suddenly  of polio and the w ork was set 
back un til the arrival of D r J. W . T om linson , who had  w orked originally 
w ith  D r J. O ’M . Bockris in the C hem istry  D ep artm en t at Im perial 
College during  the classic w ork on slags tha t D enys had  started  there. H e 
had then  spent 2—3 years at M .I .T . in John  C h ip m an ’s group and so was 
well equ ipped  to help in establishing the group th a t was now nam ed the 
Nuffield G roup  in E xtraction  M etallurgy.

T h e  unusual na tu re  of the research w ork being carried  out in the 
Nuffield Research G roup  led to some peculiar situations in its early days. 
Because h igh-tem pera tu re  experim ents tend  to take a long tim e (inc lud­
ing the heating and cooling of furnaces) it was often necessary to start 
runs early in the m orning  and to continue un til late at n ight. A t th a t tim e 
only three keys to the Royal School of M ines were available to academ ic 
staff and these were held by the H eads of M etallurgy, M in ing  and 
Geology. Research w orkers in the N uffield G roup  had  to break in and out 
of the basem ent laboratory  via the fire escape; they had num erous 
encounters w ith  the police b u t w ere able to convince them  of the ir 
innocence. I t was over a year before the college authorities gave 
perm ission for keys to be issued to research w orkers and th is illustrated  
the cause of some of D enys’s early difficulties in dealing w ith the 
authorities. Professor D annatt did no t fully appreciate, at tha t tim e, the 
unusual requirem ents of the  novel type of w ork tha t had taken root in his 
departm ent.

T h e  w ork progressed steadily and industria l and Science Research 
Council (S .R .C .) support was gradually obtained. T hey  badly needed 
m ore w orkshop assistance than  the D epartm en t could provide and w hen 
sufficient funds becam e available for a w orkshop technician, M r Percy 
W orner was engaged and he was well able to cope w ith m ost of the work 
they needed. H e was later jo ined  by two assistants. T h e  problem  was to 
find tools they could afford; here M r Alcock and M r W orner becam e 
adept at hun ting  dow n m achine-shop equ ipm ent th row n out by richer 
departm ents and that is how the Nuffield G roup  w orkshop was equipped; 
the lathe th row n ou t by the Physics D epartm en t, for exam ple, served 
them  well for a fu rther ten  years. T h e  w ork of the Nuffield G roup  becam e 
know n to the Rector of Im perial College, S ir Roderick H ill, and then  to 
L ord  Falm outh , the C hairm an of the G overning Body, who took a 
personal in terest in it. As the w ork gradually becam e m ore widely known, 
m ore students w anted to jo in  the group particularly  from  overseas. In  
1954 they had a visit from  D r P. Kozakevitch from  the F rench  IR S ID  
(their version of B ISR A ). H e was setting up the C hem istry  D epartm ent 
of IR S ID  and sought advice. For the next seven years D enys was 
consultant to them  m aking frequen t visits to the ir laboratories in St 
G erm ain-en-L aye and the w ork of both  groups was strengthened by this 
connection.
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In  1955 increased laboratory space was, w ith some difficulty, obtained 
and w ork on m olten salt chem istry  was p u t in hand. Professor P. M . S. 
B lackett, F .R .S ., was instrum ental in arranging a large grant from  the 
Science Research Council for a 5 year program m e of research on high- 
tem peratu re  techniques. T h is  led to an im portan t developm ent in the 
laboratory in the form  of the purchase of the first h igh-frequency 
induction  generator. T h is  was used for studies of reactions involving 
drops of m etal of 2~ ljg ,  levitated and heated sim ultaneously in flowing 
gases. D r Alex Jenkins was invited for a session from  the U niversity  of 
N ew  South  W ales to develop the technique tha t he had started  to use in 
A ustralia. In  the ensuing years m any investigations on equilibria and 
kinetics were m ade by th is m ethod.

