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ABSTRACT

The joining behaviour between stainless steel and copper has an importance in sdentific and engineering
applications such as high energy ring vacuum chambers and International Thermonuclear Fusion Experiment
Reactor (ITER). In this research, the rapidly solidified folls of nominal composition 50Cu-40Mn-10Ni (C50) are
used as a filler alloy for brazing between stainless steel {304 SS) and copper (Cu) plates. It is examined that
C50 foil makes a good contact joint between two dissimilar metal plates of different thermal conductivities.
The brazed region is mostly free from any porosities and intermetallic compounds, emphasizing on the
distribution of solid solution phases. It causes high bonding strength of 304 SS-Cu butt joint at low brazing
temperature (B,=920°C) with a fracture at the joint area. On the other hand, the fracture occurs at Cu base
metal for B, = 980°C. The fractography also shows the presence of several dimples at Cu substrate and
severely deformed region at stainless steel substrate, representing a good quality bonding between 30455 and

Cu plates.
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1.0 INTRODUCTION

The joining behavior between stainless steel (S5) and copper
(Cu) jolnt has an impottance not only In high energy ring
vacuum chambers but also In the International Thermonuclear
Fusion Experiment Reactor (ITER) [1]. The multiple
assemblies of S5 to Cu can be joined by intemal bonding,
explosive bonding, or fumace brazing [2, 3]. The TIG brazing
using Ag-Cu fillet alloy is also a promising technique making
the joint between SS and Cu flange [1], However, TIG method
causes a considerable amount of softening and oxidation of Cu
away from the joint, There is also a problem for large sections
of beam chamber due to poor thermal diffusivity between S5
and Cu, preventing the fast attainment of brazing temperature.
It can be avoided by a local heating like laser beam at the
adjolning area. Gopinathan et al. has Investigated the CO,
laser welding of stainless steel to OFC copper at the University
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of Tennessee Space Institute [4]. In this case, 98% of radiation
reflects from Cu surface, therefore, it is required to focus the
beam at the joint or stainless steel. Another approach is the
electron beam welding which is regularly used to the join 304
S8 to OFC Cu for invasive probes into H,-fueled NASA engines
[5]. It results in the sound joint with no evidence of cracking;
however, it shows the inhomogeneous structure at the joint
area. On the other hand, the brazing is one of the most efficient
and good method for joining between two dissimilar metals.
However, a limited research works have been found for brazing
between 304 5SS and Cu. Chen et al. studied the microstructural
evolution at the joining of Cu-Be alloy and 304 SS by achive
brazing [6]. They have found several intermetallic phases at
the brazing zone, which might decrease the strength of the
joint. Stainless steel can be diffusion bonded with Cu alloy by
inserting a gold foll at the joint interface [7]. This bonding
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enhances the strength properties of the joint, however, the
processing cost increases due to the use of gold foil.
Therefore, aim of this work is to develop a strong joint between
304SS and Cu plates in a simple and economical way.

2.0 MATERIALS AND METHODS

The brazing foil (C50) with a nominal composition of 50Cu-
40Mn-10 Ni (wt %) was melt spun through a single roller melt
spinning technique. The developed foils were measured with a
width of 10 mm and a thickness of 40 pum. The foil showed
solidus and liquidus temperatures at 900 and 945°C,
respectively [8]. The brazing foil was kept as a filler alloy
between two dissimilar metal plates of 304 SS and Cu. The
joining surfaces of 304 SS and Cu substrates were ground by
SiC papers, were cleaned ultrasonically in acetone prior to
brazing. Itis followed by the insertion of brazing foil between
two substrates and proper fixing inside a specially designed
brazing jig (Fig. 1). Subsequently, the whole brazement
assembly was kept inside a resistance heating furnace and the
brazing operation was carried out at three different
temperatures 920, 940 and 980°C for 5 minutes with a heating
rate of 10°C/min under an inert atmosphere. The
microstructural characterization of the brazed joints was
carried out by a scanning electron microscope (SEM) equipped
with an energy dispersive spectrometer (EDS) for quantitative
analysis. The tensile testing was carried out using a universal
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tensile testing machine of Instron a crosshead speed of
0.01mm/min.

