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Abstract : Some experimental conditions which generate the dislocation-
enhanced Snoek peak in Fe-C alloys are presented. The results indicate that
the movement of non-screw dislocation segments is involved in the relaxation
mechanism. The results are consistent with the movement of non-screw dis-
locagtions -in a medium with a viscosity proportional to the Snoek relaxa-
tion time, or alternatively, to a limiting case of the generation of kink-
pairs on non-screw dislocation, i.e. a carbon Snoek-Késter relaxation.

I - INTRODUCTION

Recent development of a specific model of the Snoek-Kdster (S-K) relaxation (1,3)
has led to renewed interest in the internal friction (IF) relaxatiors attributed
to the interactions between impurity interstitial atoms (IIA's) and dislocations
in the bcc metals (3). According to Seeger and coworkers (4,5), the dislocation-
enhanced Snoek peak (DESP) can also be explained by a generalized theory of the
interactionsof IIA's with dislocation kinks. In the case of the Fe-~C alloys stu-
died here, this theory implies that the DESP is due to the stress induced move-
ment of non-screw dislocatiens in an atmosphere of interstitial C atoms whose
effective viscosity is proportional to the relaxation time Tg of the normal Snoek
peak.

The defining feature of a DESP is that a normal Snoek peak is substantially ma-
gnified in height by room temperature cold work (CW), while to a first approxi-
mation the 1limiting relaxation time T8 and the relaxation enthalpy HS remain un-
changed. This behaviour could be explained if room temperature CW produced re-
laxation centers with an increased contribution to the relaxation strength per cen-
ter e.g. IIA pairs /6/. However, it is difficult to imagine that the increase in re-
laxation strength-per pair outweighs the smaller number of relaxation centers formed
in determining the relaxation strength. Estimates of the relaxation parameters of the
C-C relaxation from magnetic aftereffect studies /7/ lead to the expectation that
this phenomenon would produce extremately small satellite IF peak, slightly to the
high temperature side of the normal Snoek peak.

II - MATERIALS AND TECHNIQUE

Wire samples (0.6 mm in diameter and 100 mm long) of CEN-G pure Fe (8) pre-

doped with 1000 appm or 25 appm of C were annealed for 5h at 823K in pure He. These
alloys are referred to as Fe-1000 and Fe-25, respectively. In each case, a satura-
ted solid solution of carbon was produced by fast cooling (v400K s~!) from 823K

in a flow of He. The samples were immediately transferred to a liquid nitrogen
Dewar and stored at 77K until required for experimentation.
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III - EXPERIMENTAL RESULTS
3.1. The DESP in Fe-1000

The normal Snoek peak in Fe-1000 is shown in Fig. 1 (curve 1). It corresponds to

120 appm of C in solid solution. The same curve was also obtained after annealing

at 400K. Following torsional CW of 2.5% at 300K, the Snoek peak is transformed

into a DESP (curve 2). Similar results have been reported recently in Fe-N (10), Nb-0
and Ta-0 alloys (5).

Peak heights of DESP's following torsional CW at 77K and 300K are compared in Fig. 2.
Similar results for tensile deformations were also obtained (10). These results show
that deformation at 300K is more efficient at enhancing the Snoek peak than defor-
mation at 77K,

DESP
The actlvatlon pirameters of the DESP in Fe-1000 are H SP o 0.84 t 0.03 ev and

TBESP = .10- = 7+ s which should be comgared with the parameters of the nor-
mal Snoek peak of HS = 0.80 eV and g = 107 s as reported by Diehl et al (11).

3.2. The DESP in Fe-25

The DESP and normal S~K peak obtained after 13% CW at 300K in Fe~25 are shown in
Fig. 3, curve 1, In contrast, on cooling the same sample, the S-K peak is stabi-
lized (10,12,13) while the DESP is suppressed (curve 1'). A 5h strain ageing treat-
ment of a similarly pre-deformed saimple also suppressed the DESP on heating. From
these results it is concluded that the dislocations contributing to the DESP are
not fully pinned, FPurther evidence of this for the Fe-1000 alloy is given in
section 3,3,

The DESP in Fe-25 does not exhibit any appreciable amplitude dependence in the strain
amplitude range investigated and is not generated or is negligibly small after
CW at 77K.

3.3. New_Experimental Conditions_ that Generate_the DESP

The IF spectra of Fe~1000 samples subjected to different deformation treatments at
300K are illustrated in Fig. 4. Curve O shows the normal Snoek peak which is sup-
pressed after heating to 673K and cooling. Subsequent deformation of 1.5% in tor-
sion at 300K generated the DESP on warm-up, curve 1 and it was suppressed on cool-
down, curve l1'. This cyclic procedure was continued with increasing torsional de-
formation up to 13%. Only the runs for 1.5%, 2.5% and 3.5% are shown in Fig. 5. On
each successive run the DESP was generated with increasing height on warm-up and
suppressed again on cool-down. In addition, it should be noted that the dynamic
shear modulus (inset, Fig. 5) began to increase on the high temperature side of
the DESP on warm-up.

