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ABSTRACT 

 

Microstructures and formation mechanism of Fe3AI/Cr18-Ni8 joint, which was obtained by diffusion- 

bonding with 1333K for 3.6ks at a pressure of 17.5 MPa, were analyzed by means of Scanning electron 

microscopy (SEM), Electron probe microanalysis (EPMA) and X-ray diffraction (XRD).The results indicated  

that new phases including FeAl, Ni3AI and a-Fe (Al) solid solution were formed during the diffusion- 

bonding   of   Fe3AI   intermetallic   to   Cr18-Ni8   steel.   And  the   microstructure   of   diffusion-bonded 
Fe3AI/Cr18-Ni8 joint is Fe3AI/(Fe3AI+FeAI)/Ni3AI/a-Fe(AI)/Cr18-Ni8. 
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In  recent  years ,  Fe3 AI  in termeta l l ic  has  

at t racted  the at tent ion  of  many researchers  due to  

i ts  d is t inc t ive  proper t ies ,  such as h igh s t rength  at  

e levated temperature  and excel lent  res is tance  to  

oxid izat ion  and corros ion
1 2

.  But  the toughness  of  

Fe 3AI in te rmeta l l ic  is low so that  i t  is  easy to  crack 

when welded with  e lect ron beam weld ing (EBW ) or 

gas tungsten arc  weld ing (GTAW )
3 - 4

.  The study of  

sur fac ing  Fe3AI in termeta l l ic  on Cr18-Ni8 sta in less  

s tee l  ind icated that  the oxidation and corros ion  

res is tance Fe 3AI in termeta l l ic  was more excel lent  

than that of Cr18-Ni8 sta inless  s tee l
5
.  The jo in ing  of 

Fe 3Ai  in termeta l l ic  and CM 8-Ni8 s ta in less  steel is a-

key technology to  

en large the appl icat ion  of  Fe3AI in te rmeta l l ic  

in .  e lect ron ics  and petrochemical  l industr ies .  

     W i th  the development  o f  vacuum  

and computer  technology,  the   increas ing ly  

advanced d i f fus ion -bonding technology is  

widening  the  appl icat ion  f ie ld  of  in termeta l l ic .  

There  have been some reports  on the d i f fus ion-

bonding of  in termeta l l ic  such-as  TiAl ,  T i 3AI  and 

Ni 3Al
[ 6 - 8 ]

.  But  the s tudy on the d i f fus ion-bonding  

of  Fe 3AI in termeta l l ic  is  few
9 - 1 0

.  In  th is  paper,  

Fe3AI in te rmeta l l ic  and Cr18-Ni8  s ta in less  s tee l  

were d i f fus ion -bonded a n d  the microst ructures  

and format ion mechanism of  d i f fus ion -bonded 

Fe3AI/  Cr18-Ni8  jo in t  were s tud ied  by means o f  

SEM, EPMA and XRD. The exper imenta l  resul ts  

provide  theoret ica l  and p ract ica l  base  and open  

a new way to  broaden the  

INTRODUCTION 
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Appl ication   of   Fe 3 AI   intermetal l ic    as   high 

temperature structural  material .  

 
EXPERIMENTAL 

 

Materials and Methods 

Materials  used in the experiments  were Fe 

3 AI intermetal l ic  and Cr 18 - Ni 8 austeni t ic  stainless 

steel.   Fe3AI intermetal l ic  sample was      machined      

into      the      s ize      of 100 mmx 20 mmx 20 mm and 

Cr 18 - Ni 8 steel  sample was 100 mmx 20 mmx 8 mm. 

The chemical  composit ions and physical 

performances of above samples are shown in 

Table.  1 and Table 2.  

The oxide f i lm on samples surface should 

be el iminated.  The treatments of samples surface 

including: ground by sand paper   →acetone   

dipped   →alcohol   c leaned →water flushed 

→dried.  Dif fusion-  bonding was conducted 

immediate ly  after above treatments.  The 

technology parameters used in the di f fusion- 

bonding were:  heat ing temperature 1333 K, holding 

t ime 3 . 6 ks, pressure 17 . 5 MPa,  vacuum     degree  

4 . 8 x 10
-4 

Pa. 

