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ON A RADIOCHROMIC DYE DOSE METER

Arne Miller and William L. McLaughlin

Abstract. Radiochromic dye dose meters nade of polyvinyl
butyral (PVB) with hexa(hydroxyethyl)pararosaniline cyanide
(HPR-CN) as the radiation-sensitive element are being developed
and investigated at Rise. This report summarizes the present
results and outlines plans for further research on this dose
meter. Currently the response is found to be almost stable
after irradiation, but recalibrztion of a given batch is needed
every 3-6 months because of changes in response characteristics
with age. Under typical laboratory conditions, the temperature
coefficient is found to be about +1X per degree Celcius and the
relative humidity coetficient +(0.4-0.5)% per percent change in
relative humidity. The response drops ~ 15% when the dose rate
is lowered from 1.1 Gy/sec to 0.2 Gy/sec.

This research is supported by IAEA through research contract No.
2051/RB, and this report constitutes the progress report for the
period November 1979 - October 1980.
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1. INTRODUCTION

Plastic dose meters are the most commonly used indicators of ab-
sorbed dose ir radiation processing as well as in research(l).
In gamma facilities clear and red Perspex specially prepared for

(2-3) are widely used, while for electrcn

radiation dosimetry
beam facilities with electron energies in the range of less than
200 keV to 10 MeV, thinner plastic films are preferred. so as to
produce a more homogeneous dose distribution in the dose meter.
Some commonly used plastic film dose meters having thicknesses
ranging from 20 pm to 200 um include polyvinyl chloride(4), dyed

(S)

(blue) cellophane and cellulose triacetate(s). but several

others have also been suggested and used(l).

These plastic film dose meters suffer from different drawbacks
like nonlinearity, dose rate dependence, oxygen dependence, etc.
(1), and the user depends on the apility of the producer to make
batches with uniform and constant absorbed dose characteristics.
That has proved difficult since most of the plastics used for

dosimetry have not been designed for this purpose.

During the last decade different types of plastic film dose
meters have been developed in attempt to overcome some of these
difficulties. These dose meters consist of certain types of
radiochromic dyes dissolved in their leuco form in various plas-
tics(7'8). The plastics can be chosen with radiation absorbing
characteristics matching those of materials to be irradiated in

radiation processing or radiation therapy.

The colourless dye precursor used in the dose meters is shown in
1ts basic form in Table 1. Upon irradiation the =C-CN bond is
broken thereby creating a negative CN-ion and a positive carbo-
nium ion, which by rearrangement of bonding and charge becomes
coloured. Table 1 also lists several dye precursors which are
based upon the general structure, but with various chemical
groups substituted at different positions of the benzene rings.



Table 1. Structure of Several Radiocaromic Dyes

R, Ry Rs
R, R, R,
R,
C-CN
Name of parent dye R, R2 Ry Ry Rs Rs Ry
Pararosaniline NH2 H NH, H NH . H H
Hexa (hydroxyethyl) N(C2HLOH) 2 H N(C2HLOH) » H N{CaH4OH) . H H
pararosaniline

Malachite green N(CH;) ; H H H N(CH,) H H
New fuchsin NH. CH, NH: CH, NH, CH, H
Formyl violet NTC:H; H N({(CiHs) ; H N""Csz H H

CH2 C?z

NaQ,sS /O 80O;Na

Helvetia green N(CH,), H SO,Na H N(CH,) , H H
Setoglaucine N(CHs) » H H H N(CH,) 2 H cl
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Several papers describe dosimetry researci with these dyes in

(9'18), but the first commercially avail-

liquié and solid phase
able dose meters based on these dyes were made by EG&G. They
consisted of free-standing poly(halo)styrene doped with mala-
chite green, about 3% by weight and similar weight percent of
new fuchsin cyanide in gelatin thinly coated on polyester film

base. Although these films showed excellent characteristics(lg-

22). they had limitations. The radiation induced colour of the
poly(halo)styrene film was unstable after irradiation increasing
slightly during st~rage, and the films were rather brittle.
Research work was initiated at Rise ir. order to make dose meter
films with better mechanical and radiation absorption proper-
ties, and we also wanted to make dose meters from various plas-
tics in order to study radiation absorption distributions in
different materials, at interfaces, and in assorted geometrical

configurations.

Table 2 lists the thin film dose meters that were made in our
Department(7). Various dyes were chosen with the different
plastics in order to obtain good compatibility between dye pre-
cursors and plastic host material. Such choices were based in
part on previous experience and in part on the results of labo-

ratory tests.

