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ABSTRACT

A method of extending the usable range of AgP03 glass rod dosime-

ters by a post irradiation heat treatment was investigated. It was

found that heating rods at 325°C for one hour clarified most of the

radiation-induced darkening but did not greatly erase the fluorescent

centers. Removal of the darkening allowed more efficient fluorometer

readings to be made on rods exposed to more than 105R. The net result

was an extension of the useful range of the dostieter by a factor of

25.

The above extension has a definite application in the glass do-

simetry program. There had previously existed a region between the

ranges of the AgPO glass system and the cobalt glass system in which
3

doses could not be adequately measured. The described clarification

technique removes the uncertainty of dose measurements in this region.
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cIul?rER1

INTRODUCTION

A method of measuring gamma radiation from
.

cial glass dosimeters has been proposed.L This

use of two glass dosimeter systems to cover the

system is based upon the radiophotoluminescence

10R to 107R with spe-

proposal advocates the

large range. The first

phenomenon of AgP03

glass, and the second system is based upon the radiation-induced opti-

cal density change in cobalt-activatedborosilicate glass. I

Silver metaphosphate glass in the form of rods 6mm longby lmm

in diameter is the more radiosensitive of the two @asses. Gamma

radiation :~ormsstable fluorescence centers in this glass which, when

excited by near ultraviolet, produce light with a wave length of about

6400 AO. The relative intensity of this orange light is a measure of

the gamma dose. These glass rods are read in a fluorometer to deter-

mine their dose. A typical calibration curve of the @ass rods ob-

tainedby ‘thespecially built Bausch & Iomb fluorometer (Fig. 1) is

contained :inFig. 2. The curve indicates that doses from 10R to 104R

can be measured by the system. At doses above 104R the rods begin to

5
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undergo progressive radiation darkening, a characteristic of many types

of @ALss. This darkenhg causes increased absorption of the incident-

stimulatingultraviolet light as well as the orange fluorescence from
,

the rods, thus producing a reversal of the calibration curve at doses

k
in excess of 10 R.

Cobalt glass in the form of plates 15mm by 6mm ar@ 1.5mm thick is

used to measure gamma radiation doses

The optical density of this @_ass for

with @ma radiation. Changes in the

from approximately 104R to 107R.

certain wave lengths increases

optical density are measured with

a apectrophotometer. Figure 2 shows the typical response of irradiated

plates as measured by the Bausch & Lomb Spectronic 20 (Fig. 3).

The calibration curves of the two glass systems as plotted on

4Fig. 2 indicate a region between 10 and 105 in which radiation doses

are poorly defined. This poorly deftied region is a result of an in-

adequate overlap of ranges afforded by the two systems. A method of

extending the usable range of the AgP03 glass system and thereby

a130wing a measurement of doses in and wellLbeyond the undefined region

is titroduced in this report.

8
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CHAPTER 2

METHODS AND RESULTS

It has been established that AgP03 glass is responsive to applied

heat in several ways.2 Perhaps the removal of the fluorescent centers

of irradiated glass at temperatures in the

most useful application. In an attempt to

this erasure phenomenon, another effect of

neighborhood of 450°C is the

gain additional data about

heating irradiated rods was

found. When rods exposed to doses in excess of 104R were heated to

temperatures below the erasing level of 450°Cj the fluorometer readings

were found to increase. These increased fluorometer readings were

evidently the result of heat clarifying

the radiation darkening without erasing

luminescent centers.

the rods by removing most of

an appreciable amount of the

A study was initiated to investigate the feasibility of using a

heat treatment for extending the usable range of the A@03 glass system.

Rods were exposed with a cobalt source to a series of doses ranging

between 10% and 106R. These rods were then divided into groups with

each group containing rods exposed to each of the doses.

10



Each group of exposed rods, with the exception of a control group,

was then pl~~cedin a ceramic spot plate and heated at a particular

temperature ina carefully controlled oven (Fig. 4). The oven tem-

peratures used in the study were varied by intervals of 50° between

200° and k50°c. Half of the groups were heated for one hour and the

other half for 16 hours. After being heated, the rods were read in a

fluorometer. The readings of the heated rods were compared to those of

the control or unheated rods.

This first appraisal indicated that, at a psrticulxu?temperature,

16 hour heating times were more efficient than the one hour heating

times for clwifying the rods. However, this slight advantage did not

warrant the longer heating times, as the same gain could be attained by

using a higher temperature with a shorter heating time. A suitable one

hour heat exposure for maximizing the fluorometer reading of the high

dosed rods was found to be in the 300°-4000 range.