After the di f fusion- bonding,  the sample 

was cut  for the metal lography specimens. These 

specimens were polished and etched with a 

solut ion 

 

 
 

 
 

 
Table-1: Chemical compositions and physical performances of Fe3AI intermetallic 

 

 
 
 

 
 

Table -2 : Chemical composition and physical performances of Cr18-Ni8 stainless steel 
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Fig.1 Microstructure morphology of the diffusion-bonded Fe3Al/Cr18-Ni8 joing: (a) Reaction layers; 

(b) Morphology of the spot dispersion precipitations
 

 

 

 

 

 

 

 

 

 

Fig.2 X-ray diffraction patterns of the diffusion-bonded Fe3AI/Cr18-Ni8 Joint: (a) Region near to 

Fe3AI intermetallic; (b) Region near to Cr18-Ni8 steel. 
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Table -3 :The EPMA analysis results on element concentrations of the 

reaction layers /Wt.% 

 
 

R e a c t i o n l a y e r Al Fe Ni Cr Ti_ 
 

I 22 . 5 69.9  3 . 5 3 . 8 0 . 3 

II  8 . 7 72 . 0 6 . 8 14 . 1 0 . 4 

III  2 . 6 71 . 6 8 . 0 17 . 3 0 . 5 

 

 

consist ing of 70 % HCI and 30 % HNO 3 . 

Microst ructures,  of di f fusion- bonded 

Fe 3 AI/ Cr 18 - Ni 8 joint were observed by means of    

JXA- 80    scanning    electron    microscopy ( SEM).  

The new formed phases in the reaction layers 

were determined by X- ray d i f f ractometry  ( XRD) 

with copper  target   with 40 k V voltage and 150 m A 

current.  The element concentrat ions     of     the     

di f fusion- bonded Fe 3 AI/ Cr 18 - Ni 8  jo int   were  

analyzed   with JXA- 8800 R    electron    probe    

microanalysis  ( EPMA). 

the layer has lots of black spot prec ipi ta t ions.  

Layer II is the region between layer I and III and 

microst ructure  in the layer  has white precipi tat ion.  

 
2. XRD analysis 

The di f fusion- bonding produces new phase, 

which was invest igated by X- ray d i f frac tometry(  

XRD) for the shear f racture surface    of    the     dif 

fusion- bonded     Fe 3 AI/ Cr 18 - Ni 8 joint.  The XRD 

profi les are shown in Fig. 2 . 

 
RESULTS AND DISCUSSION 

 

1. Microstructure of diffusion-bonded Fe3AI/Cr18-

Ni8 joint 

 

Fig. 1       shows       the       microst ructure  

morphologies   of  the  cross- sect ion   of   the Fe 3 

AI/ Cr 18 - Ni 8   joint    bonded   at   1333 K   for 3 . 6 ks. It 

can be found that three k inds of react ion layers 

with di f ferent  microstructure  have c learly occurred 

between Fe 3 AI intermetal l ic  and Cr 18 - Ni 8 steel ( 

see f ig. 1 a). Every reaction layer is labeled with I, 

II and I I I in Fig. 1 a. And there are spot 

precipi tat ions  dispersive dis tr ibuted in the react ion 

layers.  The morphology of the spot precipi tat ions  is 

shown in Fig. 1 b. 

Microst ructure  in the react ion layers is 

complicated because of the di f fusion oi Al, Fe, Ni 

and Cr f rom matrixes.  Layer I is the narrow region 

near to Fe 3 AI intermetal l ic  and microst ructure  in 

the layer is even. Layer I I I is the region near to Cr 

18 - Ni 8 steel  and microst ructure  in

It can be found that three new phases were formed 

during the  di f fusion- bonding  of Fe 3 AI intermetal l ic  

to Cr 18 - Ni 8 steel.   They are  determined  to  be  Fe 

AI, Ni 3 A!  and  cc- Fe ( Al) solid solut ion.  This is 

because the elements ( Al, Fe and Ni) f rom matrixes 

di f fuse each other and  when element 

concentrat ions  r ise to certain amount,  they can 

react to form new phases in  the  di f fusion- bonded  

Fe 3 AI/ Cr 18 - Ni 8 joint. 