By 1955, w hen the original Nuffield Foundation  g rant was com ing to 
an end, the success of D enys and his co-w orkers m easured by com pleted 
and published  researches had resulted  in grow ing industrial and govern­
m ent support. T h e  F oundation  extended its g rant to aid the transition  to 
support from  o ther sources. In  the same year D enys subm itted  his 
publications in h igh-tem pera tu re  m etallurgy and was aw arded the D .Sc. 
degree of London U niversity .

In  1957 Professor D annatt retired  and D enys was appointed to the new 
C hair of Extraction M etallurgy. H e was disappointed to discover that 
J. G . Ball, Professor of Physical M etallurgy, was to be H ead of 
D epartm ent. Because in those days headships of departm ents were of 
indefinite duration  D enys seriously considered m oving to another U n i­
versity, b u t the d isrup tion  of the work of his research team  and the 
problem s it w ould have entailed dissuaded him  from  this course.

T h e  Nuffield Research G roup  was absorbed into the structu re  of the 
M etallurgy D epartm ent and the funds it had accum ulated m ade possible 
the appoin tm ent of D r J. W . T om linson as the new Nuffield Fellow. D r 
Alcock became a lecturer in Chem ical M etallurgy and D r P. S. Rogers 
jo ined the D epartm ent from  B ISR A  as did M r L. E. Leake.

T h e  relationship betw een D enys and the new H ead of D epartm ent was 
to prove an uneasy one and this was perhaps predictable as his interests 
were centred on the fields of extraction and chemical m etallurgy whereas 
the H ead ’s interests lay in the direction of physical m etallurgy and 
m aterials science.

T o  begin w ith they were united  in their resolve to m odernize the 
undergraduate syllabus, w hich was very m uch out of date. T hey were 
opposed in this endeavour by Professor D annatt, who, in spite of having 
retired, rem ained on the board of Studies of the Royal School of M ines. 
T h is  delayed the syllabus revision which was, however, eventually 
carried through. T h e  diversity of the interests of the two professors led to 
continuing friction about the relative em phasis of the subjects taught. 
T h e  Nuffield Research G roup has, however, rem ained for many years the 
world m ajor academic research group in this subject, recognized by 
industry  and governm ent agencies alike.
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By 1962 D enys began to see tha t the m ajor equilibrium  studies m ade 
by the group and in o ther centres had provided a fair understand ing  of 
the nature  of m etal, slag and salt m elts, and of quite com plex m ixtures. 
T h e  speeds of processes were, however, poorly understood. D espite the 
tendency by previous w orkers to explain these in term s of chem ical 
kinetics, it becam e obvious to him  that at high tem peratures they were 
m ost likely to be controlled by the rates of m ass transfer of reactants and 
products to and from  the interfaces to w hich the m ost im portan t chemical 
reactions were restricted. D enys m anaged to have established a Reader- 
ship in Process Engineering and got M r A. V. Bradshaw  to come from  
C onsolidated G oldfields initially as a lecturer, to develop the fields of 
fluid flow and of heat and m ass transfer in relation to m etallurgical 
processing. T h is  he did m ost successfully and was later appointed 
Reader. D enys then  applied to the Nuffield F oundation  yet again for a 
g rant to start a special research group in this area. T hey  generously 
provided a five year grant totalling £35 000 and the way was open for a 
m ajor research effort in this new field. T h e  group was called ‘T h e  John 
Percy Research G ro u p ’ after the fam ous D r John  Percy who had been the 
first Professor of M etallurgy in Britain.

T h e  first John Percy Research Fellow was M r A. W. D . H ills, an able 
young m etallurgist w ith a penchant for m athem atics and com puters, who 
h^d come from  Cam bridge to do a P h .D . research in chem ical m etal­
lurgy. H e abandoned this and proved an excellent research leader in the 
process field. U nder the Overall direction of A. V. B radshaw  the group 
grew and developed well.

