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  1. . .
 [23] 

T a b l e  1. Temperature of beginning of decomposition Tb. d. of complex 
TFB with different bases [23] 

Mr -

* 1,61 5,50 8,33 9,33 10,78 11,12 

,   
° [22] 201—204 172 128,9 184,5 44,5 106 
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*  — .  

  2. -
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T a b l e  2.  Temperature of beginning of decomposition of simple and 
complex TFB of metals with different bases [18, 20, 23, 24] 
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  3. 

T a b l e  3. Compositions of low-temperature TFB fluxes

1—6 HBF4⋅L, (L) — , , 
Mr, , - , 

7 59

8 220 

9 280 

. 

, : 
. 

 JIS Z 3197-1986 ( ), (%) -
 = (D – H)/D⋅100%, D — 

, , ; H — 
, , . 

  .  

 230—320 °   -

 ( . 1, . 3). 
, 

. , -
200   (%):  7 (

) — 71,2;   1—6 ( -
, , Mr, , - , ) — 61,2—69; 

 8 (  Pb(II) ) — 89,1;  
 9  (  Zn(II)  Cd(II)  Mr) — 78,8. 

  , 
 10% , 

 0,1—0,5 -
 1—7 

.  



ISSN 0136-1732. , 2007. . 40 86

                                                                                                   
. 1.  1350:  — 

200 ,  ( - / )  0,063  0,5   (1—9, . 4),  = 
= 260—280 ° ;  — 1—4 — Sn10Zn, Sn24Pb5Zn, Sn39Pb [25], Sn25Cd20Zn 
[26]), 200; 5 — Sn24Pb5Zn, 280; 6—9 — Sn10Zn, Sn24Pb5Zn, 
Sn39Pb [25],  Sn25Cd20Zn [26], 59 ,  (0,3 - / )  

Fig. 1. Factor of spreading Fs of tin solders over aluminium 1350: a — P200A, 
activator (g-mole/l)  from 0,063 to 2,5 in fluxes (1—9, Table 4), Ts = 260—  
280 ° ;  — 1—4 — Sn10Zn, Sn24Pb5Zn, Sn39Pb [25], Sn25Cd20Zn [26]), 
FTFA200; 5 — Sn24Pb5Zn, FTFA280; 6—9 — Sn10Zn, Sn24Pb5Zn, Sn39Pb 
[25],  Sn25Cd20Zn [26], F59A, activator (0,3 g-mole/l) 

 1—6  HF 
  (HBF4 ,  

HBF4 - , HBF4 ),  (>120—220 ° ) 
(>120—290 ° ) — HBF4 , HBF4 Mr, HBF4 . 

 [20, 22],  Pb(II), 
Zn(II), Cd(II)  HF 

. -
 8 ( 200)  9 ( 280) 

,  1—7, : 240 °  —  280— 
300 °  — . 

. 
 8  9, -

 Mr,   -
. 

, 
, 

, 
. 

, 

 ( ), 

, %

90

75

60

, %

, °°°°

90

40



ISSN 0136-1732. , 2007. . 40 87

 Pb(II), 
Zn(II), Cd(II) r. - -
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. 2.  (  JSM-840) 

:  — 
 Sn24Pb5Zn  Cd(II) c  Mr;   

 —  Sn10Zn  Pb(II)   

Fig. 2. Results of analysis (microscope JSM-840) of the region with a solidified 
solder droplet on the surface of aluminium, and spectra of elements of the 
coating: a — solder Sn24Pb5Zn and flux with complex TFB Cd(II) with Mr 
base;  — solder Sn10Zn and flux with complex TFB Pb(II) with BTA base  
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  4.    (% ( ))                  
—  = 280 °°°°   

T a b l e  4. Quantitative analysis of elements (% (mass)) in micro volumes 
of the solder— aluminium transition zone at Ts = 280  °°°°   

Sn Zn Pb Cd Al 
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200 
280 , 

, 

. 
, 

 1 . 

, -
,  —  Zn(II), 

Cd(II), Pb(II), :                     
1) 
(
215—280 ° ); 2) 
(250—300 ° )  , , 

;   
3) 

. 

, 
-

. -

  
.  

, , , 
Mr, , - , , 

. 



ISSN 0136-1732. , 2007. . 40 89

. ’
,  —  ( ) 

. , 
, , 

- , 
. 

’ . 

1. . . . — .: , 
1983. — 192 . 

