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T h e  u n u s u a l  t i t l e  d o e s  no t  i n d i c a t e  an  i n t e r e s t  in  p h a r m a c e u t i c a l s - j u s t  a n  o v e r w h e l m i n g  
c o n v i c t i o n  t h a t  s u c c e s s  in  r e s e a r c h ,  d e v e l o p m e n t ,  and ,  p a r t i c u l a r l y ,  a p p l i c a t i o n  d e p e n d s  
a s  m u c h  on  m e n  a s  on  t he  m a t e r i a l s  o r  n ew  t e c h n i q u e s  t e s t e d .  T h e  h y p o t h e s i s  wi l l  b e  
i l l u s t r a t e d  by  c a s e  h i s t o r i e s  w i t h  w h i c h  t h e  l e c t u r e r  h a s  b e e n  c l o s e l y  a s s o c i a t e d  a n d  
w h e r e  the  h u m a n  f a c t o r s  c a n  b e  i d e n t i f i e d  w i t h o u t  an y  r e c o u r s e  to  s t a t i s t i c a l  m e t h o d s .  
T h e s e  r a n g e  f r o m  t h e  t r u e  d e n s i t y  of p u r e  m a g n e s i a  to  the  o r i g i n s  of t h e  s e a  w a t e r  
m a g n e s i a  p r o c e s s .  

THE i n t r o d u c t i o n  to  a l e c t u r e  ( and  e v e n  m o r e  to a n  
a r t i c l e  o r  book)  i s  u s u a l l y  t h e  m o s t  i m p o r t a n t ,  a n d  
a l s o  t he  m o s t  d i f f i c u l t ,  p a r t  of t h e  e x e r c i s e .  I t  i s  i m -  
p o r t a n t  b e c a u s e  i f  you  d o n ' t  c a p t u r e  y o u r  a u d i e n c e  in  
t h e  f i r s t  f e w  s e n t e n c e s  you  a r e  l i k e l y  to  h a v e  l o s t  t h e m  
f o r e v e r .  I t  i s  d i f f i c u l t  b e c a u s e  you  do no t  k n o w  y e t  
w h a t  i t  i s  you  a r e  g o i n g  to  i n t r o d u c e .  F o r  t h i s  r e a s o n  
I f i nd  i t  b e s t  to  w r i t e  t h e  i n t r o d u c t i o n  a f t e r  I h a v e  
f i n i s h e d  t h e  r e s t  of t h e  t e x t .  W i t h  m e m o r i a l  l e c t u r e s  
t h e r e  i s  a n  a d d i t i o n a l  p r o b l e m :  t he  a u t h o r  s i n c e r e l y  
w i s h e s  to  h o n o r  t h e  m a n  c o n c e r n e d  bu t  p r o b a b l y  n e v e r  
k n e w  h i m .  H e n r y  M a r i o n  Howe  d i e d  w h e n  I w a s  s i x -  
t e e n .  A t  t h a t  t i m e  I h a d  a t  l e a s t  one  t h i n g  in  c o m m o n  
w i t h  t h i s  r e m a r k a b l e  m e t a l l u r g i s t - I  w a s  c o n v i n c e d  
t h a t  I w a n t e d  to  ge t  i n t o  i n d u s t r y - a  c o n v i c t i o n  I m i g h t  
a d d  t h a t  i s  s h a r e d  b y  f a r  t oo  few of t o d a y ' s  s c h o o l b o y s  
a n d  s t u d e n t s .  

F o r t u n a t e l y  f o r  m e  y o u r  p a s t  p r e s i d e n t ,  J i m  A u s t i n ,  
w h o m  I h a v e  k n o w n  a n d  a d m i r e d  f o r  m o r e  t h a n  f o r t y  
y e a r s ,  c h o s e  f o r  h i s  M e m o r i a l  l e c t u r e  a b i o g r a p h y  n o t  
on ly  of H.  M .  Howe bu t  of h i s  e q u a l l y  e m i n e n t  f a t h e r -  
r e f e r r e d  to  b y  t h e  b i o g r a p h e r  a s  D r .  H o w e .  A few d a y s  

a f t e r  r e a d i n g  t h e  b i o g r a p h y ,  i n  t h e  h o p e  of f i n d i n g  a 
p e r s o n a l  l ink ,  I w a s  w a n d e r i n g  a r o u n d  L o n d o n  a n d  
f o u n d  a n ew  (to m e )  G r e e k  r e s t a u r a n t ,  j u s t  two  b l o c k s  
w e s t  of T o t t e n h a m  C o u r t  R o a d .  I w a s  t e m p t e d  to  e n t e r -  
in  s p i t e  of t h e  f a c t  t h a t  t h e  w i n d o w s ,  u n l i k e  t h o s e  of 
t h e  r a t h e r  m o r e  e l e g a n t  r e s t a u r a n t s  n e a r b y ,  w e r e  no t  
f i t t e d  w i t h  t h e  l a t e s t  r e f i n e m e n t :  s t e e l  m e s h  s c r e e n s  
to  k e e p  ou t  u n r e q u e s t e d  b o m b s - b y  t h e  o b v i o u s  e x u b e r -  
a n c e  of b o t h  s t a f f  a n d  d i n e r s .  T h e  d e c i b e l s  w e r e  w e l l  
a b o v e  t h e  C o n c o r d e  l e v e l ,  b u t  t h e  Z o r b a  t y p e  m u s i c  
q u i t e  i n t o x i c a t i n g .  So too ,  I f ound ,  w a s  t h e  w i n e .  T h e  
a s s o c i a t i o n  w i t h  D r .  Howe  w h o s e  e x p l o i t s  in  G r e e c e ,  
w h e r e ,  s a y s  A u s t i n ,  h e  j o i n e d  w i t h  L o r d  B y r o n  i n  t h e  
w a r  a g a i n s t  t h e  T u r k s ,  w a s  i r r e s i s t i b l e .  I c o u l d  s h a r e  
h i s  e n t h u s i a s m  a s  I s a t  w i t h i n  two  y a r d s  of t h e  m a n a -  
g e r ,  w h o  p e r f o r m e d  a p e r p e t u a l  t r i p l e  m i r a c l e :  c h e c k -  
i n g  t h e  h a n d b a g s  of  t h e  l a d i e s  f o r  b o m b s  a s  t h e y  e n t e r e d  
t h e  r e s t a u r a n t ,  d a n c i n g  to  t h e  m u s i c ,  a n d  e a t i n g  a 
s h i s k a b a b  w i t h  o b v i o u s  r e l i s h ,  e v e n  t h o u g h  I i m a g i n e d  
t h i s  w a s  h i s  i n e v i t a b l e  e v e n i n g  d i s h - t h e y  d i d n ' t  s e r v e  
v e r y  m u c h  e l s e !  

T h u s  s t i m u l a t e d  I s t a r t e d  to  w r i t e  t h i s  i n t r o d u c t i o n .  

The Howe Memorial Lecture was established in 1923 by the Iron and Steel 
Division, now the Iron and Steel Society, o f  AIME. The Lecturer is selected for 
his outstanding contributions to the science and practice o f  iron and steel metal- 
lurgy or metallography. 

DR. JOHN H. CHESTERS has been interested in refractories since graduating 
from the University of Sheffield in 1928. He was awarded a Metropolitan Vickers 
scholarship to study the problem of refractory materials in the induction furnace 
and was awarded a Ph.D. for his work in 1931. In the same year he won a Robert 
Blair Fellowship to do research on refractories at the Kaiser Wilhelm Institut f/it 

Silikatforschung in Berlin. From 1932 to 1934, he held a Commonwealth Fund 
Fellowship at the University of Illinois. 

In 1934 he took charge of the Refractories section of United Steel's newly 
formed Central Research Department. Ultimately he became director of the Corp- 
orate Laboratories of the British Steel Corporation, retiring in July 1971. 

Among his awards, Dr. Chesters has received the Sir Robert Hadfield Medal of 
the Iron and Steel Institute, AIME's Robert Hunt Award and Benjamin Fairless 
Award. In 1969 he was made a Fellow of the Royal Society and in 1970 was 
awarded the Order of the British Empire. 
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If it sounds a d runken  effor t  you wi l l  know why. At 
leas t  I can c la im "v ino  v e r i t a s " .  Not only, I r e m e m -  
bered ,  had Dr .  Howe gone to Greece  and loved i ts  
people; he had gone l a te r  v ia  P a r i s  to B e r l i n  where  he 
got h imse l f  a r r e s t e d  al though his m i s s i o n  was m e r e l y  
to d i s t r i bu t e  money col lected for Po l i sh  re fugees .  In 
November  1939, shor t ly  a f te r  we dec la red  war  on Ger -  
many,  a Uni ted Steel  col league and I " v o l u n t e e r e d "  to 
join with one or  m o r e  F r e n c h m e n  (it t u rned  out to be 
one) in  some  economic  w a r f a r e .  We were  told by H. M. 
Gove rnmen t  that they badly needed low i ron  magnes i t e  
to make m a g n e s i u m  for ae rop lanes  and i ncend i a ry  
bombs,  and that the G e r m a n s  badly needed chrome ore  
for s tee lmaking .  We were  to rendezvous  in P a r i s  and 
proceed  via  Be lg rade  to Athens  and probably  to T u r -  
key.  A r m e d  with half a dozen v i sas  we flew at 1000 
feet above sea  level  to Le Bourget .  T h e r e  we were  
conducted to a s m a l l  tent  where  we were  asked to show 
our pape r s .  T h e r e  had been  no t ime  in  the 48 hours  
not ice  for  protocol .  Half the e m b a s s i e s  and consula tes  
were  c losed.  Even  the F r e n c h  v i sa  was only obtained 
by p r e s s u r e  f rom the Fo re ign  Office, though it was the 
F r e n c h  with whom we were  to coopera te .  Another  was 
obtained by our cou r i e r  l i t e r a l l y  s t ick ing  his foot in 
the door un t i l  we were  al lowed to en t e r .  The consul  
here  was ve ry  angry .  He sa id  it  was a r e l ig ious  hol i-  
day and the re  was no one on duty. We rep l i ed  that we 
were  s o r r y  to t roub le  him in  this  r u t h l e s s  m a n n e r  but 
" t h e r e  was a war  o n " .  Like many top m a n a g e r s  faced 
for the f i r s t  t ime  with doing the job t h e m s e l v e s - i n  this 
case  i s s u i n g  a v i s a - h e  was f lummexed .  He t r i ed  half 
a dozen r u b b e r  s t amps  before  he found one with the 
r ight  m e s s a g e !  In the ru sh  my p ro fe s s ion  had been  
de sc r i bed  in  one of the pape r s  as "Sorc ier" ,  a va in  
a t tempt  to t r a n s l a t e  into F r e n c h  the word for " r e -  
s e a r c h  w o r k e r "  ! When the l i t t le  man  in the tent  at Le 
Bourget  r ead  th is  he showed obvious anxiety,  if not 
shock. "Vous  ~tes v r a i m e n t  s o r c i e r " ?  he said .  To 
which I m e r e l y  rep l i ed  "Oui ,  O u i " .  He s tamped my 
pas spo r t  i m m e d i a t e l y  and handed it b a c k - e v i d e n t l y  
p r e f e r r i n g  to admi t  a spy with magic  powers ,  even 
though a poss ib le  spy, r a t h e r  than r i s k  be ing tu rned  
into a f rog.  

