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Abstract. Diffusion bonding is described as a welding precetspermanent joints by establishing interatoninds
between workpieces. The process can be appliedigemmilar joint materials, even in solid state.i§ lpresent work
aims to acquire a technology capable to be usadtm-high vacuum environments, such as chambeaitine and
furnaces, which allows, thus, the use in coolirgfeays and guarantees better contact between boHGOdopper and
AISI 316L austenitic stainless steel. Workpiecescampressed by uniaxial force according to maleiaoss section
area. “Stainless steel and copper materials wesaredd for ultra-high vacuum environment, assurihgt ttheir
surface was free of oiliness and impurities. Seonglas were bonded in high vacuum environment ugiegsure
below 10" mbar and maximum temperature around three quaéopper’'s melting point. The process was held at
this temperature during a time between 30 and Gtutes. The heating curve was set to 3-6 °C/mirenltdéipg on the
pressure, and the cooling curve to 10°C/min inértRolished and unpolished samples were analyzeagdiical
microscopy, helium leak test and mechanical praeerttests, in terms of tensile and microhardnedse T
microstructure interdiffusion between both mateviedvealed a sealed structure to operate in ultighhvacuum (tests
in simulated pressure of T mbar did not reveal any leak). The tensile testdenced a maximum strength of 172
MPa. These samples broken in OFHC copper regiohnbtiin the interface between both materials, Wwhiteans that
the bonded joint guarantees a mechanical resistdrigher than the copper base material. The intefa@s also
observed by scanning electron microscopy and engigpersive X-ray spectroscopy. Scanning Electrdicroscopy
(SEM) was conducted in Jeol 5900 equipment using faAdilities. These analyses show the diffusiomanf, nickel
and copper, respectively, inter the bonding inteefaAnalyzing the interface, it is possible to rssme discontinuities
between both materials which do not interfere i@ Wacuum environment. It was possible to evideimegércentage
of iron and copper during the scanning, since 7i&rams in the iron from the interface through 15cmns.
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1. INTRODUCTION

Diffusion bonding is a solid-state welding procéisat allows contacting surfaces to be joined urgtessure at
elevated temperatures (Batra, et al, 2004 and Bayret al, 2009). Almost all materials with compktichemical and
metallurgical properties can be joined by the diifitn bonding process (Sabetghadam et al, 2010pfdoess produces
joints with properties and characteristics thatsangular of the interatomic diffusion. The prineipvelding parameters
that rule the process are temperature, pressuraiffingion time. It is important to notice that shis a thermally
activated process, which both diffusion coefficeentaterials to be bonded play an important rolpramuce a sound
joint.

The main problem of bonding dissimilar materialstsas stainless steel and copper alloys by corosaldtivelding
process lies on their different melting temperatamd especially because of unexpected phase ptigragd the bond
interface. Furthermore, diffusion bonding is prederfor the materials in which brittle phase forimatis unavoidable
(Yilmaz and Celik, 2003). Also, solid-state joinitgchniques such as diffusion bonding process arataral choice
since welds are produced at low temperatures theidotv heat input provides limited distortion amgidual stresses;
and microstructural as well as mechanical degradaif materials (Aleman et al, 1993). In industdaplications, the
demand for joints of copper alloys and stainlesgldtas increased due to the advantages obtaimedtifie properties
of both material, such as high electrical condulittjoof copper alloys and chemical resistance tafrdess steels. This
combination of joints would be expected to provghly beneficial in many applications, from automebpirail and
aviation industries to smaller, more commonly usestiucts, such as saucepans (Salehi, 1990).

This present work investigates interfaces of diffnsbonded dissimilar joint of Oxygen Free High @aatibility
(OFCH) copper and AISI 316L stainless steel. Thédimg joint microstructure was examined and themglets
distribution at the interface was determined. Sjtes and mechanical properties of the joints wése determined in
terms of tensile test and microhardness indentati@asurements. These studies resulted in an ititereset of
observations relevant to the use of such bondedtstes in ultra-high vacuum application. Also, theults indicated
the influence process parameters on the produofiarsound dissimilar joint.
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2. EXPERIMENTAL PROCEDURE

AISI 316L austenitic stainless steel and ASTM Blgf@de B, OFHC copper materials were used as bateriais
configuring the diffusion bonding dissimilar joirgpecimen mating surfaces were prepared by conveitideaning
techniques with ultrasonic equipment using alkatiie¢ergent bath to remove adhered contaminantoitindss, and
then dried in air. AlSI 316L copper assemblies wadezed in a vacuum chamber of the diffusion bogdimnace (see
Figure 1).The materials to be bonded were heated up to 88@Wheld by 30-60 minutes at this temperature. The
heating ramp turned to 3-6 °C/min, and cooling @°C/min inertial. The uniaxial compression loadl6f MPa was
applied along the longitudinal direction of the ¥Woieces to hold them in contact during the weldprgcess. The
environment pressure was set to work at high vacafiti0® mbar aiming to guarantee the absence of oxygen tha
would create an oxide barrier at the joint inteefand also to avoid oxidation of the pieces anddoe components.

Figure 1. Experimental set up and diffusion bondimgace.

For metallurgical characterization, metallograplinwvestigations were conducted on bonded materiedsn f
transversal specimens of the dissimilar joint amdppred by conventional metallographic, grindingl golishing
techniques. For examining the microstructural fesguin the bonded and surrounding zones, opticatastopy was
carried out. The distribution of various elementsoas the bonded zones was performed with scanglieciron
microscopy (SEM). SEM micrographs were taken withEOL JMS 5900 operating at 20 keV and fitted foergy
dispersive X-ray spectroscopy (EDS). Also, mectarnpcoperties of the bonded materials were evatLiatderms of
tensile strength and microhardness indentation uneagents across the interface. Tensile tests weesiigated at
room temperature using a universal tensile strengdthine on flat dissimilar specimens. The micrdhass
measurements were realized at the bonded intetfsiog Shimadzu equipment under gy Finally, the bimetallic
component of AISI 316L stainless steel and copjiffusion bonded (see Figure 2) was tested to opdratiltra-high
vacuum environment using a Pfeiffer Quality Tesy Rk detector machine with helium gas at thé®hibar.l/s.