2. . ., . . . — .: , 1967.  — 
367 . 

3. . .  / . . . -
. —  .: , 1959.  — 116 . 

4. . 3988175 , 2 B 23 K 35/34. Soldering flux and method / Rutledge, 
L. Dewayne, G. T. Ozaki; Bethlehem Steel Co. ( ). — . 26.10.76.  

5. . 4496612 , 3 B 05 D 3/04, B 23 K 35/34. Aqueous flux for hot dip 
metallizing process / E. James, Mc. Nutt, Robert J. Scott; E. I. Pont de Nemous and 
Co. ( ). — . 29.01.85. 

6. . 4802932 , 4 B 23 K 35/34. Fluoride-free flux compositions for hot 
galvanization in aluminum-modified zinc bath / Jeannine Billiet ( ); Dionne 
& Cantor ( ). —  . 07.02.89. 

7. . 3074158 , 2 B 23 K 35/34. Flux composition and method of using 
same to solder aluminum / Walter D. Finnagan ( ); Kaiser Aluminum & 
Chemical Co. ( ). — . 22.01.63. 

8. . 3330028 , 3 B 05 D 3/04, B 23 K 35/34. Soldering flux and method 
of soldering with same / Charles H. Elbreder ( ), Frontenac Mo. ( ),       
D. Berryman, Gail Garner ( ); both of Lemay Mo. — . 11.07.67. 

9. . 2801943 , 2 B 23 K 35/34. Composition of matter for soldering 
aluminum / Meyer L. Freedman ( ); Horizons Inc. ( ). —  . 
06.08.57.  

10. . . . — .: , 1981. — 348 . 
11. . 2788303 , 2 B 23 K 35/34. Soldering flux / Robert L. Ballard, 

Donald C. Burch ( ); Essex Wire Co. ( ). — . 09.04.57.  
12. . ., . . . — .: , 1988.  — 

376 . 
13.  / . . . . — .: , 

2003. — 480 . 
14. . 22286298 , 2 B 23 K 35/34.  Aluminum soldering flux / Mike        

E. Miller ( ); Aluminum Company of America ( ). — . 16.06.42.  
15. . 3655461 , 2 B 23 K 35/34; B 23 K 35/36. Flux for aluminum 

soldering / Rutledge, L. Dewayne, G. T. Ozaki; ( ); Sanyo Electric Works Ltd. 
( ). — . 26.10.76. 

16. . . . — .: 
, 1956. — 718 . 

17. . . -
 Mg, Ca, Sr, Ba, Zn, Cd, Fe, Co, Ni  

 Fe : . . … . . . — : 
. - , 1970. — 17 .  

18. . ., . . -
, , ,  // 

. . . — 1970. — 15,  3. — . 657—660. 



ISSN 0136-1732. , 2007. . 40 90

19. .
. . 2. — .: , 1971. — 1168 . 

20. . ., . ., . .
 (II)  (II) 

 // . . . — 1993. — 38,   2. —  . 273—275. 
21. . ., . ., . ., . .

 (II) -
  // . . . — 2000. — 66,  6. — . 88—92. 

22. . ., . ., . ., . .
-  (II) 
 (II)  // .  —  

2000. —  66,  8. — . 81—86. 
23. . ., . ., . . .

 // . — 1990. — 
 6. — . 64—66. 

24. . ., . ., . ., . .

 — 
 // . 1- . .- . . „
, , ”, 11—

13 . 2002, . . — : , 2002. — . 657—664. 
25. Khorunov V. F., Sabadash O. M., Chebotarev A. N.  Soldering of aluminium using 

low-temperature fluxes containing tetrafluorborate activators // Proc. of the 3rd 
Internat. Seminar in Precision and Electronic Technology “INSEL-99”, Warsawa, 
1999. — P. 185—189. 

26. . ., . .
 // . — 

2005. —  8. — . 69—74. 

 21.11.07 

Sabadash O. M. 

Soldering of aluminium by using tin-based solders and reactive fluxes 

The processes of soldering of aluminium by using tin solders and fluxes 
containing activators, such as complex tetrafluoroborates (TFB) of metals with 
nitrogen—containing bases, have been investigated. It is shown that synthesised 
complex TFB of lead, zinc and cadmium with benzatriazole and morpholine, 
while interacting with aluminium, form a complex—forming metal coating on 
its surface, which improves spreading and filling of a capillary gap with the 
solder. Soldering by using the developed fluxes provides high properties of the 
joints. 