From these results it is concluded that "fresh" dislocations are required to ge-
nerate the DESP. By fresh dislocations we mean those dislocations that are sur-
rounded by metastable atmosphere following deformation, or those that have been
pulled from a stable fully-pinned configuration and have come to rest in a metas-
table atmosphere during redeformation.

IV - DISCUSSION

Because of the direct evidence in the above results that the relaxation strength
of the DESP increaseswith increasing amount of deformation /and, therefore, in-
creasing dislocation density, A/, we assume that dislocation movement is involved
in the mechanism and confine our discussion to such mechanisms. In particular, we
consider the type of dislocations involved and the activation parameters of the
relaxation,

Seeder and co-workers (4,5) attribute the DESP's to dislocation lines with small
or negligible Peierls barriers (in the case of Fe this means non-screw disloca-
tions) moving in an atmosphere of IIA's with low symmetry strain fields (in our
case C interstitials). Under these circunstances it is shown that the effective
viscosity of the atmosphere is proportional to (S and therefore, the activation
enthalpy of the process is H° as observed experimentally (4). Although the 1li-
miting relaxation time 7DESP ;g proportional to Cgq, the concentration of IIA's
at the dislocation line, the full expression has not been determined to date (5).
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Tt is well known that in relativity pure samples of Fe deformation at 77K produces

a preponderance of long, straight screw dislocations, whereas deformation at 300K
produces a tangle of both screw and non-screw components (14). Consequently, compari-
son of the effect of deformation temperatures of 77K and 300K on the height of the
DESP (Fig. 2) represents strong evidence that non-screw dislocations are involsed.
More importantly, our inability to generate a DESP by deformation at 77K in the pure
Fe-25 alloy strengthens this evidence. Thus, the experimental evidence of the dis-
locations involved and the available data on the activation parameters of the DESP

in Fe-C alloys are in agreement with Seeger's model for the DESP's in bcc metals.

It is interesting to note that the experimental conditions which generate the DESP
in Fe-C alloys also fulfill the requirements for one of the limiting conditions

for the S-K relaxation on non-screw dislocations. These requirements are that long
range migration of the IIA's can be disregarded, i.e. Cq can be treated as a cons-
tant, and pS4L >> 1(Ped is the one dimensional density of kinks of one sign in ther-
mal equilibrium and L is the separation of obstacles insurmountable to the kinks).
(4) . Under these conditions, Seeger's (3) expression for the relaxation time may be
rewritten- as

S-K

T =ykTC, expl[(1/2 o+ HS)/kT] (1)

d
where HO is the relaxation enthalpy of peak a (attributed to kink-pair generation on
non-screw dislocations (15)). For Fe H® = 0.06 ev (15) and HS = 0.80 eV (11). Thus,
eqn [1] predicts a relaxation enthalpy of 0.83 eV in excellent agreement with the
experimental value of 0.84 * 0.03 ev.

Although the parameter ¥ in eqn. [1] has not been determined rigorously, Seeger (1)
argues on general grounds that it is almost independent of T and Cg but proportional
to L2. Consequently, TS K (= YkKTC3) should show a structure dependence. However
most reported experimental studies of the SH}K peaks have given 157%= 10714s¢(5,16) .
Thus, our result of IDESP~ 10~1421015 i5 not inconsistent with the interpretation
of the DESP as the S-K for non-screw dislocations.

As is the case with most relaxations associated with the movement of dislocations,
the relaxation strenghts for both of the mechanisms discussed above are controlled
by the productILLz. Again, the increase in the peak height of the experimentally
measured DESP with the amoun of plastic deformation (Figs. 2,4) is consistent with
a dependence on AL®. ( A is the dislocation density).
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Fig. 1 - Carve 1 is the normal
Snoek peak in Fe-1000. Curve 2 is
the DESP after 2.5% CW in torsion
at 300 K. Curves and (:) are
the corresponding changes in the
elastic shear modulus.
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Fig. 3 - IF spectra after 13% CW at 300K in Fe-25. Curves 1, are the

IF and dynamic modulus changes, respectively, during warm-up. Curves 1,
the results on cool-down.
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Fig. 4 - The DESP and S-K peaks in Fe-1000 after torsional deformation
at 300K. Curve O - the initial Snoek peak. Curves 1, i 2, i 3,

are the IF and dynamic modulus changes during warm-up after CW of
1.5%, 2.5% and 3.5%, respectively. Cunves 1', @ ;i 2, @ i 3%,
are the corresponding results on cool-down.
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