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1- Introduction

Sandwich joints are one of the methods of combining
materials to join different layers together, which is also
used in the production of plate heat exchangers. Brazing
is used to join the steel plates together, which is used in
the production of heat exchangers. In brazing, two or more
parts are joined by melting and flowing a filler material
that has a lower melting point than the base metal. For this
purpose, the copper filler metal is used due to its cost-
effectiveness, low melting temperature, relatively good
bond strength, and high heat transfer compared to other
fillers such as silver or nickel. In brazing, the temperature,
holding time, and atmosphere of the furnace are important
parameters, and also melting of the filler metal and the
absence of unwanted and harmful phases in the joint
determined a good joint. To prevent the formation of
unwanted and harmful phases, joining in a vacuum
atmosphere is preferred.

So far, researchers haven’t investigated the effect of
different parameters of brazing in multiple-layered joints
of different alloys. Therefore, in this study, 316L steel is
used as the base metal and a copper alloy is used as filler
to form a sandwich joint under high vacuum and low
pressures by brazing. This work has tried to provide the
best conditions for a good, integrated, and strong joint by
changing the temperature and time of brazing.

2- Experimental Procedure

Polished sheets of 316L SS and pure copper foil (chemical
composition in table 1) with dimensions of 20 x 35 mm
and thicknesses of 0.6 mm and 50 microns, respectively
were used to perform two and five-layered samples, and
they were placed into a vacuum furnace under the brazing
temperatures of 1070 and 1120 °C, time of 30, 90 and 90
minutes and a pressure of 5 MPa. After the metallography
and electro-etch, optical images and scanning electron
microscope (SEM) images with EDS were taken along the
joint. X-ray diffraction (XRD) test and microhardness test
were also performed.

*Manuscript received: 2022, Revised, 2022, Accepted, 2022.

3- Results and Discussion

Fig. 1 illustrates the microstructure of the joint brazed in
1070-60 and 1120-60 samples. By comparing figures 1-
(a,b) and 1-(c,d), it was observed that the temperature of
1070 °C was not enough for the diffusion of the copper
filler metal into the base metal and some cavities were
observed. But at 1120 °C, the diffusion of copper filler
metal into the base metal was increased, the average grain
size was reduced from 200-214 to 99-95 microns due to
secondary recrystallization, and also the width of the
brazing seam was reduced from 49.3-49 to 35-33 microns.

Fig. 2 shows the SEM images and EDS analysis along
the brazing seam of the 1070-60 and 1120-60 samples. At
1070°C, only a small amount of Fe and Chromium
diffused on the Cu-rich side of the steel/filler metal
interface due to the low solubility of Fe in Cu. Copper, by
dissolving iron, has continuously diffused into the steel
and produced a solid solution with limited solubility. But
by comparing figures 2-b and 2-d, it was observed that the
atomic vibrations, the solubility of copper in iron, and the
amount of diffusion of elements in the filler metal/base
metal interface were increased when the temperature
increased to 1120 °C.

Fig. 3 illustrates the microstructure of the joint brazed
in 1120-30, 1120-60, and 1120-90 samples. By comparing
figures 3-(a,b) with 3-(c,d), it was observed that 30
minutes is not enough for diffusion, and by increasing of
holding time to 90 min, the diffusion of the elements
increases, the width of the brazing seam decreases from
48-47 to 18.7-24.5 microns and the average grain size
decreases from 119-126 to 74-94 microns. In the initial
stage of brazing, molten copper filler dissolves the base
metal, and then Fe and Cr atoms of the base metal and Cu
atoms of the copper filler react, and the interface of
filler/base metal is enriched with Cu and Fe and turned
into the Fe-Cr phase. The amount of this phase increases
with increasing holding time.
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Table 1: Chemical compositions of 316L SS and filler metal.

W% Fe Cu Cr Ni Mn S P Si | Mo C Zn
316L base - 16.7 | 133 2 002|003 (1] 25]|0.03 -
Copper filler | 0.003 | base - 0.0005 - - 06 | - - - 0.03

Cavities

Figure 1. OM photographs of joints (holding time of 60
min): a) 2 layers at 1070 °C; b) 5 layers at 1070 °C; c) 2
layers at 1120 °C; b) 5 layers at 1120 °C.
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Figure 2. SEM photographs and linear EDS analysis of: a,
b) 60 min-1070 °C; c, d) 60 min-1120 °C.

Fig. 4 illustrates the microhardness distribution across
the joints brazed in 2 and 5 layers samples. As it is seen,
the hardness of the two-layered samples was higher than
the 5-layered samples due to their smaller grain size. Also,
the highest amount of hardness was related to the 1120-90
sample due to having the highest temperature and holding
time for the diffusion of elements and the lowest average
grain size. Also, it was seen that the temperature of 1070
and time of 30 min are not enough due to the diffusion
process, and the hardness of these samples is lower than
the others.

Conclusion
This study investigated the effect of brazing temperature
and time on the 316L SS/copper filler sandwich joint.

Figure 3. OM photographs of joints (at 1120 °C): a) 2 layers
with a holding time of 30 min; b) 5 layers with a holding
time of 30 min; c) 2 layers with a holding time of 90 min; d)
5 layers with a holding time of 90 min.
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Figure 4. Microhardness results of brazed joints: a) 2
layers; b) 5 layers.

Based on experimental results the following conclusions

can be drawn:

1. Increasing the temperature from 1070 to 1120 ° C
increased the diffusion of elements, the brazing seam’s
width, and the average grain size.

2. By increasing the holding time, the width of the brazing
seam decreased due to the diffusion of copper into the
base metal and the average grain size decreased.
Therefore, it seems that the time of 90 min provides the
best joint conditions.

3. The hardness of two-layered samples was higher than
the five-layered samples due to the smaller average grain
size.
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Investigating the effect of Brazing Time and Temperature on Stainless Steel Sandwich Joints

M. Khayyat B. Beidokhti

Abstract Brazing of low-carbon austenitic stainless steel sheets is applied to produce plate heat exchangers. In this study,
the copper filler was used to join multiple layers of 316L steel plates due to its low cost, low melting temperature and
relatively good bonding strength compared to other filler metals. For comparison, 2-layer and 5-layer specimens were
brazed with the copper interlayer. fabricated. The sandwich joints have been fabricated under different process conditions
of the brazing temperature (1070 and 1120°C) and the brazing time (30, 60, and 90 min). Detailed microstructural studies
and hardness were carried out on the brazed joints. The microscopic studies showed that the joint formed at 1070 °C was
not uniform compared to 1120 °C and the specimen brazed at 1120°C/90 min presented better properties due to enough
time for melting of the interlayer and diffusion of elements. Also, 2-layer specimens with lower average grain size had
higher hardness than 5-layer specimens.

Key Words Sandwich joint, Stainless steel, Brazing, Heat exchanger.
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