We soon r ea l i z ed  that our  f i r s t  p rob lem was to d i s -  
guise the object  of our  m i s s i o n .  The s t amp  of the 
F r e n c h  A m b a s s a d o r -  an acc ident  of t i m i n g -  afforded 
us d ip lomat ic  s ta tus  in F r a n c e ,  but what a f te r  that ? 
We hit on a solut ion,  at l eas t  for the B r i t i s h  r e p r e s e n -  
ta t ives ,  that worked like a cha rm.  We would pose as 
playboys with al l  that e n t a i l s - o r  mos t  of it! On a r r i v a l  
in  Be lgrade  where ,  as everywhere ,  we had to d isplay 
our  pa s spo r t s ,  we took a splendid  room in  the bes t  
hotel  and, having unpacked,  p roceeded  to the ba r  where  
my B r i t i s h  col league d rank  whisky a f te r  w h i s k y - h e  
had spent  mos t  of his working  life in India .  Not being 
much of a d r i n k e r  I asked the advice of the ba r  man,  
who suggested  gin and grapef ru i t .  It  was not unt i l  about 
3 A .M.  that I r e a l i z ed  my mis take ,  for  each glass  (and 
I had had about six) conta ined a complete  J e r u s a l e m  
grapef ru i t .  The r i s k  I was watching (gett ing t iddly and 
los ing my passpor t )  was r ep laced  by a boi l ing  s tomach,  
which with an open hear th  fu rnace  would have suggested  
bottom t roub le  and the need to tap i m m e d i a t e l y .  Af ter  
p laying poker  dice with one another  for  about an hour 
we had d inne r ,  s t a r t ing ,  of course ,  with cav ia r .  The 
next night,  unclouded by the G and G 's ,  I not iced an 
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i tem on the b i l l  that  stuck out about two digi ts  beyond 
the r e s t .  " W h a t e v e r " ,  I said,  " i s  t h i s " .  The wai ter  
r ep l i ed  "Tha t ,  s i r ,  is  for the c a v i a r " .  But I said it  is  
only one- t en th  that p r i ce  on the menu.  "Tha t ,  s i r ,  he 
responded,  is  for  a spoonful.  You had a t i n " .  Not to 
worry ,  what a r e  a few ex t ra  d i n a r s  when you a re  com- 
mi s s i one d  to spend mi l l i ons .  

Most nights  we s t reng thened  our  d i sguise  by a v i s i t  
to a night c l u b - w e  mus t  have gone more  t i m e s  in that 
month  than would be cons ide red  r ea sonab l e  even in  Las  
Vegas .  It  was the C o m m e r c i a l  Attach6 at the Consulate  
who in t roduced  us,  and I was amazed  to find that  this 
was one of his ma in  sou rces  of in fo rmat ion .  My col- 
league i n s i s t e d  we were  followed not only in  Belgrade  
but on the t r a i n  and in  Athens,  and by a susp ic ious  
looking G e r m a n  gen t leman.  I doubted it, though I had 
to agree  that we kept see ing  him!  Maybe he was a 
playboy d i sgu i sed  as a G e r m a n - a f t e r  al l  they get the 
magaz ine  too. Once in  Belgrade  we thought the game 
might  be up when a p r e s s m a n  craved  an in te rv iew,  
having heard  that  we were  buying " m a n g a n e s e " .  We 
truthful ly denied it, but accepted it  as a warn ing  shot. 
In Athens the re  were  other  s u r p r i s e s ,  e.g., the hotel 
m a n a g e r  who begged me to give an audience to his 
f r iend.  On the advice of my colleague,  compared  with 
whom I was,  as  we say in Yorksh i re  "No but  a lad" ,  
I agreed  to m e e t  him in the cen te r  of the hotel  lounge, 
where  the pos s i b i l i t i e s  of any funny stuff would be much 
reduced .  Af te r  o rde r ing  tea,  he said the re  was no 
point  in bea t ing  about the bush.  He unders tood  that I 
was here  to buy tobacco, and that,  the G e r m a n s  having 
pulled out, he was in  cont ro l  of the complete  crop.  I 
a s s u r e d  him that  we were  not at the momen t  buying 
anything but fun. We'd spent the mor n i ng  on the Acro-  
pol i s .  He walked out not even wai t ing to f in i sh  the tea 
he had paid for .  I d i scovered  l a t e r  that he had been 
watching the hotel  r e g i s t e r  for  a m a n  with a name 
sounding like mine  though di f ferent ly  spe l led .  On r e -  
t u r n  to Belgrade  we heard that the B r i t i sh  M i n i s t r y  
were  wor r i ed  because  my namesake  was in fact a 
double agent  suppor t ing  the Br i t i sh  one m o m e n t  and 
the G e r ma ns  the next.  On r e t u r n i n g  to the UK I read 
that he had been shot, though I never  l ea rned  by 
whom. 

I have n e v e r  before  told this  s to ry  in  publ ic ,  so I 
hope you wi l l  forgive me for be ing c a r r i e d  away by it .  
I should add that  we bought every  bit  of magnes i t e  and 
chrome we could lay our hands on in Greece  and were 
i m m e n s e l y  i m p r e s s e d  by the Anglophile  Greek  with 
whom, on the advice of the A m b a s s a d o r  we made  our 
deal .  We told him that the B r i t i s h  Gove rnmen t  would 
pay cash into his Athens bank for  every  ton loaded on a 
ship in  Greece ,  r e g a r d l e s s  of whether  it was sunk by 
enemy ac t ion  or  not.  We both s tuck to our  b a r g a i n  
though the m a t e r i a l  got no fu r the r  than North  Afr ica  
unt i l ,  much  l a te r  in the war ,  the M e d i t e r r a n e a n  was 
reopened  to shipping.  

Many other  co inc idences  f loated into my mind .  I too 
went to Ber l in ,  but as a s tudent ,  and was confronted,  if 
not a r r e s t e d ,  by the pol ice .  The cause ? I had to com- 
ple te  in quadrup l ica te  my en t ry  p e r m i t .  The opening 
co lumns  I knew, or guessed:  nahme,  vo rnahme ,  g~bur t -  
stag:  obviously name,  c h r i s t i a n  name  and b i r thday .  
The next  " L e d i g  oder V e h e i r a t e t " ,  fooled me  com- 
ple te ly .  Actual ly  it  means  " s i n g l e  or m a r r i e d " .  
Thinking it  m u s t  mean  p ro fe s s ion  I wrote  " s t u d e n t " .  
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The police off icer  was fur ious :  "Das  kSnnen s ie  nicht  
s c h r e i b e n "  he said .  But I had, and eventua l ly  he 
allowed me to leave.  

Tu rn ing  at l a s t  to HENRY MARION HOWE I find a 
s i m i l a r  Empathy.  I 've  neve r  used that  word before  so 
I hope I unde r s t and  it .  I can, for example ,  fully appre -  
ciate his exc i t emen t  in be ing  involved in the f i r s t  37 
heats  made  in  the USA on an openhear th  fu rnace .  I ' m  
su re  Howe was watching the hear th  as c lose ly  as  I 
would if only to know when to s t a r t  runn ing .  I l e a r ne d  
too that it was through his work on the B e s s e m e r  p ro -  
cess  that he me t  his wife. I d idn ' t  mee t  mine  (also an 
Amer ican)  that  way but we did have a B e s s e m e r  honey-  
m o o n - s u r e l y  a unique h a p p e n i n g - d u r i n g  which I 
v is i ted  p lan ts  in such spots as Chicago and P i t t sburgh ,  
r epo r t i ng  each evening to my wife on my expe r i ences  
and she on h e r s .  

My f inal  c ro s s  r e f e r e n c e  mus t  be to the B e s s e m e r  
Medal  awarded to H. M. H. in 1895, s even ty -one  ye a r s  
before  I got m ine .  Having s ince  been a m e m b e r  of the 
se lec t ion  commi t t ee  I can say,  without r i s k  of rebut ta l ,  
that he m u s t  have stood head and shoulders  above the 
crowd to have been  elected at that d i s t ance .  Fou r  
yea r s  l a t e r  they gave it to Queen Vic to r i a .  

