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LEGAL NOTICE 

T h i s  report wos prepared o s  an account of Government sponsored work. 

nor the Commission. nor any person act ing on behalf of the Commission: 

A. Maker any warranty or representation, express or implied, w i t h  respect t o  the accuracy, 

completeness, or usefulness s f  t he  informotion conta ined in th i s  report, or thot the use o f  

any informotion, opporatur, method, or process d isc losed i n  th i s  report may not in f r inge 

pr ivate ly  owned r ights; OT 

Assumes any l i ab i l i t i es  w i t h  respect t o  the use of, or for damages resul t ing from the use o f  

any informotion, apporotus, method, or process d isc losed in th is  report. 

As used i n  the above, "person act ing on behalf of  the Commission" includes any employee or 

contractor o f  the Commission to  the extent that such employee or contractor  prepores. hondles 

or distr ibutes, or provides access to, any information pursuant t o  h i s  employment or contract  

w i th  the Commission. 

Neither the Uni ted States, 
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ELECTROLESS-PLATED BRAZING ALLOYS 

P. Patriarca G. M. Slaughter W .  D. Manly 

INTRODUCTION 

A survey of the recent I i terature' l2 reveals that 
modifications of the electroless nickel-plating 
p r o c e ~ s ~ ' ~  effected by several industrial con- 
cerns have rendered the method economically 
feasible for commercial application. An obvious 
advantage of this method over the usual electro- 
plating process is that a uniform plate can be 
deposited on a complex surface without the di f f i -  
cult ies introduced by variations in  "throwing 
power" of the electrolytic methods. 

Briefly, the electroless n ickel-plating process 
involves the deposition of  a high-phosphorus 
nickel plate as a consequence of the reduction of 
a nickel salt  to  metallic nickel. A hypophosphite 
i s  converted to  the phosphite wi th subsequent 
deposition of nickel in accordance with the simple 
react ion : 

NiCl , + NaH2P0, + H,O -+ Ni + 2HCI + NaH,PO, 

Since the nickel as deposited by this method has 
been reported'*, to  contain from 5 to  10% phos- 
phorus, secondary reactions probably play a 
significant role in the deposition mechanism. 

Examination of the equilibrium phase diagram6 
of Fig. 1 w i l l  reveal that such nickel-phosphorus 
deposits constitute an elevated-temperature brazing 
al loy system of the simple eutectic type. 

Of prime importance is the apparent possibi l i ty 
of using the electroless process t o  provide a 
very convenient method for preplacing this brazing 
al loy system so that it w i l l  be independent of the 

'J. 6. Campbell, "Electroless Nickel Plating: 
Where I t  Stands Today," Materials and Methods 37(5), 
96 (1953). 

,E. L. Gostin, "Electroless Plating Produces Hard 
Nickel Coating," Iron Age 171(24), 115 (1953). 

3A. Brenner and G. E. Riddell, "Nickel Plating on 
Steel by Chemical Reduction," 1. Research Natl. Bur. 
Standards 37, 31 (1 946). 

4A. Brenner and G. Riddell, "Deposition of Nickel 
and Cobalt by Chemical Reduction," J. Research 
Natl. Bur. Standards 39, 385 (1 947). 

5Elec tro less  Plating on Metals b y  Chemical Re- 
duction, National Bureau of Standards Technical Report 

Hansen, Der aufbau der zweistofflegiemngen, 
1097. 

6M. 
Edwards Bros., Ann Arbor, 1943. 

complexity of the assembly t o  be fabricated. 
Consideration of this possibi l i ty and interest in 
the Ni-P system in general led to  the decision that 
a study of electroless nickel-base brazing al loys 
should be incorporated into an elevated-temper- 
ature brazing al loy development program. 

Although the results of the preliminary studies 
conducted to  date are limited in  scope, they are 
believed to  be significant and are therefore 
presented for the benefit of other researchers in 
the f ield of elevated-temperature brazing a Iloys. 
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Abb. 388. NGP. Nickel-Phosphor. 

Fig. 1. Nickel-Phosphorus Equilibrium Phase Diagram. 
(Reprinted from Der  aufbau der zweistofflegierungen, by 
M. Hansen, Edwards Bros., Ann Arbor, 1943.) 

