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Effect of plastic deformation on the kinetics of the solid state reaction between Cu and Zn

Massimo Angiolini, Giorgio Mazzone,* Amelia Montone, and Marco Vittori-Antisari
Ente per le Nuove Tecnologie, l’ Energia e l’ Ambiente (ENEA), Centro Ricerche Casaccia, CP 2400, 00100 Roma, Italy

~Received 13 October 1998!

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 magnitude! is almost
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 diffusion.@S0163-1829~99!04417-3#
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INTRODUCTION

The effect of plastic deformation on the kinetics of soli
state reactions is one of the most important issues in
study of mechanical alloying induced by high-energy b
milling1 or by extensive cold rolling of thin metal foils.2 The
investigation of this subject is complicated by the stocha
nature of the ball-milling process, so that detailed mic
structural characterization by microscopical methods suf
from the lack of knowledge of the thermomechanical histo
of the small piece of matter under investigation. On the c
trary, those methods which analyze large enough samp
like x-ray diffraction and differential scanning calorimetr
are able to provide only average information, which, gen
ally, does not allow a detailed description of the interdiff
sion mechanism. In fact, it has been ascertained that du
the first stages of the milling process a convoluted multil
ered structure is formed, at least when ductile metals
processed. The solid-state reaction is then assumed to
ceed because of the high density of heterogeneous interf
under the effect of the plastic shear induced by the defor
tion process.3 At the same time an extensive research eff
has been devoted to the study of the reaction kinetics du
milling.4,5 In these studies it has been found that the reac
fraction and the atomic level strain accumulated by the re
tants increase exponentially with milling time, at least in t
early stages of the process. In addition, the effect of
excess point defects created by the plastic deformation on
kinetics of the solid-state reaction has been studied in a c
ful experiment where ball milling of Ag-Cu powders ha
been carried out at several temperatures.6

We proposed, a few years ago, to investigate the effec
plastic deformation on the atomic transport properties,
studying with transmission electron microscopy the react
at the interface of a bulk diffusion couple during a plas
deformation experiment carried out under controll
conditions.7,8 This method was applied to the Ni-Zr syste
which is known to yield an amorphous reaction produ
when alloyed by ball milling, and was able to give quanti
tive information on the kinetics of the amorphous pha
PRB 590163-1829/99/59~18!/11733~6!/$15.00
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growth at the interface between the two metals.
When applied to systems which yield crystalline reacti

products this approach presents several experimental p
lems. In fact, most of the intermetallic compounds which a
the possible products of a mechanical alloying experim
have a very limited ductility; as a consequence when a
fusion couple is subjected to plastic deformation and beg
to react so that a thin layer of intermetallic compound gro
at the interface, the diffusion couple fractures at the interf
itself, as the intermetallic layer is often not sufficiently du
tile to support further plastic deformation. On the other ha
when the reaction product is a ductile solid solution, t
kinetics of the solid-state reaction can only be derived from
chemical profile at the interface, which, considering the li
ited thickness of the reacted layer, has to be performed
x-ray microanalysis in the transmission-electron microsco
It is reasonable to expect that for most systems this met
does not have sufficient spatial resolution; in fact, in the c
of Ni-Zr, the amorphous layer was found to have a thickn
ranging from a few to a maximum of about 20 nm.7 The
choice of the diffusion couple plays then a key role in t
success of this kind of experiment.

In this paper we report about the kinetics of solid-sta
reactions at the interface of plastically deformed Cu-Zn b
diffusion couples. This system was selected since previ
studies2 have shown that the reaction proceeds through
diffusion of Cu into the Zn matrix so that the first pha
appearing as a result of mechanical alloying is the Zn-r
epsilon phase, which has a chemically disordered hexag
close-packed structure expected to show ductile behav
Moreover, owing probably to the low melting point of Zn
the reaction kinetics is particularly fast, so that we expec
thickness of the reacted layer large enough for a relia
characterization. The purpose of this experiment is to as
tain the role of the excess point defects, created by the pla
deformation, on the kinetics of the reaction, and to study
interdiffusion behavior as a function of the parameters
the plastic deformation, mainly total strain, strain rate, a
temperature.
11 733 ©1999 The American Physical Society
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EXPERIMENTAL

The reaction kinetics at the interface between Cu and
was studied with a method similar to that used previously
a Ni-Zr diffusion couple. Bulk trilayers comprising a 1 mm
thick Zn foil between two Cu sheets with the same thickne
were pressed together between the pistons of a hydra
press. The sample surface before deformation was about
cm2, and the maximum load supplied by the machine w
250 kN. The load applied to the sample increased linea
with time and the time for full loading was larger than 1 s in
most cases; the deformation temperature was in the ra
from room temperature to 200 °C and was controlled
heating with a suitable rf coil both the specimen and
machine pistons. The sample surface, much smaller than
piston area during the whole deformation process, increa
to about 1 cm2 at the maximum load, so that the maximu
applied stress was of the order of a few GPa.

