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Effect of plastic deformation on the kinetics of the solid state reaction between Cu and Zn
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The kinetics of the solid-state reaction at the interface of a Cu-Zn bulk diffusion couple subjected to
compressive plastic deformation has been studied as a function of plastic strain, strain rate, and temperature.
The experimental data have been interpreted on the basis of classical atomic transport theory, considering also
the effect of plastic deformation on the growth rate of the reaction product. The diffusion coefficient at 150 °C
(larger than the purely thermal value at the same temperature by about four orders of magsiaidmst
independent of temperature and is linearly dependent on the strain rate at which the deformation occurs. The
only parameter controlling the thickness of the reacted layer appears to be the total strain experienced by the
diffusion couple. These features of plastically enhanced diffusivity are coherent with a simple model of the
behavior of the excess point defects created by plastic deformation, similar to that developed in order to
describe radiation-enhanced diffusi¢80163-18209)04417-3

INTRODUCTION growth at the interface between the two metals.
When applied to systems which yield crystalline reaction
The effect of plastic deformation on the kinetics of solid- products this approach presents several experimental prob-
state reactions is one of the most important issues in theems. In fact, most of the intermetallic compounds which are
study of mechanical alloying induced by high-energy ballthe possible products of a mechanical alloying experiment
milling? or by extensive cold rolling of thin metal foifsThe  have a very limited ductility; as a consequence when a dif-
investigation of this subject is complicated by the stochastidusion couple is subjected to plastic deformation and begins
nature of the ball-milling process, so that detailed micro-to react so that a thin layer of intermetallic compound grows
structural characterization by microscopical methods suffergt the interface, the diffusion couple fractures at the interface
from the lack of knowledge of the thermomechanical historyitself, as the intermetallic layer is often not sufficiently duc-
of the small piece of matter under investigation. On the contijle to support further plastic deformation. On the other hand,
trary, those methods which analyze large enough sampleghen the reaction product is a ductile solid solution, the
like x-ray diffraction and differential scanning calorimetry, inetics of the solid-state reaction can only be derived from a

are able to provide only average information, which, gener¢pemical profile at the interface, which, considering the lim-

ally, does not allow a detailed description of the interdiffu'- ited thickness of the reacted layer, has to be performed by

sion _mechanlsm. In fact_, it has been ascertained that q“””)‘?-ray microanalysis in the transmission-electron microscope.
the first stages of the milling process a convoluted multllay-It is reasonable to expect that for most systems this method

ered structure is formed, at least when ductile metals ar oes not have sufficient spatial resolution; in fact, in the case
processed. The solid-state reaction is then assumed to pro; P ' '

ceed because of the high density of heterogeneous interfac8£N"Zr’ the amorphous layer was found to have a thickness

under the effect of the plastic shear induced by the deformar-anging from a few to a maximum of about 20 rThe

tion processS. At the same time an extensive research effortch0ice of the diffusion couple plays then a key role in the
has been devoted to the study of the reaction kinetics duringUccess of this kind of experiment. _
milling.*® In these studies it has been found that the reacted N this paper we report about the kinetics of solid-state
fraction and the atomic level strain accumulated by the reacteactions at the interface of plastically deformed Cu-Zn bulk
tants increase exponentially with milling time, at least in thediffusion couples. This system was selected since previous
early stages of the process. In addition, the effect of thetudied have shown that the reaction proceeds through the
excess point defects created by the plastic deformation on trdiffusion of Cu into the Zn matrix so that the first phase
kinetics of the solid-state reaction has been studied in a car@ppearing as a result of mechanical alloying is the Zn-rich
ful experiment where ball milling of Ag-Cu powders has epsilon phase, which has a chemically disordered hexagonal
been carried out at several temperatdres. close-packed structure expected to show ductile behavior.

