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Study by transmission electron microscopy of
Co-WC/Ni interface produced by solid state bonding
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The microstructure of the interface and inter-diffusion behavior during bonding plays an important role to understand and to control the
joining process for better mechanical properties of an interface. In this work, the microstructure of the formed interlayer between cermet
WC-Co and metallic Ni after solid state bonding (the WC-Co/Ni interface) was analyzed by scanning (SEM) and transmission (TEM)
electron microscopy, and characteristic energy dispersive x-ray spectroscopy (EDS). The WC-Co/Ni joint was producé fatr 280

minutes in argon atmosphere. For SEM observation, the samples were mechanically polished and etched. TEM samples were produce
parallel (sample P), perpendicular (sample T) and oblique (sample TP) to the interface by focused ion beam (FIB). The EDS results indicate
the inter-diffusion at the interface of W, Ni, Co and C and the segregation of Ni and Co, together with the formation of crystalline phases and
an amorphous carbon layer. W follows a homogeneous diffusion while Ni and Co show a non-homogeneous diffusion behavior.
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1. Introduction that the tensile strength registered confirms the metal/ceramic
bonding as a very promising technology for industrial ap-
Bonding of a ceramic with a metal makes possible the complications, but studies on fragility sources should be done.
bination of the ceramic hardness and the metal toughness tdosseiniet al. [3] attributed a poor cracking resistance to
increase wear resistance, mainly at high temperatures. Howhe joints produced with Inconel 617 and 310 stainless steel
ever, their joint presents some problems since the mechaniciil a wide range of solidification temperatures. In this case,
properties depend on the wettability of the ceramic by theghey indicated the presence of low melting point secondary
metal, the difference in the thermal expansion coefficientsphases. Martinseet al. [4] indicated that the production of
the deformation of the metal, and the eventual formation ofnetal/ceramic ensembles with high mechanical resistance in
fragile phases at the interface. All this may cause the devebonding of dissimilar materials is difficult, but a good alter-
opment of tensions at the interface that could result in a prenative is the joining by solid state diffusion. In the bonding
mature failure of the joint. Many studies have been done tdy diffusion, a monolithic joint is obtained by atomic bonds
understand and improve the properties of these joints. Cejdhanks to the diffusion of atoms from one crystal lattice side
Cardenaset al. [1] observed, for example, the formation of to the other to eliminate differences in concentration. Ho-
different Nb-silicides during joining of Si3N4 by liquid state mogeneous joints are produced depending on the activation
bonding using Nb-foil interlayer and Cu-Zn foil as joining energy. Uzkutet al. [5] observed in SAE1040-WC materi-
elements. Barrenet al. [2] reported the quality of diffusion als joined by brazing that the activation energy comes from
bonding interfaces formed by cemented carbide (WC-15Cobhe thermal vibrations, and, if there are vacancies or other
and a cold work tool steel (90MnCrv8). They indicated crystalline defects in the lattice, the atoms move from sites
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of high to low concentration. Alternatively, Sayman al. 2.1. Joining experiments
[6] calculated the thermal stress during the cooling process

from 1000C to room temperature in WC-Co/Cr-Ni multi- The solid phase diffusion bonding of WC-6%Co with Ni was
layer coating deposited on 316L steel. They indicated thaperformed by axially mounting the assembly with the pol-
the compressive and tensile stresses occurred due to the dighed surfaces in contact in a graphite die. The assembly
ference in thermal expansion coefficients in each materialyas placed in a screw and pressuring turning clockwise, ad-
The tungsten carbide (WC) is an advanced ceramic very ajusting the movement to always maintain the contact of the
tractive for anti-wear applications in, for example, metal cut-surfaces during bonding. A boron nitride bed (99.5%) was
ting tools, mining and agricultural machinery among othersset around the assembly to eliminate contact and reaction be-
The cermet cobalt-tungsten carbide (WC-Co) consists of WGyeen the samples and the graphite walls. The die was placed
particles embedded in Co binder. Lemus-Retial [7] ob-  in a horizontal resistance furnace chamber inside a 30 inch in
served a diffusion zone at the WC/Ni interface and pOintedength and 3 inch in diameter alumina tube. Bonding was
out that the joining of these materials occurs by diffusionperformed at 980C in an argon atmosphere for 25 minutes.
in solid state. They found out a strong relationship betweerThijs temperature is much lower than the melting point of Ni
the mechanical properties of the joint and the diffusion zong1453C approximately). To avoid macroscopic deforma-
thickness. In regard to the surface roughness of the piecefns of nickel, the applied force was a fraction of the creep
to be joined, Gucet al [8] observed a rapidly diffusion stress at the bonding temperature. In addition, the pressure