UNCLASSIFIED 1 



E X P E R I M E N T A L  P R O C E D U R E  A N D  R E S U L T S  

T o  determine the feasibil i ty of the use of this 
electroless Ni-P plate as a brazing alloy, a series 
of type 316 stainless steel strips 4 x 3 x k 6  in. 
were electroless-plated with a nominal thickness 
of 0.001 in. of Ni-P by procedures based on the 
method developed by the U. S. Bureau of Standards. 

A photomicrograph of the Ni-P plate as deposited 
on the stainless steel is shown in  Fig. 2. As may 
be noted, the plate is  quite dense. An  examination 
of the Vickers hardness indentations obtained with 
a Bergsman microhardness tester, a t  25-9 Iwd, 
indicated that the plate was substantially hard 
(361 average) and bri t t le as evidenced by the 
shattering of the plate around the diamond inden- 
tation. This value, however, is  somewhat less 
than the averages of 450 and 600 reported by 
industria I i nvest i gator s . ' 

Standard flowabil ity inverted-T joints were 
made by using a plated stainless steel str ip as 
the horizontal member and an unplated stainless 
steel str ip as the vertical member. This T-joint 
was tack-welded at the ends and brazed in a 
-7O'F dew-point, hydrogen-atmosphere, globar- 
heated furnace at 1800'F for 10 min. Figure 3 

shows a typical inverted-T joint brazed with 
electroless-deposited Ni-P. It may be noted that 
as the Ni-P plate melted, the melt sought the 
nearest capil lary and adequately wet the unplated 
stainless steel member to form a uniform f i l l e t  
along the fu l l  length. 

The microstructure of the f i l l e t  is  presented 
in  Fig. 4, a photomicrograph at  a magnification of 
1OOX. Solution of the stainless steel members has 
taken place, contributing t o  the formation of 
primary crystals; these crystals can be seen along 
the walls and in the matrix of the fi l let. 

From Fig. 5, a photomicrograph, a t  a magnifi- 
cation of lOOOX, of an area within the f i l l e t  of 
Fig. 4, the presence of a eutectic can be es- 
tablished. Hardness impressions of the larger, 
lighter, etching areas averaged 124 VHN, whereas 
the hardness of the darker etching matrix averaged 
546 VHN. Although the chemical analysis of 
severa I Ni-P electroless deposits revealed a 
phosphorus content between 10 and 12%, the 
solution of stainless steel at 1800'F during the 
brazing operation had apparently shifted the 
composition of the brazed joint to  a hypoeutectic. 
Further evidence t o  this effect exists i n  the 

-.-.. 

# 

Fig. 2. Approximately 0.0014-in. Electroless Ni-P Plated on Type 316 Stainless Steel Illustrating the Density 
of the Plate and the Relative Hardness Between the P la te  and the Stainless Steel. Unetched. 500X. Reduced 3%. 
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Fig. 3. As-Brazed Type 316 Stainless Steel Inverted- 
T Specimen Illustrating Excellent Flowability of the 
Electroless Ni-P Brazing Alloy. 

photomicrograph of Fig. 6, taken at  750X magnifi- 
cation at  a fi l let-stainless steel interface. ExceI- 
lent wetting Occurred, as evidenced by the growth 
of primary crystals along the stainless steel. 
Their hardness corresponds to  that exhibited by 
the lighter etching areas of Fig. 5. This would 
indicate that the solution of stainless steel by the 
Ni-P brazing alloy has resulted in a hypoeutectic 
composition consisting of an extensive sol id 
solution of nickel, phosphorus, and type 316 
stainless steel (wt %: 10 Cr-8 Ni-3 Mo-79 Fe) 
and a phase which may be a complex phosphide 
of the above elements. 

>ccordingly, a quantity of stainless steel sheet 
f ins was prepared by punching holes wi th  a 
nominal diameter of 0.190 in. i n  0.010-in.-thick 
type 304 stainless steel sheet and leaving a l ip  
sufficiently adequate t o  provide a 15-fin-per-ihch 
spacing. These fins were plated with approxi- 
mately 0.0015-in. electroless-deposited Ni-P 
brazing alloy on each surface and assembled with 

I 

q6-in.-OD, 0.020-in.-walI, type 316 stainless 
steel tubes into a small heat exchanger test 
specimen. Figure 7 i s  a photograph of this speci- 
men after it was brazed a t  180OOF for 10 min. 
Note that adequate flow, wetting, and f i l le t ing 
have occurred. One tube was sectioned for me- 
tallographic examination, a section of which is  
shown in  Fig. 8. Examination of this photo- 
micrograph indicates that preplacement of the 
electroless Ni-P brazing al loy in complex as- 
semblies is  feasible. It may be noted that the 
microstructure of the joint is similar to  that ob- 
served in  the basic inverted-T specimen of Fig. 4, 
as would be expected. 