A fter three years of the Nuffield G ran t for the Percy G roup  Denys 
decided they m ust find sufficient finance to be able to carry on beyond the 
five years. He m ade personal appeals to Sir H arry  O ppenheim er and to 
S ir M onty Finniston, the C hairm an of the B ritish Steel C orporation. H e 
raised sufficient funds to ensure another five years’ work. T hey  had hoped 
to get D r H ills a position w ith tenure on the staff b u t this they were 
unable to achieve and he soon left to take the H eadship of the D epartm ent 
of M etallurgy at Sheffield Polytechnic. D enys transferred  the adm inis­
tra tion  of the G roup to the W olfson Research Fellow, D r R. G. T ait, 
who looked after it m ost ably until 1975 when he left to jo in  Johnson 
M atthey. An outstanding young Indian, D r V. Rajakum ar, carried on 
until he left to take up a position in A ustralia.

In  about 1962 Im perial College began to take a less restrictive view 
about the appointm ent of Readers to Personal Chairs and D r P. L. P ratt 
was aw arded a C hair and D r C. B. Alcock became Professor of Chem ical 
M etallurgy. A new Chair in Process M etallurgy was created and A. V. 
Bradshaw was appointed to it, covering both  the work currently  in 
progress in the Percy G roup and also in solid metal processing. I rejoined 
D enys as a lecturer in 1962 and eventually succeeded him  as Professor of 
Extraction M etallurgy.
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Both Professor Alcock and Professor B radshaw  eventually left the 
D epartm en t, to becom e H ead of the D epartm en t of M etallurgy at the 
U niversity  of T o ron to  and of the C .S .I.R .O . M inerals Processing 
R esearch L aboratory  in A ustralia respectively. T h e  increasing financial 
stringency facing the College prevented their replacem ent at the tim e.

In  1970 D enys was granted  a B .S.C . Fellow ship for two years to w rite a 
book incorporating the knowledge then  available on m elts in m etallurgy. 
T h is  took longer than  expected and was finally published  in 1974 as a 
tw o-volum e textbook en titled  The physical chemistry of melts in 
lurgy, w hich is accepted as the standard  w ork on the subject. He 
ultim ately  retired  from  Im perial College in 1976 because of his health, 
b u t rem ained a very active Senior Research Fellow until his death in 
1983.

D uring  his career, D enys was a strong supporter of the Iron  and Steel 
In stitu te  (later the M etals Society and now the Institu tion  of M etals) and 
of the Institu tion  of M ining and M etallurgy, on whose com m ittees he 
served diligently and becam e President of the I.M .M . in 1975. He 
received m any honorary degrees and awards from  learned societies:

1956 Sir George Beilby Memorial Award
1962 Charter Fellow of the American Institute of Mining and Metallurgical Engineers 
1968 Bessemer Gold Medal of the Iron and Steel Institute 

Fellow of the Royal Society
1971 Honorary Doctorate of Technische Hochschule, Aachen 
1973 Honorary Doctorate of the University of Liege

Honorary Member of the Association des Ingenieurs de l’Universite de Liege 
Honorary Member of the Japanese Iron and Steel Institute 
Gold Medal of the Institution of Mining and Metallurgy

1975 Gold Medal of the American Society of Metals 
President of the Institution of Mining and Metallurgy

1976 Foreign Associate of the National Academy of Engineers of the U.S.A.
Fellowship of Engineering
Peter Tunner Medal of the Eisenhutte Osterreich 

1978 Grande Medaille de la Societe Fran^aise de la Metallurgie 
1980 Carl Lueg Medal of the Verein Deutsche Eisenhuttenheute 
1983 Kelvin Medal of the Institute of Civil Engineers

His prem ature death has left an em pty space in the leadership of his 
chosen subject and is m uch regretted by m any colleagues in the U nited 
K ingdom  and abroad.

A c h ie v e m e n t s  a t  I m p e r ia l  C o l l e g e

D enys’s work during his tim e at Im perial College covered many topics 
and it is impossible to describe them  all in detail. T he  following are some 
com m ents on the outcome of his researches and are grouped in the same 
order as that of his list of publications given below.
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1. Free energy diagrams: analyses o f metallurgical processes

T h e  origins of the free energy diagram s belong to the period w hen 
D enys was at B ISR A  as described above. T hey  tu rned  out to be of long 
lasting value and they were revised at intervals in the light of new data 
arising from  the work of D enys’s research and that elsewhere.