3 RESULTS AND DISCUSSION
3.1 Developed Brazing Foil and Brazed Joint

The developed brazing foils are quite ductile by showing 180°
folding (Fig. 2a). Due to uniform thickness and porosity free
nature, the foils make a successful joint between two dissimilar
metal plates of 304 SS and Cu (Fig. 2b). The joint between two
dissimilar metals such as stainless steel and copper becomes
always difficult owing to different thermal conductivities of two
metals. However, the developed brazing foil C50 makes a good
contact joint owing to its homogeneous microstructure,
melting point lower than Cu melting point and narrow melting
zone [8]. Moreover, the common Cu matrix for the filler alloy
and one of the base metals also causes a good bonding
between two different metal plates.

3.2 Microstructural Evolution at the Joint Region

Fig. 3 shows a typical SEM backscattered image of 304SS-Cu
brazed joint with C50 foil. The jointis free of porosities and any
major particles at the interface. It is mainly divided in three
regions, base metal (BM), interfacial region (IR) and filler alloy
(FA) (Fig. 3a). The filler alloy (FA) region of BSE image is not
distinguished from the base metal (Cu) due to the presence of
same major element Cu in the matrix of FA and one of the base

(b)

Fig. 1 : Schematic diagram of brazement assembly
showing (a) Bottom part and (b) Top part of brazing jigs
(BM: Base metal and FA: Filler alloy)
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Fig. 2 : Developed brazing foil shows (a)180° folding
and (b) successful joint between 304SS and Cu

metals. The IR between 304SS and FA seems like a grain
boundary. The fine thickness and homogeneous micro-
structure of rapidly solidified C50 filler alloy results in a uniform
segregation and porosity free brazed microstructures [8].

Several phases of Fe, Cu, Ni, Cr and Mn have been formed at
the joint area, examined by energy dispersive spectroscopy
(EDS) chemical analysis at different points (Table 1 and Fig.
3b). The points of 1-4 are observed as the composition of SS
with a presence of Mn content diffused from FA region, leading
to the formation of Fe-Mn phases. It is possible due to
complete solubility of Mn in Fe. On the other hand, the
maximum solubility of Cu in y-Fe is about 13 wt% [11, 15].
Therefore, Mn solubility in Fe is better than that of Cuin Fe. The
IR zone (point 5) corresponds to Fe-rich phases formed to be
combining with Mn/ Cu / Cr /Ni. Points 6-9 correspond to FA
zone, showing chemical composition with varying
concentration of Fe, Cu, Mn, Ni and Cr. Due to high diffusion of
Mn in Fe and poor solubility of Fe in Cu, the relative
concentration of Cu is higher than the FA composition.
According to Cu-Ni phase diagram, Ni is completely soluble in
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Fig. 3 : SEM-BSE image of 304 SS-Cu brazed joint showing

Cu [16], resulting in the formation of (Cu,Ni) solid solution
phases, and there is no tendency of the formation of
intermetallic compounds.

The brazing operation of 304SS-Cu joint starts from the
melting of Cu-based FA owing to its low melting point than the
base metals, and it is followed by a liquid metal zone at the
surfaces of 304SS and Cu. Subsequently, the migration of small
amount of FA to BM and the dissolution of large amount BM at
brazed region, leading to a relation between solid metal
dissolution and liquid metal migration. The reactions between
FA and BM are governed by the volume diffusion and the grain
boundary diffusion, acting adjacent to IR and beyond IR at the
BM region, respectively [9, 10, 11]. Therefore, the brazed joint
micro-structure is the combined effect of these two diffusion
mechanisms, affecting the diffusion rate of constituent
elements, leading to the formation of different solid solution
phases [12].

3.3 Bond Strength

Bond strength of the brazed joint was derived by the tensile
testing. Fig. 4 shows the stress-displacement curves of SS-Cu
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(a) Porosities free joint area (b) EDS elemental analysis at different points
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Table 1 : EDS Analysis at Dirrerent Points of Fig. 3b

Elements (wt%) Cr Mn Fe Ni Cu
Point 1 19.12 2.02 69.56 9.30 0.00
Point 2 19.08 2.65 67.80 10.47 0.00
Point 3 18.61 2.25 66.34 12.81 0.00
Point 4 19.19 1.46 69.65 9.71 0.00
Point 5 17.01 3.99 59.58 13.11 6.30
Point 6 0.77 8.65 2.30 341 84.87
Point 7 0.00 8.38 2.29 4.30 85.03
Point 8 0.69 6.77 1.88 3.41 87.25
Point 9 0.48 9.65 0.66 4.59 84.63
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Fig. 4 : Stress- displacement curve SS-Cu butt joint area when brazing temperature (BT) is 920°C, however, it

brazed with Cu-50 filler alloy. occurs at BM of Cu near joint for BT = 980°C. Due to the

