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ENTROPY EFFECTS IN THERMALLY ACTIVATED DEFORMATION'

K L Fottder'

The iempe'«'U-c dmendence of rh» artvaton enrha'pv lAHl *nh itmpt-atu» n compa-*d '0' LiF a
MgO rr» non irwa'ty in AH ui T piOr to MgO can bt co'tcitd by <ak<nf -mo account com-ibutons ' om 'ons an
•nte-n»' v « * > 'n the rempe'aiu-e «nge 77 3QOCK Trtn ro-'tcron 9«« a I'cua. rimpt iruufcotrxUna of *c»«w
en-l-aipv fo' MgO n agnmenr w h rhe obse-ved bthavou- o' L-F

INTRODUCTION

Thermally activated deformation n scds is usually expressed rjy the relation

f , eo exp , - j £ » (1)

whe'e f is the deformar ^n rate, É the pre exponential f*ctv which i< unique for a particular deformation
mechanism and aG the change in the G'bbs free energy of acti»at>on for overcoming a iocai obstacle by a
dislocation m motion

The taws of thermodynam.es give

AH = AG • TAS (2)

where AH >s tNe change m act mat,on enthalpy and AS is th* change >n entropy Both AG and AH car. be
determined experimentally using sfiam rate cycling techniques'' 3 ' If there is no entropy contribution to
the deformation process (AS = 0) theneqn (1) can be win ten as

e - £o « P ( - | f » ( 3 )

A iinear AH vs T plot indicate: that eQ is constant and that deformation is governed by a single rate
controlling mechanism14 5 I If. however. AH vsT plot exhibits deviations from linearity, this >s attributed
to the possible effects of a non zero entropy term in e q n l 2 ' . assuming e0 to be constant

Entropy effects hav* recently been invoked to explain thrj observed non Ineanty m the A H VS T
plot for MgO single crystals16 7> In this paper, the results of » thermally activated deformation study of
high punty LiF single crystals are compared with those in MgO It is shown that non linearity m AH vs T
plot for MgO can also arise due to the contributions of 'mite long range internal stresses at hi|jher
temperature18 9 I

I ' ' Th'» wo'k «vas pan'y *jppoM«d by PAPES- São Paulo Br

' " ' Lanr. American Tecrimj f*i'o*v. Univanrty of São Paulo.



RESULTS AND DISCUSSION

An exp*' mental .1H vs T pio' fo- L'F s nq'e c v a ' s '* gven .n f-gu'e 1 show-ng a ''tea'
dependence of act-var<on enthalpy (£HI wth tempe'ature Figure 2 shows the rep'otted16 7 ' ^H vs T data
lo' MgO singleCrystals showing a povt'vecun/itu'e above ?00 K

These 'e^u'ts nd'cate tha' enr'opv conv.bui ons â e mpo''ant 'n the thermally activated
deformation o' MgO above 200 K whe-ea^ L F - m a m .eatveiy unaffected by entropy changes Th s
difference 'S surpnsng because borh L'F and MgO 3>e NaC1 sfuctye 'Omc crystals
wuh 110 -' HO > type si'p ^y\tem- and -,vh ch <n genera* have ymiia' de'o'itiat'on characteristics"0'
Acceding to Cagnon' •?1 the mo>t ^mpctanr source of eni'Opy effects m crystal deformat-on arises f'om
changes >n nome «ib'atona1 ^per"a w i h remperatu'e all oihe> coninbur ons lo entropy changes being
negligible Th.s .s manfesied n thp Kar.aton of iiieai modulus (pi w-th tempeiature Compa'ing A>! for
MgO and L iF >n the temperature -ange 77 473 K .t .4 seen tha: A*/ is about 9% 'or MgO and 20% to' LiF
Furthermore the melting po^nt of MgO •« 3123 K and of L'F is 1123 K These observations suggest that
enfopy effects should be mo»e important .n L'F than n MgO which is contrary to the expenmenta1 results
under discuss'on Cagnon has however observed a nonlinear SiH T plot for irradiated LiF and has
jt.r buied 't to entropy effects Hcweve' since h;s results a<e on 'radiated specimens comparisons with
the present work ate not |ustif:ed Further Gu'u and Langdon1' " haae recently reported a tm«a>
temperature dependenrp of act'vat.on enthalpy for L'F single cysta's of varying in-'junty content m
agreement with the present e'.uiri

In MgO the devrarion fiom ineamy in the _'̂ H rp,ci rsnlip explained if t is considered ihat more
than one thermally actuated defoimat on rr.echan.sm is probably operative in the temperature range
77 473 K Possible mechanums could include dislocation vacancy and d'Siocit'on irnpunfy voCíncy dipoie
interactions vuhich i i^.iy overcome by tht'mal energy''^' Other mechanisms could be due to
dislocation dislocation ci pole o- r.iuiiipoie interactions such ihat the effect is equvalent to a ion vanishing
periodic internai stress i : > w th a disiocaton defect spacmg such that 't cannot be surmounted by thermal
energy1®' >n 'onic crystals the density of dislocation d'OOies or mulf'POies increases with ncreasmg
temperature due to the relative ease of the multiple cross gude of screw dislocations providing the bulk of
the internal stress'1 3'