In  addition to earlier analyses of the iron blast furnace, deoxidation and 
desuphurization  of steel, a wide ranging survey of the chem istry and 
process engineering aspects of the vacuum  degassing of steel was well 
received.

512 Biographical Memoirs

2. M eta l solutions

Revelation of the way C r lowers the activity coefficients of C in liquid 
iron and explanation of the difficulty of rem oving C to low levels from  
stainless steels. T h e  equations indicated tha t low CO pressures in the 
em ergent gases would help. Processes subsequently  developed by 
C reusot-L oire , and A .O .D . (U nion C arbide) exploited this either by use 
of low pressures or lowering the partial pressure of CO by added neutral 
gas.

F irst data for solubility of oxygen in liquid lead (oxygen was h itherto  
thought by ‘old tim ers’ to be insoluble).

F irs t m easurem ents of the activity of a non-m etal solutes (such as S or 
O) at high dilutions in binary alloys across the field of com positions from  
one m etal to another.

O bservations that in the Fe +  Cu +  S system, the addition of both  Cu to 
Fe and of Fe to Cu lowered the activity coefficient of dissolved sulphur. 
T h is  led to the developm ent of models for such m ixtures: the first was a 
regular solution m odel w hich worked quite well for m etal solutions and 
hydrogen, then came a quasi-chem ical m odel tha t was quite good for Si in 
Cu +  Fe b u t failed for oxygen in Cu +  Sn and in o ther cases w here there 
are large differences in the activity coefficients of solutes in the separate 
m etals. T h e  observation of this discrepancy later led Alcock and Jacob to 
develop their tw o-bond num ber m odel w hich is the m ost practically 
useful of all models proposed so far.

T h e  work on the activity of silicon in iron and other m etals and alloys 
was the first example of establishing Si activities via SiO in the gas phase 
and provided im portan t new data on these solutions.

T h e  electrochem ical m easurem ents of oxygen in silver and copper 
were novel and led to his developm ent of the com m ercial Oxycell probe 
for continuous m easurem ent and control of oxygen in flowing copper at 
1051—1200°C before its being cast into slabs and, m ore im portantly , into 
wire rod. T h is Oxycell is now used in five countries in Europe and in 
Japan. T h e  life of each probe is about 70 hours in 7 dips b u t depends 
greatly on slag conditions and care in use; it is used m ost successfully in 
Japan.
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T h e  first im portant result of the work on slags was the elucidation of 
the equilibria controlling the su lphur content of slags. H itherto  this had 
not been understood because all experim ents had been made on slag-iron 
equilibria so that, when the oxygen potential was raised, iron oxide 
entered the slag. His work em ployed the novel slag—gas technique, the 
oxygen and su lphur potentials in the gas being controlled by the ingoing 
com position of a C 0 2 +  H 2 +  S 0 2 m ixture and calculated for high 
tem peratures by the therm odynam ic data on these gases and of CO, COS, 
H 20 ,  H 2S and SO.

At low oxygen potentials (S") is im portant and at high oxygen potentials 
( S 0 4"). T he m inim um  slag sulphur for a fixed sulphur potential is 
achieved at particular p02 values.

Equation (1) was established for a num ber of binary X 0  +  S i0 2, 
X 0  +  A120 3 and ternary slags XO + S i 0 2 +  YO, Y 0  +  S i0 2 +  Al20 3.

A function Cs, called the sulphide capacity, was developed for com par­
ing the sulphur-holding properties of slags, defined by the equation

It was shown that the higher the metal oxide content or activity in a slag, 
the higher the sulphur capacity, and from the way Cs varied with 
com position in binaries such as M 0  +  S i0 2 it was concluded that only 
equations (1) and (2) could account for sulphur pick-up, the reaction

being impossible or at least of negligible significance.
It thus became clear why desulphurization of iron in the blast furnace 

was effective with only weakly basic slags, (p02 being so low), whereas in 
steelmaking at m uch higher oxygen potentials highly basic slags were 
needed.