The details of the procedure concerning the sample
face preparation and the measurement of the temperatur
crease due to the plastic deformation have already b
reported.9 In the present experiment the temperature incre
during the deformation was limited to a few °C owing to t
good thermal contact between the sample and the mac
pistons acting as a large heat sink.

When the experiment was able to bond together the
metals the deformed sample was cut in a cross section
diamond slitting wheel; after conventional metallograph
grinding and polishing the sample was etched in a solution
20 g CrO3 in 100 cm3 water with an applied voltage of 8 V
in order to evidence the reaction products, and then ex
ined with a Cambridge 250 MKIII scanning electron micr
scope equipped with both backscattered electron and x
detectors.

Morphological observations of the etched surface w
carried out at 10 keV with the secondary electron sign
while x-ray spectroscopy at 20 keV and backscattered e
tron images were used to identify the nature of the reac
layer evidenced by the etching procedure. A typical resu
shown in Fig. 1, where it is possible to observe a layer of
epsilon phase at the interface between the two metals. Q
titative x-ray microanalysis confirmed that the chemic
composition was within the stability range of this phase.
order to correlate the thickness of the epsilon phase with

FIG. 1. SEM image of the Cu-Zn interface where the etch
procedure has evidenced the reacted layer, between arrows, ma
the epsilon phase.
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parameters of the plastic deformation, the local thickness
the Zn layer was measured on low magnification scann
electron microscope~SEM! pictures. As it will be shown
later, the plastic deformation of the epsilon phase is an
portant parameter in the description of the interdiffusion p
cess. Being impossible to measure directly the strain of
reaction product, we have assumed that the epsilon ph
and the Zn matrix have the same tensile properties, owin
their structural and chemical similarity.

In order to compare the growth kinetics induced by plas
deformation with the purely thermal behavior, samples p
viously deformed with a load able to induce the growth o
thin epsilon phase layer at the interface between Cu and
have been heat treated at 150 °C for different times be
the SEM observation. The accuracy of this kind of analysi
limited by the critical thickness of thee phase layer, at which
theg phase, which is the next appearing in the phase form
tion sequence of this diffusion couple, is first detected.

RESULTS AND DISCUSSION

A. The diffusion coefficient

The deformation parameters of the samples examine
this experiment are reported in Table I which lists also
thicknessd of the e phase, the absolute value of the stra
«5 ln(a0 /a), wherea0 anda are the thickness of the Zn laye
before and after the experiment, respectively, and the a
age strain rate«̇5«/t, wheret is the deformation time. The
strain and the strain rate of the Zn foil are both assumed to
equal to the same deformation parameters of thee phase.

According to Go¨sele and Tu,10 when a phase of thicknes
x grows at the interface between the parent phases,
growth rate can be expressed as

dx/dt5GDcK/~11xK/D !, ~1!

e of

TABLE I. Deformation parameters of the samples examined
the present study.

Load ~KN! Time ~s! Temp ~°C! d ~nm! « «̇ ~s21!

55 0.25 150 300 1.2 4.8
55 0.25 150 400 1.38 5.5
110 0.5 150 450 1.58 3.16
165 0.75 150 710 2.8 3.73
220 1 150 800 3.5 3.5
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
220 100 150 600 3.3 0.0033
55 0.25 200 500 1.95 7.8
55 0.25 200 500 2.3 9.2
110 0.5 200 700 2.92 5.8
220 1 200 1000 2.64 2.64
220 1 200 1050 3.5 3.5
110 0.5 120 700 2.04 4.08
110 0.5 120 650 2.43 5.86
220 1 120 700 2.26 2.26
220 1 120 800 2.7 2.7
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whereG is a parameter whose value depends on the ato
volume and on the chemical composition of both the par
phases and the reaction product,Dc is the range of stability
of the growing phase,K is the interface reaction constan
and D is the apparent diffusivity. Considering only the tw
limiting cases corresponding to diffusion control (xK@D)
and to interface control (xK!D) of the reaction rate it is
possible to make the following approximations:

dx/dt5GDcD/x if xK@D, ~2!

dx/dt5GDcK if xK!D. ~3!