bonded of WC-Co to 40Cr steel with pure Ni interlayers us-eliminates any possible oxide layer in the contact surfaces,
ing plasma activated sintering at 7&Dand a pressure of 40 resulting in a better bond of the materials.

MPa. They indicated that the shear strength increased when

surface roughness decrease. On the other hand, Betnny

al. [9] studied the wear properties of WC-Co and observed, »  ggm sample preparation and EDS analysis

wear differences in more than one order of magnitude de-

pending on the Co concentration. A better understanding oﬂ;
u

the bonding mechanism between carbides and metals wo 00 low-speed precision cutter to obtain the cross section of

alII(c))W ;he cgr?hbl?atlton 0{. their prcr)]pertles.' ::’onlzntak ?l' the interface. The sample was grinded with 120 to 4000 grit
[10] showed that interactions such as resistance to tempe 5iC emery paper and polished with 5 to 0.05 microns’ alu-

ature, pressure and mechanical load, to produce for exameg

e obtained WC-Co/Ni joint was sliced with an ISOMET

electronic devices, medical equipment and transport, depe ina powder. Figures 1) and 1b) show the backscattering

on the properties developed at the interface, on the materi SE) SEM images of the interface after polishing to mir-
X o ' r finish. N he micrometri r interf
porosity, and on the defects within the metal. Fehgl. [11] S ote the micrometric step produced at interface

indicated that a WC-Co/Ni composite has been successfulle,r;st,?eer :/r\gn c\:/:/)g_lgi t[)lyz/iéhelg;{f e_rrehr:;:estlg pg:f;glsng}] ':Irlr]gg?tgit

used to join the cermet WC-Co with steel. Chairel [12] role in the structural analysis of the interface by electron mi-

indicated that the transition layer observed between Ni an%roscopy and, therefore, its orientation relative to the direc-

ggﬁg_?gﬁ\?.:&ﬁ:gg rregzxégsrg]i!o?té?sﬁésg] dt.?f'ss\.’;?]r!;’tion of the incident electron beam must be known in detail.
' proou y solid-p musion | Figure 2a) indicates the case where the plane of the interface

analyzed by scanning (SEM) and transmission (TEM) eIeCTs parallel to the direction of the incident beam, and the in-

tron microscopy, and energy-dispersive x-rays spectrqs_cpp rface is well observed. When the plane of the interface is
(EDS). The surface roughn_ess of the_matenlas befOrE“JO'n'mﬁlted clockwise [Fig. 2b)], the interface is fully exposed to
was measured by the atomic force microscope (AFM). At thpthe incident electron beam, whereas when it is tilted counter-

light of correlation interaction of the components, the behav- : . i :
ior W, C, Co and Ni concentrations as function of the distanceCIOCI(WIse [Fig. 2c)], the WC-Co step partially covers the

of penetration by diffusion is commented.