T he results also explained why the addition of FeO under steelmaking 
conditions had little influence on the desulphurization of steel. T here are 
two opposing effects: as FeO is added the oxygen potential is raised so 
tending to lower the slag sulphur, bu t at the same time Cs is raised, thus 
tending to raise the slag sulphur. U nder process conditions the effects 
nearly cancel each other out.

T he work on activities in the ternaries X 0  +  Y 0  +  S i0 2 showed that 
the pattern  established by Chipm an and co-workers in the system 
C aO -I-FeO -I-Si02 was broadly followed in other systems; the extent

iS 2 + (0") =  i 0 2 +  (S"), 

is2 +  (2 S i-0 ')  =  i02 + (S") +  (S i-O -S i), 

iS 2 + (0") + l i 0 2 = (S 0 4").

( 1 )

( 2)

(3)

cs = w t%  S in s la g x p i 0J p iS2.

^S2 +  (S i-O -S i) =  ( S i - S - S i ) + i0 2
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to w hich the activity coefficient of the m etal oxide m ore weakly in te r­
acting w ith silica was raised depended on the difference in 
A G°(M O +  S i0 2) — AG°(YO +  S i0 2). T hese observations led to the cal­
culation of X O  and YO activities in the ternary  X O  -I- YO +  S i0 2 on the 
assum ption that binary silicates of equal silica mole fraction mix ideally,
i.e. A H u =  0, A S M =  configurational entropy of m ixing the cations X  and
Y. T hese  calculations showed that such ideal m ixing would lead to 
m arkedly raised activity coefficients of oxides reacting m ore weakly w ith 
silica and in extrem e cases to m iscibility gaps. T h e  actual system s showed 
ideal silicate m ixing in the m etasilicate region b u t m ore negative free 
energies of m ixing in the orthosilicate region. A lthough m ore sophist­
icated m ixing m odels of silicates have since been proposed, the concept of 
ideal m ixing has provided a valuable yardstick w ith which to com pare 
actual behaviour, and still provides a useful insight into silicate 
behaviour.

T h e  w ork on structural and therm odynam ic aspects of phosphate 
glasses paved the way for the application of polym er theory  to 
polyanionic m elts and a better understand ing  of the nature of silicate 
slags.

4. Equilibria and kinetics involving solids

D etailed studies of reactions such as the reduction of w ustite 
hydrogen, the oxidation of cobalt m etal and the transfer of silicon via 
gaseous SiO showed the im portance of understanding  both  the chemical 
driving force of reactions and the m echanism s w hereby they take place.

T herm odynam ic m easurem ents m ade to elucidate these processes 
included the study of the su lphur potentials of the iron sulphide system  as 
a function of its non-stoichiom etry, by using a radioactive su lphur 
isotope; m easurem ents of the heats of form ation of m anganese o r­
thosilicate and sulphide; and the determ ination of the therm odynam ics of 
silicon m onoxide and of o ther systems.

K inetic studies on solid—gas systems included the developm ent of 
techniques to m easure self-diffusion coefficients.

5. Kinetics of reactions involving levitated metal drops

T h e  technique of holding a levitated liquid m etal drop in contact w ith a 
stream  of gas containing a reactive com ponent, w ithout the m etal’s being 
in contact w ith any solid container m aterial, was seized upon w ith energy 
and used to study reactions such as the oxidation of copper by oxygen, of 
copper and nickel by carbon dioxide and the oxidation of carbon-iron  
alloys.

Careful analysis of the results of the copper-oxygen reaction indicated 
tha t oxygen pick-up was very m uch slower than that predicted from  mass 
transfer correlations. I t was found that although very pure copper was 
used for these experim ents the small am ount of silicon present caused the
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form ation  of a film of silica on the m etal surface. If  this was rem oved by 
p rio r oxidation, freezing while levitated and rem oving the silica film by 
trea tm en t w ith  hydrofluoric acid, an oxygen p ick-up  rate was attained 
th a t was com patib le w ith  a m odel in w hich the ra te-determ in ing  step was 
tran sp o rt of oxygen in the gas phase.