brazed joints by rapidly solidified C50 filler alloy. The curves
show the ultimate tensile strength (UTS) value of 260, 175 and
126 MPa at the brazing temperatures of 920, 940 and 980°C,
respectively. The UTS values of annealed 304 SS and pure Cu
are 660 and 350 MPa, respectively [13, 14]. It means the
maximum bond strength achieved at 920°C is 75% of base
metal strength of Cu. The reason is the strong bonding
between SS and Cu plates, depending upon the formation of

softening of Cu, the early fracture occurs at the base metal
(Cu) region for high BT. Therefore, the low brazing
temperature is always preferable for better bonding between
304SS and Cu plates. The bonding behaviour at low brazing
temperature is examined by fractography of two different
fractured substrates. The severe deformation at some regions
of 304SS substrate explains not only strong bonding (Fig. 6a),
but also several dimples at Cu substrate (Fig. 6b) express
good ductility in 304SS-Cu joint.

joint brazed by C50 alloy (a) at 920°C, (b) at 980°C
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4.0 CONCLUSIONS

Following conclusion can be drawn from the present work on
brazing of 304 stainless steel to copper:

The developed 50Cu-40Mn-10Ni (C50) brazing filler is
successful in making a joint between 304SS and Cu plates.

The joint region is free from intermetallic compounds and
porosities, resulting in a strong bonding between two
dissimilar metals.

The brazing at 920°C shows highest strength, which is
approximately 75% of annealed Cu strength.

The fractured areas of high bond strength joint are the
combinations of severely deformed regions and several
dimples.

ACKNOWLEDGEMENTS

We express our thanks to the Director, National Metallurgical
Laboratory, Jamshedpur, for giving us permission to publish the
work. Financial support received from the Department of
Science and Technology, Ministry of Science and Technology,

the Government of India,

New Delhi, is gratefully

acknowledged.

REFERENCES

1.

Fetzko, S., Hoyt, E. and Cummings, U. (1994); PEP-II
Vacuum System—IJoining SS Flanges to Copper Beam
Chambers SLAC-PUB, 6566.

Ivanov, A. D,, Sato S. and Le Marois G. (2000); J. Nucl.
Mater,, 283-287, 35-42.

Chaumat, G., Le Gallo, P, Le Marois G., Moret F. and
Deschamp P.(1996); J. of Nucl. Mater,, 233-237, 932-934.

Gopinathan, S., Murthy, J., McCay, T.D., McCay (1993);

39

10.

11.

12,

13.

14.

15.

16.

Fig. 6 : Fractographs of the butt joint at (a) SS substrate, (b) Cu substrate

M.H. ICALEO Conference.

ZYSK K.T. and Dahotre N.B., (1993); Conference - "The
Laser vs. The Electron Beam in Welding Cutting”.

Chen, Rui-Ben and Shiue, Ren-Kae (2001); J. of Mat. Sc.
Lett., 20, 1435-1437.

Nishi, H. and Kikuchi, K. (1998); J. of Nucl. Mater. , 258-
263, 281-288.

Roy, R.K., Panda, A.K,, Das, S.K. Govind and Mitra, A,
(2009); Mat. Sc. and Engg. A, A523,312-315.

Humeand, G.).T. and Hall, H.T,, (1965); Metallurgia, 71,
169.

Bredzs, N. and Schwarzbart, H., (1959); Welding J, 38,
305s.

Swartzendruber, L.J., (1992); Alloy Phase Diagrams, ASM
Handbook, vol. 3, ASM International, Materials Park, OH,
p. 734.

Roy, R. K., Singh, S., Gunjan, M. K,, Panda, A.K. and Mitra,
A., (2011); “Joining of 304SS and Pure Copper by Rapidly
Solidified Cu-based Braze Alloy”, Fusion Engg. and Design,
86, pp 452-455.

ASM (1992); Properties and Selection: Nonferrous Alloys
and Special-Purpose Materials, ASM Handbook, Vol. 2,
ASM International, Materials Park, OH, p. 760.

ASM (1993); Properties and selection: Irons, Steels and
High performance alloys, ASM Handbook, vol. 1, ASM
International, Materials Park, OH, p. 2256.

Okamoto, H., (1992); Alloy Phase Diagrams, ASM
Handbook, vol. 3, ASM International, Materials Park, OH,
p. 838.

Chakrabarti, D.J., Laughlin, D.E., Chen, S.W,, and Chang,
Y.A.,(1992); Alloy Phase Diagrams, ASM Handbook, vol. 3,
ASM International, Materials Park, OH, p. 751.



