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ABSTRACT

Internal friction, TF, measuremenls were carried out in a type ALSI 304 sustenitic
stainiess steel, 58S, at approximately 1 liz of {requency in the temperaturse interval
from 120 to 573K, The IF and the frequency speclra were obbained in samples which  had
gone through specific heat  trealment. The resulls showed IF spectra with  a well
defined pealt at 260K, The  intensilty of this pealk depends on the  smount  of plas
defommation previously introduced  In the sanple, Another brood peak was  detecled
between 300 and 400K. Both peaks could only be detected after plastic deformation
whether torsion or uniaxial tension. In Lorsionally deformed samples al 77K the IF
spectnim  shows a high doamping due to a possible  phase  Lransfomalion which  occurs
around rocn Lemperature, R, The broad peals al hipher Lomperalure la aensitive to
recovery induced by linear annenlings.

INTRODUCT TON

An understanding  of  the behavior of  crystalline nalerials  soch ag metals,  during
plastic defommation,  emn only be achleved Uiwough analysls of  dislocal fon movementes,
This Is due to Lhe fact that the displacemenl of these defects is the main cause of

plastic  slip in the crystals. Among the various mechanisms which  can control
dislocation molion, one  can mention, their interaclion with  obslacles, such as the
crystal lattice, other dislocallons or poinb defecta, [dentiflcation  of  Lhege

obstacles can be made by combining speciflic Lhermomechanical treatments with the use
of among others the IF technique. This permits new alloys with better mechanical
strength  or ductility to be designed econtroiling the participation of these
obstacles,

The behavier of the type AISI 304 SS cbserved by IF has been evaluated in several
conditions |1-5]. Igata et al. |1] (utilizing mediun Tfrequencies) observed  three
peaks after plastic deformation at RT, the intensities of which increased with the
anount of deformation., These peaks were explained by the authors as being due Lo
dislocation release from blockages caused by eartion, nilrogen =nd carbon/nitrogen
campounds.  Subsequently |2]  a new peek was observed at 360K, In saples deformed at
low temperature, [T, which disappears after amnealing at 573K, and was attributed to
the existence of  a' martensité, The low requency  TF tests of Lima  and Miranda |31
and Lina et al, 4], with amples deformad in Lension alb R and ab B0, respectively,
showed a peak  al 260K with an activallon coerpy of 0.7% eV and anothor atb K which
was sensilive to linear annealings. A recent paper of Guiroga et al. [%], work
carried out at  Jow and mediun  frequencies, after deformation at 80K, not only
confirms the previous results [1], ot aldgo report a peak at 360K with the following
characteristics: a) il appears only after LT deformation; b) it anncals  out during
the measurement; ¢} it is nob thermally acltivaled and d) its dependence on the amount
of deformalion follows perfectly that of the ¢ phooe, that oceurs in austenite  upon
LT deformation,

Inspite of the references mentioned above many questions still remain unanswered to
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understand the behavior of austenitic 55 fested by 1F, This motivated the  present
worlke in which the objective has been to investigale the evolution of the IF peaks of
A0 S8 deformed in borsion ab liguid nitropen and at room Lemperabarees,

EXPERTMENTAL

Wire samples of 304 83 with 1.7 mm diameter (with the following composilion in weipht
percent: Q.059 U, 172.8 Cr, 7.9 N1, 0.022 P, 0,5 8, 2 U Mn, 0.39 Mo, Fer balance)
were ('nuu:"ul.aled in a qu(nl7 Lubv under pressure m' 1. x 10 Pa, healed at 1173k
during 600 s and nquenched in water. After this Lr(!aLrn!?nL Lhe average grain slze was
30 pm,

The samples wore deformed 1n Lorsion at 776 or ol RT.

