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THE I SOTHERMAL DECOMPOS I T ION OF I RON-N I TROGEN AUSTEN I TE 

T . Be l I ahd B. C ,  Fathe l l

Department of Meta l l urgy a nd Mater i a l s  Sci ence , 
Un i vers i ty of L t verpoo l , Eng l and . 

l htroduct l on 
N i trogen , ! I ke carbon, forms an l hterst l t l a l  so l I d  so l ut l oh I n  gamma I ron 
and the eutecto l d  sect i on of the l roh-n l trogen phase d i agram can be seen i n  
F i g .  I .  The co-ord i nates of the eutectol d  po i nt are 2 . 35 wt%N at 59 1 °C ahd 
the assoc i ated ohases are ferr i te conta l h l ng O. I wt%N , and the face centred 
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the · 6Utectol d .. secf l on · 'of " fh'e · t\i;..N 
phase d i agram together w i th the 
tempe1·ature compos I t  I on reg I ons I n  
wh i ch proeutectol d  ferri te, pear­
l l te a nd ba l n l te are dom i nant. The 
var i ation of Ms w i th compos i t ion I s  
a l so shown.  

Preparat i on of A l l oys 

cub i c  n i tr i de Fe4N, conta i n i ng 
5 , 3 wt%N. I t  I s  the purpose of 

th i s  paper to, d i scuss the experi ­
menta l resu l ts of va r i ous k i net i c ,  
morpho l og.I ea I and crysta 1 1  ograph I c 
stud i es of the I sotherma l decompos­
l t l oh of the metastab l e  austen l te 
at temperatures be l ow 59 1 °G  and 

above the Ms temperature ( 2 ) . 
Pre l l m l nary l nvest lgat lohs by the 
authors (3) have I nd i cated that the 
transformat ion �roducts formed I n  
the h i gher temperature ranges are 
var ious forms of I ron-n i trogen pear� 
l l te, wh i l e  the lower temperature 

product I s  I ron-n i trogen ba l n l te .  
As w i th the t ron carbon system, 
there Is a trans i t ion reg ion where 
both pea r l l te and ba l n l te can form 

s l mu l taneous l y  and t�e temperature 
and compos i t ion dependence for th i s  
trans l tton I s  represented I n  F i g . I .  

The ser i es of I ron-n i trogen a l l oys needed for the present sfud l es of the 
decompos i t i on of the metastab l e  austen l te were prepared I n  the form of th i n  

sheet for opt ica l and e l ectron meta l l ography and I n  the form of w i re for 
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k i net i c  and structura l ana l ys i s .  These a l l oys conta i n i ng up to 2 . 7  wt%N 

were produced f rom Johnson Matthey pure i ron by n i tr i d i ng w i th ammon i a/ 

hyd rogen m i xtures i nto the gamma phase fi.e l d  at temperatu res between 650 

and 740oC .  ( 4 ) . 

Genera l I sotherma l React ion Ki net i cs 

The changes i n  e l ectr i ca l  res i stance accompany i ng the i sotherma l decompos­

i t i on of austen i te were measured at i nterva l s  of 20°c i n  the range 200°C to 

585°C ,  for a ser i es of a l l oys conta [ n i ng 0 . 8 ,  I . I ,  1 . 3 ,  1 . 5 ,  1 . 9 ,  2 . 4  and  

2 . 6  wt%N. These changes amounted to a decrease i n  res i stance of  about 30% 

to 50% of the i n i t i a l  va l ue and they come to a def i n i te end po i nt.  I t  was 

therefore poss i b l e  to express the react i on i n  terms of the vo l ume fract i on 

of austen i te tra nsformed . T . T . T .  d i agrams der i ved f rom such data were 

f ound to be of the c l ass i ca l C-curve form observed for numerous react i ons 

( 5 ) . At temperatures above the nose of the C curve , where the rate of 

react i on is i ncreas i ng w i th decreas i ng temperature, the k i net i cs are 

necessar i l y comp I i cated by the separat i on of pro-eutecto i d  const i tuents 

�efore th� format i on of pear l i te . Therefore no f urther res i st i v i ty 
out 

exper i ments were carr i ea\ where i ron- n itrogen pear l i te can form . 

I ron-N i trogen Pea r l  i te 

I n  1 905 when i nhomogeneous a l  J oys of i ron- n i trogen were s l ow l y  coo l ed ,  a 

l ame I l a r  m i cro-structure was observed by Bra une (6 ) ,  after whom Fry ( 7 )  i n

1 923 named the p roduct b raun i te .  l n  the present opt i ca l meta l l ograph i c  

s t ud i es ,  i ron- n i trogen pea r l i te or braun i te was found to have two bas i c  

F i g . 2 .  