Having r ead  s e v e r a l  of the more  r e c e n t  Howe Me- 
m o r i a l  l e c tu r e s ,  I hes i ta ted  before  put t ing fo rward  a 
subject  as supe r f i c i a l ly  f r ivolous  as  " M e n  and Mag- 
n e s i a " .  Before  you even cons ider  the p h a r m a c e u t i c a l  
impl ica t ions ,  I would s ta te  that I am not  going to talk 
about toothpaste,  though that  was the route  by which 
s e a - w a t e r  m a g n e s i a  a r r i ved ,  leave alone ind iges t ion  or 
const ipat ion.  This  in  spite of the fact that I once won 
(but was unable  to accept) a S a l t e r ' s  fe l lowship f inanced 
by the p h a r m a c e u t i c a l  indus t ry .  I was p r e p a r e d  to a r -  
gue then that  the r eac t ions  of m a g n e s i a  with wa te r  (see 
la ter)  were  as v i ta l  to the p h a r m a c i s t  as to the b r i c k -  
m a k e r .  

No, I chose the t i t le  because ,  throughout  my working 
life, I have been  v i ta l ly  i n t e r e s t e d  in, and conce rned  
with, magnes ia ,  and been  i n c r e a s i n g l y  convinced that  
the way p lan ts  and p r o c e s s e s  funct ion depends even 
m o r e  on m e n  than m a t e r i a l s .  Silk p u r s e s  (at l ea s t  
a r t i f i c i a l  ones)  can, as Ar thu r  D. Li t t le  demons t r a t ed ,  
be made out of sows ea r s ,  and equal ly what my G e r m a n  
col leagues d e s c r i b e  as a " r i c h t i g e  s c h w e i n e r x e i "  can 
be produced even f rom top grade m a g n e s i a .  With a 
mel t ing  point  of about 2800~ (5072~ and an a lmos t  
unique r e s i s t a n c e  to at tack by i ron  oxide, m a g n e s i a  
might  f a i r ly  be desc r ibed  as God's  gift to s t ee lmak ing .  
I hope now to show by a few se lec ted  case  s tud ies  that 
men  and m a g n e s i a  can be f r i ends  or e n e m i e s .  As one 
of my Energy  f r i ends  keeps saying,  it  is  a ques t ion  of 
ATTITUDE,  ATTITUDE AND ATTITUDE.  But  before  
s t a r t ing  I wi l l  make a f inal  quote f rom J i m  Aus t in :  

"ALL HONOR TO HENRY MARION HOWE".  

Fig. 1--Induction furnace tapping steel into ladle. 

e x p e r t " .  Bas i f r ax  was the name  given by a Canad ian  
company to the i r  high l ime de a d - bu r ne d  m a g n e s i t e ,  
which had a l r eady  proved i ts  va lue  as an induc t ion  
fu rnace  l in ing .  L a t e r  I not iced on the m a n a g e r ' s  desk  
a t e l e g r a m  that  r ead  "W e  a r e  sending  our Bas i f r ax  
exper t  i m m e d i a t e l y " .  In the d i s c u s s i o n  that  followed I 
was told that  when power  was applied to the fu rnace  
both the contents  and the s t ee l  l i ne r  (see F ig .  2) heated 
up in  the n o r m a l  m a n n e r ,  but that when the l i n e r  soft-  
ened and s l id  down into the bath of mol t en  m e t a l  it  was 
followed by the l in ing  i t se l f !  It had not s i n t e r e d  to 
form in the t r ad i t i ona l  m a n n e r  a smooth  ha rd  su r f ace .  
I took a sample  of the l in ing  m a t e r i a l  and r e t u r n e d  to 
the R e f r a c t o r i e s  D e p a r t m e n t  at the U n i v e r s i t y  of Shef- 
f i e l d - p r o m i s i n g  to r epo r t  back as quickly as  pos s ib l e .  

Fo r tuna t e ly  I had at the l abo ra to ry  a s m a l l  s ample  
of B a s i f r a x  that  was a l leged to have behaved s a t i s f ac -  
to r i ly  e l s ewhe re .  I compared  the g ra in  s ize  d i s t r i b u -  
t ion of this  with that  of the m a t e r i a l  that  had fai led:  

SINTERING IS A CHEMICAL PHENOMENON? 

In 1928, only a few weeks af ter  I s t a r t ed  r e s e a r c h  
on the l in ing  of induct ion fu rnaces  (Fig.  1) I was asked 
by my scho la r sh ip  sponso r s  (Metropol i tan  Vickers )  to 
proceed at once to a cable company in  London to inves -  
t igate  the f a i lu re  on the f i r s t  heat of the i r  newly in-  
s ta l led  MV furnace .  I was gree ted  on a r r i v a l  by what I 
took to be a cynica l  r e m a r k :  "So you a re  the Bas i f r ax  

IMM Mesh on 20 20-60 60-120 through 120 

Basifrax-- satis factory 20 35 20 25 
Basifrax--failed 35 50 10 5 

Any r e f r a c t o r y  technologis t  looking at th is  data  today 
would say that  the t roub le  was undoubtedly due to in -  
suff ic ient  " f i n e s " .  In 1928 th is  was jus t  a pos s ib i l i t y .  
I decided t h e r e f o r e  to f i l l  th ree  ma gne s i t e  c r u c i b l e s  
with: 
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Cruc ib le  1 Bas i f r ax  as  used in  p rev ious  i n s t a l l a -  
t ions  

Cruc ib le  2 Bas i f r ax  f rom the London f iasco  
Cruc ib le  3 ditto but with a much i n c r e a s e d  through 

120 f rac t ion .  

Af te r  heat ing the c ruc ib l e s  to 1500~ and cooling I ex- 
m i n e d  the contents .  Cruc ib l e  1 contained a hard  
cy l inder  but  the magnes i t e  in  Cruc ib le  2 could be 
poured  out l ike dry  sand.  Cruc ib le  3 - t h e  r e - g r a d e d  
m a t e r i a l - c o n t a i n e d  a cy l inder  as s t rong  as that in 
Cruc ib le  1. 

Re tu rn ing  forthwith to London I was r ece ived  by the 
top managemen t ,  who were  s i t t ing  round a l a rge  g reen  
ba ize  covered  table  in  what I took to be the boa rd room.  
Asked what I had found out I produced some s t andard  
s i eves  f rom a r u c - s a c  and proceeded  to d e m o n s t r a t e  
the low content  of " th rough  120 m e s h "  m a t e r i a l  in  the 
l in ing  that had fai led.  I then showed them the d r a m a t i c  
effects  obse rved  in the c ruc ib le  tes t .  The c h a i r m a n  
was not i m p r e s s e d ,  i n s i s t i n g  that s i n t e r i ng  was a 
chemica l  not a phys ica l  phenomenon .  I agreed  that 
c h e m i s t r y  played i ts  par t ,  but  added that a l l  I thought 
was needed at the m o m e n t  was a grading s i m i l a r  to 
that  used by p rev ious  c l i en t s .  I asked him whether  
anyone in  London could g r ind  to speci f ica t ion .  He said 
he d idn ' t  know, and impl i ed  he d idn ' t  want to know. 
Refus ing  to be put off I asked for a copy of the London 
te lephone d i r ec to ry  and found in  the yellow pages  a 
f i r m  called Cen t r a l  P u l v e r i s i n g .  I got them on the 
phone and asked if they could p r e p a r e  the grading  I 
wanted f rom the stock ava i l ab le .  When they said they 
could I said I would get a cab and b r i ng  the m a t e r i a l  
round so that they could gr ind  i t  i m m e d i a t e l y .  They 

r ep l i ed  that this would not be poss ib l e  as the i r  gr inding 
p rocedu re s  were  s e c r e t .  They would however col lect  
the magnes i t e  and r e t u r n  it  r e g r a d e d  in  a day or so.  
Th i s  they did and the grading was  I found, to my s u r -  
p r i s e  and joy, spot-on,  or ,  s ince  i t  was magnes i t e  
' dead '  r ight .  

Then followed my f i r s t  ' t r i a l  by f i r e ' .  The regraded  
m a t e r i a l  was r a m m e d  in pos i t ion  before  my eyes and 
the power switched on. The next  hour was t r a u m a t i c .  
Would it  b r i ng  a t r i u m p h  of technology or another  
a bysma l  f a i lu re .  I was comfor ted  by the advice of my 
boss  George M c K e r r o w - L i a i s o n  Di rec to r  of R e s e a r c h  
at M V - w h o  had said:  "I f  it  succeeds  jus t  say 'Was 
that  al l  you w a n t e d ? ' .  If it  fa i led 'Now i s n ' t  that i n t e r -  
e s t i n g ' . "  Fo r tuna te ly  for me and for my confidence 
in  the numerous  t r i a l s  that followed the l in ing  was (to 
quote F r a nk  Bagnal l ,  a p ionee r  in  induct ion fu rnace  
technology) as ' smooth  as a b a b y ' s  bo t tom' .  

UNBURNED B R I C K S - A  POSSIBLE ALTERNATIVE 
TO RAMMED LININGS IN INDUCTION FURNACES ? 

