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The pulsed ruby laser Induced reactive-quenching process at Fe/C6H 6 
[benzene] has been invest igated using conversion electron MBssbauer 
spectroscopy [CEMS]. I t  Is shown that  Iron carblde phases can be 
syntheslzed when an Iron f o i l  immersed In benzene Is t reated wlth ruby 
Laser pulses [ ~ =  694 nm, pulse w i d t h s 3 0  ns, energy density = 15 
J/cm2]. The resul ts  Indicate the formation of ~-carb lde and FesC 2 
phases In the as-treated sample and i ts  ,ransformatlon to Fe3C upon 
thermal treatment. The resu l t  of the CEMS measurements are supported by 
small angle X-ray d l f f rac tometry .  

INTRODUCTION : 

Thin f i lms of compounds such as carbides, n l t r l des ,  oxides and oxyn l t r ldes 
f ind appl icat ions In d i ve rs l f l ed  f l e l ds  such as mechanlcal Industry, magnetic 
Industry and semiconductor technology. There a r e  various methods to synthesize 
these compounds/I-2/. Recently, Pat l l  e t  a l . / 3 /  proposed a new method to obtain 
metastable compounds through reactive-quenching process at l i q u l d / s o l i d  
interface, using pulsed laser treatment. Such a laser processing has an 
advantage that  I t  can be eas i ly  adopted to technological  needs and constra ints.  

In the present work we report  on the formation of Iron carbide phases by 
pulsed ruby laser-induced inter face reactions between meta l l i c  Iron and benzene. 
The mlcrostructural  character izat ion of the phases formed has been carr ied out 
using the technique of conversion electron M~ssbauer spectroscopy [CEMSl. In 
addi t ion we have also used small-angle X-ray d i f f r a c t i o n  technlque to supplement 
the Information obtained on the basis of CEMS measurements. 

EXPERIMENT : 

Iron f o i l s  obtained from GoddFellow Metals [pur i t y :  g9.999%l were used In 
the present work. These f o i l s  were appropr iate ly mlcroetched p r io r  to use and 
then treated with pulsed Ruby Laser pulse [ ~ =  694 nm, pulsewldth = 30 ns] at an 
energy density of 15 J/cm 2. In order to enhance the ef fects ,  each spot was 
I r rad iated twice. The Iron f o i l  laser t reated under benzene was subjected to  
vacuum a~nealing at d l f f e ren t  temperatures In the range between 200 ~ C to 500 ~ C 
for t h i r t y  mlnutes In each case. The CEMS spectra were recorded at room 
temperature uslng a constant accelerat ion Mossbauer set up with 57CotRh as 
source/4/. The small angle X-ray d l f f r a c t l o n  (XRD) patterns were obtained on a 
Rlgaku (Japan) machine by keeplng the glancing angle of Incidence f ixed at  2 ~ �9 

RESULTS AND DISCUSSION : 

The CEMS spectrum of the as-recelved iron fo i l  appears as shown In Flg.1(a) 
and I ,  shows a single sextet contrlbutlon due ,o~-Fe wlth an Internal magnetic 
f ie ld  [IMF] value of 330 kOe. The CEMS spectrum corresponding ,o the Iron to l l  
Laser treated under an l iqu id  benzene at an energy density of 15 J/cm 2 Is shown 
in F i g . l ( b ) .  Thls spectrum Is s l g n l f l c a n t l y  d i f f e r e n t  as compared to  the 
spectrum of F Ig . l (a )  and I t  can be resolved In ?o the fo l lowing subspectral 
components: 
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(a) Doublet : Isomer shift (I.S.) = 0.27 mm/sec 
Quadrupole splltting (Q.S.) = 0.96 mm/sec 

(b) Sextet : I.S. = 0.28 mm/sec, 
Internal Magnetic field (IMF) = 268 kOe. 

(c) Sextet : I.S. =0.29 mm/sec, IMF = 213 kOe 
(d) Sextet : I.S. =0.34 mm/sec, IMF = 190 kOe 
(e) Sextet : I.S. =0.07 mm/sec, IMF = 327 kOe 

The doublet and sextet wlth IMF of 268 kOe together correspond to the e- 
carb ide  [@-Fe2C! phase / 5 / .  The G - c a r b i d e  phase has the  hexagonal c losed packed 
s t r u c t u r e  w i th  i n t e r s t l t l a l  carbon atoms in oc tahedra l  i n t e r s t i c e s .  The sex te t s  
(c) and (d) t oge the r  rep resen t  the  presence o f  Fe5C 2 phase [Hagg ca rb ide ]  which 
has a o r t h o r h o m b i c  c r y s t a l  s t r u c t u r e / ~ / .  In p r i n c i p l e ,  t h r e e  d i f f e r e n t  IMF 
values of  about 222 kOe [I .S.= 0.35 mm/secl ,  184 kOe [ I .S.= 0.30 mm/sec] and 110 
kOe [I.S.= 0.30 mm/secl are expected fo r  t h i s  phase a r i s i n g  from th ree  d i f f e r e n t  
non -equ iva len t  i ron s i t e s  and these s i t e s  have a popu la t i on  r a t i o  o f  2:2:1. In 
our case, the non-observance of  the weaker sex te t  may be due t o  the  f a c t  t h a t  
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FIGURE 1 : Room tempera tu re  CEMS spect ra  of  (a )as - rece ived  i ron 
(b) iron foil laser treated under Benzene 
density of 15 J/cm 2. 
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the Fe5C 2 phase which ls  formed a f t e r  the pulsed Laser t r ea tmen t  is  not 
completely ordered and has vacancies on the corresponding spec i f i c  sublal~clce. 