We proposed, a few years ago, to investigate the effect dfloreover, owing probably to the low melting point of Zn,
plastic deformation on the atomic transport properties, bythe reaction kinetics is particularly fast, so that we expect a
studying with transmission electron microscopy the reactiorthickness of the reacted layer large enough for a reliable
at the interface of a bulk diffusion couple during a plasticcharacterization. The purpose of this experiment is to ascer-
deformation experiment carried out under controlledtain the role of the excess point defects, created by the plastic
conditions’® This method was applied to the Ni-Zr system deformation, on the kinetics of the reaction, and to study the
which is known to yield an amorphous reaction productinterdiffusion behavior as a function of the parameters of
when alloyed by ball milling, and was able to give quantita-the plastic deformation, mainly total strain, strain rate, and
tive information on the kinetics of the amorphous phaseemperature.
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TABLE |. Deformation parameters of the samples examined in
the present study.

Load (KN) Time(s) Temp(°®C) d(mm) & &(s9

55 0.25 150 300 1.2 4.8
55 0.25 150 400 1.38 55

110 0.5 150 450 1.58 3.16

165 0.75 150 710 2.8 3.73
220 1 150 800 35 35

220 0.1 150 640 2.43 24.3

220 10 150 1160 3.04 0.304

220 50 150 600 3.2 0.064

220 100 150 800 3.64 0.0036

FIG. 1. SEM image of the Cu-Zn interface where the etchingo2g 100 150 600 3.3  0.0033
procedure has evidenced the reacted layer, between arrows, made-@f 0.25 200 500 1.95 7.8
the epsilon phase. 55 0.25 200 500 23 92
110 0.5 200 700 2.92 5.8

EXPERIMENTAL 220 1 200 1000 2.64 2.64
The reaction kinetics at the interface between Cu and 7720 1 200 1050 35 3.5
was studied with a method similar to that used previously fort10 0.5 120 700 2.04 4.08
a Ni-Zr diffusion couple. Bulk trilayers comprigia 1 mm 0.5 120 650 2.43 5.86
thick Zn foil between two Cu sheets with the same thickness220 1 120 700 226 226

were pressed together between the pistons of a hydraul#?0 1 120 8o 27 27
press. The sample surface before deformation was about 0.25

cn?, and the maximum load supplied by the machine was

250 kN. The load applied to the sample increased "nearbparameters of the plastic deformation, the local thickness of
with time and the time for full loading was larger tha sin e Zn layer was measured on low magnification scanning

most cases; the deformation temperature was in the randd€ctron microscop¢SEM) pictures. As it will be shown
from room temperature to 200°C and was controlled b ater, the plastic deformation of the epsilon phase is an im-
heating with a suitable rf coil both the specimen and thePortant parameter in the description of the interdiffusion pro-
machine pistons. The sample surface, much smaller than t&SS: Being impossible to measure directly the strain of the
piston area during the whole deformation process, increasd§action product, we have assumed that the epsilon phase
to about 1 crf at the maximum load, so that the maximum and the Zn matrix have the same tensile properties, owing to

applied stress was of the order of a few GPa. their structural and chemical similarity. _
The details of the procedure concerning the sample sur- !N order to compare the growth kinetics induced by plastic
face preparation and the measurement of the temperature ifigformation with the purely thermal behavior, samples pre-
crease due to the plastic deformation have already beey{ously deformed with a load able to induce the growth of a
reported? In the present experiment the temperature increasf!in epsilon phase layer at the interface between Cu and Zn
during the deformation was limited to a few °C owing to the have been heat treated at 150 °C for different times before

good thermal contact between the sample and the machir{Be_SEM obser\{qtion. The accuracy of this kind of analysis is

pistons acting as a large heat sink. limited by the cr!tlcql thickness of thep_has_e layer, at which
When the experiment was able to bond together the twd€ ¥ Phase, which is the next appearing in the phase forma-

metals the deformed sample was cut in a cross section by PN sequence of this diffusion couple, is first detected.

diamond slitting wheel; after conventional metallographic

grinding and polishing the sample was etched in a solution of RESULTS AND DISCUSSION