The f i r s t  expe r imen t s  made  with b r i ck  l in ings  a rose  
f rom our d e s i r e  to compare  d i f fe ren t  m a t e r i a l s  side by 
side under  the s ame  working condi t ions .  The in ten t ion  
was to l ine the 3 cwt pilot fu rnace  at MV with five 
r ings  of tongued and grooved b r i cks ,  having the same  
i n t e r n a l  contour as the r a m m e d  l in ing.  Each r ing  
would cons is t  of two b r i cks  of, say,  magnes i t e ,  two of 
chrome and two of 50-50 c h r o m e - m a g n e s i t e ,  at that 
t ime  (1928) a novel  r e f r a c t o r y .  The o r ig ina l  in tent ion 
was to use f i red  br ick ,  but to save  t ime  a t r i a l  was 
made  with gum bonded unf i red  b r i cks  that proved 
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:hic Fig. 2--Use of steel liner for forming monolithic 
lining in induction furnace. 
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quite s a t i s f a c t o r y - n o  c rumbl ing  or  spa l l ing  taking 
p lace .  A sc rap  charge was mel ted  and tapped. A ba r  
i r on  charge was then mel ted  and held for about an hour .  
This  was then tapped and the l in ing examined  and 
m e a s u r e d .  The r e s u l t s  with this  p a r t i c u l a r  t r i a l  were  
d r a m a t i c :  the magnes i t e  and c h r o m e - m a g n e s i t e  b r i cks  
showed a loss  of about o n e - q u a r t e r  inch; the chrome 
b r i cks  had v i r tua l ly  d i sappeared .  Ana lys i s  of the s tee l  
showed a ch romium pick-up  approx imate ly  equal  to 
the weight of ch romium in the b r ick!  Conclus ion:  un-  
f i red  magnes i t e  or c h r o m e - m a g n e s i t e  can be used to 
l ine induct ion fu rnaces ,  but chrome b r i ck  d i sappear ,  
mos t ly  into the s tee l .  

Encouraged  by this  r e s u l t  I asked F r a n k  Bagnal l  of 
S. Fox & Co. Ltd.  whether  he would be game to t ry  un-  
f i r ed  gum bonded b r i c k s  in  his  5 cwt fu rnace .  He 
agreed  to do so, and I a r r a n g e d  for the bes t  ava i lab le  
Greek  magnes i t e  at P ickford  Holland & Co. Ltd.  to be 
crushed,  graded and r a m m e d  into b r i c k s  with only a 
gum bond to give dry  s t reng th .  The only exception was 
with the two top cou r se s  which were  f i r ed  to e n s u r e  
adequate s t r eng th  at a level  where  the working t e m -  
p e r a t u r e  is  r e l a t i ve ly  low. I i n s i s t ed  on ins t a l l i ng  the 
l in ing  (Fig.  3) mysel f ,  being painful ly  aware  that any 
lack of concen t r i c i ty  with the s tee l  coil  could lead to a 
nas ty  accident;  mol ten  s teel ,  water  and 2000 volts  be-  
ing bad m i x e r s !  The b r i cks  were  se t  on a 2 inch l ayer  
of magnes i t e ,  and the 1/2 inch gap be tween b r i cks  and 
coil  ca re fu l ly  r a m m e d  with magnes i t e  powder.  The 
f i r s t  mel t  was accompanied  by a f l ame  above the bath 
neve r  seen  before  by anyone concerned .  It was agreed  
that this  might  be due to gases  evolved f rom gum in the 
b r i ck s .  The next heat was s i m i l a r  but the f lame l a r g e r .  
It was bigger  s t i l l  on the third,  and F r a n k  Bagnal l  
decided to r un  the fourth h imse l f .  This  t ime  the 
fu rnace  r ea l l y  looked like a B e s s e m e r  and we were  
a l l  p re t ty  s ca red .  FB showed his fee l ings  by m a r c h -  
ing up and down the s tage mu t t e r i ng  "Bloody hell,  
bloody h e l l . "  After  he had tapped the fu rnace  he said:  
" I t ' s  no good Jack we ' l l  have to take the fu rnace  off ."  
When i t  was suff ic ient ly  cool the l in ing  was r emoved  to 
r e v e a l  about 4 inches  of water  in the box below! I 

Fig. 3--Assembly of brick lining in 1/4 ton induction furnace. 

asked F r a n k  whether  the f lame was due to my b r i c k s .  
" N o " ,  he repl ied ,  " T h e  bloody f i t t e r  d idn ' t  t ighten the 
jub i lee  clip on the wa te r  connec t ion  to the c o i l " .  "Does  
that m e a n  we do it a ga i n" ,  I asked,  to which he r e -  
plied,  " Y e s " .  I doubt whether  one m a n a g e r  in  a thou- 
sand would, a f ter  five hours  of t e n s i o n - i n c l u d i n g  
m a j o r  phys ica l  r i sk ,  have made that  dec i s ion .  It would 
have been  so much e a s i e r  to say:  " I t  i s  unl ike ly  to 
have been  your  b r i cks  but we can ' t  poss ib ly  take that  
r i s k  a g a i n " .  

At the t ime  of the f i r s t  MV t r i a l s  on bas i c  l in ings ,  
t r o u b l e - g e n e r a l l y  a s t r ike  to the c o i l - w a s  often ex-  
p e r i e n c e d  af ter  as few as s ix hea ts .  At the t ime  of the 
unf i red  ma gne s i t e  b r i ck  t r i a l ,  s ixty heats  was con- 
s ide red  exce l len t .  Within a week or so of the " B e s s e -  
m e r  r u n "  a new l in ing  of the s a m e  type was in s t a l l ed  
and did 115 me l t s ,  of which 86 were  of the no tor ious ly  
c o r r o s i v e  high manganese  s tee l .  Th i s  r e c o r d  was not 
exceeded at F ox ' s  for at l eas t  a decade.  The r a m m e d  
l in ings  were  not however r ep laced  by b r i c k  l in ings  be -  
cause we agreed  that the s l igh tes t  c a r e l e s s n e s s  in  con- 
s t ruc t i on  could lead to a b reakout  of mo l t en  me ta l  
through the jo in t s .  B r i c k  l in ings  a r e  however  exten-  
s ive ly  used today, e.g. ,  in la rge  foundry induct ion  f u r -  
naces ,  where  the l in ing th i ckness  is  much  g r e a t e r  and 
an i n n e r  b r i c k  l in ing  can be backed by a monol i th ic  
l in ing  as thick as a new l in ing  on a s m a l l e r  fu rnace .  
We had conf i rmed  one i m p o r t a n t  a s sumpt ion ,  v i z . ,  
that pur i ty  is  a m a j o r  factor  in  s lag  r e s i s t a n c e .  

DEAD-BURNED MANGESITE 
DOESN'T HYDRATE ? 

In the Spr ing  of 1931 I was for tuna te  in  being 
awarded a Rober t  B l a i r  Fe l lowship  to cont inue my 
s tudies  on r e f r a c t o r y  m a t e r i a l s  at the K a i s e r  Wilhe lm 
Ins t i tu t  ffir S i l ika t forschung in  B e r l i n .  I had given con- 
s i d e r a b l e  thought to the r e s e a r c h  I should pu r sue  and 
had na ive ly  decided to de t e rmine ,  in  the yea r  avai lable ,  
the effect of such i m p u r i t i e s  as s i l i ca ,  a lumina ,  i ron  
oxide and l ime,  on the hot s t r eng th  of magnes i t e  b r i c k s .  
Looking back I can see that I had given myse l f  at l eas t  
ten  m a n - y e a r s  work, but that was not to be, for shor t ly  
before  I left  for  B e r l i n  the te lephone in  the Re f r ac -  
t o r i e s  D e p a r t m e n t  r ang  and I an swered  i t .  An obvi-  
ously  d i s tu rbed  voice asked for  Mr .  W. J .  Rees ,  the 
head of our  depa r tmen t .  I expla ined that  ne i the r  he, 
nor  his  r ighthand man,  W. Hugill ,  was ava i lab le ,  to 
which he rep l ied ,  "Wel l ,  who a r e  y o u ? " .  I sa id  I was 
jus t  a s tudent ,  and he asked:  "Do you know anything 
about ma gne s i t e  ? " .  Having rep l i ed  " Y e s " ,  he told me 
that  he was in  t e r r i b l e  t roub le  with his  m a g n e s i t e  
k i lns ,  and begged me to come i m m e d i a t e l y .  I went, and 
was hor r i f i ed  by what I saw (Fig.  4). Ins t ead  of the 
typ ica l  10 pct r e j ec t ion  of f i red  b r i c k  he had 100 pct, 
and on five k i lns  ! He was t ry ing  to mee t  the deadl ine  
for  spec ia l  shapes  for a copper c o n v e r t e r  in  South 
Af r i ca  and was so w or r i e d  and exhausted  by his fa i lu re  
that  he was t ry ing  to s leep  on a campbed bes ide  the 
k i lns  so that he could hear  what was happening.  

Af ter  a b r i e f  d i s c u s s i o n  I decided l i t e r a l l y  to "have  
a b a s h "  - s t i l l  a bas ic  pa r t  of my r e s e a r c h  philosophy.  
As I often say to s tudents  faced with a new p r ob l em 
" I t  d o e s n ' t  m a t t e r  so much  what you do ( f i rs t ) ,  but for  
God 's  sake do s o m e t h i n g " .  I asked whether  he had any 
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Fig. 4--Magnesite block for copper converter--cracked in 
firing. 

b locks  that had been  d r ied  but not f i r ed  and he pointed 
to a s tack  of them.  With his p e r m i s s i o n  I dropped one 
a c r o s s  a ra i lway  l ine to see  whether  the f r a c t u r e  
showed any s ign of l amina t ion .  I expected it  to b r e a k  
like a c a r r o t  but ins tead  i t  e x p l o d e d - t h e  s ix s ides  fa l l -  
ing off to leave a so r t  of rugby (or Amer i can )  football .  
I t r i ed  ano ther  and the s ame  happened.  He was as 
amazed  as I was .  "I  can te l l  you one thing r ight  away" ,  
I said,  " t h o s e  b r i c k s  were  ru ined  before  they went into 
the k i l n " .  All  the f i r ing  did was to r e l e a s e  s t r e s s e s ,  
p r e s u m a b l y  bu i l t -up  in the d r i e r .  Then,  or  ve ry  soon 
a f te r ,  I wondered  whether  m a g n e s i a  could s lake like 
qu ick l ime ,  only m o r e  s lowly.  If so could this  r e s u l t  in 
growth and consequent  s t r e s s .  The p robab i l i ty  that the 
ca ta s t rop ic  fa i lu re  was someth ing  to do with hydra t ion  
was i n c r e a s e d  by the fact that he was u s i n g a n u n u s u a l l y  
wet b a t c h - w a t e r  appear ing  on the su r face  as the f inal  
hand molding  was completed by s l ick ing .  

