
ISSN 0136-1732. , 2007. . 40 70

  621.791.3.044 

. . *  

     
    

  
 (12 18 10 )  ( 1-0, 4),  -

     (Ni—7Cr—4,5Si—
3Fe—3,2B)  (Ti—24Cu—12Ni—12Zr) . 

. , 
, 

. 

. 
, -

, 
 ( ) . 

, 
 ( ) 

 ( , ) , , 
. 

, 
63—100 , , -

. 
  

, 

. -

, , 
.  

. 
, 

,  (
20—100 ) . , 

. 

-  [1—3]. 

, 
, .  

                                                
* . .  — , , 

. . . , . . 

© . . , 2007 



ISSN 0136-1732. , 2007. . 40 71

 (10 4—10 6 / ) 

, 
 (

). 
, , 

, -
 [4]. , , 

, -
. 

, 
, 

, -
 [5]. , 

.  

, 
.        

-
( , , . .).  

 Ni—Cr—Si—B [6—15].   
 BNi-1, BNi-2, -11. , 

 (BNi-1, BNi-2, BNi-3, BNi-4) 
, , , 

. 
. 

. 
,  BNi-2, BNi-3 

BNi-4,  [13]: γ- , 
, 

, 
. , , 

, 
. γ-Ni, , 

. -

γ-Ni. , 
.  

 [14, 16, 17]. ,  Ni—
7,7Cr—4,1B—3,5Si—6,5Fe  0,125  0,025     - 

 100  230 . , 
            ,         



ISSN 0136-1732. , 2007. . 40 72

  1.

T a b l e  1. Chemical  composition of amorphous filler metals 

, °
*, 

% ( .)   

MBF 10/10A** 
Ni—13—15Cr—4—5Si—

4—5Fe—2,75—3,5B 970 1040 

MBF 15/15A** 
Ni—12—14 r—4—5Si—

3,5—5Fe—2,5—3,2B — — 

MBF 30/30A** 
Ni—4— 5Si— 0,5Fe—

2,75—3,5B 980 1040 

MBF 80/80A** 
Ni—14,5—16Cr—   

3,17— 4,2B — — 

BF-20** 
Ni—7Cr—4,5Si—3Fe—

3,2B 970 1024 

 ***1301 
Ni—7Cr—4,6Si—3Fe—

3,1B 980 1010 

***  1311 
Ni—4Si—5Fe—4B—

16Co 980 1015 

 *** 1201 Ti—24Cu—12Ni—12Zr 830 955 
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(17—19)Cr—(9,0—11)Ni—(1,0—2,0)Mn—≤0,8Si—≤0,8Ti—≤0,12 , -
1-0 (Ti), 4 ( -α-  Ti—3 l—1,5 n).      
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 12 18 10 ,  Ni—7Cr—
4,5Si—3Fe—3,2B:  ( ), 

 ( ),  ( ),  ( ) 

Fig. 1. Microstructure of brazed joints on steel 12Kh18N10T heat exchanging 
device, made by using amorphous filler metal Ni—7Cr—4,5Si—3Fe—3,2B: 
general view (a), fillet region ( ), narrow region of the seam ( ), eutectic in 
fillet region ( ) 
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Fig. 2. Microstructure of the 
seam after heat treatment [6] 
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 Ti—Cu—Ni, Ti—Zr—Cu—Ni,  Zr—Ti—Ni, Cu—
Zr—Ti . [1]. 
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  (       ,  . 7, , ). , 

1-0        
( . 7, ),  (

 5%,  3,7%, . 2,  3, . 7, ). 
                

           
                                                            
             

. 3.  
Ti—Cu—Zr—Ni  ( )  ( ) 

Fig. 3.  Distribution of components of amorphous filler metal Ti—Cu—  
Zr—Ni in width of the strip (a) and its microstructure ( ) 
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Fig. 4.  Diffraction curve of amorphous filler metal Ti—Zr—Cu—Ni

       
. 5. - ( )  ( ) - -

1-0, 
 Ti—Zr—Cu—Ni 

Fig. 5. One-layer (a) and multilayer ( ) elements of plate-ribbed type heat 
exchanger of titanium alloy VT1-0, brazed by using the Ti—Zr—Cu—Ni system 
amorphous filler metal 

  
       

. 6. -
1-0:  ( ),   ( ) 

Fig.  6. Microstructure of brazed joint on an element of VT1-0 plate-ribbed type heat 
exchanger: general view (a), fillet region ( ) 
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 42,65% ( . 2,  1, . 7, ). 

  
. 
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. 7. 1-0        
c :  ( , )      
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Fig. 7. Microstructure of brazed joint on titanium alloy VT1-0 with 
designation of regions being analyzed: central part of the seam ( , ) and 
distribution of Zr ( ) in it, wide region of the seam ( ) 
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T a b l e  2. Chemical heterogeneity of brazed joints on alloy VT1-0 made 
by using amorphous filler metal Ti—Cu—Zr—Ni 

, % ( .) 

Ti Ni Cu Zr 

2 ( . ., . 7, ) 99,45 0,56 — — 

3 ( , . 7, ) 89,26 2,04 4,99 3,71 

4 ( , . 7, ) 95,09 1,6 2,45 0,86 

1 ( , . 7, ) 42,65 11,28 16,96 29,11 

2 ( , . 7, ) 50,35 7,54 27,36 14,75 

3 ( , . 7, ) 71,2 4,10 5,73 18,97 

4 ( , . 7, ) 76,66 4,93 5,55 12,86 

5 ( , . 7, ) 89,28 1,02 1,8 7,9 

6 ( , . 7, ) 62,54 6,12 23,61 7,73 
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Maksymova S. V. 
Amorphous filler metals for brazing of stainless steel and titanium, and structure 

of brazed joints 

The paper considers results of investigations of brazed joints on elements of heat 
exchanging devices of stainless steel (12Kh18N10T) and titanium alloys (VT1-0, OT4), 
made by using amorphous filler metals on the nickel (Ni—7Cr—4,5Si—3Fe—3,2B) 
and titanium base (Ti—24Cu—12Ni—12Zr), respectively. Microstructure and chemical 
heterogeneity of the seams and amorphous filler metals have been studied. It is shown 
that structure is inhomogeneous along the seam both in morphology and in chemical 
composition, and that it depends upon the size of the gap between the materials joined.     