The contribution of 7^ to deformation n MgO can be estimated using the method of Arsenault
and Li1 8 1 Taking m 55 at room temperature"41 and '." = 0 30 where r - app ied stress, one can obtar,

ãH AH 07ev where áH P is the aparem actuation entphalpy and AH is the acfvanonenthaipu

'• T̂ J 0 This gives a corrected _H 0 97ev at room temperature so that a iinea! â H T plot can be

obtained for MgO in the temperature range 77 300 K Arsenault antí L1181 and Arsenauit'91 have used
simiiar arguments to account for the effects of internal stress fields m thermally activated deformation of
irradiated L'F and neutron irradiated copper, respectively

Below 300 K '^ decreaseswth decreasing temperature so that applied correction is negligible At
"r

higher temperatures on the other hand because of the lack of data, no correction «, invoked In any case at
higher temperature curvature can arise m AH vs T plot due to lhe increase m pre exponential factor in
equation(3)17'
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Figura 1 - Variation of activation enthalpy with temperature m



600

Figure 2 - Vacation of activai'on enthalpies with temperature m MgO from refs 6.7 Observed
by I ). corrected value at room temperature by ( I (See text)



RESUMO

A dtfwndènc>a na ttmo*-am<a da tm*ip>a da a'••ação I A H ) I comprada p*>> o LiF t MgO A não intí"d»d« do
9>a*>co AHvt T para MgO pod» s« co-í.gda ovando ttn coma a» ' fudas nr«<rtai d* >ongo alcance no >nte>vaio d<
t»mpf»'u<a de 77 300' K Esia c c e c i o -«una am uma dtpandtnxia i>n»»' da tntaipia d» ativação na lemptratu'a no
MgO cm conco-dánoa com o compo-tarrwnto obsfvado p*ra o L'P

REFERENCES

1 EVANS. A G & RAWLINGS. R D The thermally activated deformation of crystalline materials

Phyvca St sohdi. New York 3 4 9 31.1969

2 CAGNON. M The role of entropy in thermally activated deformation: application to the study of
irradiation hardening in LiF Phil Mag. London. 241465 76.1971

3 FOTEDAR. H L An investigation of yielding, work hardening tnd dislocation dynamics in an ionic
solid Washington, D C . University of Washington. 1971 (PhD Thesis)

4. U , J C M Thermodynamics of dislocation mobility and the third law analysis of the activation
process Trans metal! Soc A IM E. New York. 223214 . 1965

5 DIEHL. J et ali' Thermisch aktivierte Vorgange bei der Verformung neutronenbestrahiter

Kupfer Einknstaiie 1 Bestimmung der Aktiviemngsenergie Physica St solidi. New York,

n 339 54,1965

5' OIEHL, J et alu 2 Versetzungsbewegung bei Voriiegen eines Hindemisspaktrums und
Auswertung von Messungen Physica St solidi. New York. 12:405 19, 1965

6. SRlNlVASAN. M &STOEB€.T G Thermally activated deformation m MgO J Mater So , London,
8 1567.1973

6' SRlNlVASAN. M & STOEBE. T G Temperature dependence of yielding and workhardemng rates in

magnssium oxide single crystals J Mater Sci, London, 9:121 8. 1974

7 SASTHY. D H et aln Plastic flow of MgO: analysis in the case of A g T plots of increasing slope J

Mater Sci . London, 9 2063 4. 1974

8 ARSENAULT. R. J & LI .J C M Thermally activated dislocation motion in a periodic internal stress

field Phil Mag . London. 16:1307 11.1967

9 ARSENAULT. R J The role of entropy >n thermally activated deformation Phil Mag, London.

261481 3. 1972

10 FOTEDAR, H L et alii Specimen geometry effects on the mechanical properties of ionic solids

Mater Sci Engng, Amsterdam. J_:272 7.1972

11 GUIU. F & LANGUOR, T G Lew/ temperature datamation and dislocation mobility in pure and

Mg doped LiF crystals Phil Mag . London. 30:145 60,1974

12 SRlNlVASAN. M A study of the compress/ve behavior of MgO single crystals Washington, D C ,

University of Washington, 1972 (Ph D Thesis)

13 FOTEDAR, H. L & STOEBE. T G Effect of temperature, strain rate and impurity content on the



wo>kh*den>ngcharacte'isr<c^of |_,F single ciysta's Ph>l Mag. London 23 859 67 1971

14 SRiNiVASANl M et ai'> D'Siocat'on dynam<cs <n LiF and MgO vngle crystal Physica Sr sold M

New Yo'k 17 257 65 1973


