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CHARACTERIZATION O F  BRAZING ALLOYS WITH STAINLESS STEELS 

David H. Riefenberg, Joe H. Doyle, Richard F. Hillyer, and William S. Bennett 

~ b s t r a c t  : To simulate braze joints, qualitative 
X-ray mapping of the elemental interactions be- 
tween brazing alloys and two common types of 
stainless steels has been performed via the electron 
microprobe. In general both steels, Types 304L 
and 21-6-9, react with a particular brazing alloy in 
a similar manner, the exceptions being the gold- 
copper brazing alloys which show deeper penetra- 
tion into the 2 1-6-9 stai~lless steel. 

INTRODUCTION 

Increasing use is being made of a high manganese 
stainless steel (2 1-6-9) in applications requiring 
brazed joints. A direct comparison of the braze 
alloy to  stainless steel interface reactions of both 
2 1-6-9 and 304L stainless steels was in order. The 
chemistry composition limits for both types of 
stainless steels are given in Table I. A total of 
thirteen common stainless steel brazing alloys were 
compared. Most of the alloys were based on the 
silver-copper eutectic with additions of various 

Element 

Chromium 

Nickel 

Manganese 

Silicon 

Sulfur 

Phosphorus 

Carbon 

Nitrogen 

TABLE I .  Chemistry Limits for 
Stainless Steels in Weight Percent. 

Stainless Steels 

Type-304L Type-216-9 

18.0 to 20.0 18.0 to 21.0 

8.0 to 12.0 5.5 to 7.5 

2.0 Maximum 8.0 to 10.0 

1.0 Maximum 1.0 Maximum 

0.030 Maximum 0.030 Maximum 

0.045 Maximum 0.060 Maximum 

0.030 Maximum 0.040 Maximum 

0.15 to 0.40 

elements to  enhance wettability. Presented in 
tabular form in Table I1 is complete information 
on the brazing alloys, with the brazing temperatures 
used in this study. The majority of these alloys are 
known to  perform well with the 300 series stainless 
steels. 

EXPERIMENTAL 

Metallographically prepared stainless steel samples, 
with the braze metal on the sample surface, were 
placed in a standard cold-wall vacuum furnace.' 
Chromel-Alumel thermocouples were inserted into 
each sample. The furnace was evacuated to 
5 X torr (133 pascals), or lower. The samples 
were heated to  the selected brazing temperature 
and held for 5 minutes. The samples were then 
cooled to  at least 150 OC, by flowing helium, 
before removal from the furnace. 

Cross sections through the center of the braze 
metals were prepared metallographically. The 
cross sections were analyzed with the electron 
microprobe. A backscattered electron micrograph 
(BSE) with accompanying X-ray elemental maps of 
each major alloying element in the stainless steel 
and braze metal was made for each cross section. 
All micrographs are 500X magnification and the 
elemental X-ray micrographs should be indexed 
to the BSE micrograph in each figure. Such 
analysis is qualitative in nature and presents a 
visual profile of the elemental distribution at  
the stainless steel-braze interface. 

RESULTS AND DISC~JSSION 

Figures 1 through 6 are typical interfaces for the 
silvercopper-palladium alloys. Figures 1 and 2 

W. S. Bennett, R. F. Hillyer, D. L. Keller, and D. H.  Riefenbcrg. 
"Vacuum Brazing Studies on High Manganese Stainless Steel." 
.Welding Journal 5 3 :5 10-5 16. 1974. 



TABLE 11. Data on Brazing Alloys and Related Temperatures. 

Figure 
No. 