OFHC conpe

AlS| 316

Figure 2. Diffusion bonded AISI 316L to OFHC copgeecimen machined for leak test.
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3. RESULTS AND DISCUSSIONS

3.1. Metallographic investigations

Microscopically analyses through Energy Dispersspectroscopy (EDS) were performed as shown in Eigur
Diffusional processes, which are activated thernamimanically, caused a formation of a new interph@sesaction
zone due to diffusion of alloy elements of both eniais, especially of Ni element. Thus, the qutilimanalysis of the
diffusion area was carried out on the interfacaveen copper and stainless steel dissimilar joiris. possible to notice

that the thickness of the reaction zone is less tham, once the intersection of 50% weight of gne€én) and Fe (red)
curves, showed in Fig. 3, represents a minimal aniclistance.
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Figure 3. EDS diffusion analysis on interface gbger and stainless steel joint.

Figure 4 shows the concentrations according tg#metration profiles of Fe, Cu and Ni across thaded interface.
As the diffusion process is associated with mamssportation and because Ni has a high diffusiatyfficient on Cu,
Ni element was highly diffused into the Cu baseeamat (Nishi, et al, 1997 and 1998). Concentratiohboth metals
vary with position. This result indicates that Noms have migrated into the Cu. This process, ityeegdoms of Ni

diffuse into Cu, occurs over time. There is a nit df atoms from high (stainless steel) to lowacentration (copper)
regions.
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Figure 4. EDS of (A) Fe (red) and Cu (black); (Bfwbion between Ni and Cu and (C) detail of Culig interface.
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Figure 5 shows the typical microstructure and niierdness profile measurements of dissimilar stesnééeel and
copper joint transition area. It can be observed the interdiffusion zone has occurred smoothitywben both base
materials. Also, the bonding interface is planat #rin. The microhardness of the diffusion layesiainless steel side
is higher than that of Cu, which is due to the esoftature of copper alloys. It is possible to retibhat the
microhardness indentation is bigger than the théskrof the bonded interface, which means thattiheacterization of
the interface mechanical properties has to be medsising nanohardness indentation. The jointsapjeebe sound,
with no porosities or any presence of oxide anduirities elements.
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Figure 5. Microstructural characterization and wi@ardness profile across the diffusion interface.
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3.2. Tensletestsand leak analysis

Figure 6 shows the engineering tensile tests siteam curves for five bonded specimens, whicteaded a strong
resistant bond between copper and stainless gteturves are displaced from origin in 10 units fexilitate the
graphic understanding. The ultimate tensile occuetside the bonding interface, which leads todteclusion that
the welding processes were succeeded (see Figuih&)dependence of diffusion parameters, suclerapdrature,
pressure and time, on bond specific strength,darb} evident to result a sound mechanical propgityt. In other
words, the mechanical testing results showed ti@bptimum conditions for bonding copper and austestainless
steel by diffusion process are temperature of 850tf@ working pressure of 10 MPa and soaking tigfe30-60 min.

Also, the tensile tests detected a maximum strenfth72,5MPa (see Figure 6), that is coherent & ritechanical
properties of copper base material from literatergew.
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Figure 6. Stress-strain curves of five diffusiomtled specimens submitted to tensile tests.

Figure 7. Diffusion bonded specimens after tertsi, resulting in a rupture in copper base mdteria
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It is possible to observe in Figure 7 that all sespecimens resulted in a weld joint stronger tih@ncopper base
material. This is despite the presence of the imaaone at the joint interface, which can be obseérin Fig. 4. Even
though copper is soft and ductile, the presendbefnterface as a continuous layer in the reactane is not effective
in lowering the strength of the joints due primatib their extremely small thicknesses. The fraztairthese thin layers
is prevented from taking place due the developmérstresses because of the plastic constraint glugnsion. The
stresses reduce the available stress for pladhierdation so much that the fracture takes pladénbase material, as
it occurs in copper, which is softer than stainkgeel.

The leak tests were completed in several pointh@fdiffusion bonded interface, revealing an ext#ltightness
for ultra-high vacuum environments application asrall specimens analyzed.

4. CONCLUSION

OFCH copper base material was bonded to AlSI 318itemitic stainless steel during solid-state diffagrocess
using optimal operating conditions. This was carrmut at 850°C for 30-60 minutes under a 10 MPaial
compression load in high vacuum environment. Micopy analyses revealed the interdiffusion of Ni &uwelements.
It is evident Ni element diffusivity on copper basaterial due to low concentration of this elem@antopper matrix
and high Ni diffusivity coefficient. Further testsing transmission electron microscope will be cletegl to better
characterize the diffusion interface, inclusivearms of Ni distribution along the interface distan

Tensile tests showed strong and high-quality resdlhe interface strength is higher than coppee maaterial,
which means that the mechanical properties of miti joints are suitable for mechanical applicaioMicrohardness
measurements were inconclusive due to indentatiagnitude that is bigger than the interface reactiome. Further
tests will be investigated using a nanohardneds sga@uarantee the bonding mechanical interfacgaaiterization.

Finally, the dissimilar diffusion bonded specimeasealed a complete leaked component to operatérarhigh
vacuum environments, such as in synchrotron pastiatcelerator.
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