20 g CrQ, in 100 cn? water with an applied voltage of 8 V,

in order to evidence the reaction products, and then exam-

ined with a Cambridge 250 MKIII scanning electron micro- The deformation parameters of the samples examined in

scope equipped with both backscattered electron and x-raifpis experiment are reported in Table | which lists also the

detectors. thicknessd of the e phase, the absolute value of the strain
Morphological observations of the etched surface weres=In(ay/a), wherea, anda are the thickness of the Zn layer

carried out at 10 keV with the secondary electron signalpefore and after the experiment, respectively, and the aver-

while x-ray spectroscopy at 20 keV and backscattered ele@ge strain rate =¢/t, wheret is the deformation time. The

tron images were used to identify the nature of the reactedtrain and the strain rate of the Zn foil are both assumed to be

layer evidenced by the etching procedure. A typical result isqual to the same deformation parameters ofetphase.

shown in Fig. 1, where it is possible to observe a layer of the According to Gsele and Td° when a phase of thickness

epsilon phase at the interface between the two metals. Quar-grows at the interface between the parent phases, the

titative x-ray microanalysis confirmed that the chemicalgrowth rate can be expressed as

composition was within the stability range of this phase. In

order to correlate the thickness of the epsilon phase with the dx/dt=GAcK/(1+xK/D), (D)

A. The diffusion coefficient
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whereG is a parameter whose value depends on the atomic —~ 900 [
. L. [
volume and on the chemical composition of both the parent € 500 L ‘ i
phases and the reaction produtt is the range of stability @ ® °
of the growing phaseK is the interface reaction constant, g 700 - " 7
andD is the apparent diffusivity. Considering only the two 2 600 | ® il
limiting cases corresponding to diffusion controlk>D) ;:, ol e |
and to interface controlxK<D) of the reaction rate it is z 50 g
possible to make the following approximations: s 400 m -
= ©
dx/dt=GAcD/x if xK>D, ) g soor = i
[and 200 1 1 | | |
dx/dt=GAcK if xK<D. (3) 1 s 2 25 3 35 4

strain
In order to account for the reduction in thickness of the re- ) ) ] ]
acted layer induced by the plastic deformation, which is sup- ||I:IG. 2. Th'c'é”dess Offthe e;;sﬂon phased ahs, "Jl‘( f””Ct!O“hOf hs”a'”ﬁ
posed to occur at a constant strain rafe further term—gx T ull squares and dots refer to the computed thickness in the hypoth-

has to be added to the right-hand sides) of both Eqs.(2) esis of interface control and d_lffu5|on control, respectively, while
. open squares represent experimental data.
and (3) which then become

dx/dt=(GAcD/x)—éx if xK>D (4) aries of the growing layer anld, andKg are two constants
’ related to the atomic volumes éfandB and to the compo-
dx/dt=(GAcK)—éx if xK<D. (5)  sition of the reacted layer, the reaction relté/dt during the

compressive plastic deformation can be written as
Equations4) and(5) can be integrated, and the thickness of

the reacted layer as a function of time can be written as dV/idt=[Kapa+Kgpg]S(t). 8
x=(GAcD/&)Yq1—exp(—2&t)]H2 According to Ref. 10 one has
=(GAcD/&)Y1—exp(—2¢)]¥? if xK=D, (6) d(1)=Kp/x(t) (diffusion contro), (9a)
x=(GAcK/g)[1—exp —&t)] ¢(t)=K, (interface contrg|, (9b)
=(GAcK/&)[1—exp—¢)] if XK<D, 7 so that, after a timég, corresponding to the attainment of the

o limiting thicknessxy and to a reacted volumé,, one has in
where we have used the definition of strain ratede/dt to  gjther condition:

eliminate the explicit dependence on time. Equati@snd
(7) describe diffusion control and interface control of the dV/dt=KS(t) =K V(t)/xog=K,V(1), (10
reaction, respectively. Both equations describe a situation .
where the thickness of the reacted layer saturates to Iimitiné/_here'_<S andK, are two constants. Integration of E3.0)
values given by GAcD/&)Y2 and (GACK/z), respectively, I'V€S finally
in contrast with the situation of thermally activated growth. _ _
This fact can be explained considering the structure of Egs. VO =VoexpK,(t=10)) (t=to), (D
(4) and (5). The first term on the rhs describes the growththus showing that once a limiting thickness has been at-
rate without plastic deformation; this term is always positivetained, the reacted volume at a single interface increases ex-
and it has a constant value in the case of the interface componentially with deformation time until the moment when
trolled reaction[Eqg. (4)], while decreasing with the square the reactants are exhausted and the reaction stops. It is im-
root of time in the case of diffusion contrfEqg. (5)]; the  portant to notice that the reaction time has been eliminated
second term, which takes into account the shrinkage of thtom Eqgs.(6) and(7), and that only the plastic deformation
reacted layer due to the plastic deformation, is always neggarameters, namely the total straiand the strain rate, are
tive and its absolute value increases linearly with the reactethe external variables controlling the thickness of the reacted
layer thickness. It is then evident that, once the reacted laydayer, besides the thermodynamic features of the system. If
reaches a thickness at which the shrinkage rate induced lghe makes the hypothesis, whose validity will be confirmed
the plastic deformation is equal to the rate of growth due tdater, of assuming a constant strain rate in our experiments
the atomic transport, the thickness of the reacted layer reperformed at constant loading rate, we can derive the values
mains constant with time. This fact does not mean that thef K or D by plotting the experimental thickness of the re-
reaction stops at this limiting thickness, since the surfacected layer versus the total strain of the diffusion couple. The
area of the diffusion couple increases with time owing to therelative strain rate is then evaluated as its average value mea-
plastic strain. This result is particularly important when thesured from the thickness reduction of the Zn foil and from
fraction of reacted material is experimentally measured fronthe reaction time.
the thickness of the interface layer. The experimental data collected at 150°C at constant
The attainment of a limiting thickness of the reacted layerloading rate are shown as a function=oin Fig. 2, together
allows a fairly simple description of the reaction kinetics at awith the best fits according to Eq®) and(7). In both cases,
single interface having a time-dependent ag#). If ¢,  in order to fit the data it is necessary, as in the previous case
and ¢ are the atomic fluxes oh and B across the bound- of Ni-Zr,® to introduce a fraction of the total strainwhich
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FIG. 3. Thickness of the epsilon phase as a function of strain. F|G. 4. Square of the reacted layer thickness versus time at
Experimental points are relative to deformation at 200(®@en  150°C.

squarey 150 °C(full squareg, and 120 °C(full dots).

appears to be ineffective for the solid-state reaction, so tha'%'g' 4. The experimental _date} allow a fa|rly accurate mea-
. . . . surement of the thermal diffusion coefficient, whose value of
in the relative equations has to be substituted by{z).

, . . 4.6x10 *cné/s is smaller by almost four orders of magni-

The presence af, can explain the experimental observation . e ) .
. e . tude compared with the diffusivity measured during plastic
that some minimum strain is necessary for bonding together

the two metals and it can be related to the requirement Ogeformatmn. Under the hypothesis that the jump frequency is

creating fresh surfaces for the onset of the reaction. Fro not significantly affected by plastic shear, this difference can

. J . . rBe ascribed to the relative concentration of the defects con-
Fig. 2, itis possible to notice a good agreement between th{arolling the atomic flow, as detailed in the next section.