T h e  oxidation of carbon from  solution in liquid  iron, an im portan t 
industria l process, showed tha t the form ation of carbon m onoxide by 
hom ogeneous nucleation of the gas in the liquid  iron was a very difficult 
process requ iring  large excess pressures. T h e  form ation of a nucleating 
poin t such as a film of iron oxide caused violent nucleation to take place. 
T h e  surface evolution of carbon m onoxide was found to be governed by 
gas m ass transfer except at very high reaction rates.

T h e  form ation of fum es of ferric oxide during  oxygen steelm aking was 
found to be due at least in part to the com plete oxidation of small 
spherules of iron ejected from  drops of reacting m etal by carbon 
m onoxide bubbles bursting  th rough  the m etal surface.

6. Bubbles, drops and interfacial phenomena

Because of the corrosive natu re  of slags and liquid m etals, relatively 
crude m ethods of slag-m etal-gas contacting have to be used in sm elting 
and refining processes. T h e  realization tha t reactions occur m ainly at 
in terphase boundaries and tha t the ir rates are usually controlled by mass 
transfer led to a series of im portan t investigations into the rates of 
heterogeneous reactions.

T h e  understand ing  of the im portance of phase dispersion was a key 
factor in the design of small reactors in w hich intensive and therm ally 
efficient processes could be carried out. S tudies were m ade of the 
behaviour of gas bubbles in liquid m etals and because these are difficult 
experim ents to perform  quantitatively at high tem peratures, models 
using m ercury  and aqueous solutions at room  tem perature  were also 
used. I t  was observed tha t gas bubbles rising th rough  a m ercury-aqueous 
interface becam e com pletely covered by a film of m etal, w hich then 
peeled off and fell back into the pool in the form  of tiny droplets, thereby 
significantly increasing mass transfer betw een the phases.

E xperim ents on the transfer of oxygen from  large bubbles in a colum n 
of liquid silver showed that the cold m odel could be useful to predict the 
behaviour of hot systems.

C orresponding studies on mass and heat transfer from  droplets of 
m etal to flowing gases were perform ed w ith a levitation m elting tech­
nique, and from  m etal to liquids by allowing the m etal droplets to fall 
th rough  colum ns of reacting liquids.

T h e  factors affecting the shapes and rates of rise of gas bubbles were 
established and the im portance of interfacial turbulence in enhancing 
rates was m ade apparent.
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T h e  com plex effects of s tirrin g  liqu id—liqu id  in terfaces by passing  gas 
b u bb les upw ards th ro u g h  them  w ere quan tita tive ly  de term in ed  and 
m athem atical m odels set up , w hich enabled  labora to ry  investigations to 
be satisfactorily  correla ted  w ith  in d ustria l reactors.

T h e  great developm ents in the  application  of process eng ineering  
p rincip les to m etallurg ical processes since 1960 have been  m ainly  due to 
the w ork carried  ou t in the field by  the Jo h n  Percy  R esearch G ro u p  
du rin g  th is period .

7. Other contributions

In  add ition  to the  ‘m a in stream ’ research  pub lications, m any additional 
co n trib u tio n s  cam e from  the developm ent of new  experim ental te ch ­
n iques such as the use of solid electro lyte p robes to m easure the oxygen 
con ten ts of m olten  m etals.

A notab ly  com plete b iographical m em oir of S ir C harles G oodeve, 
F .R .S ., was pub lished  in 1981, and an extensive series of review s and 
pub lished  lectures was p roduced  from  1950 to  1978. T h ese  inc luded  
notable con tribu tions on the s tru c tu re  and teach ing  of m etallu rgy  and  the 
texts of a w hole series of im p o rtan t lectures. T hese  included  m em orial 
lectures to m ost of the m ajor societies and o ther organizations concerned  
w ith  extractive m etallurgy.

