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CHARACTERIZATION OF COPPER ELECTRODEPOSITION AS A
NEW FILLING TECHNIQUE IN 3161 STAINLESS STEEL BRAZING

Dr. ADNAN S. JABUR '
Engineering College - University of Basrah

ABSTRACT

The objective of this research is fo characterize a new technique of copper fillay addition 1o the
brazing joints of 3161 stainless steel fo pvercome the wetting problem between them. This techoique
includas the electrachemical depositinn of copper on the stainiess steel joint parts to inswre optimurm
coinciding, mitimum oxidation during brazing heating, and consequently goed wetting and bonding.
An cvaluation of the present technique and a comparizen with treditional ene were performed. The
samples wore tested to find the shear strenpth, microhardness, microstructure and x-ray diffractonelry.
In general, the present new electrodeposited tillers were clearly better than the traditional filler in
producing perfect joints with higher sheer stiength, On the other hand, here wes an pppertunity of
production acceptable joinis with electredeposited {illers under air envimonment,
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INTRODUCTION
Brazing §s one of the imporiant joining
methods in many applications duc to its versatility
and because its healing ranges are under the fusien
temperatare of the substrates, so they suffer less
distotion  and  structural  variations (]
Mamfacturing of most stainless sicel assernblies
requires such advantages, b the chromium oxide
laver thal naturally covering stainless  stocls
prohibits the wetting by the liquid fillers which is
the main requirement of the succeeded joinis 7).
Some investigators  proposed  a solution G
overcemme this obstacle, by wtilizing of {llers
conaining acive metals such as T wr Zr wlhich
renet with the oxide layer and promate the wetting
and adhesion [,
In thiz research, a new technique of Cu-filler

acdifion by elecirodeposition method is spgested
as a new solition 1o the wetting problem. The
oxide layer above (he stainless siegl is removed or
thinned before the electrodeposition process, then
an sdhered Cu layer is electrodeposited on the
stainless stes] surface, which con be liquidizesd by
brozing heating sbove the melling temperstue |
then it easily wets and imterferes with stainiess
stes] subsirale.

EXPERIMENTAL PROCEDURE

For chamasterization the slectrodeposition
methed as & filing technlque to owercome the
wetting problem, the copper filler was added in
twia  ways, firstly by the present method as
electrodeposited laver once on one part, and then




o1 both parts of the 1ap joint, and secomdly by the
traditional tethod as 2 foil, The brazing jeists
substraies were selectied from the 316L sainless
gizel plates with dimensions (100 ¥ 20 X 2.5mum).
The chemical enalysig of these plates was listed in
table(11. Before swmrting the elactredeposiiion
process, mechanical grinding and polishivg and
dipping in 10% sulfuric acid were applied to
remove ihe oxide layer, Then they were transferred
to the electrodeposition bath directly witholg
drying to prevent the reoxidation of processing
zone, The elacirochemical bath consists of copper
sultate aqueous solwion The condilions of tha
clectrodeposition process were taken from Metals
Handbook,vol. (%] and detailed in table (2). The
clectrodeposited filler thicknesses were controlled
by the deposition time and checked by optical
microseope messurements. Figure (1) coutanys a
photograph of 316L stainless steel plate which was
slzctrodeposited with Cu-filler on edge. Figure (¥
shows & 116 stainlass steel [iwnore which was
nfilized 1o fin fhe two part plates ot the lap joim
during brazing processes. After inserting the fixed
samples inside the bhrazing fumacs, the orgon
pumping nitiacd simultancously with the heating
rupming, Gl e tempotature renching 1125°%C | =0
it was hold for diffarent times, ther the power was
switched-off and the furnace left to coel w 200°C
whh continung argon purmping which  then
sioppad. Figure {3} illustrates the thermal cireu-
lation of the brazing proccss. Several samples were
hrazed wich different cases as shawn in table (3).
Some of these semples were prepared from the
side surface for the microstructure and micro-
hardness examinations, Also other samples wens
shear tested by iensien using Instron machine.
Figmre {4} consists a photograph of the side of
brazed lap joint tensile sample (1) Finally, x-ray
Jdiffraction test by Philips diffractometer was
employed to identify the phases in these joinis.

RESULTS AND DISSCUSIONS

Flgure (5) shows a comparison hetween the
shear sirength values of the [irst four cases brazing
joints in table (3} All of these cases were hrazed
with the szme conditions of (100uwnd) filler
Ihickness and (7.5 second) brazing time under
argen gas, except the fourth case which was brazed
under air cnvironment. W develops a  clear
superiority of the present technique in filler
addition by electrodeposition ( cspesially at bots
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joint parts) in raising the shear sirength of brazing
joirts n comparison wiih the iraditional method of
foil fitking. This superierity vaa be explained by
the good adicsion hetween the electrndeposited
filler and the stainless steel substrate (as appeared
in figural} which during brazing process ii offcrs =
pood wetting batween them and forbid the air
pocket presence and pxidaiion. Figure {§) includes
a photwgraph of twe ahear sutfoces of fractured
Jap-joint <dges of sample (1) which was brazed
with both parts Cu-filler electrodepasition and
sample (3) which was brazed with Cu-iiller foil
addition. This figure shows the significance of the
presemt techmigque of Ca-filler elecirodeposition in
yesulting & sucoessful clean joint {free of oxides)
which has a high shear strengih, while the joint of
raditional Cu-foil filling technique suffeted from
broad oxides that prevented producing of goud
strength joint. Also, table (3) slows that in sample
{4y, the present technique offers an opportunty to
gain & joint with & moderate shear strength
allbwwgls, the brazing procass wWas performed under
air {without protected envitonment).