The IF and frequency measurements were carried out in an inverted torsion pendulum at
a frequency of about 1 Hz and over temperatures ranging from 120 to 573K. The free
decay method _pas used for the mvrburwnorns an(li the maximm surface strain amplitude
was 1.3 x 10 7, The heating rate was 0, O?*

RESULTS

Flg. 1 shows Lhe LF (a) ond the Crequency (b)) curves ag a Danetion of temperature for
J04 55 cold-worked 9% in torslon at 77K, Subsoguently Lhe sample was heated to R for
mounting and then cooled to 120K to carry out nmeasurements, Curve a shows a narrow
pealk at 360K, In curve b, it can be observed thal there is no significant frequency
change in the temperature range corresponding Lo the 1F peak.
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Fig. 1 1IF (a) and frequency (b) curves Fig. 2 1F curves of a sanple annealed
of a sanple annealed at 1173K and 9% at 1173K and 9% cold-worked in torsion
cold-worked in torsion at 77K, after at 77K: a) after mounting, and then
heating to RT for mounbing, armealed at: b) 420K and o) 573K,

Fig. 2 shows the II7 curves ag a Cuncbion ol temperature oblained wilth tLhe sample

cold-worked 9% In Lorsion at 77K: a) alter mounting; and alter Linear anneallng  at:
b) 430K and o) 573K, Curve a in this fipure corresponds to the [P region of curve a
in Fig. 1. Conparing curve a in Fig. 1 with curve b in Fig. 2 it can be observed that
linear amnealing ab 430K has coduced the value of the IF maxinum by ahout a factor of
twenty. (n the other hand linear annecaling al 573K affects the spectrun, by not only
lowering the background but also by eliminating the pealc ab 430K,

Fig. 3 shows the 1F curves as a funcbion of Lemperabture obtained with a sample cold-
“wotked 9% o Lorslon ab BT a) aller mounbing; and after 1 Lnear anmend g atbz
by) 373K, ©) 472K and o) H73K, These anneal ings ab intemmediate Lomperalures have been
carried out to cbtain informaltion about changes in the 1IF and frequency spectra.
Comparing curves a and b in Fig. 3, it can be observed that annealing at 373K causes
alterations, mainly in the region above 300K. Finally, comparison of curve ¢ in Fig.2
with curve d in Fig. 3 veveals that although the specimens were deformed at different

-~ 444



+ 15

O
b o
10 a Fig, 3 1F curves of a sanple  annealed at
> <. 2 b 173K and 9% coldeworled in torsion at
T 297K: a) alter mounting, and then arnealed
o 5¢ [ NE at: b) 373K, ¢) 473K and d) 573K.
il

d\«...__.

n I

300 400 500
T(K)

temperatures,  their behavior in  tepms of IF  after lincar anmealing at 577 are
similar.

200

DISCUSHTON

The resulls pregented in Figs. 2 and 3 conflrm Uoss obtained with the same extent of
deCormation Lo tenston al W22 (Fig. 3 of [4]) concorning Whe sipnlficant  cffoct  of
plastic deformalion. Comparing Lthe [ curves as a funclion of Lemperature for s sples
deformed in torsion at 77K (Figs. 1 and ?) and ab 293K (Fig. 3), and in tension at
23K (Fig. 3 of [4]) it con be observed that: a) the 1T deformation results  in !
microstiuchine thal conteibules to an dmportant energy absorpblon at 90K, 2l though

the frequency (dynambe elaglle modulus) (curve b, in Fig. 1) decronses milerately,
L) in curve b of Flg., 2 which corresponds Lo the sample delommed al 778 aned Lbier)
amnealed at 430K, the curves of the three samples reveal well defined peaks at 260K
and, a region between 300 and 480K, where at least two peaks overlap, c) the RT
deformation is the more efficienl in devel oping the 260K peak, since its height is
aboul three times that of Lhe corvesponding peaks oblained upon deformat bon o1, TTH
and SO, d) Uhe 77K defotmatlon induces in Lhe molerlial, o mleroslructure: that
Lavours Lhe formalion of a peak al aboul 430K not observed afler deformation at
higher temperatures and e) the linear annealing at 573 provokes a change in  the

microstructure in ench a way thab the curves progress to a comon form, characterized

by a reduction in the 260K peak and the near extinction of the penks situated  above
J00K .

The results reported in this paper, in |3], |4], by Igata's group |1,2 and by
Quiroga's group |5], make clear the complexity of Lhe phenomena waponsible  for the
observed curves, To facilitate aalysls the curves are considered separalely  and  a
possible correlation attempted, The curves can be divided into two parts
corresponding to the temperature intervals, 120 bto 300K and  above 300K, Moreover the
60K peak, observed alter LT deformation will be considered separate ly.