In order to  conf irm the formation of~-Fe2C and FesC 2 phases In the treated 
sample we performed small angle X-ray d i f f r a c t i o n  [XRD] measurements [Fig.21. 
The a n a l y s i s  o f  d i f f e r e n t  d i f f r a c t i o n  peaks I n d i c a t e  the fo rma t ion  of  ~ -  
ca rb ide ,  Fe5C 2 and Fe3C phases. However, the c o n t r i b u t i o n  of Fe3C In the CEMS 
spectrum of laser t reated sample could not be discerned because I ts  hyperf ine 
In teract lon parameters c lose ly  overlap wi th those for  Fe~C 2 phase. 

The CEMS spectrum of  the sample annealed at  200 C fo r  h a l f  an hour Is 
shown in Fig.3(a) and can be f i t t e d  wi th  f i ve  sextets, the hyperf lne In teract ion 
parameters being as under: 

(a) l.S.= 0~ ram/sac, I MF = 341 kOe 
(b)1.S.=0.23 mm/sec, IMF= 242 kOe 
(c) l.S.= 0.30 mm/sec, IMF = 216 k0e 
(d) 1.S.=0.26 ram/sac, 1MF = 186 kOe 
(e) l.S.= 0.32 mm/sec, IMF = 122 kOe 

The sextet  wi th  IMF of 242 kOe corresponds to theE-carbide phase retained a f ter  
thermal annealing. Clear ly ,  the sextets (c), (d) and (e) together represent the 
Fe5C 2 phase, wh i le  the sextet  (a) veprese~S~-Fe.  The appearence of the weaker 
sex te t  hav ing IMF of 122 kOe cor respond ing to  the t h i r d  s i t e  of Fe5C 2 phase 
c l ea r l y  indicates the p rec lp l t a t l on  of wel l  defined Fe5C 2 phase. 
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FIGURE 2 : Small angle x-ray d i f f r a c t i o n  patterns for ( a ) a s - r e c e i v e d  i r o n  
f o i l  t reated under Benzene at  an energy density of 15 J/cm 2. 
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On f u r t h e r  ennea l lng  a t  400oc 
fo r  h a l f  an hour, one observes the  
CEMS spectrum as shown In F lg .3(b) .  
The CEMS spectrum can now be f i t t e d  
w i t h  t h r e e  s e x t e t s  h a v l n g  t h e  
f o l l o w i n g  v a l u e s  o f  h y p e r f l n e  
In te rac t lon  parameters. 
(a) I.S.= 0.04 mm/sec, IMF= 327 kOe 
(b) I.S.= 0.08 mm/sec, IMF= 189 kOe 
(c) I.S.= 0.27 mm/sec, IMF= 200 kOe 
The s e x t e t  (a) Is once again due to  

~-Fe. The sex te t  (b) is a t t r i b u t e d  to  
Fe5C 2 phase. The absence of  two 
s e x t e t s  i w l t h  an IMF of  213 kOe and 
120 kOe] corresponding to  t h i s  phase 
and the appearance of the sex te t  (c) 
co r respond ing  to  Fe3C r e v e a l s  the 
p a r t i a l  t r a n s f o r m a t i o n  of  Fe5C 2 
phase to  Fe3C phase. 

The CEMS s p e c t r u m  o f  t he  
sample annealed a t  500 ~ C is shown 
In F Ig .3(c) .  Th is  spectrum shows 
p r e c i p i t a t i o n  of  ~ - F e  w i t h  smal l  
c o n t r i b u t i o n  of  Fe3C phase. This 
suggests t h a t  above 400oc thermal  
d i f f u s i o n  of  carbon atoms a l l o w s  
them t o  m i g r a t e  away fo rm the  
modi f ied surface. Such a r e l a t i v e l y  
low temperature m igh t  suggest  t h a t  
the carbide in the as- t rea ted sample 
is p resen t  in the form of  smal l  
p r e c i p i t a t e s  su r rounded  by -Fe 
rather  than as a uniform layer. 

CONCLUSION : 

We have presented a new method 
to synthesize Iron carbide phases on 
the surfaces of metallic iron. The 
Iron foil laser treated under 
benzene shows the formation of#.- 
carbide and Fe5C 2 phases. On 
annealing at 500 ~ C, precipitation 
of =(-Fe along with small 
contrlbutlon of Fe3C phase is seen. 
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FIGURE 3: CEMS spectra of iron f o i l  
laser t rea ted  under benzene 
and annealed at (a)200 o C,(b) 
400 ~ C and (c)500 o C. 
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