A portion of the sectioned tube-to-fin joint was 
then subjected to  an oxidation test in static air 
a t  150OoF for 100 hr. Results of this test  are 
presented in Fig. 9, a photomicrograph of the 
joint after exposure. The extent of attack during 
this test was negligible. A section of an lnconel 
inverted-T specimen was then exposed to  static 
air at 150OoF for 500 hr to  further determine i ts 
oxidation resistance. The results of this test 
are presented in the photomicrograph of Fig. 10. 
Only minor attack was evident a t  the f i l l e t - tos i r  
inter face. 

A portion of an inverted-T specimen was sub- 
mitted for static corrosion testing in  sodium at  
150O'F for 100 hr. Figure 11 is a photomicrograph 
of a section of the specimen after exposure. 
Metallographic examination of the specimen re- 
vealed the presence of small voids completely 
across the joint, indicating that the al loy would 
not be suitable for use i n  this type of environment. 

These examinations made it apparent that the 
electroless-plated Ni-P alloy would not be ade- 
quate for joints requiring h igh-temperature re- 
sistance to sodium. The oxidation resistance of 
the alloy, however, appeared to be adequate for 
applications when the prime function of the brazing 
alloy would be to  provide optimum heat-transfer 
characteristics. 

E F F E C T  O F  C H R O M I U M  A D D I T I O N S  T O  
E L E C T R O L E S S  N I C K E L  

In  an effort to  improve the corrosion resistance 
of the electroless Ni-P brazing al loy in  sodium, 
and, t o  a lesser extent, improve i ts resistance 
to  oxidation, another series of test specimens was 
prepared. These type 316 stainless steel strips 
(similar t o  those used in  the in i t ia l  tests) were 
plated with approximately 0,001-in. electroless- 
deposited Ni-P and then, by means of conventional 
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electrodeposition, plated with approx imate ly 
0.0002 in. of chromium. A photomicrograph of a 
section of one such str ip is shown in  Fig. 12. 

A n  inverted-T f lowabil i ty specimen was made 
as described previously and brazed a t  180OoF 
for 10 min in dry hydrogen. Excel lent flow, 
wetting, and f i l let ing were again observed, as 
shown in Fig. 13. The microstructure is somewhat 
different from that of the Ni-P f i l l e t  of Fig. 4, 
and this is attributable to  the greater amount of 
chromium. Figure 14 shows the microstructure 
within the Ni-P-Cr stainless steel f i l l e t  a t  750X 
magnification, revealing a coarser eutectic than 
that shown in Fig. 5. 

Another portion of the inverted-T specimen was 
submitted for evaluation of corrosion resistance 
in sodium at 1500OF. The extent of attack after 
100 hr of exposure is  evident upon examination 
of Fig. 15. In this case the f i l l e t  remained rela- 
t ively sound with decreased attack a t  the f i l let-  
sodium interface. Examination of an lnconel test 
specimen exposed t o  stat ic air a t  15OO0F for 
500 hr revealed that the chromium addition t o  the 
electroless-plated Ni-P al loy had provided excel- 
lent oxidation resistance to  the joint. This is 
shown in Fig. 16. 

As would be expected, however, the phosphide 
portion of the eutectic rendered the f i l l e t  bri t t le 
and prone t o  cracking. This is illustrated in 
Fig. 17, a photomicrograph of a f i l l e t  of a T-joint 
after brazing. A higher magnification of the 
cracks in  the brazing al loy microstructure of this 
f i l l e t  is shown in Fig. 18. The cracks are preva- 
lent in the bri t t le phosphide phase (VHN approxi- 
mately 500) and end abruptly upon reaching the 
softer nickel-rich primary phase. 

It thus appears that the Ni-P-Cr al loy may be 
attractive in  applications when resistance t o  
either high-temperature air or molten sodium is  
imperative. 

It is emphasized that th is al loy should be used 
only when fracturing of the type described is not 
obiectionable and when the base material is not 
notch sensitive to  the extent that a braze metal 

fracture w i  I I propagate through the parent structure 
and cause premature failure. 

C O N C L U S I O N S  

As a result of this preliminary investigation the 
following conclusions may be drawn. 