experimental data and the theoretical calculations. In particu-
lar the experimental data show clearly the saturation of the
thickness of the reacted layer, indicative of the presence of
the limiting thickness described above. The features of the interdiffusion process during plastic
The experimental errors, mainly due to the difficulty of deformation can be analyzed considering the behavior of the
measuring accurately the actual strain, coupled with th@xcess point defects created by the plastic shear. Actually,
small differences induced by either reaction mechanism otthe creation of excess point defects, in particular vacancies,
the growth kinetics, do not allow one to discriminate clearlyduring plastic deformation has already been ascertdih¥d,
between diffusion controlled and interface controlled kinet-and we have to consider their influence on the atomic trans-
ics. The values of botK andD can be derived from the fits port properties. The interdiffusion process can be easily
of Egs.(6) and(7) to the experimental points, and from the modeled if we make the hypothesis that the deformation mi-
value of the limiting thickness. Considering a diffusion con-cromechanisms, in particular the dislocation dynamics, are
trolled mechanism, the fitting procedure givé3=4.2 independent of the external parameters like temperature and
x 108 cm/s, while in the case of interface control one hasstrain rate. Under this hypothesis, the number of point de-
that K=1x10"%cm/s. For the range of thicknesses ob-fects created per unit shear is expected to be constant, so that
served in our experiment6é<800 nm, the conditionxK  the creation rate depends linearly on the strain rate, which
<D which has to be satisfied in order to have an interfaceplays therefore a role similar to the particle flux in an irra-
controlled reaction leads to a value of the diffusion coeffi-diation experiment. In analogy with radiation-enhanced dif-
cient much larger than 810 ° cn/s. fusion (RED), the expected behavior will strongly depend on
From the value of the limiting thickness, estimated to bethe mechanism through which the excess defects
~900 nm, one deduces a value®f5.7x10 8cmé/s, ora  annihilate™®!* Under fast particle irradiation the RED coef-
value of K~6.3x10 % cm/s. Considering the scattering of ficient is athermal and depends linearly on the dose rate
the experimental data we conclude that both analyses givehen the excess point defects annihilate at fixed sinks, like
consistent results. In summary, from the experimental datajislocations or grain boundaries. On the contrary it is ther-
we estimate an effective diffusion coefficient larger thanmally activated and increases with the square root of the dose
10 8cné/s. In Fig. 3, all data collected with the same load-rate  when mutual interstitial-vacancy recombination is
ing rate at the temperature of 120, 150, and 200 °C are repredominant?® Probably because of the large difference be-
ported. Even if the accuracy of the data does not allow dween the energy of formation of vacancies and interstitials,
reliable estimate of the interdiffusion coefficient at each temit has been ascertainEdhat, contrary to what happens dur-
perature, it is possible to notice that all the data can be apng fast particle irradiation, where the majority of defects are
proximately fitted by the same curve independent of the deFrenkel pairs, mainly vacancies are created in the case of
formation temperature, showing the essentially athermaplastic deformation. This fact rules out the mechanism of
nature of the interdiffusion process induced by plastic deformutual defect annihilation, so that the excess vacancies are
mation. It is interesting to notice that also the mechanicaforced to annihilate at fixed sinks independently of their su-
alloying process shows a nearly athermal nature, at least ipersaturation. Using the same formalism of RERef. 13
the case of the Cu-Ag syste. and neglecting the equilibrium concentration of vacancies
The thickness of the reacted layer as a function of timeC,, relative to the excess concentratiGp, it is possible to
during thermally stimulated growth at 150 °C is shown inwrite the plastically enhanced diffusion coefficiéhy during

B. The diffusion mechanism
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a plastic deformation experiment carried out at constant 17 —— 13251 % 1.0118x Fe 098353
strain rate, under the hypothesis, discussed in what follows, 16 L =" ’ T //?-
that both the generation rate and the sink concentration are 15 L yd il
constant: P
_14r e ]
=X P
DpzDvav (12) 13 - -/// B
£ y _
whereD,, is the jump probability of the single vacancy and 12 e
has the usual dependence on the temperature "r // 7]
10 - 5 .
D,=Dgexp—AH/KT), (13 o L™ ‘ L L
whereAH is the height of the diffusion barrier. _ ‘ -4 In(average strain rats) °
On the basis of the above argument we can write the
generation rate of excess vacancies as FIG. 5. Log-log plot of the diffusion coefficient versus the strain
rate.
dC*/dt=K_e, (14