A second study similar to the fjrst was undertaken to test the

reproducibility of the heat treatment and to define the temperature

best suited for clarifying the radiation @kening with a minimum

effect upon the fluorescent centers. For this study rods were exposed

to 17 doses varying between 102 and 3.6 x 107R. These rods were then

placed in groups as in the previous study. The various groups were

heated at temperatures of 275°, 325°, 375° and425°C. One hour heating

times were used.

I-1
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.
The tits obtained by reading the heated rods in the 13ausch& Lomb

microdosimeter reader are plotted on Fig. 5. Rea&Lngs of unheated con-

trol rods are also plotted to serve as a means of comparison. The

curves indicate that temperatures of 275°, 325° and 375° produce

similar fluarometer readings. At temperatures much below 275° the

coloration is not effectively removed. Heating the rods much above

375° appeas to erase inappreciable number of fluorescent centers as

can be deducedby comparing the 400° curve to the 325° curve (Fig. 5).

The temperature best suited for extending the range of the AgP03

rods would appear to be 325° when one hour heating times are used,

At 325°, variations in oven temperatures do not introduce large differ-

ences in the fluorometer readtigs as shown by the agreement of curves

in the 275°-s3750range. These curves are linear up to about 105R and

allow dosage determinations up to 106R. A

to the control curve shows that the usable

factor of 25.

comparison of the curves

range has been increased a

13
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Cmm 3

DISCUSSION

ters

Suit

Gamma radiation induces the development of both fluorescent cen-

and coloration in AgPO glass.
3

Basically both effects are a re-

ef electrons being disturbed and raised to different energy levels

by the high energy radiations.3,4 Doses of 10R or more produce enough

fluorescent centers in the AgP03 glass rods to be measured by fluoro-

metric techniques. Coloration is not noticeable until doses of ap-

4
proximately 10 R sre reached. Above 104R the coloration increases

quite rapidly with dose. Fluorometer readings of the highly dosed

rods are decreased because the coloration competes with the fluorescent

centers in absorbing the ultraviolet light and because the coloration

creates an opacity for the excited orange light.

Figure 6 shows the change in optical density of the AgP03 glass

for the ultraviolet and orange light as a function of dose. These

density meamrements were made by measuring the density changes in

AgP03 glass plates with a Bausch & Lomb Spectronic 20. The increasing

15
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Fig. 6. Optical density changes in 1.5mm thick AgP03 plates
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coloration of the glass is more

light than the orange light, as

The adverse effects of the

efficient in absorbing the ultraviolet

can be seen by comp~ing the two curves.

coloration upon fluorometer readings

has been minimized in the design of some

shows sketches of the light paths in two

to measure the fluorescent production of

glass rod readers. Figure 7

different fluorometers as used

irradiated rods. Sketch A

represents the early Bausch & Iomb microdosimeter reader and Sketch B

represents the specially adapted Turner Model 110 (Fig. 8). In the

Bausch

enttie

Viol(?t

& Iamb instrument the ultraviolet light must travel throu@ the

6mm length of the rod. This distance is longer than the ultra-

path length usedby the Turner, which only needs to travel the

Imm diameter of the rod. Since the ultraviolet is highly absorbed by

the coloration, the Wrner should be a more efficient instrument for

measuring the highly dosed rods.

A comparison of readings obtained by the two fluorometers is shown

in Fig. 9. The Turner which is affected less by the coloration in the

rods is able to read doses to about a factor of 5 higher than the Bausch

& Iamb. The effects of coloration upon readings obtai.nedwith the

Turne& can be seen by a slope change and then

calibration curve at doses

The coloration can be

lower than those needed to

fluorescent centers. This

5above 10 R.

removed by heating

remove or erase an

method is possible

a reversal of the

temperatures which are

appreciable number of the

because the electrons

producing the coloration are evidently more loosely bound than those

17
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r“’’’’’”“’’’’’’”“’’’”‘- BAUSCH AND LOMB

AND TURNER READERS AFTER 325”C. HEAT TREATMENT

-–TURNER READER BEFORE HEAT TREATMENT

““”BAUSCH AND LOMB READER BEFORE HEAT TREATMENT

K 1,,,,,,,,,,,,,,,,
K)3 ,04 ,05 I06

DOSE R

Fj.g.9. Comparison of readings obtained by two fluorometers be-

fore and after irradiated rods were heated for one hour
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producing the fluorescent centers. Therefore, less heat energy is re-

quired for their liberation. Temperatures in the vicinity of 325°

appear to produce a maximum clarification of the rods and a minimal

erasure of fluorescent centers. As a result of a clarification heat

treatment, the fluorometer readings of both the Bausch & Lomb and

Turner instruments are linear with dose up to 105R (Fig. 9), and Wses

6
as high as 10 R can be measured.
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