2. Experimental setup and methodology

Cylindrical specimens of commercial grade cermet (WC with
6% Co, Goodfellow, England) and nickel (Ni-99.5%) with
0.125 inches long and 0.25 inch in diameter were used. To
obtain joint faces as flat as possible, the surfaces were ini-
tially devastated with a diamond grain disc, and sanded with
silicon carbide grinding paper (SiC) from 600 to 1000 grit
numbers. The surfaces were polished usingni diamond
paste and 0.am to 0.05um alumina suspensions. Before Figure1.a) BSE-SEM image of 6Co-WC/Niinterface. b) Higher
bonding, the samples were cleaned with isopropanol in anehagnification of the image shown in a). Note the contrast presented
ultrasonic bath for 5 minutes. at the interface.

a) b)
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l l J € 2.3. TEM sample preparation

) TEM samples were prepared with the focus ion beam (FIB)
AN WC-Co equipment FIB-FEI QUANTA 200-3D (Thermo Fisher Sci-
f\ entific, Hillsboro, Oregon, USA) equipped with a field emis-
sion electron gun and a gallium ion source. The TEM cross-
cuts samples were made with Ga-ion beam while the sample
was observed by SEM throughout the cutting. Acceleration
voltage was up to 30 kV for the two beams at probe currents
of 200 nA for the electron beam and 50 nA for the ion beam.
The micromanipulator OmniprobeTM 100.7 equipped with
gas injection systems for deposition of Platinum was used for
in situ lifting of the TEM samples. Low-acceleration voltage
beam was used as final polishing stage for damage reduction.
Samples were cut parallel (Sample P), transverse (Sample T)
and oblique (Sample TP) to the interface. Figure 3a) shows a
cross-section BSE-SEM image of the interface indicating the
interface. In addition, the WC-Co step will produce the edgegIte frhom whher;EthSeEs'\jlmples werfe kc])btame(# F|g(ljJres 3?3) a_nd
effect, mainly in the secondary (SE) SEM images. c) show the SE- Images of the cut-off made to obtain

the T and P samples, respectively. A Titan-300 FEI micro-

, h
The samplgs were analy;ed by EDS around _the Interf""Cgcope (Thermo Fisher Scientific, Hillsboro, Oregon, USA)
both in the point and in the line-scan modes during 180 se

. Céquipped with a field emission filament operated at 300 KV
onds. A SEM Jeol JSM-7800F (JEOL, Tokyo, Japan) with &nd a double-tilt-sample TEM holder were used.
field emission filament and an Oxford-EDS analyzer model

X-MAX (Oxford Instruments, Oxfordshire, UK) with AZtec
2.2 software were used. To determine the correlation be3  Results and discussion
tween the number of counts per second (cps) obtained with

the electron affinity, the oxidation number, the atomic radiusyc-co and Ni components of the interface were single

ionization energy, and the electronegativity of the elementsphases,  X-ray diffraction indicated that WC-6Co has a

the JMP computer packa§eversion 13 was used. hexagonal unit cell with lattice parameters= 0.290 nm

andc = 0.284 and space group Pém2 (PDF card No. 03-

065-8828), and Ni has a FCC unit cell with lattice parame-

Samplap - tersa = 0.352 nm and space group Fm3m (PDF card No.
03-065-2865).

o

b)

FIGURE 2. Schematic representation of the micrometric step pro-
duced at the interface. The interface plane a) parallel, b) tilted
clockwise and c) tilted counterclockwise to the incident electron
beam direction. The volume of interaction is also included.

3.1. SEM and EDS results

As it is well known, the SE-SEM images show the morphol-
ogy of the sample’s surface, while the BSE-SEM images are
related to its atomic number Z. Because Z is 74 for W, 28
for Ni, 27 for Co and 6 for C, the BSE-SEM contrast for W
is bright, for Ni is dark gray and for Co is light gray, and
or C is black. EDS spectra indicated that the concentration
value of the elements is a function of the distance to the in-
IntergiEs ' . _Interface terface plane: more variation is observed closer to the inter-

G face (around 3:m, approximately). Table | shows the W, C,
Co and Ni concentration values (in wt%) of 6 EDS spectra
taken around the interface, together with the mean and the
standard deviation of these values. Note the interdiffusion of
b Niin WC-Co and C, Co, and W, in Ni at the interface.