) L process during plastic deformation; in agreement with previ-
whereK is supposed to be a constant. Considering that only, ;s analyses of RED, the linear dependence of the actual
annihilation at fixed sinks is operative, the rate of vacancyyitysion coefficient on the generation rate of points defects
removal is given by and its athermal nature are only indicative of predominant
annihilation of excess defects at fixed sinks. Considering the

dC/dt=K,sC,Cs, (15 extremely high supersaturation observed in the present ex-

where C; is the constant sink concentration alg, is the  periments, the absence of a detectable contribution of mutual
rate constant given B vacancy-interstitial recombination appears to confirm that
mainly a single kind of point defect is created by the plastic

Kys=(4mr,s/Q)D,, (16)  deformation in agreement with previous considerations and

12
wherer s and(} are the relevant reaction radius and atomicmeasurement'%l.

volume, respectively. The time variation of vacancy concen- According to this gnaIyS|s, the rat'.@P/s andK/e have
tration in the structure is then given by a constant value during the deformation, so that Egjsand

(7) show that the only external parameter which controls the

dC,/dt=K.&—(47r,./Q)D,C,Cs. (17)  thickness of the reacted layer is the total strain of the diffu-

o ) sion couple. In fact, experimentally, both the temperature

If a steady-state situation is reached, from B@) we obtain g the strain rate do not affect significantly the thickness of
for the vacancy concentration: the reacted layer.

This feature of the interdiffusion process confirms the

Co=Keel(4m1,5/Q)D,Cs. 18 soundness of our hypothesis concerning the evaluation of the

Finally, D,, can be written at steady state as actual strain rate of the epsilon phase during the plastic de-
formation from the thickness reduction of the Zn layer and
D,=D,C,=Kcel(4mr,s/Q)Cs. (199 from the deformation time. The departure from linearity of

Equation(19) shows that the diffusivity during plastic defor- the stress-strain curve, which is expected during the a_lc_tual
Ig)lastlc deformation, appears therefore to have a negligible

g?é'gméstgéiefgzg tgnﬂee?,fg? :'enrﬁagya&r:;hzsagg 1[23 Zg?i/%ffect on the interdiffusion process, in the light of the above
e e pend P o .~ résults. In fact even if the instantaneous strain rate deviates
this situation is the equivalent of what is observed durin

RED when excess point defects annihilate at fixed stiks. g"o'f“ Its average value, the rail,/z appearing in Eq(6),
; e which describes the growth of thephase, remains constant.
order to verify the dependence of the apparent diffusivity o

the applied strain rate we have performed deformation e;']'he measured diffusion coefficient is therefore the average

periments at different loading rates. From E@). D, can be vaIuE durlng the deform:gtlon expehrlment. . | | d
expressed as The good agreement between the experimental results an

the theoretical analysis based on the hypothesis of constant
—y2: vacancy generation rate and constant sink density, with
Dp=x’e/[GAC(L~exp( ~2¢))]. 20 physica}lllygplausible values of the fitting parameters ig quite
The D, values computed with Eq20) are shown as a func- surprising in the light of the typical features of the plastic
tion of the average strain rate in the log-log plot of Fig. 5. ltdeformation process. In fact, during a plastic deformation
is possible to notice how the slope of the linear interpolationexperiment we expect substantial microstructural changes
is quite close to unity, confirming that, as predicted by Eq.and in particular dislocation multiplication and consequent
(19), the diffusivity during plastic deformation increases lin- work hardening. The dislocation density plays a double role
early with the applied strain rate. Similar results are obtainedn Eq. (19). In fact, dislocation glide is considered to be the
considering that the reaction is interface controlled. In factmain mechanism of excess vacancy generation, and the dis-
in this approximation, the reaction constafitdepends lin- locations are probably the most important vacancy sink in a
early on the strain rate. coarse-grained material as in the present case where the con-
We want to stress that our analysis cannot rule out som&ibution of grain boundary to the annihilation of excess de-
contribution of the interstitial point defects to the transportfects can be neglected.
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Without entering into the details of the plastic deforma- In conclusion, the generation rate depends linearly on the
tion mechanisms, whose study under the present conditiordislocation density, being related both to the jog density,
is beyond the purpose of this paper, we suggest two possibighich increases with the square of the dislocation density,
explanations for the surprising fact thatremains constant and to the average shear of the single jog in unit time which
during the experiments, despite all changes of the microdecreases linearly with the same parameter. Therefore, ac-
structure. cording to this approximate analysis bdtl andCg depend

