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Abstract:

In the present work the pieze- and thermoluminescence yield
of LiF irradiated with ¥ -radiation is experimentally determined,
Natural aend thermally activated fading properties are also studied
for both phenomena. For comparative purposes, the piezoluminescence
assumes linear relation as a function of dose similar to that of
thermoluminescence. An attempt to throw some light on piezo-
luminescence mechanism is made.

Introductioe

Evidently, light is emitted as a reswull of epglying stresses on some  alkal
nalide crystals being irradisted with X- or ¥ -rediation. Quantitative snd qualitative
anelysis of this phenomenan, plezoluminescence (PL), have been reported by many
authors; amang  them Metz (1957), Buther {(1%a), Chandra (1%81), Atary (1982)
and Manam (1945), Although, no suitable model has beoen established far its mechanism,
hawever, Atary (1282) suggested that the mechanism sssociated with bath phenomens
(TL and PL) is mainly dug ta recombination process between electrons and holes
set free 8¢ a result of thermal - ar mechanical activalions Also, he added that,
using PL-phenamenan, it is cspable af measuting x-ra'.:zaliun with minimum detactable
dase of DA mGy. Neverthless, Manam (1985} showed that deloimalion does nat
appreciably alter the mechanisn and the sile of receenbination in the TL-emission
but may cause a preferential redistribution af traps Ly changing of relative intensities
of these emission,

In the present wotk, luminascence of LF resulting ltoerm mechanical as well
as thermal actlvstion is investigated, for the sake of intercompsrisen between the
two pheramena (1L & PL) of the same mstetial. Fading characteristics under cetlain
experimental conditicns sre also presentad,

Cxpetimental:

LT polyerystalline chips (TLD-100) with dimensions  Sx$x(L,E7 mm'l are usad.
The samples are “-nladinted from COPC-source at dose rate 14 Gy/br. For each test
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dose four chips are pasigned, bwa beeing used far PL-measuring and the other two
Tor TL.

Fig. (1} illustrales the experimental sel up for PL-delermination in which
sulfscient care s taken to reduce undesitable experimental  difficulties (Dept  afl
Biamead. F‘l‘l:ri_l Abardern Univ.). The pressure applied on the samples is genecaled
By & matetial testing meching fitted with sn elecironically contrelled croms-head
The crom-head speed con be adjusied belwesn 0.5 mindmine La 90 mmdmin,

For TL-measuraments a Harshow I000-A with X-% recorder is wsed (MNabional
Instilule far Slandacds - Cairol.

Results=

For & Rest dose of TO Gy the tegrated Pl-yield is exomined against  bhe
applied pressure; Fige (23 1L cen be seen, for the Ffirst epproximation, thet the relation
Is streight line with warying slope in which Lhe yield increases a3 the  pressure
increstes, This ficates that the Pl-yield pressure relationship being sal o oa Tiest
ordar relation. Also, it should be mentioned that no apprecisbie change in the Pl-yisld
Is roticed wpon chenging the speed al the eposs-Pead {increase of pressure] from
0.5 to & oningd mibn.,

Fig. [3) illustrates the soriation ol compraseion curve (R) Eogether with that
aof PL-glow curve (B); bolth relative Eo the sweeping time In seconds Whenoe, apart
frem bhe swespirg Lene, iU cen be seen thab PlL-signel assemes the sames wir sl ol
features ms thoel of the compression cuswe; particularly, in the growth stage. Howewer,
won keeping the comgression constant, at its maximum value (=100 bar) for shout
100 seconds, the FL-signal drops sheeply down o grousd-stete signal. Ther, wpan
ptesture releasing & peak formation starts reaching its maximum st about 150 bar,

The effect of comgression upon TL-indensity is shown, Fig. {40 So, ro signitl-
cent change is noticed except 8 10% rse In the relative intensity st the pesk posilian
leaving the area under curve eboul the same. Mevertheless, the down-shift of the
pise part of the cugve stends for preferentinl recdisbribobion of the traps without
altpring the posdtion al the recombination process (pesk), which is in good agreement
wilth the previous work of Monom.

Fading charecteristice of PLesigmal, ratutally {a) &nd teermally-activated (b),
ate illustrated |n Fig. (3] included with the thetmaliy-activated fading curve of
the TiL-signsl (cl. In cese of TL the natural fading is known io be 55 per year
at room temperziute  while thermelly activated TLe-fading goes wery laster which
appears cleer from curve {el, Fig. (3). On the conterary the Pl-natual  fading,
cutve {a) Fig, 15, experiences & peak after abaut &0 & from the time of irradiatiee.
in cther words, the PL-vigld increnced by I5% of its oniginal walee as Lthe Lime
raturally run &0 h. This mey indicate thot, &3 far as PL s coneemned, sadiation
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induced delects have certain stimulation Gime which shauld  Be glepsad to ahtain
the maximum PL-ylobd, Mareover, mrnealing induces no appracishle wariatinn, particu-
lacly im the Tirst stage, on the fading properties of PL as compared with natural
fading. Meverlheless, the PL-signal naturally reaches to about 40% of its origirial
value upon storege for lwelve days whereas annealing 8l 170°C cleans wp the chips
down te PL-background,

Eventually, PL-and TL-signals are plotted as & function of dase, Fig. (6. It
appeats fram the figure, although different scales, that the resporse in both  coses
being of simller teature. Alsg, 85 far as PL ks concsrned, it covers a hig range
of dose wilth a reasonsble sensitivity,

Discusmion and Conclusione

The Tach that the energy irmparted o the clood of charge in crystal array
upsn heating ta 500 K {the peak posilion of LF under Invastigaticn) is clven io
be 4.3 x 10-2 V. This amownt of energy s responsible for the excitation aof the
radialion induced point defects to giving rise Lo TL-emission as & result of recombing-
tion Between charges of differont signs In the ssme mamer, the ENElgy  impartod
a5 a result of apglylng 1000 bar pressure is 1.4 = 10-3 @V, Shurmak (1% 7L Thege-
fore, Lthe encrgy requited for thermally activated omission is about 24 Himes lafger
than that reguited Tor mechesically sctiveted emission Thus, ona cen salely state
that PL-emission does not arise from the fecombination of tha unlrapped charges

#nce the energy imparted in the mechonical activation process fs so small compared
with that requited lo s=i the charges free ffom a trap position

In 5o Tar, the TL-emission remains unchanged after past-irrediation Cornpression,
Fig. (4, which property  indicates that redlation induced celects (inainly tregpad
charges] are actually mob guantitatively influenced by the premechanical Ereatment.
This, and in wiew of the above mentioned, ermghasizes that we  shoold basically
ditferentiate  betweoen  codiotion  inguced  delects respansible Tar TL-emisalon and
thase resporsile for PLesmisson, Furthermore, the gppeatance ol a PL-glow peok
upon  refease ol force, Fig, (3], suggests that PL-mecharism depends 1o a greal
axtent on the defects arises Teen the elastic deformation of the continoum rather
than point defects.

I wlew of Fig. (8) whera TL- and PL- is illustrated as a function of radiation
dose, it can be concleded that  the propartionelity between gose and both ylelds
{TL.PL]} is rather linear. However, PL- to be used as indicslive phenamenon  has
na signilicant  povantage cormpared with  tha TL=phenomenon as o well astshlished
criterion  for  precise  identificetion of  radiation  dose, In additian, specimens may
practically sufler feom fracture and damages as s resull af machanically  applied
pressuce which may passibly makes Lheir results inreproducitsle,
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