In order to account for the reduction in thickness of the
acted layer induced by the plastic deformation, which is s
posed to occur at a constant strain rate«̇, a further term2 «̇x
has to be added to the right-hand side~rhs! of both Eqs.~2!
and ~3! which then become

dx/dt5~GDcD/x!2 «̇x if xK@D, ~4!

dx/dt5~GDcK!2 «̇x if xK!D. ~5!

Equations~4! and~5! can be integrated, and the thickness
the reacted layer as a function of time can be written as

x5~GDcD/ «̇ !1/2@12exp~22«̇t !#1/2

5~GDcD/ «̇ !1/2@12exp~22«!#1/2 if xK@D, ~6!

x5~GDcK/ «̇ !@12exp~2 «̇t !#

5~GDcK/ «̇ !@12exp~2«!# if xK!D, ~7!

where we have used the definition of strain rate«̇5d«/dt to
eliminate the explicit dependence on time. Equations~6! and
~7! describe diffusion control and interface control of t
reaction, respectively. Both equations describe a situa
where the thickness of the reacted layer saturates to limi
values given by (GDcD/ «̇)1/2 and (GDcK/ «̇), respectively,
in contrast with the situation of thermally activated grow
This fact can be explained considering the structure of E
~4! and ~5!. The first term on the rhs describes the grow
rate without plastic deformation; this term is always posit
and it has a constant value in the case of the interface
trolled reaction@Eq. ~4!#, while decreasing with the squar
root of time in the case of diffusion control@Eq. ~5!#; the
second term, which takes into account the shrinkage of
reacted layer due to the plastic deformation, is always ne
tive and its absolute value increases linearly with the reac
layer thickness. It is then evident that, once the reacted la
reaches a thickness at which the shrinkage rate induce
the plastic deformation is equal to the rate of growth due
the atomic transport, the thickness of the reacted layer
mains constant with time. This fact does not mean that
reaction stops at this limiting thickness, since the surf
area of the diffusion couple increases with time owing to
plastic strain. This result is particularly important when t
fraction of reacted material is experimentally measured fr
the thickness of the interface layer.

The attainment of a limiting thickness of the reacted la
allows a fairly simple description of the reaction kinetics a
single interface having a time-dependent areaS(t). If fA
andfB are the atomic fluxes ofA andB across the bound
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aries of the growing layer andKA andKB are two constants
related to the atomic volumes ofA andB and to the compo-
sition of the reacted layer, the reaction ratedV/dt during the
compressive plastic deformation can be written as

dV/dt5@KAfA1KBfB#S~ t !. ~8!

According to Ref. 10 one has

f~ t !5KD /x~ t ! ~diffusion control!, ~9a!

f~ t !5KI ~ interface control!, ~9b!

so that, after a timet0 corresponding to the attainment of th
limiting thicknessx0 and to a reacted volumeV0 , one has in
either condition:

dV/dt5KsS~ t !5KsV~ t !/x05KvV~ t !, ~10!

whereKs andKv are two constants. Integration of Eq.~10!
gives finally

V~ t !5V0 exp„Kv~ t2t0!… ~ t>t0!, ~11!

thus showing that once a limiting thickness has been
tained, the reacted volume at a single interface increases
ponentially with deformation time until the moment whe
the reactants are exhausted and the reaction stops. It is
portant to notice that the reaction time has been elimina
from Eqs.~6! and ~7!, and that only the plastic deformatio
parameters, namely the total strain« and the strain rate«̇, are
the external variables controlling the thickness of the reac
layer, besides the thermodynamic features of the system
one makes the hypothesis, whose validity will be confirm
later, of assuming a constant strain rate in our experime
performed at constant loading rate, we can derive the va
of K or D by plotting the experimental thickness of the r
acted layer versus the total strain of the diffusion couple. T
relative strain rate is then evaluated as its average value m
sured from the thickness reduction of the Zn foil and fro
the reaction time.