Table.  3 shows  element  concentrat ions  of 

the react ion layers analyzed by EPMA. In layer I 

near to Fe 3 AI intermetal l ic ,  Al dif fusion is affected 

by Ni and Cr elements to assemble and form ( Fe 

AI+ Fe Al) intermetal l ic  , N i 3 A I intermetal l ic  and a- 

Fe( AI) solid solut ion are found in the^ region near 

to Cr 18 - Ni 8 steel . It is  probably  due   to   the   Ni   

di f fusion   f rom Cr 18 - Ni 8 stainless steel  and Al 

di f fusion f rom Ni 3 AI intermetal l ic  in layer I I . The 

di f fusion coeff icient  of Al is small,  so that the 

concentrat ion   of  Al  in  layer  I I I  is  quiet  low ( 2 . 6 

%). Final ly α- Fe( AI) solid solut ion can be formed 

after cool ing in the
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region near to Cr 18 - Ni 8 steel . 

The synthet ical ly  analysis  to  Fig. 2 and 

Table.  3 indicates that microstructure  of the 

di f fusion- bonded  Fe 3 AI/ Cr 1  8 - Ni 8  jo int  is Fe 3 

AI/( Fe3AI+ Fe AI)/ Ni3AI/ a- Fe( AI)/ Cr 18 - Ni 8 . 

Moreover,  the microst ructure  is product  at 

certain temperature  and it wil l  not change with 

bonding t ime once i t forms, but the thickness of 

the react ion layers wil l  increase with bonding t 

ime. 

 

2. Formation mechanism 

Fig. 3 is the interface react ion model  for 

di f fusion- bonded  Fe  3 AI/ Cr 18 - Ni 8  joint.  Fig 3a 

shows the original  state of. atoms in Fe3AI  

intermetal l ic    and   Cr 18 - Ni 8   steel.  Fig. 3 b shows 

the state of the di f fusion of atoms during 

di f fusion- bonding.  The whole react ion process 

can be divided into three stages. 

In the f i rst stage ( see f ig. 3 c), Al f rom Fe 3 

AI intermetal l ic  diffuses to  the  or iginal  Fe 3 AI/ Cr 

18 - Ni 8 interface and the concentrat ion  of Al is 

much. So Fe Al intermetal l ic  is formed and a 

duplex- phase (Fe 3 AI+ Fe AI) layer occurs on the 

Fe 3 AI  

 
 

Intermetal l ic  s ide according  to  react ion  1 . At 

the same t ime, Fe from Cr 18 - Ni 8 steel  reacts with 

few Al into a- Fe( AI) according to React ion 2, 

thus a s ingle- phase a- Fe( AI) layer occurs on 

the  Cr 18 - Ni 8  steel   s ide.  

Fe 3 AI -> Fe AI+ 2 Fe ( 1 ) 

Fe+ AI -» α- Fe( AI)   ( 2 ) 

 
In the second stage ( see Fig. 3 d) with the 

cont inuous react ion of the f i rst stage, the amount 

of Ni from Cr 18 - Ni 8 steel dif fuses through a- Fe( 

AI) layer and gathers  at  the (Fe  3 AI + Fe AI)/ α- 

Fe( AI) interface.  When the concentrat ion  of Ni r 

ises to a certain amount,  Ni reacts with Al into 

Ni 3 AI intermetal l ic ,  thus a s ingle- phase  Ni 3 AI 

layer occurs at the ( Fe3AI+ Fe AI)/ α- Fe( AI) 

interface. 

In the third stage ( see f ig. 3 e), Fe Al 

cont inues to grow at the ( Fe3AI+ Fe AI) interface,    

and    the    thickness    of    the (Fe 3 AI+ Fe AI) 

layer extends  to  the  Fe3AI side,  α- Fe( AI)  

cont inues   to   grow   at   the α- Fe( AI) Cr 18 - Ni 8 

interface  and  the thickness of the  α- Fe( AI)  

extends  to  the Cr 18 - Ni 8 steel 

 

 

 

  
             Fig.3 Interface reaction model for diffusion-bonded Fe3AI/Cr18-Ni8 joint: 

           (a) original state; (b) diffusion state; (c) first stage; (d) second stage; (e) third stage. 
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side.   Ni 3 AI   cont inues    to    grow    at    the Ni 3 

AI /α-Fe( AI) interface and the thickness  of the Ni 3 AI 

layer extends to the α- Fe( AI) s ide. 

During the whole di f fusion- bonding,  Cr 

di f fuses from Cr 18 - Ni 8 steel  to Fe 3 AI 

intermetal l ic  across the Fe 3 AI/ Cr 18 - Ni 8 interface 

and it is not reacted.  But it is dispersed to the 

react ion layers into Cr spot precipi ta t ion  phase. 
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