Interval 120 Lo 300K - Althoudy Lhere aue ol leash lwo poako o Lhis interval, [gata

ol al. [T Have oboorved Yhrec, e more inportant, peolk being siluntod at 260K, which

appears always alter cold-worlc and 1ts helphl increases with Lhe extent of
deformabion until a saturation value |1-4]. Morcover, its height and ite variation in
Letmg of the linear ameal ings, are Gmclions el lher (331 Lemperalure or the
deformal ton mode, Henee al the moment 16 is difficult to add to Lhe conclusions of

.r.
some of the anthors [3,5], thal the relaxation process is due  to  the dislocation
point defects interaction in the vy phnse,

Interval above 300K - In this interval there are al least two peaks and 2 background
that increases sharply nl H00K. The LT defornmtion is responsible for Lthe  generatlon
of a new peak at 4408, g, 2, nol cited in the lilerature. All these peaks suffer a
sensible reduction when the material recovers, suggesting that this behavior is an
effective microstructural rearrangement due to the linear anncaling at 573 K
(Figs., 2 and 3}, Linear ammealings al intermediate temperatures also  modify the IF
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curves as shown in Fig. 3. In this temperature range (300 to 573K) either dislocation
rearrangement or point defects migration and phase transformation cen occur, making it
thus difflenlt Lo analyae the whole curve, withonl the uce of supplementary technloues,

Maximum al 360K - This peak has appeared afler plastic deformation in Lorsion at 77K.
Tts widlh is lower than that of a Debye peak and the peak anneals out during a linear
anneal al 430K, curve b in Fig. 2. This peak is therefore due to a microstructural
transformation, It is well known that plastic deformalion of 304 S5, at low
temperatures, can induce two martensitie phases, the e (hep) and a '(cec) phases.
Their stability as a function of aging, has been studied by Mangonon and Thomas 6.7k
utilizing X-rays difractomelry. 1L has been cbserved |8,9] that the e phase begins to
disappear with aging at 423K, which sould suggest that the reversion = to the ¥ phase
beging at this temperature, In the present cose, the start of  the changes takes place
just alter R and, besides, in general, phase Lransformalion is  accompanled by an
important variation in the elastic modulus (frequency) that has not been verified
(curve b in Fig. 1). It has been cbserved 6,7| that the ¢ phase was hep instead of
fee, containing a high density of stacking faulls distributed at random. Thus it is
possible that the deformation mode (tension) favours the first ( e phase) and the
torsion mode the second one ( o phase). In this case, the peak obscrved could be
related to the recombination of partials into perfect dislocations, due to the

increase of stacking fault energy with temperature Roin simply to stress relief.
However, the constriction of partial dislocatlons  can represent the beginning  of

retransformation of € phase in austenite,

This peak seems to correspond to the X and HT peaks observed by Tgata et al. 2] and
by Qulroga et al. |5], respectively at the same temperature. Although in  the present,
work the peak's height 1s higher, the deformation nodes  were different; lgata's peak
was due Lo deformatlon in tension (extent  of deformalion comparable} at 77K,
and Quiroga had rolled his samples at 80K. The lalter, as already mentioned in the
introduction verified that the peak appeared only after rolling at LT and annealed out
during the measurement and that it was not thermally activated and  its dependence on
exlent of deformation followed perfectly thab of  the e phase, ohgerved  also by
Mangonon and Thomas 6,71, These facls lead Lo the conclugion Lol the  peak 1o
sensible to the recovery of the deformed microstructure, In which the e and o' phases
are present, besides the v phase. On the other hand, Igata's group, which has also
utilized X-rays difractometry, did not observe the e phase, and therefore associated
the peak to the o' phase.

CONCLUSICN
IF measurements carried with samples of a 304 55 showed the existence of various

peaks, which appear only after plastic deformabion of the material.  Cne of them at
300K, observed only after LT deformaticon, is not a relaxation peak and has  been
associated to the recovery of the deformed substructure, probably due to recombination
of partials dislocations in the yphase. Another peak is well defined at 260K (1Hz ).
In the region between 300 and 480K there is a camplex of at least two peaks and yet
ane more ab 430K 1€ the deformation is at LT. The definition of the exact mechanisn
corresponding to aach one of these peaks requires further experimental  data uryler
gpecific condilions,
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