The experimental data collected at 150 °C at const
loading rate are shown as a function of« in Fig. 2, together
with the best fits according to Eqs.~6! and~7!. In both cases,
in order to fit the data it is necessary, as in the previous c
of Ni-Zr,8 to introduce a fraction of the total strain« which

FIG. 2. Thickness of the epsilon phase as a function of str
Full squares and dots refer to the computed thickness in the hyp
esis of interface control and diffusion control, respectively, wh
open squares represent experimental data.
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appears to be ineffective for the solid-state reaction, so
in the relative equations« has to be substituted by («-«0).
The presence of«0 can explain the experimental observati
that some minimum strain is necessary for bonding toge
the two metals and it can be related to the requiremen
creating fresh surfaces for the onset of the reaction. F
Fig. 2, it is possible to notice a good agreement between
experimental data and the theoretical calculations. In part
lar the experimental data show clearly the saturation of
thickness of the reacted layer, indicative of the presenc
the limiting thickness described above.

The experimental errors, mainly due to the difficulty
measuring accurately the actual strain, coupled with
small differences induced by either reaction mechanism
the growth kinetics, do not allow one to discriminate clea
between diffusion controlled and interface controlled kin
ics. The values of bothK andD can be derived from the fits
of Eqs.~6! and ~7! to the experimental points, and from th
value of the limiting thickness. Considering a diffusion co
trolled mechanism, the fitting procedure givesD54.2
31028 cm2/s, while in the case of interface control one h
that K5131024 cm/s. For the range of thicknesses o
served in our experiments~<800 nm!, the conditionxK
!D which has to be satisfied in order to have an interfa
controlled reaction leads to a value of the diffusion coe
cient much larger than 831029 cm2/s.

From the value of the limiting thickness, estimated to
'900 nm, one deduces a value ofD'5.731028 cm2/s, or a
value of K'6.331024 cm/s. Considering the scattering o
the experimental data we conclude that both analyses
consistent results. In summary, from the experimental d
we estimate an effective diffusion coefficient larger th
1028 cm2/s. In Fig. 3, all data collected with the same loa
ing rate at the temperature of 120, 150, and 200 °C are
ported. Even if the accuracy of the data does not allow
reliable estimate of the interdiffusion coefficient at each te
perature, it is possible to notice that all the data can be
proximately fitted by the same curve independent of the
formation temperature, showing the essentially ather
nature of the interdiffusion process induced by plastic de
mation. It is interesting to notice that also the mechani
alloying process shows a nearly athermal nature, at lea
the case of the Cu-Ag system.6

The thickness of the reacted layer as a function of ti
during thermally stimulated growth at 150 °C is shown

FIG. 3. Thickness of the epsilon phase as a function of str
Experimental points are relative to deformation at 200 °C~open
squares!, 150 °C~full squares!, and 120 °C~full dots!.
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Fig. 4. The experimental data allow a fairly accurate m
surement of the thermal diffusion coefficient, whose value
4.6310212cm2/s is smaller by almost four orders of magn
tude compared with the diffusivity measured during plas
deformation. Under the hypothesis that the jump frequenc
not significantly affected by plastic shear, this difference c
be ascribed to the relative concentration of the defects c
trolling the atomic flow, as detailed in the next section.

B. The diffusion mechanism

The features of the interdiffusion process during plas
deformation can be analyzed considering the behavior of
excess point defects created by the plastic shear. Actu
the creation of excess point defects, in particular vacanc
during plastic deformation has already been ascertained11,12

and we have to consider their influence on the atomic tra
port properties. The interdiffusion process can be ea
modeled if we make the hypothesis that the deformation
cromechanisms, in particular the dislocation dynamics,
independent of the external parameters like temperature
strain rate. Under this hypothesis, the number of point
fects created per unit shear is expected to be constant, so
the creation rate depends linearly on the strain rate, wh
plays therefore a role similar to the particle flux in an irr
diation experiment. In analogy with radiation-enhanced d
fusion ~RED!, the expected behavior will strongly depend o
the mechanism through which the excess defe
annihilate.13,14 Under fast particle irradiation the RED coe
ficient is athermal and depends linearly on the dose
when the excess point defects annihilate at fixed sinks,
dislocations or grain boundaries. On the contrary it is th
mally activated and increases with the square root of the d
rate when mutual interstitial-vacancy recombination
predominant.13 Probably because of the large difference b
tween the energy of formation of vacancies and interstitia
it has been ascertained11 that, contrary to what happens du
ing fast particle irradiation, where the majority of defects a
Frenkel pairs, mainly vacancies are created in the cas
plastic deformation. This fact rules out the mechanism
mutual defect annihilation, so that the excess vacancies
forced to annihilate at fixed sinks independently of their s
persaturation. Using the same formalism of RED~Ref. 13!
and neglecting the equilibrium concentration of vacanc
Cvo relative to the excess concentrationCv , it is possible to
write the plastically enhanced diffusion coefficientDp during

