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ABSTRACT

The general-order kinetics model of thermoluminescence is used to study the
effect of heating rate on the nonlinearity of dose response in thermoluminescence. The
results show that when we consider the dose dependence of the maximum intensity of
the glow peak, the effect of the heating process on dose response is supralinear when
the order of kinetics b>>1, and this effect is enhanced with the increase in heating rate.
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1 INTRODUCTION

When considering the dose dependence of the area under the glow curve of thermo-
luminescence(TL), it is well known that the dose response function f(D) of TL is highly
dependent on both the ionization density, i.e. the linear energy transfer (LEF) of the
incident radiation, and the nature of the host material. Moreover, when we consider the
dose denpendence of the maximum intensity of glow curve I, due to that the shape of
glow curve depends on the heating process, f(D) depends also on the heating process.
There are experimental results which show that the nonlinearity of f(D) is increased
with the heating ratel?l. Using the second-order kinetics model, one can expect that
I, varies with the dose D as DP where p slightly exceeds unity (1.05<p<1.10)!, which
shows immediately that I, varies slightly supralinearly with the dose D, but the effect of
heating rate on the dose response is not given. In this paper, the general-order kinetics
model of TL will be used to study this effect theoretically.

2 MATHEMATICS ANALYSIS AND RESULTS

For the convenience of analysing the effects of the heating rate on the dose response,
the dose response function f(D) is defined as
f(D) = [dIn/dD]/{dI1/dDy] : (1)

where I, is the maximum TL intensity at a refering dose Dy, which is in low dose range.
This dose response function f(D) can be devided into two parts as
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f(D) = fs(D) - fn(no) (2)

where

fs(D) = [dno/dD)/[dnor/dDy] and  fu(ng) = [dIm/dn,)/[dImL/dnoL] (3)

where ng is the initial concentration of trapped carriers and when dose is equal to Dy,
we denote it by ngr. The f;(D) which is related to the dose dependence of the initial
concentration of trapped carriers does not depend on the heating rate, so it will not be
discussed in this paper. We will focus our attention to the f,(ng) which is related to the
heating rate.

The glow intensity for a general-order kinetics for a linear heating rate is given byl4!

I = snbexp(—E/KT){ (b ; l)sn’(’)‘lF(T) + 1} (1)
and the maximum condition is

b—1)snd1 snd leT2

QUG P +1 = T8 B exp(- B/ KTa) ©)

where T
F(T) = / exp(—E/KT')dT"
To

s is a pre-exponential factor, E is the activation energy, K is Boltzmann’s constant, T,
is the temperature at the maximum, 5 is the heating rate and b is the order of kinetics.

It is well known that F(T) can be replaced by an asymptotic seriesl’l

F(T) = Texp(-E/KT) ) (-1)""'n!(KT/E)" (6)
n=1
Taking derivatives of equation(5) with respect to ng and 3 respectively and expand-
ing them into power series of KTy, /E, one can get the expressions

dT/dB = [KT3/EB] {1 - KTu/E + (6 — 2)(KTw/E)* + .. y (7)
and
2
%%:—(b—l)I;:’: {1_1{; +(6- 2b)(Kg )2 +} @)

Using equations (4), (5), (6) and (8), one can get

dly/dno = [CBE/KTZ) {1 + 26K T/ E — 4(K T/ B + .. y (9)

where C is a constant. _
Inserting Eq.(9) to Eq.(3), and expanding it into power series of KTy /E and
KTu1/E, one has



30 NUCLEAR SCIENCE AND TECHNIQUES Vol.6

TIEIL K K 2 2 2 2 K TL 2
where T, is the temperature at the maximum refering to the dose D. Noting that
E> KTy in general, the value of E is typically around 20K Ty,, by only keeping the first

term of equations, we can derive approximately

dTw/dB = KT2%/EB (11)
dTy/dne = —(b— 1)KT2 /Eng (12)
fr(no) = T2L/T2 (13)
and
dfu(n0)/dB = 2KT3L/BETS)(TaL — Tm) (14)

3 DISCUSSIONS

In the present work, the general-order kinetics model is used to theoretically study
the effects of the heating rate on the nonlinearity of dose response in TL. The expression
of the dose response to the heating rate is deduced based on the general-order kinetics.
From Egs.(11) and (12), one can see that the temperature Ty, increases with the heating
rate § and the change of T, with the initial concentration of trapped carriers ng is
dependent on the order of kinetics b. For b>1, Ty, decreases with increasing ny; for b<1,
T increases with ng; and for b=1, Tj, will not change. Equation (13) shows that f,(no),
which is the part of the dose response function relating to the heating rate, is inversely
proportional to T2,. Thus for b>1, b<1 and b=1, f,(ng) is supralinear, sublinear, and
equal to 1 respectively according to the kinetics model. It can also be seen from Eq.(14)
that these effects are more obvious for larger heating rates.

In general, the order of kinetics b is assumed to be larger than 1. In this case, from
the above discussions, one comes to the conclusion that the effect of heating rate on the
dose response is supralinear, and this effect is enhanced with the increase in heating rate,
which is in agreement with experimental results.

REFERENCES

Nakijima T, Watanabe S. Int J Appl Radiat Isot, 1976; 27:113

Mische E F, Mckeever S W S. Radiation Protection Dosimetry, 1989; 29(3):159
Kristianpoller N, Chen R, Israeli M. J Phys, 1974; D7:1063

Chen R. J Electrochem Soc, 1969; 116:1254

Bonfiglioli G, Brovetto P, Cortese C. Phys Rev, 1959; 114:951

(S I L