P e r s o n a l it y

F ro m  the above list of D en y s’s achievem ents in w ar and in peace it 
could be supposed  th a t he was so m uch  a dedicated  scientist th a t there  
was no room  in his life for o ther p u rsu its  or h um an  rela tionships. Such an 
idea is totally  w rong and anyone w ho w orked w ith  h im  could be 
astonished  at the range of the  outside in terests for w hich he found tim e, in 
add ition  to the  enorm ous am ount of w ork he gave to his scientific 
pu rsu its .

H e lived w ith  his happy  and u n ited  fam ily in a fine house su rro u n d ed  
by a beau tifu l garden, w hich was D en y s’s p ride and joy  and  to w hich he 
gave a great deal of tim e and energy. H e was an accom plished p a in te r in 
w ater colours, a connoisseur of fine a rt and a gifted conversationalist. H is 
personality  was vivid and although  he was ra th e r slight in bu ild , his 
presence was always noticeable. H e was in to le ran t of w hat he considered 
to be sloppy th ink ing  and his b rusque  trea tm en t of some of his 
con tem poraries earned  som e resen tm ent. T o  his friends D enys was a 
charm ing  and am using com panion; his care for the welfare of those who 
w orked u n d e r h im  was unend ing  and th ro u g h  the w orldw ide netw ork  of 
his ex -studen ts and colleagues his influence rem ains clearly to  be felt and 
will continue for years to come.

I have been asked to w rite th is m em oir because I probab ly  w orked w ith  
D enys over a longer period  of tim e than  any o ther living person. I 
deliberately  chose to rejoin h im  tw ice at w ork and, like his fam ily and his 
m any friends, I am  glad to have know n a great m an.
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I w ish to convey my gratitude to those who have provided inform ation 
and ancedotes about D enys R ichardson. I particularly  wish to thank M rs 
Irene R ichardson who has provided m uch help and inform ation. D enys’s 
sons, H ugh and Rodney, ex-colleagues, Jam es Close and W ally Voice, 
and his friends at Im perial College and all over the world have 
con tribu ted  m ost helpfully.

It is unusual bu t characteristic of the m an that the m ost im portant 
contribution  to the present m em oir was m ade by Denys himself, who in 
the last m onths of his life w rote an extensive series of biographical notes; 
these have been used by kind perm ission of M rs Irene Richardson.

‘He was a m an, take him  for all in all,
I shall not look upon his like again.’

W illiam Shakespeare 
Hamlet

T h e  photographs reproduced were taken in about 1939 and 1968 re­
spectively. T h e  latter was taken by G odfrey A rgent.

1 .

(1) 1948

(2) 1949

(3) 1950

(4)

( 5 )

(6) 1952

(7) 1953 
33.
(8) 1965

(1) 1952

(2) 1953

(3)

(4)

(5) 1954

B ib l io g r a p h y

Free energy diagrams, analyses o f metallurgical processes
(With J. H. E. Jeffes) Thermodynamics of substances of interest in iron and 

steelmaking from 0°C to 2400°C. I. Oxides, Jf, Iron Steel Inst. 160, 261.
(With J. H. E. Jeffes) Thermodynamic background of iron and steelmaking processes. 

I. The blast furnace. Jf, Iron Steel Inst. 163, 397.
(With J. H. E. Jeffes & G. W ithers) Thermodynamics of substances of interest in iron 

and steelmaking. II. Compounds between oxides. Jf. Iron Steel Inst. 166, 213.
Thermodynamic background of iron and steelmaking Processes. II. Deoxidation, Jf. 

Iron Steel Inst. 166, 137.
(With G. W ithers). Thermodynamic aspects of the movement of sulphur between slag 

and gas in the basic open hearth process. Jf. Iron Steel Inst. 165, 66.
(With J. H. E. Jeffes) Thermodynamics of substances of interest in iron and 

steelmaking. III. Sulphides.^. Iron Steel Inst. 171, 165.
Thermodynamics of metallurgical carbides and of carbon in iron. Jf. Iron Steel Inst. 175,

(With A. V. Bradshaw) Thermodynamic and kinetic aspects of vacuum degassing. Iron 
Steel Inst. spec. Rep. no. 92, p. 24.