Composition 
-- - 

Liquidus Solidus Brazing --- 
(weight percent) Temperatures 

Braze Alloy Gold Silver Copber ' Palladium Tin Manganese Nickel (OC) - - -  - - ( "C) (OC) 

F'alcusil 10 5 8 32 10 

Palcusil 15, 65 20 15 

Cusiltin 60 30 10 720 600 850' 

13,14 630 

15,16 655 

17, 18 Nicusil 

19,20 852 

21,22 Silcoro 60 60 20 20 

23,24 Nicoro 80 81.5 16 

25,26 Nioro 82 

(Palcusil 10) with 10 weight percent palladium at the braze alloy constituents into the two base 
900 O C  show little penetration of iron into the metals was apparent. 
braze alloy at the interface. Also showing little, 
if any, penetration of iron into the braze alloy is 
the 15 weight percent palladium at 900 O C ,  In Figures 1 1 and 12 (filsiltin), a silverc.npper-tin 
Figures 3 and 4 (Palcusil 15). A more severe braze alloy with 10 weight percent tin and a non- 
interface reaction takes place with the 15 weight interface layer forms. Slight copper penetration 
percent palladium when the brazing temperature into the 2 1-6-9 base metal is noticeable. No copper 
is raised to  1000 OC, as viewed in Figures 5 and 6.2 penetration intrudes into the 304L base metal. 

A silvercopper-tin noneutectic braze alloy is shown A last example of a braze alloy containing tin is 

in Figures 7 and 8 (07 1). This particular alloy is presented in Figures 13 and 14 (630). This is a 

low in silver content, around 7 weight percent.. silvercopper-tin-nickel alloy. Nickel content is 

Copper penetration into the 21-6-9 base metal, is 3 weight percent. The inlerftice reaction on each 

much greater than into the 304L stainless steel. steel is identical. Note the concentration of nickel 
at the base metal interfacec, with little niolrol 
present in the bulk of the braze metal. 

Figures 9 and 10 (580) are of a silvercopper-tin- 
manganese braze alloy. Manganese content in this Figures and 6 (655) show a 
alloy is a low 3 weight percent. No penetration of brazing alloy containillg Jlickel arid manganese. 

increased concentration of nickel, copper, and 
lFigures follow in sequence at end of text. manganese appear at the interface of both 2 1-6-9 



and 304L stainless steels. The interface elemental 
reactions are identical. 

A silvercopper eutectic brazing alloy containing 
0.5 weight percent nickel is shown in Figures 17 
and 18 (Nicusil). The reactions are identical for 
both stainless steel base metals. A continuous layer 
of cdpper-nickel has formed at the interface. All 
of the nickel present in the braze metal alloy is 
concentrated at the interface area. 

A silver-manganese alloy is shown in Figures 19 and 
20 (852). No dissolution of one material into 
another can be seen. Little interface reaction 
appears in either of the base metals or the braze 
alloy. 

The following figures from 2 1 through 26 are 
representative of brazing alloys co<taining gold. 
Figures 2 1 and 22 (~ilcoro' 60) consist of a gold- 
silvercopper alloy. Penetration of the braze 
alloy into both stainless steel base metals is 
apparent. Much greater penetration has occurred 
in 2 1-6-9 than in 304L. Notice the displacement 
of loosened grains from the stainless steel into the 
brazing alloy. Also note the lack of manganese in 
these grains and a depletion of manganese in the 
area where the braze metal has penetrated. 

Figures 23 and 24 (Nicoro 80) are typical of a 
goldcopper-nickel brazing alloy., The reaction 
between the two stainless steel base metals and the 
brazing alloy is much different. On 304L, 
moderate iron and nickel penetration occurs into 
the braze material with slight copper erosion into 
the stainless-steel grain boundaries. On the 2 1-6-9 
base ~netal, both copper and gold have penetrated 
to a great depth. Stainless-steel grains have 
dispersed into Lht: brazing alloy. Manganese has 
moved entirely out of the affected region. 

A gold-nickel brazing alloy is shown in Figures 25 
and 26 (Nioro). Iron has penetrated into the 
braze metal in both cases, with the deepest 
penetration occurring in 2 1-6-9. Gold and nickel 
distribution appears unircrr~n far both basc 
materials. 