) Figure 4 shows an 1&m in length BSE-SEM image
FIGURE 3. a) BSE-SEM image in cross-section of the interface in- Of the interface in cross-section together with the line along
dicating the sites of the FIB cuts to obtain the parallel (Sample P),which the Nix_, W;,_, Ck,_, and Cq_ EDS line-scans were
transverse (Sample T) and oblique (Sample TP) samples. SE-SEMbtained. Note that the EDS line-scans occur in the range of
images of the b) T and c) P sample cuts. 0 to 4000 cps for Ni, of 0 to 1200 cps for W, of 0 to 300 cps
for Co, of 0 to 60 cps for C, and of 0 to 10 for O at the same

Rev. Mex. Fis70051601
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Ni side and of Ni towards the WC-Co side. Similar Co seg-
WC-Co ‘ regation was also observed by AvettarnghBel et al. [13].
This indicates that the interface is an area where WC-Co and
Ni combine and where new phases are located. Note in Fig. 4
the peaks presented by the Co and Ni lines close the interface.
There is a notorious zone of 3 microns in length approxi-
mately where the Co concentration in Ni is relatively high.
This indicates the possible formation of a Co based solution
oversaturated in Ni. An important component for the analysis
of the interface is the transition layer formed by the interdif-
fusion of W, Co and Ni [14]. Zhangt al. [15] reported that
some properties of materials are influenced or controlled by
the presence of this layer. Markworét al. [16] reported
that the transition layer could be a buffer zone for thermal
expansion because thermal stresses can be relaxed in there
by gradually varying the microstructure, compositions, and
properties.

10003

counts

300

60’ When comparing the EDS line-scan of Ni and Co with
that of W the diffusion layer is of 0.25 to 0.50m wide, ap-

o proximately. Unlike Chert al.[12], where a continuous de-
creasing of the W and Ni line scans were registered, in here
there are peaks in the Ni and Co concentrations. The mul-
tivariate analysis done with the JMp Computer Package and
shown in Fig. 5a) explains 95% of the variability of the EDS
data shown in Table 1, and finds the correlation between the
FIGURE 4. A 18 um in length BSE-SEM image of the interface elements involved.

shown in Fig. 1c¢) and the line along which the EDS line-scans of
Ni, W, Co, C, and O were obtained.

Figure 5b) indicates that the number of counts in the
EDS spectra has, as expected, a direct correlation with elec-

period of time (180 s). Note the peaks observed in the lindronic affinity and an inverse correlation with ionization en-
scans around the interface and a interdiffusion layer of 0.®rgy (correlation coefficient of 0.7604 and -0.7586 respec-
pm, approximate|y_ Figure 4 compares in detail the EDStIVEly) No correlation was found with oxidation number,
line-scans of Ni and Co with that of W, and show the exis-atomic radius and electronegativity. This indicates why Ni
tence of a diffusion layer of around 0.25 to 0.5fh. Itis  shows a gradual decrease with Co. As it can be seen in
worth mentioning that in the case of the oxygen content, itd"ig. 5a), this result is compatible with the correlation coef-
concentration recorded by EDS in this system is very smalficient of the electronic affinity and the ionization energy de-
(the O concentration recorded was6 + 0.21 wt% which ~ crease (0.5723 and -0.5521 respectively). It is worth to say
practically falls within the noise of the EDS spectrum. Thenthat, although amorphous carbon was formed at low temper-
Fig. 4 indicates the displacement of Co and W towards thé@tures, when the formation of this interface occurs during the

TABLE |. EDS values in wt% of the elements in the Ni and WC-Co zones from 6 spectra taken around the interface.