Being  both ex t r eme ly  s o r r y  for  the man,  and in-  
t r igued  by the d i scove ry  of a new a r e a  of ignorance  ~- 
did m a g n e s i a  hydrate ,  and if so what were  the fac tors  
con t ro l l ing  i t - I  decided to make it  the subjec t  of my 
work in  Be r l i n .  To avoid delays  on a r r i v a l  I took with 
me  a sample  of induct ion fu rnace  l in ing  f rom S. Fox & 
Co. Ltd.  It  was in  fact con tamina ted  by slag,  which led 
to my throwing doubt on the ana ly s i s  (which showed 
subs t an t i a l  amounts  of ch romium and nickel)  made by 

a woman ana lys t  at the l abora to ry .  When, af ter  a r e -  
peat  a n a l y s i s - t h e  t ru th  e m e r g e d - s h e  quite fa i r ly  
took her  revenge  by tu rn ing  on a f i re  safety shower 
that soaked me and, not having been used for yea r s ,  
r e fused  to shut off. 

On f i r s t  r epor t ing  to P r o f e s s o r  Ei te l ,  the head of the 
Ins t i tu te ,  I was told that  I would be a s s i s t e d  in my 
s tudies  by Dr .  Woldemar  Weyl.  His m a i n  field both 
then,  and l a te r  at P e n n s y l v a n i a  State Unive r s i ty ,  being 
glass ,  indeed he soon became  one, if not the, leading 
author i ty  on colored g la s s .  He was n e v e r t h e l e s s  in -  
t e r e s t e d  in  my magnes i t e  s tory  and r e c o m m e n d e d  that 
I use an ex t r eme ly  sens i t ive  piece of appara tus  cal led 
a T e n s i - e u d i o m e t e r  (Fig.  5). This  was made  of fused 
s i l i c a  and glass ,  the r e l evan t  pa r t s  be ing  a fused s i l i ca  
combus t ion  tube that conta ined the sample  and could be 
i n s e r t e d  into a furnace ,  and a m e r c u r y  m a n o m e t e r .  
Br ief ly  the idea was that  if, say, a sample  of mag-  
nes ium hydroxide (bruci te)  was placed in  the tube and 
the whole sys t em evacuated,  then any evolut ion of gas 
that o c c u r r e d  on heat ing up could be observed ,  and the 
co r re spond ing  t e m p e r a t u r e  and amount  of gas noted. 
After  only a few weeks '  work I knew that  water  was 
evolved f rom the hydroxide (Mg(OH)2) at about 350~ 
but not f rom the ca rbona te  (MgCO3) unt i l  over  400 to 
500~ A sample  of bas ic  carbonate  produced by p r e -  
c ipi ta t ion showed gas evolut ion over  a wide range from 
100 to 600~ This  was a good s tar t ,  s ince  it  meant  
that I could take s a mp l e s  of dead -bu rned  magnes i t e  
exposed to water  for  given t i me s  at va r ious  t e m p e r a -  
t u r e s ,  and d e t e r m i n e  at l eas t  roughly the amounts  of 
the compounds fo rmed .  F o r  many y e a r s  magnes i t e  
b r i c k m a k e r s  had ' s o u r e d '  the batch,  i . e . , l e f t  it  s tand-  
ing for days af ter  mix ing  with water  before  p r e s s i n g  
into b r i c k s .  This  not only slaked any l ime  p r e s e n t -  
a common impur i ty  in  A u s t r i a n  magnes i t e ,  which in 
the raw s ta te  is  a m i x t u r e  of magnes i t e  and dolomite  
(MgCO3 �9 CaCO3)-bu t  would, I could now see,  a lso hy- 
dra te  any r eac t ive  m a g n e s i a  that might  be p r e sen t  due 
to local ized u n d e r - c a l c i n a t i o n .  

Come C h r i s t m a s  I decided to take a shor t  break.  I 
joined some Czechs I had known in  England for a ski 
t r ip  in the R ie sengeb i rge .  Inc idenia l ly  the vi l lage we 
s tayed in  was,  I swear ,  ca l led Mexico, though I have 
neve r  me t  anyone s ince  who had ever  hea rd  of i t .  After  
th ree  days of ski ing on snow 2 feet thick it  r a ined  and 
the su r face  became  a q u a r t e r  inch of ice .  Skiing being 
v i r tua l ly  imposs ib le ,  and at the bes t  highly dangerous ,  
I decided I would go to the Tyro l ,  v i s i t ing  on the way 
the wellknown A u s t r i a n  magnes i t e  works  at Radenthein.  
Not having given not ice of my a r r i v a l  I was not unnatu-  
r a l ly  viewed with susp ic ion .  It was soon obvious that I 
knew far  too much about the i r  product .  They therefore  
offered to r ing  local  ski  r e s o r t s ,  and i n fo rmed  me 
quite soon that the re  was good snow at Mal ln i tz  and 
that  they would be glad to dr ive  me to the next t r a in .  
Before  I left  I had however  gleaned three  valuable  b i t s  
of in fo rmat ion :  

1) They also had t roub le  with k i ln  c r a c k i n g - l o s i n g  
about 10 pct,  

2) The c rack ing  was worse  with big shapes  which 
were d r i ed  slowly on the shed floor,  

3) Ki ln  c rack ing  was worse  in s u m m e r  than in  win- 
t e r .  

I was a l r eady  convinced that hydra t ion  was the bogey 
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and this  would c l ea r ly  be worse  for big shapes,  but 
why the i n c r e a s e d  t rouble  in the s u m m e r  ? My guess  
was that k i ln  t e m p e r a t u r e s  were ,  within the l im i t s  of 
p y r o m e t r y  and control ,  iden t ica l ,  but the d ry ing  con- 
d i t ions  would be ve ry  d i f ferent  be tween s u m m e r  and 
win te r  if the shapes  were  m e r e l y  d r i ed  on a f loor .  
Could hydra t ion  i n c r e a s e  marked ly  above some c r i t i -  
ca l  t e m p e r a t u r e ?  This  was the ques t ion  I had to 
answer  quickly on my r e t u r n  to B e r l i n .  I decided to 
bui ld  immed ia t e ly  a s imple  appa ra tus  (Fig.  6) that  
would enable  me to m e a s u r e  the expans ion  of a cyl in-  
d r i c a l  t e s tp iece  when d r ied  with va r ious  t i m e - t e m p e r a -  
t u r e  schedules .  I soon found (Fig.  7) that  the expans ion  
i n c r e a s e d  d r a m a t i c a l l y  at t e m p e r a t u r e s  over  60 to 
70~ 

Now I was r ea l l y  gett ing somewhere ,  though, as I 
added in  my 1932 paper  to the B r i t i s h  C e r a m i c  Society,  
on the " D r y i n g  of Magnes i te  B r i c k s " ,  I was s u r p r i s e d  
by the complexi ty  of what at f i r s t  appeared  to be a 
s imple  p rob lem,  and suggested that  this  was why sou r -  
ing  and dry ing  had so long r e m a i n e d  a m y s t e r y .  The 
appl ica t ion  of the work was however  c lea r :  magnes i t e  

should be r ea l l y  dead -bu rned ,  i.e. hard  f i red,  the 
amount  of f ines  in  the batch (and thus the sur face  a r e a  
exposed to r eac t ion  with water)  should be min imized ,  
and most important the wa te r  should be d r iven  off be- 
fore the t e m p e r a t u r e  at which rap id  r e a c t i o n  occur s  is  
r eached .  That  one m a n u f a c t u r e r  at  l eas t  applied th is  
r e s e a r c h  benef ic ia l ly  is  proved by the fact  that when I 
got m a r r i e d  he sent  me a beaut i fu l  radio  with his 
thanks  for  the money saved as a r e s u l t  of applying my 
r e s e a r c h  on hydra t ion .  It  was not the ma n  who s t a r t ed  
it  a l l  but I gathered f rom my subsequent  t r a v e l s  that 
the then typ ica l  wastage ra t e  on f i r ing  of 10 pct was 
soon reduced  to n e a r e r  2 pct .  F u r t h e r m o r e  by 1943 
expans ion  type m e a s u r e m e n t s  had been  applied to 
o ther  u rgen t  p r o b l e m s  (see Fig.  8). Th i s  shows the 
much  g r e a t e r  expansion that  can occur  with " b a s i c " -  
the n a m e  given at that  t ime  to the ca lc ined  dolomite  
used  for r a m m i n g  and fe t t l ing open hea r th  fu rnace  and 
a r c  fu rnace  hea r ths .  Here  expans ions  of over  5 pct 
l i n e a r  were  recorded ,  and over  2 pct for de a d -bu rned  
s e a - w a t e r  m a g n e s i a  to which 10 pct caus t ic  m a g n e s i t e  
had been  added. 