M i c rograph of a n  Fe-2 . 4  wt%N 
a l l oy f u l l y transformed to granu l ar 
and l ame ! l a r  pea r l i te at 585°c .  

nod u l a r morpho l og i es .  These nodu l es 

cou l d  have e i ther a l ame [ l a r  

structure i n  wh i ch case they 

resemb l ed i ron-carbon pear l i te ,  or 

were granu l a r ,  i n  wh i ch case the 

Fe4N n i tr i de i n  the ferr i te matr i x

cou l d  not be reso l ved by  opt i ca l  

meta l l ography . Furthermore , the 

l ame I l a r pear l i te was on l y  observed 

w i th i n  30°C of the eutecto i d  temp­

erature . l n  the opt i ca l  meta l l o­

graph  shown [ n  F i g . 2 ,  wh i ch i s  of 

a eutecto i d  a l l oy f u l l y  transformed 

at 585°C ,  the l ame I l a r pea r l  i te 

accounts for on l y  20% of the 
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tra nsformat i on product , the rest t s  granu l a r  pear l t te. Th i n  f i  I m  e l ectron 

m i c roscopy stud i es enab l ed the f i ne structure of the granu l a r  pear l i te to be 

reso l ved , and i n  F i g . 3  the morpho l ogy of the Fe4N n rtr r de part i c l es i n  a

ferr i te matr i x  can be observed . A na l ys i s  of the d i f f ract i on patterns of 

severa l s uch areas of granu l ar pea r l  i te sho�ed that there was no cons i stent 

or i entat i on re l at i onsh i p  between the ferr i te and the parent a usten i te ,  F i g . 5 . 

F I G .  3 .  

Jra nsm i ss i on e l ectron m i c rograph of 
granu l a r pear l i te i n  an  Fe- I .  I wt%N 
a l l oy f u l l y transformed at 3 1 0°c .  

F I G .  4 .  

Br i ght f i e l d  e l ectron m i crograp �  
l ame l l ar pear l i te i n  a n  Fe-2 . 4  wt� : .  
a l l oy fu l l y trans formed at  580°C .  

However i t  was found that the crysta l l att i ces of the face centred cub i c  

n i tr i de and the austen i te were a l ways para I l e i ; th i s  be i ng due to the s i m i I -

o l a me l la r  

• g ranu la r  

._Q 0. •' •
F I G .  5 .  

A 

• 
• "o 

/ 
• 1  0 0 

•o • 
Or i entat i on re l at i onsh i ps between 
pea r l  i t i c  ferr i te and  the austen i te 
matr i x ; pos i t i ons of <00 1 >  ferr i te 
po l es w i th reference to a un i t  
tr i ang l e  of the austen i te l att i ce .  

ar i ty of the i r  crysta l structures 

and l att i ce parameters ( 5 ) . E l ectron

d i ff ract i on ana l ys i s  of l ame l l a r 

structures , s uch as i n  F i g . 4 ,  showed 

that the Fe4N and the austen i te

matr i x  were aga i n  i n  the para I l e i  

cube or i entat i on .  I n  the case of 

the l ame l l a r pea r l  i te ,  however ,  the 

or i entat ions of both face centred 

cub i c  l att i ces w i th the ferr i te were 

a l ways w i th i n  an  I 1 ° reg i on of the 

Ba i n  correspondence ( 8 ) . These 

or i entat i on resu l ts a re s ummar i zed 

i n  the sterograph i c  u n i t  tr i a ng l e  

i n  F i g . 5 .  
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I ron-N i trogen Ba i n i te 

A na l ys i s  of the k i net ics  of the format[on of ba i n rte ,  as  deri ved f rom the 

res i st i v i ty measurements , s howed that a s i ng l e  r soki net i c  react ion mechan i sm 

was operat i ve over the temperature range 200-350°C (3 ) .  The p resent opt i ca l  

meta l l ograph i c  stud i es over the same temperature and compos i t i on ra nge were 

ab l e  to conf i rm the k i net i c  resu l ts ,  i n  that on l y  a s l ng l e  react i on p roduct 

was observed and  that th i s  resemb l ed upper ba i n i te i n  the i ron-ca rbon system. 

A tra ns i t i on was found  to occur  f rom th [ s  product be i ng comp l ete l y g ra i n  

boundary nuc l eated at compos i t i ons up to 1 . 9 wt%N ( F i g . 6 ) ,  to i t  be i ng 

predom i nante l y  i ntra granu l a r nuc l eated at compos i t i ons i n  excess of 2 . 4 

wt%N ( F i g . 7 ) . Opt i ca l  meta l l ograph i c  tech n i ques were unab l e  to reso l ve 

F I G .  6 .  
M i crograph of a n  Fe- 1 . 8 wt%N 
a l l oy pa rt i a l l y reacted at 3 1 0°C .  
Shows on l y  gra i n  bounda ry ba i n i te .  

F I G .  7 .  
M i crograph of a n  Fe-2 . 4 wt%N a l l oy 
part i a l l y reacted at 3 1 0°c .  Shows 
both gra i n  boundary and i ntra­
granu l a r  nuc l eated ba i n i te .  

i nd i v i dua l phases o f  n i tr i de and ferr i te , except a t  ear l y  stages o f  trans­

format i on i n  a 1 -1 oys of I ow n i trogen content . However,  the two p hases were 

reso l vab l e  us i ng th i n  fo i I transm iss i on e l ectron m i croscopy . I t  was 

observed that the ferr i te was a l ways the l ead i ng phase and that the n i tr i de 

formed some d i sta nce beh i nd the growth front at the boundar i es of the 

ferr i te crysta l s .  However the extent by wh i ch the ferr i te format i on l ed 

the n i tr i de was found to decrease as the n i trogen content i ncreased . 