CONCLUSIONS 

1. Silvercopper eutectic alloys with 10 weight 
percent or 15 weight percent palladium 
perform satisfactorily on both 304L and 

. 21-6-9 stainless steels at brazing temperatures 
of 900 and 1000 "C. 

2. Eutectic type silvercopper-tin brazing alloys 
react favorably with both base metals near 
800 PC brazing temperatures. Manganese as 
an 'additive to silvercopper-tin alloys helps 
the wetting process and also gives good results 
with both stainless steels. If nickel is 
substituted for manganese in the.silvercopper- 
tin brazing alloy, a nickel-rich interface forms 

'. 
on both 304L and 2 1-6-9. 

Noneutectic silvercopper-tin alloys, Type 07 1 
at 1000 "C, show severe copper grain-boundary 
penetration into both 304L and 2 1-6-9 
stainless steels. This braze should be used with 
caution, especially with 21-6-9. 

- 

4. On brazing alloys containing no tin, such as a 
silvercopper eutectic containing both nickel 
and manganese as alloys, results are identical 
on both base stainless steels. Nickel, copper, 
and manganese are concentrated at the inter- 
face. In the case of a silvercopper-nickel 
brazing alloy, copper and nickel are high at 
the interface area, with all of the nickel from 
the braze metal concentrated in this area. 

5.  The silver-manganese braze alloy at high 
temperatures, 1050 "C, shows little inter- 
action with either 304L or 21-6-9 stainless 
steels. 

6. Goldcopper based brazing alloys show severe 
erosion on 2 1-6-9 stainless steel base metal. 
Moderate erosion occurs also in 304L stainless 
steel. These alloys would be unsatisfactory 
nn 2 1 -6-9 stainless steel but may have some 
limited applications with 304L stainless steel. 



I L L U S T R A T I O N S  
Figures 1 tluough 26 



FIGURE 1,  Palcusil 10 (a) (with weight percents: 58 silver, 32 copper, and 10 palladium) 
on Type-304L Stainless Steel (b) at 900 "C. Magnification 88 percent of 500X 



FIGURE 2. Palcusil 10 (a) (with weighrpercents: 58 silver, 32 copper, and 10 palladium) 
on Type 21-6-9 Stainless Steel (b) at 900 OC. Magnification 88 percent of 500X. 



FIGURE 3. Palcusil 15 (a) (with weight percents: 65 silver, 20 copper, and 15 palladium) 
on Type-304L Stainless Steel (b) at 900 OC. Magnification 88 percent of SOOX 
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mGURE 4. Palcusil 15 (a) (with weight percents: 65 silver, 20 copper, and 15 palladium) 
on Type 21-6-9 Stainless Steel (b) at 900 O C .  hdagnification 88 percent of SOOX. 



FIGURE 5. Palcusil 15 (a) (with weight percents: 65 silver, 20 copper, and 15 palladium) 
n Type-304L Stainless Steel (b) at 1000 PC. Magnification 88 percent of 500X. 

, q ' q p x  7; , 1 .;,: y-'r!,,'**-'- , ,, . - *- T.' . A ~ T < : ~ =  8 .- -. 8 --j! ei, i +:z72 ::, .I ?l, . ,,.r,pL .... ;; ;.,:', r:z+t,. #as 



FIGURE 6. Palcusil 15 (a) (with weight percents: 65 silver, 20 copper, and 15 palladium) 
on Type 21-6-9 Stainless Steel (b) at 1000 "C. Magnification 88 percent of 500X. 