. FIG. 4. Square of the reacted layer thickness versus time
150 °C.
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a plastic deformation experiment carried out at const
strain rate, under the hypothesis, discussed in what follo
that both the generation rate and the sink concentration
constant:

Dp5DvCv , ~12!

whereDv is the jump probability of the single vacancy an
has the usual dependence on the temperatureT:

Dv5D0 exp~2DH/KT!, ~13!

whereDH is the height of the diffusion barrier.
On the basis of the above argument we can write

generation rate of excess vacancies as

dC1/dt5Kc«̇, ~14!

whereKc is supposed to be a constant. Considering that o
annihilation at fixed sinks is operative, the rate of vacan
removal is given by11

dC2/dt5KvsCvCs , ~15!

whereCs is the constant sink concentration andKvs is the
rate constant given by14

Kvs5~4pr vs /V!Dv , ~16!

wherer vs andV are the relevant reaction radius and atom
volume, respectively. The time variation of vacancy conc
tration in the structure is then given by

dCv /dt5Kc«̇2~4pr vs /V!DvCvCs . ~17!

If a steady-state situation is reached, from Eq.~13! we obtain
for the vacancy concentration:

Cv5Kc«̇/~4pr vs /V!DvCs . ~18!

Finally, Dp can be written at steady state as

Dp5DvCv5Kc«̇/~4pr vs /V!Cs . ~19!

Equation~19! shows that the diffusivity during plastic defo
mation is expected to depend linearly on the applied st
rate and to be independent of temperature. As stated ab
this situation is the equivalent of what is observed dur
RED when excess point defects annihilate at fixed sinks.13 In
order to verify the dependence of the apparent diffusivity
the applied strain rate we have performed deformation
periments at different loading rates. From Eq.~6! Dp can be
expressed as

Dp5x2«̇/@GDc„12exp~22«!…#. ~20!

TheDp values computed with Eq.~20! are shown as a func
tion of the average strain rate in the log-log plot of Fig. 5.
is possible to notice how the slope of the linear interpolat
is quite close to unity, confirming that, as predicted by E
~19!, the diffusivity during plastic deformation increases li
early with the applied strain rate. Similar results are obtain
considering that the reaction is interface controlled. In fa
in this approximation, the reaction constantK depends lin-
early on the strain rate.

We want to stress that our analysis cannot rule out so
contribution of the interstitial point defects to the transp
t
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process during plastic deformation; in agreement with pre
ous analyses of RED, the linear dependence of the ac
diffusion coefficient on the generation rate of points defe
and its athermal nature are only indicative of predomin
annihilation of excess defects at fixed sinks. Considering
extremely high supersaturation observed in the present
periments, the absence of a detectable contribution of mu
vacancy-interstitial recombination appears to confirm t
mainly a single kind of point defect is created by the plas
deformation in agreement with previous considerations
measurements.11,12

According to this analysis, the ratiosDp/ «̇ andK/ «̇ have
a constant value during the deformation, so that Eqs.~6! and
~7! show that the only external parameter which controls
thickness of the reacted layer is the total strain of the dif
sion couple. In fact, experimentally, both the temperat
and the strain rate do not affect significantly the thickness
the reacted layer.

This feature of the interdiffusion process confirms t
soundness of our hypothesis concerning the evaluation o
actual strain rate of the epsilon phase during the plastic
formation from the thickness reduction of the Zn layer a
from the deformation time. The departure from linearity
the stress-strain curve, which is expected during the ac
plastic deformation, appears therefore to have a neglig
effect on the interdiffusion process, in the light of the abo
results. In fact even if the instantaneous strain rate devi
from its average value, the ratioDp/ «̇ appearing in Eq.~6!,
which describes the growth of thee phase, remains constan
The measured diffusion coefficient is therefore the aver
value during the deformation experiment.