In figute (7). the microgmeh of sample {1}
{electrodeposition. of two brazing jeint pasts),
develops &4 tyvpical joint microstructurs with the
absence of any oxides. Figure(8) conlains & micra-
graph of sample {(2) {electodeposition of ong
brazing joint part). It shows a severe oxidation in
the undeposited joint part, while the depasited
other part appeared clean. On the ether hand, in
figure 19} the miciograph of aditional foil filler
razing jeint (sample 33, shows that the oxides
spicad on both parts. In the fourth case (sample 4
in figure 10), when the brazing process of filler
alectrodeposited  two  brazing joinl parts was
performed under air, a gencral ax/dation developed
on all the joint arca.

The migrographs of the sucrecdsd jeints
(samples | and 6) in figures(7 and 12) respectively
ghow that, thay comsist of three zones; fher
substrate, the eglumnar phase, and the filler center.
Sometimes there is an appearance of subsimte
digsolution istands (sagle 7 in figure 117 which
may result due ta the local overheating.

Some micrographs show an inhomogensous
hickness of the columnar phass once on the same
pide (Bgure 17). and other bgtwecn two shdes
{figure 71. This can be atributed to the weven
fixing pMessuE 0r  ancven deposilion  layer
thickncss or due lo the effect of pravity.
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Figures (13-16) contain Vickers microhadness
valuss of the joint theee zanes for four different
conditions, [t is clear that the metal substrate far of
the joint has the maximum hardress values and the
columnar binding phase has the minimum vahes
while the Cu-filler zone center has the intermediate
values, X-ray difftaction charts of two samples
(1 and 3} in figures {17 and 18) dovelop the
presence of both Cu and Cu-Fe-Ni phases only due
te the limitation of the instrument sansitivity that
made the identification of the colummar phase was
4 hard migsion.

The Effect of the Beposition Layer Thickneas

Figures (19 and 20) show that the depesition
thickncss mange {803-90 pum) aives the highes: shear
strength al { 7.5 and 10 min) holéing times
respectively. This can be explained by that when
the thickness was less than thas range; most of the
depoition layer will dissolve in the aubstrate and
produee the soft columnar phase as seen in figures
(13-1¢7), while, when the thickness was more then
this range, the filler cenier become far of the
substrate atoms diffusion, so it remeins pure and
soft too,

The Effect of the Holding Time

Figuie {21} shows that the hest brazing
time was about (10 min) which gave the
maximum shear strength. But, when the lime was
lese than that, it was notl enough 1o the adhesion
and dissolution processes ta be ocewrred which
wert responsible of production accepizble joints.
Also, when the time was higher than thiz range,
there will be an exeessive dissolution of the
substrite and widen the sofi columnar phase which
wealtened the joint toa.

CONCLUSIONS

1-The present new electrodepoaition technique of
capper filler pave excallent brazing joints of
Ji6L stainiess stee] with superior properties in
comparison with the traditional foil fller,

2-The electrodepasition filling technique offered
the opporiunity to produce an acceptable joint
with moderale properties in the absente of
profecied atmosphers.

3-The best thickness of copper deposition Jayer
were ($0-90 .

4-The most suitable brazing time was about
(10 min,).
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Table () 'Th cheical anatysis of 2161
stainless steel brazing joitl plates
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Figure (2) 316 ctamless steel fixture of
Lap-joint brazing sampfes
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Figore (3} Thermal circulation of brazing,

Curna

sample (1)

Brazing Inmples

Figure {51 Joint shear strenaih of four different cases
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Figure {6) Fhotograph of sheared iwo surfaces of fractured lap-joint edges of : swle ! )_whicl_a was
trared with both parts Ca-elestrodepozition and Sample {3)which was brazed with Cu-foil additicn
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Fignre (7) Micrograph of sample (1}, brazing joint of Figura (8) Micrograph of sample (2], brazing joint of
twa parts Cu-filler electrodzposition (under argemn) ong part Cu-flller cln:lrtld;pusﬂmn {under argon)
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Figure (9% M.i;,m.g,raph n.fsa.rnplu {3}, brazing joint of Figure (19) Micrograph af samplz (4); br&zinijn:int
traditional Co-feil addirion (under arzen) of two parts Cu-filler glectradeposition (under air)
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Figure{14) Microhardnsss of sample(8) joint
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Figure (1¥) Diffraction chart ot sample {1y
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Figure (13) Dilfractico chert of samgle (3}
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Figure {19) Toint shear strength of samples
{5,1and &), wilh 7.5 min. brazing tirme
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Figere (20) Joint shear strength of samples
£7.8 and 9, with 10 min. brazing time
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Figure(21} Joint shear stremgth of samples (10,7 and 1 1),
with 80 um filler thickness

ournal Tor Engineering Sciences

Aadigll a &