The first is related to dynamic recovery of dislocationslinearly on the dislocation density. . _ _
occurring under the nonequilibrium condition, owing to the = AS @ result,Dy is independent of the dislocation density
high vacancy supersaturation. In this case, a steady-state cot{'c€ in EQ.(19) only the ratioK./C, appears. These con-
centration of dislocations is reach¥tso that the deforma- siderations suggest, therefore, that, once a steady-state situa-

tion proceeds at a constant value of the dislocation density’.[Ion is reached, the vacancy concentration and the diffusion

As an alternative explanation we have to consider the de_(_:oefficient no longer depend_ on the dislocation de”SiFV ow-
pendence of both the generation and the annihilation rate dpgtoa pos§|ble compensation between the generation and
excess point defects on the dislocation density, in particulai"® @nnihilation rates.
for what concerns the constalit. which describes the gen-
eration rate and the quanti€y; which is the density of sinks
where the vacancies disappear. With a simple experiment, based on the compressive plas-

If the dislocation density is not too large so that overlap-tic deformation of bulk diffusion couples, we have shown
ping among the annihilation reaction radii is preventgdis  that the interdiffusion reaction at the interface between Cu
expected to grow linearly with the dislocation density. Asand Zn is strongly enhanced by the plastic deformation, rela-
far as the generation rate is concerned, we have to makéve to the thermal situation. The apparent diffusion coeffi-
some hypothesis on the mechanism through which the disleeient can be derived from the analysis of the experimental
cation glide generates the points defects. In the classicalata on the basis of the classical model of the interdiffusion
approach? point defects are generated by the nonconservaat the interface between two metals, taking into account the
tive glide of dislocation jogs created by intersection of dis-effect of plastic deformation on the growth rate of the reacted
location gliding on different slip planes. In fact, when two layer. At 150 °C, the measured diffusion coefficient is about
screw dislocations cross under such a geometrical situation,faur orders of magnitude larger than the thermal one. The
short segment of edge dislocation is created, which is forcediffusion coefficient during plastic deformation appears to be
by the applied stress to move nonconservatively by emissioassentially athermal and to depend linearly on the strain rate
or absorption of vacancies. In the first case excess vacancias which the plastic deformation occurs. Owing to these fea-
are created, while in the second interstitial atoms are genetures the thickness of the reacted layer at the interface de-
ated. pends only the total strain of the diffusion couple with a very

The density of dislocation jogs, being related to the inter-good agreement between theory and experiment. The thick-
action between dislocations gliding on different slip planesness of the reacted layer shows a saturation value, which, in
is expected to depend, at a first approximation, on the squatbe present case is of the order ofuin; once this thickness
of the dislocation density. On the other hand, the averagbas been reached the reaction proceeds only through the in-
slip distance of each dislocation jog per unit shéar per crease of the interface area. These features can be justified
unit time, once the strain rate is fixeid expected to depend considering the kinetic features of the excess point defects
inversely on the dislocation density considering the linearcreated by the plastic deformation, which can be modeled on
contribution of the gliding of each dislocation to the macro-the basis of the approach currently used in the analysis of
scopic deformation. RED.

CONCLUSIONS
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