Part WC-Co
Element Nominal Spectrum1l  Spectrum?2  Spectrum3  Spectrum4  Spectrum5  Spectrum6 + BBan
composition
w 85.95 78.06 50.54 83.19 86.38 81.38 87.39 77.80 4+ 13.79
C 9.55 8.34 7.14 11.39 9.58 17.19 10.26  10.66 4+ 3.56
Co 4.50 2.23 8.92 4.35 2.49 0.93 1.89 3.47+2.90
Ni 0 11.37 33.40 1.07 1.56 0.49 0.46 8.06 £ 13.11
Part Ni
w 0 3.06 4.67 4.97 0.48 0.45 0.29 2.32+2.20
C 0 3.57 19.88 19.88 5.79 4.64 4.80 9.26 £ 7.16
Co 0 10.53 1.21 1.21 0.58 0.13 1.61 2.65 + 3.91
Ni 100 82.50 74.24 74.34 93.15 94.77 93.30 85.38 £9.65

Rev. Mex. Fis70051601
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a) Element 1 (66.4%) b) Element 1 (66.4%)
FIGURE 5. Correlation analysis of the main elements at the in-
terface. a) Positioning of Ni, W, and Co in the correlation graph.
b) Positioning of the electronic affinity, oxidation number, atomic
radius, electronegativity and ionization energy in the correlation
sample according with the EDS spectra.

reaction, the carbon content decreases, which means that, du
to the presence of tungsten and nickel, carbon cannot be con
sidered for this correlation analysis. b)

3.2. TEM analysis results FIGURE 7. a) TEM image of sample T. The EDS 1 spectrum in-
cludes both sides of the interface. The EDS 2 spectrum and the

Figure 6 shows the TEM image of the sample parallel to theSAED pattern shown in the insert indicate that the bright zone cor-

interface (Sample P), and the EDS spectrum and the selecté@sPonds to an amorphous carbon layer. b) Bright field TEM image

area electron diffraction (SAED) pattern of zone 1 indicates?! the WC-Co side. ¢) HRTEM image of the carbon layer.

that its main component is amorphous carbon [17]. The EDS

spectrum the SAED pattern of zone 2 indicate a Ni polycrys S0 System. In the case of SE-SEM images, since they present

talline zone. Then the cutting-off of sample P was in such éhe sgrface-morphology,.the lE,ICk of contrast of the carbon
way that a piece of the Ni side was included. layer is straight. But this is not in the case for the BSE-SEM

Regarding the carbon area, the experimental procedurquages’ since the cor)trast is related to the atomic humber Z
carried out was in non-equilibrium and this could cause thé)f the samples materlaI: As commented above, the. co'ntrast
WC decomposition. The use of an atmosphere with low oxy-Of W must k_)e bright, Ni appears in dark gray, Co in light
gen potential could also produce the ceramic decompositioFLr_ay’ and C n black. Here, the sa_mple preparation has some-
at lower temperatures. As indicated in the experimental dething to.do W'th.the n_ot—obser\(atlon of the C Ia;_/er, anq the
scription, a boron nitride bed was set around the assembly rientation rglathnshlp of th_e interface plane with the inci-
eliminate contact and the reaction between sample with th ent beam d|rect|on play.an |mpor'tar.1t role.. In the contrast of
graphite walls. Therefore, it is highly probable that the amorN€ SE-SEM image, the Increase in intensity due to the edge
phous carbon layer at the WC-Co/Ni interface was produce(.efﬁect of the \_NC step can hide the C layer. In the contrast
during the joining process by the carbon diffusion from WC- of BSE'.SEM Image, the c Iaye.r .ShOUId appear d.ark_, bUt. the
Co to Ni, so reducing system energy and the carbon COmerlllqteractlon volume, which for C itis a few microns in size, in-

in the WC-Co layer. An interesting fact is the not observation® udes both W and Ni, and this could reduce visibility of the

of the carbon layer by SEM when immersed in the Ni—WC—C layer. Itis als_o important to note thatj _in _the same period of
time, the EDS line-scan spectrum of Ni is in the range of 0 to

4000 cps, while for W its occurs from 0 to 1200 cps, for Co
it is in the range of 0 to 300 cps, and for C the EDS spectrum
is in the range of 0 to 60 cps. All this together could pro-
duce that the C layer is not observed in the BSE-SEM image
1 although the EDS spectra do present the C signal.

