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ENTROPY EFFECTS IN THERMALLY ACTIVATED DEFORMATION®

H L Fotedar*®

ABSTRACT

The remperaru’e dependence ni the act-vat:on enthapy (AN) wih rempe-atu-e s compa-ed tor LiIF and
MgQ The non wnear.ty :n O vy T pior o MgO can be cor-ected by tak:ing -n10 account cont-ibut.ony #om 'ong ‘ange
‘nre-ng’ srresses 'n the rempearuce -ange 77 300°K TRis 20/ /6Ct-0n @ivEs a I'nkar rempe: a'u-e dependence of activat-on
en raipy for MgO :n ag-eement w:th the cbse-ved behaviou- ot L-F

INTROQDUCTION
Thermatly activated deformation 'n soiids 15 usually expressed by the refation

AG
€= €, exp | - KT ) )

where ¢ 15 the defarmation sate, €, the pre exponential factyr which is unique for a particutar deformation
mechan.sm_and AG the change «n the Gibbs free energy of actwatron for overcomug a foca! obsracle by a
dsslocaton 1n motion

The taws of thermodynam cs give
AH = AG + TAS {2)

where AH is the change 1n activat.on enthalpy and AS is the change n entropy Both AG and AH carn be
determined experimentally using strain rate cyching techmques'! 3 1f there is no entropy contribution to
the deformation process {AS = C) then eqn (1) can be written as

AH

e:eoexp(- Ef) 3

A iinear AH vs T plot indicater that €, s constant and that deformation is governed by a single rate
contrafling mechanism'® 5) 1t however, AH vs T plot extubits deviations from lingarity, this is attributed
to the possibie effects of a non zero entropy term in sgn ‘2 assuming €, 1o be constant

Entropy effects have recently been nyoked 10 expiain thn observed non linearity 1 the M vs T
plot for MgO single crystais'® 7' In this paper, the results of a thermally activated deformarion study of
high purity LiF single crystals are compared with those in MgO It is shown that non lineanty in AH v T
plot for MgO can aiso arise due to the contributions of finite long range niernal stresses at higher
re"ﬂperarure‘8 2

1*) Ths work was partty supported by FAPESF Sio Pauio Brazi
0 Late Amencan Teching Fetiow. University of Sio Pauto, Brazn



RESULTS AND DISCUSSION

An exper-mentai _Hv T plor for L.F <ngle crycrals 's gven .n Figure ! show:ng a !:near
dependence of act-varon enthaipy (AH) w:th tempe-ature F.gure 2 shows the repiotted'® 7' “Hvs T data
for MgO single crysrals show:ng a pos:tve curvature above 200 K

These resuits ndewcate that enropy cont:but.ons are -mportant «n the thermally activated
detormat.on of MgO above 200 K whe-ea. L-F -emans re'at.vely unaffected by entropy changes Th:s
ditference s surprising because borh L:F and MgO are NaCw srructuce ronic crystals
with 110 <7 110 > type stp ~ystems and wh ch 'n generat have similar deformar.on characterstics' 10!
According to Cagnon‘?' the ma-t ‘mpostant sousce of entropy effects 1n crystar deformation arises from
changes .n atom'¢c vibrarona! spect:a w:ih temperature all other contisbur:ons 1o enropy changes being
negi'gpble This <« man-fested n the var-at.an of shear modulus (u} w-th tempetature Comparing S for
MgO and LF 'nthe temperature range 77 473 K 1 s seen that Ly 1s about 9% for MgO and 20 for L.F
Furthermore the melting pa-nt of MgO .« 3123 K and of L:F 1s 1123 K These observations suggest that
entropy effects should be more important :n LiF than 'n MgO wh:ch is contrary 10 the expes.menta’ results
under discussron  Cagnon has however observed a non inear, \H T plot for wradated L:F and has
atirbuted 11 to entropy effects However since his results are on uradiated specrmens compar:suns with
the present work ae not just:fied Further Guw and Langdon''!' have recently reported a hinear
temperature dependence ot actwar.on enthaipy for L'F single crystats of vary.ng rmourity content in
agreement with the present -e<uits

In MgQ the dev:ation fiom .near:ty sn the “H T n.0: canbe expia.ned «f :t 15 consdered that more
than one thermatly act.vated deformat:on meachan.sm s probably Operative n the temperature range
77 473 K Possibie mechanisms could ineiude disiacation vacancy and disiocaton iinpurty vacancy d:poie
interactions  which 4 . 245!y overcome by thermal energy''2' Other mechanisms could be due to
distocation disiocation ¢f pole o+ rauit:pole interactons such that the effect :s equ:valent 10 a non vansh:ng
periodic internal stiess i o w i th a distacat-an defect spacing such that «t cannot be surmounted by thermal
energy"e‘ i oomic crystals, the density of distocation dipoies or mu!t:poles increases with .ncreasing
temperature due ta the retative ease of the multiple cross girde of screw d:ciocat:ons. p:ov:ding the buik of
the internal stress'’ 3

The contoibution of 7y, 10 deformation .n MgQ can be estimated using the method of Arsenault

and Li'8' Taking m : 55 at room temperature' !4} and "¢ = 0 30 where 7 = apy.ied stress, one can obta:r.
t T

GHSIP &H - O7ev where ﬁ”fxp' 1s the aparent actwation entphalpy and AH is the activation enthaipv

of Tye 0 This gves a corrected..H: 097ev at room temperature. so that a inear AH T plot can be

obtained for MgO in the temperature range 77 300 K Arsenauit anc Li'8) and Arsenauit'?! have used
siumiiar arguments to account tor the effects of internal stress tields m thermaily actvated ceformation of
rradiated L'F and neutron irradiated copper . respectively

Below 300 K. 'K decreasesw th decreasing temperature so that applied correction s negligible At
7

higher temperatuies on the other hand because of the tack of data, no correction s invokeo In any case at
higher temperature curvature can arise in AH vs T plot due to the increase in pre exponential factor in
equation(3)'7
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Figure 1 — Variation of activation enthalpy with temperature 1n LiF
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RESUMO

A dependenc:a na tempe-atura da eniaipra da arvacio [AH) @ comperada para o LIF ¢ MgO A ndo I:near.dade do

grafico AHvs T para MgO pods se: coinig:da ‘evando em conte as tensdes 'nierngs de tONGo aicance no 'nrervalo de
temperatura de 77 300°K Esia correcdo resulta em uma dependéncia Linesr da entalpia de atvacdo na 1eMperatura no
MgO em concordinca com o comporramento observads pera o LF
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