A 

Fig. 5--Tensi-eudiometer used in hydration 
studies. 
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Fig. 6--Hydration-expansion apparatus (Mark 1). 
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THE MAXIMUM DENSITY OF PURE 
MAGNESIA IS 3.65 ? 

Having conf i rmed  in Be r l i n  my fee l ing  that r e f r a c -  
t o r i e s  r e s e a r c h  was wel l  worth  pursu ing ,  I applied to 
the Commonweal th  Fund for one of t he i r  luxur ious  
Fe l lowsh ips .  My p r o f e s s o r  told me that I hadn ' t  a 
c h a n c e - n o  one f rom the U n i v e r s i t y  of Sheffield had 
ever  got one and they ce r t a in ly  would not award  one to 
a man  s tudying such a humble  subjec t  as  r e f r a c t o r i e s .  
I r e m i n d e d  him that  he had for the s ame  r e a s o n s  r e -  
fused to suppor t  me for a Rober t  B l a i r  Fel lowship,  
which I had got, but he was not i m p r e s s e d ,  and I ap- 
pl ied again  with MV backing and l i t t le  e l se .  I knew (if 
he didn ' t )  that  a novel  subjec t  would be a help if only 
because  I could not then be compared  with the bes t  
phys i c i s t s  f rom Oxbridge or  the l ike.  Anyway I got it, 
and went,  at the invi ta t ion  of P r o f e s s o r  C. W. P a r m e l e e ,  
to the D e p a r t m e n t  of C e r a m i c s  at the U n i v e r s i t y  of I l -  
l ino i s .  It  was a happy choice, not only because  it was 
a good place  to work, but because  it  led ind i r ec t ly  to 
my acqu i r ing  a del ightful  A m e r i c a n  wife.  

I decided to continue my spec ia l i za t ion  in magnes ia ,  
and to study next the bu rn ing  of magnes i t e  b r i c k s .  I 
wrote  th ree  pape r s  on the subject  for  the Br i t i sh  
C e r a m i c  Society, and r e m e m b e r  with a m u s e m e n t  that 
an A m e r i c a n  a b s t r a c t e r  l i s ted  them (most  imprope r ly )  
as the "Firing of Magnes i t e  B r i c k s " :  he was apparen t ly  
aware  that  magnes ia ,  unl ike m a g n e s i u m ,  would not 
" b u r n "  ! 

A ma j o r  cons idera t ion  in  the f i r ing  of magnes i t e  had 
always been  the subs tan t i a l  sh r inkage  that occurs  even 
with dead -bu rned  m a t e r i a l .  To unde r s t and  this  fully 
one mus t  know how much shr inkage  occur s  within the 
g ra in  and how much between the g ra ins .  The fo rmer  
demands  a knowledge of the densi ty  of a pe r fec t  c ry s -  
ta l  of pure  magnes i a .  My study of the l i t e r a t u r e  showed 
a wide range  of v a l u e s - t h e  one that w or r i e d  me most  
be ing that given in  the In t e rna t iona l  C r i t i c a l  Tables ,  
and a t t r ibu ted  to a famous F r e n c h  sc ien t i s t ,  H .Mois -  
san .  He had f i red  his sample  in an e l ec t r i c  c ruc ib le  
furnace ,  and gave a f igure of 3.654. Other  workers ,  
e.g. Sjorgen,  gave much higher  f igures ,  such as 3.90 
for  " n a t u r a l  p e r i c l a s e " .  The f igure  I r epea ted ly  got 
for  fused m a g n e s i a  of r ea sonab l e  pur i ty  was 3.58. 
Wonder ing  whether  there  was someth ing  wrong with my 
pycnomet ry  I wrote to five world  au thor i t i e s  to ask for 
de ta i l s  of t he i r  p rocedure .  They proved s i m i l a r  to my 
own. Lost  as to what to do next  I gave a l ec tu re  in the 
E a s t e r n  States (I can ' t  r e m e m b e r  where) a f te r  which 
a m e m b e r  of the audience came up and sa id  "What  do 
you think th is  is  ? "  It was a t r a n s p a r e n t  s e m i - c u b e  
about 1 in.  by 1 in.  by 1/2 in.  (Fig.  9). I r ep l i ed  that 
it  looked l ike g lass .  " I t ' s  what you have been  talking 
about" ,  he said,  "MAGNESIA".  I was astounded,  as 
were  s e v e r a l  m o r e  ph legmat ic  people to whom I 
showed it .  Now it is old hat, l a rge  p ieces  of t r a n s -  
pa ren t  po lyc rys t a l l i ne  m a g n e s i a  made by hot p r e s s i n g  
being ava i lab le  for those with enough money to buy 
them.  To me however this  c r y s t a l  was a God given op- 
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Fig. 9--Magnesia crystal formed in fusion furnace--approxi- 
mately 90 pct of actual size. 
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portuni ty ,  for I could employ it to d e t e r m i n e  dens i ty  
us ing the g lass  s topper  (weighed dry  and then sub-  
merged  in  water)  technique that has bored  schoolboys 
for gene ra t ions .  I a r r a n g e d  to do such a t e s t  with a l l  
the f inesse  poss ib le ,  even weighing the cotton thread!  
Before  I could s t a r t ,  however ,  I had to acqu i r e  and, 
hopefully, r e t a i n  the c ry s t a l .  My usua l  luck (or guile) 
p reva i led .  The gen t leman told me that he had been  fus-  
ing m a g n e s i a  for about ten  yea r s  in a s m a l l  fu rnace  
and that on wreck ing  it had found half a dozen such 
c rys t a l s  in  the cooler  p a r t s - p r o d u c e d ,  I imag ine ,  by 
deposi t ion f rom the vapor  phase .  I told him that  if he 
would give me one I would do an X - r a y  Laue pa t t e r n  
for him and see  whether  it  indicated a pe r fec t  cubic 
c ry s t a l  of the s imple  sodium chlor ide type.  Having 
taken a l l  the p recau t ions  I could think of, I ca lcula ted  
what a c r y s t a l  of this  d ry  weight should weigh when 
i m m e r s e d  in  pure  water  at the t e m p e r a t u r e  used,  and 
put the co r r e spond ing  weights on one pan of the ba l -  
ance.  I then r a i s e d  the beake r  of water  t i l l  the c r y s t a l  
was fully i m m e r s e d ,  and when al l  was s teady tu rned  
the knob on the ba lance .  Nothing happened, and I 
thought (and maybe  said) " D a m n - i t ' s  s t i c k i n g " .  How- 
ever  when I added or  r emoved  a s m a l l  weight f rom the 
pan the po in te r  moved and I found that the speci f ic  
gravi ty  (or densi ty)  of the c rys t a l  was 3 . 5 8 3 - t h e  so r t  
of f igure I had repea ted ly  obtained for the fused p ro -  
duct .  Higher  f igures ,  e.g.  the 3.65 and 3.56 obtained 
for A u s t r i a n  m a g n e s i t e s  were  apparen t ly  due to the i r  
containing 8 and 4 pct Fe203 r e spec t ive ly .  F i g u r e s  
lower than 3.58 were  due to the p r e s e n c e  of m i c r o -  
pores ,  which a re  very  difficult  to get r id  of in  pu re  
(low iron) magnes i t e s ,  such as the c ryp toc ry s t a l l i ne  
types found in  Greece  and Turkey .  

It was only a f te r  doing this  tes t  that it  o c c u r r e d  to 
me that an approx imate  f igure  could be got f rom the 
la t t ice  spac ing  (Fig.  10) of m a g n e s i a  as d e t e r m i n e d  by 
X - r a y s .  

The dens i ty  p is  given by the equation:  

4M 
P = ~ - ~  

where  M is the mo lecu l a r  weight of magnes ia ,  N 
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Fig. 10--Simple cubic lattice of magnesia showing location of 
magnesium and oxygen ions. 

Avagad ro ' s  n u m b e r  (defined as the n u m b e r  of mo le -  
cules  in a g ram molecule) ,  and d the length of the uni t  
cel l  edge. Us ing  the va lue  for  d then quoted of 4.20/k, I 
came up with a ca lcu la ted  dens i ty  of 3.59. Budworth 
in  1967 gave a uni t  cel l  value d e t e r m i n e d  at Harwe l l  of 
d = 4.211325A and a co r r e spond ing  dens i ty  of 3.5847. 
This  for the p r a c t i c a l  ma n  is  approx imate ly  3.58, a 
value now used by mos t  w or ke r s  in the field, though the 
ubiqui tous 3.65 s t i l l  appears  in  the l i t e r a t u r e ,  which 
shows e i ther  that  few people chal lenge me n  of Mois -  
s a n ' s  s tanding,  or  that  textbooks tend to copy m i s t a k e s  
f rom one ano ther .  

Inc identa l ly  qui te  eminen t  people have f rom t i m e  to 
t ime  r e f e r r e d  to the d i f fe rent  c r y s t a l  fo rms  of MgO. 
That  the d i f fe rence  is  only one of s ize  and pe r f ec t i on  
is  well  i l l u s t r a t e d  (Fig.  11) by an e lec t ron  m i c r o s c o p e  
of the MgO fo rmed  when m a g n e s i u m  meta l  is  bu rned!  