2. M etal solutions
(With J. B. Bookey & A. J. E. Welch) Phosphorus-oxygen equilibria in liquid iron. Jf. 

Iron Steel Inst. 171, 404.
(With W. E. D ennis) Thermodynamic study of dilute solutions of carbon in molten 

iron. Trans. Faraday Soc. 48, 2.
(With W. E. D ennis) Effect of chromium on the thermodynamic activity of carbon in 

liquid iron. Jf. Iron and Steel Inst. 175, 257.
(With W. E. D ennis) The equilibrium controlling the decarburisation of 

iron-chromium-carbon melts. Jf. Iron Steel Inst. 175, 264.
(With L. E. Webb) Oxygen in molten lead and the thermodynamics of lead oxide-silica 

melts. Trans. Instn Min. Metall. 64, 529.
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(6) 1958
(7) 1960
(8)

(9) 1963

(10) 1964

(11) 1967

(12) 1969

(13)

(14) 1970

(15) 1972

(With C. B. Alcock) Dilute solutions in molten metals and alloys. Acta Metall. 6, 385.
(With C. B. Alcock) Dilute solutions in alloys. Acta Metall. 8, 882.
(With K. P. Abraham, M. W. D avies & J. L. Barton) Activities of manganese in solid 

platinum. Acta Metall. 8, 888.
(With Y. Jeannin & C. M annerskantz) Activities in iron-chromium alloys. Trans. 

Am. Inst. Min. metall. Petrol. Engrs 227, 300.
(With P. J. Bowles & H. F. Ramstad) Activities of silicon in metals and alloys. J. Iron 

Steel Inst. 202, 113.
(W ith C. M . D iaz) Electrochemical measurement of oxygen in molten copper. Trans. 

Instn Min. Metall. C 81, 63.
Dilute solutions in alloys. (Comments on a paper by N. G. Gokcen.) Scr. Metall. 3, 

161.
(With R. J. Fruehan) Activities of oxygen in liquid copper and its alloys with silver and 

tin. Trans. Am. Inst. Min. metall. Petrol. Engrs 245, 1729.
(With K. T. Jacob & S. K. Seshadri) Thermodynamics of oxygen in liquid copper-tin 

alloys. Trans. Instn Min. Metall. C 79, 273.
(With J. Carbo-N over) Stannous oxide and the solubility of oxygen in tin. Trans Instn 

Min. Metall. C 81, 63.

(1)
(2)

1948
1952

(3) 1954

(4)

(5) 1955

(6)

(7) 1956

(8)

(9)
(10)
(11)

1957
1958

(12)

(13) 1960

(14)

(15)

(16)
(17)

1961

(18)

(19) 1962

(20) 1963

(21) 1965

3. Thermodynamics and structures o f slag solutions
Constitution and thermodynamics of liquid slags. Discuss. Faraday Soc. no. 4, p. 244. 
Thermodynamic aspects of molten slags. In The physical chemistry of melts, p. 75.

London: Institution of Mining and Metallurgy.
(With C. J. B. F incham) The behaviour of sulphur in silicate and aluminate melts. 

Proc. R. Soc. Lond. A 223, 40.
(With C. J. B. F incham) Sulphur in silicate and aluminate slags. J. Iron Steel Inst. 178,

4.
Thermodynamic aspects of slags and glasses. In The vitreous state (6), p. 63. Glass 

Delegacy of the University of Sheffield.
(With J. E. A ntill) Thermodynamic properties of cuprous sulphide and its mixtures 

with sodium suphide. Trans. Faraday Soc. 51, 1.
(With C. J. B. F incham) Le soufre dans les laitiers de silicate et d’aluminate. Revue 

Metall. 53, 3.
(With J. C. Billington) Copper and silver in silicate slags. Trans. Instn Min. Metall. 

65, 7.
Activities in ternary silicate melts. Trans. Faraday Soc. 52, 1312.
(With T. C. M. Pillay) Lead oxide in molten slags. Trans. Instn Min. Metall. 66, 7. 
Oxide slags—a survey of our present knowledge. In Physical chemistry of steelmaking, a 

symposium, p. 55. Technology Press, M.I.T.
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