Figure 7 shows the TEM image of the sample perpendic-
ular to the interface (sample T), which contains both the Ni
and WC-Co sides. The EDS spectrum labeled as 2 and the
SAED pattern also indicate that the bright zone corresponds
to an amorphous carbon layer of Juh in thickness. EDS
FIGURE 6. TEM image of sample P. The circles indicate the areas SPeCtrum 1 shows the Ni, W and C peaks because the ana-
from which the SAED patterns (On the |eft) and the EDS Spectralyzed area inC|udeS bOth SideS Of the interface. A br|ght f|e|d
(on the right) were obtained. Zone 1 corresponds to amorphousl EM image and a HRTEM image of the carbon layer are
carbon. Zone 2 corresponds to polycrystalline Ni. shown in Figs. 7b) and 7c), respectively. The nanometric

Rev. Mex. Fis70051601
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' (-2110)

. (0902)

FIGURE 8. TEM images of sample T at the WC-Co side. a)-b)
Bright field images. The insert in b) shows the SAED pattern along
the [10-10] zone axis from the squared area. ¢) HRTEM image
of the squared area in b). The insert shows the FFT of the squared
area. d) Processed image of the squared area in ¢). The insert show:
the filter used for processing.

FIGURE 9. a)-c) TEM images of sample TP. The circles show the
particles in the carbon layer could be produced by the intersites from where the SAED patterns were obtained. Amorphous
action of the electron beam with carbon layieg; they could carbon, crystalline phases and nanoparticles are observed. The
be a product of electron radiation damage in TEM [18-21].SAED pattern indicates that these are Ni nanoparticles. d) HRTEM
Once the sample T was further thinned, TEM images of thé'mage of the nanopatrticles. €) HRTEM image pf a polycrystalline
Ni and cermet WC-Co zones were better observed. Figure §N¢- f) HRTEM from (b). The SAED pattern indicates the pres-
shows the TEM images of the WC-Co side. The bright ﬁeldence of structural disorder along the ¢ axis of the WC unit cell.
images [(Figs. 8a) and 8b)] indicated an average grain size
for the cermet of 0..xm, approximately, while in Niitis of 5 e .
um. The SAED pattern in the insert of Fig. 8b) corresponds3'3' Diffusion at the interface

t% the []r.10-]|._|0|:]e_?g\1/le_aX|s of :f:;\a/éNg-Co :;T:'t C%”d F;]gure 8hc The WC-Co/Ni interface is produced by diffusion processes.
shows t 3 . ;mﬁ'gelo VLo a_rl1_h ig. 8d) s Or\:VSt ?During the solid phase diffusion bonding process, two metal-
processed image of this last image. e contrast shown 'fﬁrgical stages occur concurrently. Firstly, since Ni has less

Fig. 8c) is produced by dislocations in the Ni grains [13]. ; : :
. ) echanical resistance to compression than WC, the contact
Figure 9 shows the TEM images and SAED patterns of sam; b

le TP obli o the interf here th h b area is increased due to the plastic deformation of Ni. This
ple 11 oblique to the inertace, where the amorphous car oré’tage lasts few seconds and it is affected by the surface rough-
nanoparticles and crystalline zones are seen. The nanopa

. g . . . "Hess of Ni and WC, surface cleaning, temperature and pres-
cles were identified as '\.“ (these_ Ni nanoparticles cpuld be‘5ure. The surfaces are brought together and most of the voids
produced by the FIB Ga-ions during sample preparation). or gaps between the two joined surfaces are filled. In the