These features a re i I l ustrated i n  F ( g , 8  for a 2 . 4  wt%N a l l oy pa rt i a l l y 

reacted at 450°C .  The l att i ce or i entat i on re l at i onsh i ps between the ferr i te 

of  the ba i n i t i c  product and the parent austen i te ,  as der i ved f rom e l ectron

d i f f ract i on stud i es ,  a re summa r i sed i n  F i g . 9 , where i t  can be seen that
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a l  I the or i entat i ons l i e w i th i n  I 1 ° of the Ba i n  re l at i onsh i p ;  th i s  b e i ng the 

same re l at i onsh i p  as  was observed w i th the l ame I l a r pea r l  i te .  

F I G .  8 .  

Transm i ss i on e l ectron m i crograph 
of an  Fe-2 . 4  wt%N a l l oy pa rt i a l l y  
reacted at 450°C . show i ng the 
structure of the gra i n  boundary 
ba i n i te .  

O 4 sp eci me ns 
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Summary of the or i entat i on re l at i on­
sh i ps between ba i n i t i c  ferr i te and 
the a usten i te mat r i x ;  un i t ·tr i ang l e  
of the austen i te l att i ce .  

Dur i ng the format ion o f  ba l n i te i n  the l ower n i trogen a l l oys i t  has been 

show n ,  as i n  F i g , 8 , that ferr i te is the l ead i ng phase and the format i on of 

n i tri de some d i stance beh i nd the growth f ront, i s  cons i dered to be a 

secondary process .  The rate of growth of the ferr i te ,  wh i ch i s  essent i a l l y 

f ree of n i trogen , i s  I i m i ted by the rat�wh i ch n i trogen can be removed 

f rom the l ead i ng edge and w i  I I depend on the d [ f f us i v i ty of n i trogen i n  

a usten i te i n  the i nterface .  I f  l att i ce a n d  boundary d i f f us i on occvr s i mu l t­

aneous l y  i n  the i nterface dur i ng the growth of i ron-n i trogen ba i n i te ,  then 

the contr i but i on made by bounda ry d i f f us ion shou l d  be a f unct i on of the 

ferr i te/austen i te i nterfac i a l  a rea . I n  p ract i ce the extent by wh i ch 

ferr i te format i on l eads n i tr i de p rec i p i tat i on i s  found to decrease as the 

n i trogen content of the a l l oy i s  i ncreased and i s  not detect i b l e  i n  th i n  
fo i  I s  of part i a l l y  reacted Fe-2 . 6  wt%N a l l oy s .  Consequent l y  the contr i b­

ut i on by bounda ry d i f f us i on shou l d  d i m i n i sh and  become neg l i g i b l e  i n  the 

most concentrated a l l oys . S i nce the act i vat i on energy for boundary d i f f us i on 

i n  sem i or i ncoherent i nterfaces i s  l ess tha n for l att i ce d i f f us i on ( 9 )  

then the va l ue of the overa l I act i vat i on energy for ba i n i te format ion  

shou l d  be l ow i n  the  more d i  l ute a l l oys and  approach that for l att i ce 
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d i f fus i on o f  n i trogen l n  austen t te ,  30 L<ca l s/mo l e  l l O ) ,  t n  the 2 , 6  wt%N
a l l oy .  There I s  a l ways some uncer+a t nty t n  the s tgn .l f tcance of overa l I
act i vat i on energ i es when the exact nature of the therma l l y act i vated 
processes contr i but i ng to the temperature dependency of the react i on rate 
are unknown .  However, us t ng the techn i que of H I i i er+ ( I l l  I n  conjunct i on 
w i th the res i st i v i ty data , I t  was found that the qvera l l  act i vati on energy 
for the transformat ion to ba l n i te I ncreased un t form l y  f rom 20 Kca l s/mo l e  
a t  I ,  I wt%N to 30 Kca l s/mo l e  a t  2. 6 wt%N, thus support i ng the I deas d i s-

. cussed above . 
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DISCUSSI ON 

l ) May we see the electron microscope picture of the
"branched" growing in the centre of grains In Fe - 1 .  9%
Nitrogen?

2) Why do you think these structures formed in this way ?

A comp lete answer to the above questions may be found ih 
reference 3 to the present paper .  

What was the morphology of  the granular pearlite ? Did the
orientation of the nitride phase vctry within a nodule ? 

As discussed in the paper the granular pearl ite has a nodular 
morphology .  There was no consistent orientation re lationship 
between the ferrite and nitride of the grqnular morphology. 

Can you giye further detail on the preparation of your high 
nitrogen al loys? 

The al loys were prepared by nitrlding Into the gamma phase 
field using controlled mixtures of N HafH2 . Reference 4. In
present paper gives ful l  detai l s .  

It should be possible to  produce high N2-lron al loys by

pressurization techniques which could be splat cooled tci 
room temperature . 