1 .  The electroless-plating process deposits an 
Ni-P brazing al loy that exhibits excellent weta- 
b i l i t y  and f lowabil i ty in conjunction with such 
high-temperature alloys as austenitic stainless 
steels or lnconel when heated above the eutectic 
temperature in  a dry hydrogen atmosphere. 

2. Complex tube-to-fin heat exchanger as- 
semblies can be fabricated by preplating with 
electroless Ni-P alloy and then brazing a t  180OOF 
in dry hydrogen. 

3. Electroless Ni-P brazed type 316 stainless 
steel and lnconel joints exhibit  favorable oxidation 
resistance after exposure to  air a t  temperatures 
up to 150OOF for extended periods of time. 

4. Electroless Ni-P brazed type 316 stainless 
steel joints exhibit poor corrosion resistance to 
sodium when exposed at 150OoF for 100 hr. 

5. The addition of chromium to the Ni-P brazing 
alloy by electrodeposition provides a means for 
ensuring excellent oxidation resistance of  the 
f i l let.  

6 .  The resistance t o  sodium attack of  the 
electroless Ni-P brazing al loy can be significantly 
improved by the addition of chromium by electro- 
deposit ion. 
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Fig. 4 Section of the T-Specimen Shown i n  Fig. 3 I l lustrat ing the Microstructure of the Electroless Ni-P Brazed 

Etched with glyceria Type 316 Stainless Steel Joint After It Was Brazed at 180OoF i n  Dry Hydrogen for 10 min. 

regia. 1OOX. 

Fig. 5. Microstructure of  the Electroless Ni-P Brazing Al loy Within the F i l l e t  of Fig. 4 Indicating the Presence 

of o Eutectic. Etched with glyceria regia. 1OOOX. Reduced 3%. 
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Fig. 6. Microstructure of the Electroless Ni-P Brozing Al loy at the Fillet-Base-Metal Interface I l lur t ro t ing the 

Etched with glycerio regia. 750X. Reduced Growth of Relatively Soft Primary Crystols from the Stainless Steel. 

1 1.5%. 
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Fig. 7. Tube-to-Fin Test Specimen Fobricoted by Assembly of Preploted Type 304 Stoinless Steel F ins  and 

Type 316 Stoinless Steel Tubes Followed by Brazing at 180OoF in Dry Hydrogen. 
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Fig. 8. Section of the Tube-to-Fin Assembly Shown in Fig. 7 Illustrating the Feasibility of Tube-to-Fin Fabric- 
tion by the Preplate Method. Etched with glyceria regia. 5OX. Reduced 15%. 

Fig. 9. Section of Tube-to-Fin Joint lllustratkd in Fig. 8 After Exposure to Static Air o t  15OO0F for 100 hr. 

Etched with glyceria regia. 1OOX. Reduced 17%. ~ 
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onel T-Joint Brazed with Electroless Ni-P and Held for 500 hr at 1500°F in Static Air. 
IOOX. 

Etched with 

Fig. 11. Photomicrograph of the Electroless Ni-P Brozed Type 316 Stainless Steel Joint After Exposure to 
Sodium at 15OOOF for o Period of 100 hr. Etched with glyceria regia. 1OOX. 

. 

8 



Fig. 12. Approximately 0.0002-in. Electrolytic Chromium on 0.001-in. Electroless Ni-P os Deposited on Type 

316 Stainless Steel. Unetched. 500X. Reduced 3%. 

Fig. 13. Microstructure of an Ni-P-Cr Brozed Type 316 Stainless Steel Joint as Brazed at 180OoF in Dry 
Hydrogen for 10 rnin. Etched with glycerio regia. 1OOX. 
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Fig. Id Microstructure of the Ni-P-Cr Brazing Alloy Within the F i l l e t  of Fig. 13 Indicating the Presence of  a 
Eutectic. Etched with glyceria regia. 750X. Reduced 2%. 

Fig. 15. Photomicrograph of the Ni-P-Cr Brazed Type 316 Stainless Steel Joint After Exposure to Sodium a t  
150OOF for a Period of 100 hr. Etched with glyceria regia. 1OOX. 
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Fig. 18. Photomicrograph of the Electroless Nickel Brozing Alloy at High Magnification. Note the cracks which 

occurred in the brittle phosphide phase. Electrolytically etched in oxalic acid. 1OOOX. Reduced 3%. 
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