The good agreement between the experimental results
the theoretical analysis based on the hypothesis of cons
vacancy generation rate and constant sink density, w
physically plausible values of the fitting parameters is qu
surprising in the light of the typical features of the plas
deformation process. In fact, during a plastic deformat
experiment we expect substantial microstructural chan
and in particular dislocation multiplication and conseque
work hardening. The dislocation density plays a double r
in Eq. ~19!. In fact, dislocation glide is considered to be th
main mechanism of excess vacancy generation, and the
locations are probably the most important vacancy sink i
coarse-grained material as in the present case where the
tribution of grain boundary to the annihilation of excess d
fects can be neglected.

FIG. 5. Log-log plot of the diffusion coefficient versus the stra
rate.
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Without entering into the details of the plastic deform
tion mechanisms, whose study under the present condit
is beyond the purpose of this paper, we suggest two poss
explanations for the surprising fact thatD remains constan
during the experiments, despite all changes of the mic
structure.

The first is related to dynamic recovery of dislocatio
occurring under the nonequilibrium condition, owing to t
high vacancy supersaturation. In this case, a steady-state
centration of dislocations is reached,15 so that the deforma
tion proceeds at a constant value of the dislocation dens

As an alternative explanation we have to consider the
pendence of both the generation and the annihilation rat
excess point defects on the dislocation density, in partic
for what concerns the constantKc which describes the gen
eration rate and the quantityCs which is the density of sinks
where the vacancies disappear.

If the dislocation density is not too large so that overla
ping among the annihilation reaction radii is prevented,Cs is
expected to grow linearly with the dislocation density. A
far as the generation rate is concerned, we have to m
some hypothesis on the mechanism through which the d
cation glide generates the points defects. In the class
approach,16 point defects are generated by the nonconse
tive glide of dislocation jogs created by intersection of d
location gliding on different slip planes. In fact, when tw
screw dislocations cross under such a geometrical situatio
short segment of edge dislocation is created, which is for
by the applied stress to move nonconservatively by emis
or absorption of vacancies. In the first case excess vacan
are created, while in the second interstitial atoms are ge
ated.

The density of dislocation jogs, being related to the int
action between dislocations gliding on different slip plan
is expected to depend, at a first approximation, on the sq
of the dislocation density. On the other hand, the aver
slip distance of each dislocation jog per unit shear~or per
unit time, once the strain rate is fixed! is expected to depen
inversely on the dislocation density considering the lin
contribution of the gliding of each dislocation to the macr
scopic deformation.
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In conclusion, the generation rate depends linearly on
dislocation density, being related both to the jog dens
which increases with the square of the dislocation dens
and to the average shear of the single jog in unit time wh
decreases linearly with the same parameter. Therefore
cording to this approximate analysis bothKC andCs depend
linearly on the dislocation density.

As a result,Dp is independent of the dislocation densi
since in Eq.~19! only the ratioKc /Cs appears. These con
siderations suggest, therefore, that, once a steady-state s
tion is reached, the vacancy concentration and the diffus
coefficient no longer depend on the dislocation density o
ing to a possible compensation between the generation
the annihilation rates.

CONCLUSIONS

With a simple experiment, based on the compressive p
tic deformation of bulk diffusion couples, we have show
that the interdiffusion reaction at the interface between
and Zn is strongly enhanced by the plastic deformation, re
tive to the thermal situation. The apparent diffusion coe
cient can be derived from the analysis of the experimen
data on the basis of the classical model of the interdiffus
at the interface between two metals, taking into account
effect of plastic deformation on the growth rate of the reac
layer. At 150 °C, the measured diffusion coefficient is abo
four orders of magnitude larger than the thermal one. T
diffusion coefficient during plastic deformation appears to
essentially athermal and to depend linearly on the strain
at which the plastic deformation occurs. Owing to these f
tures the thickness of the reacted layer at the interface
pends only the total strain of the diffusion couple with a ve
good agreement between theory and experiment. The th
ness of the reacted layer shows a saturation value, which
the present case is of the order of 1mm; once this thickness
has been reached the reaction proceeds only through th
crease of the interface area. These features can be jus
considering the kinetic features of the excess point defe
created by the plastic deformation, which can be modeled
the basis of the approach currently used in the analysis
RED.
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