MAGNESIA CANNOT BE EXTRACTED 
ECONOMICALLY FROM DOLOMITE .9 

The Steet ley Company being by far  the l a r ge s t  p r o -  
duce r s  of dolomite  r e f r a c t o r i e s  in  the Uni ted Kingdom, 
have, l ike so m a n y  o thers ,  long cons ide red  the p o s s i -  
b i l i ty  of s epa ra t i ng  the m a g n e s i a  f rom this  compound 
(CaMg(CO3)2). The obvious way is  to ca lc ine  i t  l ightly 
to give CaO and MgO or a f te r  hydra t ion  Ca(OH)2 and 
Mg(OH)2, and make use  of the d i f fe rences  in phys i ca l  
or  chemica l  p r o p e r t i e s  of these  compounds to effect  a 
s epa ra t ion .  Th i s  sounds easy  but  p roved  in fact to be 
ve ry  diff icult  to do on a l a rge  sca le  at an economic  
p r i c e .  The f i r s t  r e a l  b reak th rough  came in 1936. An 
A m e r i c a n  by the n a m e  of H. H. Chesny,  who had been  
working with M a r i n e  Chemica l s  in  Ca l i fo rn ia  contacted  

Fig. l l - -Cubic magnesia crystals formed by burning of mag- 
nesium metal. Electron micrograph, magnification 15,000 
times: 
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Mr.  N. M. Peech  of Steet ley to say that he had invented  
a novel  s epa ra t ion  p r o c e s s  that would produce mag-  
ne s i a  at a p r i ce  compet i t ive  with that  f rom na tu r a l  
magnes i t e .  Mr .  Peech  sugges ted  that Alan Brad ley  
(head of r e s e a r c h  at Steet ley) and I go to London to 
mee t  Chesny and see whether  he had r ea l ly  got some-  
thing.  I should add that  M r .  Peech  and I had a l ready  
made an abor t ive  t r ip  to G e r m a n y  in  pu r su i t  of a some-  
what s i m i l a r  c la im and had so l i t t le  confidence in  
Chesny ' s  s to ry  that I said to Bradley  that it  would be 
a t r ip  to L o n d o n - a  r e l a t i ve  t r e a t  at that t i m e - b u t  
probably  l i t t le  e l se .  

We proceeded  to London and were  gree ted  in  the 
lounge of the Waldorf  Hotel  by a man  who immed ia t e ly  
i n sp i r ed  confidence.  He explained that he proposed to 
r e ac t  s laked ca lc ined  dolomite  with sea  water ,  obta in-  
ing as a p rec ip i t a te  one molecu le  of Mg(OH)2 f rom the 
sea  for every  one he got f rom the dolomite ,  i .e .  a dou- 
ble  yie ld .  He showed us his  de ta i led  ana ly s i s  of the 
p rob lem,  and made fu r t he r  ca lcu la t ions  on s i te  with 
amaz ing  fac i l i ty .  I suppose it  was the f i r s t  t ime  I had 
seen  a f i r s t - c l a s s  chemica l  eng inee r  in act ion,  and was 
duly i m p r e s s e d .  I could not however r e s i s t  p laying my 
t rump  card.  It  is  wel l -known,  I said,  that many  people 
have t r i ed  to make good s i l i c a  b r i cks  out of c lean  sand 
and failed, yet  chemica l ly  the m a t e r i a l  is ve ry  s i m i l a r  
to the qua r t z i t e s  n o r m a l l y  used.  How, I asked, do you 
know that good magnes i t e  b r i c k s  can be made  f rom 
your  m a g n e s i u m  hydrox ide?  His reply  ou t - t r umpe d  
my t rump:  "Tha t ,  he said,  is  your  p rob lem,  a l l  I am 
doing is  to offer you m a g n e s i u m  hydroxide at an eco-  
nomic  p r i c e . "  

Asked what he needed to d e m o n s t r a t e  the new pro-  
cess  he was ready  with a l l  the a n s w e r s .  Your Cox- 
hoe dolomite  plant  he sa id  is  nea r  the N. E. Coast .  If 
you wil l  get me typica l  s a m p l e s  of the dolomite  you 
produce there ,  and a b a r r e l  of sea  water ,  I wil l  do the 
r e s t .  This  was immed ia t e ly  a r r a n g e d - a  horse  d raw-  
ing a car t  with b a r r e l  suff ic ient ly  far  f rom shore  to get 
a r e l a t ive ly  uncon tamina ted  sample .  These  raw ma t e -  
r i a l s  were  brought  to the Steet ley Works ,  where  the 
chemica l  r e a c t i o n  be tween  a quant i ty  of dolomite ,  
ca lc ined  in  a baby r o t a r y  ki ln ,  and the sea  water ,  was 
c a r r i e d  out in a domes t ic  bath tub. A j a m - j a r  conta in-  
ing a pound or  two of m a g n e s i u m  hydroxide was then 
rushed  to Uni ted  S t ee l ' s  C e n t r a l  R e s e a r c h  D e p a r t m e n t  
at Stocksbr idge,  n e a r  Sheffield, where  I d r i ed  and 
d e a d - b u r n e d  it in p a r a l l e l  with a s i m i l a r  weight of raw 
A u s t r i a n  magnes i t e  that happened to be ava i lab le .  
Chesny stood around watching for the th ree  days we 
took to get an answer .  

Day 1 D e a d - b u r n  and c ru sh  the magnes i t e  and hy- 
droxide  

Day 2 Make up s t anda rd  gradings ,  p r e s s  the batches  
as  o n e - i n c h  d i a m e t e r  cy l inders ,  and f i re  

Day 3 D e t e r m i n e  the m a i n  p r o p e r t i e s  of the two 
p roduc t s .  

At the end of day 3, Chesny said "We l l  is  it  any 
g o o d ? " .  Yes,  I rep l ied ,  the two m a t e r i a l s  have given 
s t r ange ly  s i m i l a r  r e s u l t s .  That  was enough: he said 
thank you and (unknown to me) was on the next t r a i n  to 
London to f i le  his m a s t e r  pa tent  on the s imul t aneous  
ex t rac t ion  of m a g n e s i a  f rom dolomite  and sea  water .  

Mr .  Peech  decided to ac t  immed ia t e ly .  He a r r a n g e d  

a mee t ing  of a l l  concerned  to be held at Steetley to de-  
cide whether  it  was worth bui ld ing a plant .  Captain Hil-  
ton, managing  d i r e c t o r  of United Steel  at that t ime,  
ag reed  to take the cha i r .  I was much i m p r e s s e d  by his 
approach.  I r e m e m b e r ,  for  example ,  that when costs  
were  quoted, say 4,105 Pounds for  a " w h a t - n o t " ,  he 
jus t  wrote down 4,000 Pounds .  Having come from 
Met ropo l i t an  Vickers ,  he asked t e l l ing  ques t ions  about 
the cost of the e l e c t r i c a l  equipment ,  which Chesny 
answered  to his sa t i s fac t ion .  Af te r  a n u m b e r  of us had 
given opinions on the technology and the patent  posi t ion,  
Captain Hilton said:  "Wel l ,  I ' m  h a p p y - I  suggest  you 
fo rm a Company to exploit  the p r o c e s s . "  The f i r s t  
p lant  was smal l ,  but was a l r eady  opera t ing  at Ha t t i e -  
pool when the war  s t a r t ed  and our  convent ional  sou rces  
of m a g n e s i t e - n o t a b l y  A u s t r i a n  and G r e e k - w e r e  cut 
off. It was soon taken over  by the Gove rnmen t  a s  a key 
plant  for r e f r a c t o r i e s  (and the re fo re  steel)  but a lso 
as a potent ia l  sou rce  of m a g n e s i u m  for a i rp l anes  and 
i ncend i a ry  bombs .  It was however  la te r  decided to p ro -  
duce this  l ightly ca lc ined  (not dead-burned)  m a g n e s i a  
at a sepa ra te  plant  at  Ha r r i ng ton  on the West  Coast of 
Cumber l and .  

Today sea  water  m a g n e s i a  is produced in  many 
count r ies ,  notably the U. K. (see F igs .  12, 13, 14), the 
U.S.A. and Japan .  T h e r e  have been  many  improve -  
men t s ,  p a r t i c u l a r l y  in  the pur i ty  of the product .  Thus  
the MgO may now be 98 to 99 pct and the CaO 0.6 pct 
compared  with n e a r e r  6.0 pct in the ea r ly  days,  with 
SiO2 only 0.5 pct.  These  l a t e r  f igures  a re  for Sar -  
d in ian  sea  water  m a g n e s i a  produced by Steetley in co- 
opera t ion  with the I t a l i ans ,  where  very  pure  l ime-  
s tone is  employed ins tead  of dolomite ,  y ie lding mag-  
n e s i a  f rom the sea  alone.  The p r e s e n t  Steetley capacity 
amounts  to about 250,000 tons pe r  a n n u m .  Of this ap- 
p rox imate ly  40 pct is  exported.  

The la tes t  deve lopments  inc lude  the product ion of 
spec ia l i zed  c o - c l i n k e r s  made by b lending and burn ing  
together  such m i x t u r e s  as m a g n e s i a  and chrome ore,  
m a g n e s i a  and a lumina  and m a g n e s i a  and l ime.  F u r -  
t h e r m o r e  a new product ion  p r o c e s s  has r ecen t ly  been 
per fec ted .  This  grea t ly  r educes  the water  content of 
the prec ip i ta ted  ma gne s i um hydroxide and, therefore ,  
the fuel r equ i r ed  to produce high densi ty ,  l a rge -  
gra ined,  ma gne s i a .  

Fig. 12--Aerial view of sea water magnesia plant at Hartle- 
pool. (Courtesy of Steetley Company). 
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STEELTIGHTNESS OF AN INDUCTION FURNACE 
LINING DEPENDS ON MINIMIZING SHRINKAGE 

AT STEELMAKING TEMPERATURES 

My last case history is also my favorite. I used it 
in a Presidential Address to the Iron and Steel Institute 
in 1968 to summarize my philosophy of research and 
the helpfulness of Koestler's theory of Bisociation de- 
scribed in his 1964 book on the "Art of Creation" 
(Hutchinson, London). In this he suggests that "Dis- 
covery often means simply the uncovering of something 
which has always been there but was hidden from the 
eye by the blinkers of habit." He suggests that the bi- 
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Fig. 13--Flow sheet for sea water magnesia process at 
Harttepool. (Courtesy of Steetley Company). 