FIGURE 7. No. 071 (a) (with weight percents: 7 silver, 85 copper, and 8 tin) 
on Type-304L Stainless Steel (b) at 1000 O C .  Magnification 88 percent of 500X. 
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&kscafter Electron M icropmbe 

FIGURE 8. No. 071 (a) (weight percents: 7 silver, 85 copper, and 8 tin) 
on Type 216-9 Stainless Steel (b) at 1000 O C .  Magnification 88 percent of 500X. 
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FIGURE 9. No. 580 (a) (weight percents: 57 silvcr, 33 boyp~r, 7 tin, and 3 manganese) 
on Type-304L Stainless Steel (b) at 800 OC. Magnification 88 percent of 500X. 
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FIGURE  10.   No. 580 (a) (weight percents: 57 silver, 33 copper, 7 tin, and 3 manganese)
14 on  Type 21-6-9 Stainless Steel  (b) at 800 'C. Magnification 88 percent of 50OX.



FIGURE 11. Cusilt i~~ \a) (weight percents: 60 suver, 30 copper, and 10 tin) 
on Tv~e-304L Stainless Steel (b) at 850 OC. Magnification 88 percent of 500X. 



FIGURE 12. Cusiltin (a) (weight percents: 60 silver, 30 copper, and 10 thv 
on Type 214-9 Stainless Steel (b) at 850 OC. Magnification 88 percent of SOOX. 



FIGURE 13. No. 630 (a) (weight percents: 63 silver, 28 copper, 6 tin, and 3 nickel) 
on Type-304L Stairlless Steel (bj at 8SU OC. MagmficatIon 88 percent of SUOX. 



FIGURE 14. No. 630 (a) (weight perc 
on Type 21-6-9 Stainless Steel (b) at 

Nickel F" 

- a ~ ~ :  63 silver, 28 copperF 6 tin, and 3 nickel) 
850 OC.  MagniEcation 88 percent of SOOX. 



FIGURE 15. No. 555 (a) (weight percents: 65 silver, 28 copper, 5 manganese, and 2 nickel) 
Steel (b) at 900 OC. MagM~ation 88 powoent of 500X. 
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FI- 16. No. 655 Ca) (we&&% pmm%~: 65 1 n r S  28 Coppew, 4 m , and 2 d&d) 
ola Type- 21-64 S W m s  S t d  (i~) at 900 8~ W-an 88 of SOOX 



Backscatter Electron Pulicroorobe 

FIGURE 17. Nicusil (a) (weight percents: 71.5 silver, 28 copper,and 0.5 nickel) 
on Type-304L Stainless Steel (b) at 900 "C. Magnification 8X percent of 500X. 



FIGURE 18. Nicusil (a) (wefght percents: 71.5 diver, 28 copper, and 0.5 nickel) 
on Type 21-6-9 SWnltw Steel (b) at 966' *C. Magnification 88 percent of 500X. 



FIGURE 19. No. 852 (a) (weight percents: 85 silver and 15 manganese) on 
ripe-304L Stainless Steel (b) at 1050 OC. Magnification 88 Qerceflt of 500X. 



FIGURE 20. No. 852 (a) (weight percents: 85 silver and 15 manganese) on 
Typc 21-6-9 Stainless Steel (b) at 1050 "C. Magnification 88 percent of 500X. 





HGURE 22. Silcoro 60 (a) (weight percents: 60 gold, 20 silver, and 20 wpper) 
011 Type 216-9 Stainless Steel (b) at 1000 OC. M-cation 88 percent of 500X. 



FIGURE 23. Nicmo 80 (a) (wetgZlt percents: 81.5 guld, 16 copper, and 2.5 
ickel) an Type304L Stainless Steel (b) at 1000 "C. Magnification 500X. 
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FSackxatter Electron Microprob 

FIGURE 24. Nicoro 80 (a) (weight percents: 8 1.5 gold, 16 copper, and 2.5 nickel) 
on Type 214-9 Stiilless Steel (a) at 1000 O C .  Magnification 88 percent of 500X. 
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RFURE 26. Ninro (a) (weight percents: 82 gold and 18 nickel) 
on Type 21-6-9 Stainless Steel (b) at 1000 O C .  Magnification 500X. 