Some of the polycrystalline phases correspond to Ni, angecond stage, creep and diffusion are important. The inter-
others to WC. Rodelast al. [22] indicated that these crys- facial limit migrates out of the plane of union to the lowest
talline phases are related with the CoxWyCz phases produceghergy equilibrium zone, and the remaining gaps or voids are
in carbon-deficient environments, but additional analysis hasemoved or wrapped.
to be done. Defects such as dislocations, vacancies, intersti- Therefore, the peaks in the Co and Ni line-scans are pro-
tial atoms and stacking faults can be generated at the interfackiced by diffusion mechanisms, from the region of high con-
by the solid phase diffusion. Figure 9f) shows a high densitycentration to the region of low concentration, as indicated by
of structural defects and the indexation of the inserted SAEDFick's Law, and probably due to the accumulation of defects,
pattern indicates a structural disorder along the c axis of thas commented by Wunderlich [23] who has pointed out the
WC structure. need for dislocations or differences in the thermal expansion

Rev. Mex. Fis70051601
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of the metal to obtain the interface. Chenal. [12] indi- The fact that a Green function is a solution of the diffu-
cated that the linear part at the interface, represented by tteon equation in the Gaussian region gives a physical sense
different slopes in the profile of W, Co, and Ni, is easily ad-to the experimental concentration graph. The shape of the
justed through the diffusion equation. The peaks of Co andsreen function depends on the alpha value, the parameter
Ni profiles can also be interpreted with the diffusion equa-of proportionality, which allows to specify the exact shape
tion in one dimension. The concentration ¢ of each elemendf the Gaussian function. Therefore, the Green function so-

changes with time following the relationship: lution modulates the concentration around the points in the
9 9 o rectangles shown in Fig. 4 where the agglomerations are pre-
— — | =——=c+ f(r), (1) sented. If alpha is negative, the behavior of the solution is an

ox; Oxjc ot

oscillatory decreasing like a curl. The concentration line scan
whereD is the diffusion coefficient and(r) is the source of  for W presents a different shape, like a shift in a strip. The
c in the material. In the stationary case and in the absence dafiffusion law equation gives a pair of asymmetric equations
sources, the above expression is reduced to a homogeneowhose result is a Green function too. The negative value of

equation: alpha is transformed into the behavior that explains the other
9 9 remaining part of W.
=0, 2
Ox; Ozjc
whose solution, according to Ballufi al. [24] if D is con- _
stant is: 4. Conclusions

1
c(z) = Cla1) + cte(w - xl)ﬁ‘ C R analysis of the interface by SEM, TEM and EDS anal-

The most interesting part of the concentration behavioyS€S contributes to understand the welding-mechanism for
at the interface occurs in the non-linear part. The non-lineaP€tero-interface materials. At the interface, diffusion played
experimental fact in Co and Ni concentrations (the peaks ob@" important role for the welding between Ni (metal) and
served) can be approximated with a Gaussian function. Thi¥/C-Co (cermet). TEM observation of the WC-Co/Ni inter-
has two implications. First, the Gaussian profile suggests fce revealed that the solid phase diffusion welding produced
change in structure in the region where behavior is no longeRn @morphous carbon layer and crystalline phases related to
linear. Second, the Gaussian profile also suggests that the fli and WC. Electronic affinity, ionization energy, and charge
tio of the variation with time of concentration is proportional fransfer allow diffusion of W into Ni by occupational differ-
to the concentration at each point. In accordance with the pre2nce, being the Ni and Co diffusion the most important in
vious correlation analysis, the diffusion equation’s behaviothe formation of the cermet-metal interface. This diffusion
inside the rectangles of intensity vs distance shown in Fig. 45 dominated by a non-linear decay, where the segregation of

can be considered as: the element occurs, the concentration follows an exponential
o decay, suggesting that the punctual variation of concentration
i -V - DV(c) + f(r). (4) goesin a proportional way.

Thus, inside the rectangles shown in Fig.c4aries in
function of time proportionally to the concentration in each
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