Fig. 14--Settling tank for separating magnesium hydroxide by 
precipitation. (Courtesy of Steetley Company). 

soc ia t ive  act  connects  p rev ious ly  unconnected  m a t r i c e s  
of exper ience ,  and that the s a m e  m e c h a n i s m  opera tes  
in  the wor lds  of humor ,  a r t  and sc ience .  Most  jokes he 
says  a r e  based  on s u r p r i s i n g  b i soc i a t i ons .  Thus (my 
example) :  the T i t an ic  s tory :  

Drunk s i t t ing  at the b a r  as the c r a sh  occu r s :  "I 
know I asked for ice,  but this  is  r i d i c u l o u s . "  Ma t r ix  
1: the co l l i s ion  of the ship with an iceberg;  Ma t r ix  2: 
the use of ice in cockta i l s .  Even  s i m p l e r  is  the i n t e r -  
ac t ion of phys ica l  and chemica l  m a t r i c e s  in the Ro- 
m a n i a n  r idd le :  "How do the ORenians  make  gunpow- 
d e r ? "  Answer :  "By  gr ind ing  up guns, of c o u r s e . "  

For  b i soc i a t i on  to occur  the re  m u s t  be some  so r t  of 
" t r i g g e r "  ac t ion.  Koes t l e r  sugges t s  this  can be v e r b a l  
(see below), v i sua l  or even chemica l :  "a t u m b l e r f u l  of 
gin or an amphe tamine  t a b l e t " .  

Quite ea r ly  in the war  we were  faced by repea ted  
explos ions  in our  2 ton induct ion fu rnace  at S. Fox & 
Co. Ltd. ,  caused  by the pene t r a t i on  of me t a l  through 
the l in ings .  The t roub le  appeared  to be a s soc i a t ed  with 
a change in the m a g n e s i a  used to make the p r o p r i e t a r y  
b r a nd  of l in ing .  The p rewar  l ining,  a 50-50 mix tu re  
of Greek  and A u s t r i a n  ma gne s i t e  plus  unspec i f ied  
bonds,  had r un  out and a switch had been  made  to sea  
water  m a g n e s i a .  We had f o r e s e e n  the r i s k  and a r r a n g e d  
a t r i a l  of a sea  wa te r  m a g n e s i a  l in ing  in a 5 cwt fu r -  
nace wel l  before  the war  broke  out. This  had been  
comple te ly  success fu l .  

Condi t ions  in 2 ton fu rnaces  were  apparen t ly  m o r e  
s e v e r e  and we lost  e leven  coi ls  in  s ix weeks and n a r -  
rowly avoided k i l l ing  a me l t e r ,  mol ten  me ta l  having 
been blown over  a m a n ' s  shoulder  with enough force  to 
r emove  the g lass  dia ls  f rom the i n s t r u m e n t s  on the 
cont ro l  panel!  For  six weeks the eight m e m b e r s  of the 
R e f r a c t o r i e s  Sect ion devoted the i r  en t i r e  effor ts ,  us ing  
of cour se  the r e f r a c t o r y  m a n ' s  ' code ' ,  to so lv ing  the 
p rob lem of p reven t ing  the mol ten  me ta l  r each ing  the 
coil .  The spec ia l  s t ee l s  made in  this  fu rnace  were  
despe ra t e ly  needed for a i r c r a f t ,  and emot ion  was r u n -  
ning high. 

P r o g r e s s  was,  however,  comple te ly  blocked unt i l  
one day the m e l t e r  casua l ly  r e m a r k e d :  " I t ' s  funny but 
I ' m  not happy un l e s s  they c r a c k " .  This  " t r i g g e r "  
s t a t emen t  f rom the m e l t e r ' s  craf t  m a t r i x  fo rmed  a 
c'omplete paradox  with our  own ideas  and j e rked  me 
out of my r e f r a c t o r y  code. To use  one of K o e s t l e r ' s  
favor i te  ph ra se s ,  I had to " r e c u l e r  pour mieux  
s a u t e r " .  An hour  or so l a t e r  it  occu r r ed  to me that 
the re  could only be one explanat ion  of the paradox,  
n a m e l y  that the s m a l l  c racks  we produced went 
through to the coil  but the b igger  ones ex i s t ing  p r e v i -  
ously only went pa r t -way  (Fig.  15). Short ly a f t e rwards  
I felt  in tu i t ive ly  that we should stop looking at the 
h i g h - t e m p e r a t u r e  p r o p e r t i e s  of the l in ings  and cons ide r  
what was going on at t e m p e r a t u r e s  i n t e r m e d i a t e  be-  
tween those of the hot face and the coil .  Numerous  
t e s t s  had a l r eady  shown that the shr inkage  of our  sea  
water  m a g n e s i a  l in ings ,  with the i r  low bond content ,  
was fa r  l e s s  at 1600~ than that  of the p r ev ious ly  s a t i s -  
fac tory  m a t e r i a l .  A c o m p a r i s o n  of sh r inkage  over  the 
whole r ange  0 through 1600~ showed a comple te ly  un-  
expected " E u r e k a "  r e s u l t  (Fig .  16), name ly  a sub-  
s t an t i a l  pos i t ive  expans ion  of the p r e - w a r  m a t e r i a l  in 
the t e m p e r a t u r e  range  1100 through 1300~ 

We had d i scove red  that  s t ee l t igh tness  in bas ic  in-  
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Fig. 15--Possible explanation of paradox that small cracks 
(new type lining for induction furnace) can be more dangerous 
than large cracks (old type). 
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Fig. 16--Paradox explained: old type lining shows positive ex- 
pansion in intermediate zone (1000-1300~ 

duct ion fu rnace  l in ings  depended not (as our code sug-  
gested) on the m i n i m i z a t i o n  of su r f ace  shr inkage  but 
on the c rea t ion  of a posi t ive  expans ion  in some i n t e r -  
media te  t e m p e r a t u r e  zone.  A secondary  but equal ly 
convincing r ea l i za t ion  was that as such l in ings  wore 
back the expans ion  zone moved back pro rata towards  
the coil,  p ro tec t ing  it  aga ins t  pene t r a t ion  even when 
the l in ing  was ex t r eme ly  thin.  We appealed to the sup-  
p l i e r s  to te l l  us what bonds they had used and were  
told: X pct of sand, Y pct of bor ic  acid,  and Z pct of a 

th i rd  component .  The las t  we were  asked to keep 
sec re t ,  though subsequent  t es t s  showed it  had in fact 
no effect on s t ee l t igh tness .  The res t ,  as one eminen t  
sc i en t i s t  used to say, was jus t  eng inee r ing .  

Using our  well  developed though s t i l l  inadequate  r e -  
f r a c t o r i e s  code we examined  the t e s tp ieces ,  f i red at 
va r ious  t e m p e r a t u r e s ,  us ing  X - r a y s  and a mic roscope .  
This  immedia t e ly  r e v e a l e d  the m e c h a n i s m :  on heating, 
the sand was d isso lved  by the bor ic  acid,  the liquid 
g lass  reac ted  with the m a g n e s i a  g ra ins  to form a 
r e f r a c t o r y  coating of f o r s t e r i t e  (2MgO. SiO2) which 
forced the gra ins  apar t ,  y ie ld ing the obse rved  posi t ive 
expansion.  At a s l ight ly  higher  t e m p e r a t u r e  this  coat-  
ing mel ted,  leaving the m a g n e s i a  su r rounded  by large  
quant i t ies  of liquid, caus ing  the high shr inkage  ob- 
s e rved  at top t e m p e r a t u r e .  Being wise a f te r  the event  
I r e m e m b e r e d  that in the ear ly  days (1928-1931)  we 
had de l ibe ra te ly  developed bas ic  l in ings ,  e.g.,  mag-  
n e s i t e - z i r c o n ,  for s m a l l  fu rnaces  with a posi t ive  ex- 
pans ion  at top t e m p e r a t u r e  but had abandoned them be-  
cause of the i r  marked ly  lower slag r e s i s t a n c e .  

Those of you who have followed the s tory  may be 
saying  to yourse l f  that our  " d i s c o v e r y "  was obvious.  
If so, I am delighted, for  accord ing  to Koes t l e r  the 
newer  the d i scovery  the more  obvious it s e e m s  after 
it  has been  made.  The s ame  is  ce r ta in ly  t rue  of a good 
patent .  Having unders tood  the problem,  the solut ion 
was easy; we m e r e l y  added control led amounts  of sand 
and bor ic  acid to our sea  water  magnes i a  in  order  to 
obtain a m i n i m u m  of 1 1/2 pct expansion at 1150~ 
ignor ing  the o r ig ina l  code of low shr inkage  at 1600~ 
Sta t i s t i ca l  qual i ty cont ro l  was then applied, and s t r ikes  
to the coil e l imina ted  for at leas t  a decade.  

CONCLUSIONS AND RECOMMENDATIONS 

If my m e s s a g e  has gone home these  wil l  I t rus t  be 
obvious.  I shal l  not the re fo re  take t ime or  insul t  your  
in te l l igence  by r epea t ing  them.  I shal l  end as I did my 
p r e s i d e n t i a l  address  to the I ron  and Steel  Ins t i tu te  by 
hoping that those of you who have s t i l l  a l i fe t ime of r e -  
search ,  development ,  or  product ion  ahead of you wil l  
enjoy it as much as I have done, and be as for tunate  in 
the fac i l i t i e s  ava i lab le  to them and, more important, 
the people with whom they a re  pr iv i leged  to work. 
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