The dose meter films were cast from mixtures of solutions of the
given pnlymer and the leuco-cyanide of the dye. 1In some in-
stances plasticizers and other additives were required to achieve
good optical and mechanical properties. It was also found that
2 combination of proper solvents was needed in each case to dis-
zolve both polymer and radiochromic dye. The films were cast on
an optically flat glass cylinder with a diameter of about 25 cm,
and were then stripped from this block at a proper time and
dried before being used.

We found that these dose meter films could be made strong, flex-
ible and of good optical quality, but we also found various
degrees of instability of the radiation-induced colour, involv-
ing both pre- and post-irradiation effect. The instability ex-
tent dependel largely on formulation. Therefore we decided to



Table 2. New Dyed Plastic Thin Film Dosimeters and Imaging Systems

Approx. Density

Plastic Host Approx. Formula (g em™?) Radiochromic Dye Used
1. cellulose acetate (Clzﬂzoolo)n 1.3 pararosaniline-CN
cellulose triacetate (Czquzols)n .
2. polyvinyl acetate (CaleOu)n 1.1 new fuchsin-CN
3. polyvinyl butyral (Cangoz)n 1.1 hexa (hydroxyethyl)
pararosaniline-CN
4. polyvinyl pyrrolidone (CngNO)n 1.2 formyl violet-CN or
helvetia green-CN
5. polyvinyl chloride (02H3C1)n 1.4 malachite green-CN or
polyvinylidene (CszClz)n .5 setoglaucine-CN

chloride




investigate one of the dose meter types thoroughly in order to
optimize the properties through changes in the formulation and
in the dose meter casting procedure. We chose the dose meter
made of polyvinyl butyral (FVB) with hexa (hydroxyethyl)para-
rosaniline cyanide (HPR-CN) as the radiation-sensitive element,
as one that has good sensitivity and a simple casting procedure.
It 1s also the dose meter having density and radiation absorb-
ing properties similar to those of water, among listed dose
meters in Table 2. This research is being supported in part by
the International Atomic Energy Agency through research contract
No. 2051/RB.

2. DEVELOPMENT OF THE PVB RADIOCHROMIC DOSE METER

2.1. General

The reaction mechanism for the radiation-initiated colouration
of the dye cyanides has been studied for one of the simplest
forms of the parent dyes, namely pararosaniline, where an NH2
group is attached at the para position of each of the benzene

)(18), but these studies are not concluded.

rings (see Table 1
It is generally accepted that the reaction to produce the dye
involves breaking of the =C-CN bond followed by a rearrangement
of the electronic charge of the positive carbonium ion to form
the conjugated chromophore. This bond strength for para-
rosaniline cyanide is 3.8 eV, and the mean radiation threshold
for cleavage of this bond is correspondingly in the ultraviolet
at about 330 nm wavelength(la). The ionization potential de-
pends on the type of dye: for the hexa(hydroxyethyl)para-
rosaniline cyanide (HPR-CN) we have measured a threshold of
about 370 nm(23), but we believe the reaction mechanism for

colouration to be similar to that for pararosaniline cyanide.

The absorption spectrum of HPR dye formed by radiation is in

the visible region of the spectrum, with Amax at 600 nm as
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shown in Fig. 1. The dose is normaily measured at this vave-
length for doses up to 20 kGy and at 510 for higher doses., where
the optical density may be too high for photometric analysis at
€00 nm. An intermediate absorption band at 412 nm has also been
observed for HPR dissolved in nylon, this band beirg more or
less pronounced depending on the presence of water in the dose
meter(24). This band generally disappears within an hour or two
after irradiation. This result indicates that complicated dye-
forming reactions are taking place.

10 1 I T I ¥ | '
HPR in PVB
>
'-'u-) o8- (10 kGy) )
Z
& 06 ]
-
S
'-6.'- 04 7
O
02 .
| | | | L 1 1
300 00 S00 600 700

Wavelength, (nm)

Fig. 1. Absorption spectrum for the radiochromic dye dose
meter made of hexa (hydroxyethyl)pararosaniline cyanide
(HPR-CN), dissolved in polyvinyl butyral (PVB). The
dose meter was irradiated to an absorbed dose of 10 kGy
with cobalt-60 gamma-rays.

For the dose meter with HPR dissolved in nylon, the response of

colour formation in terms of change in optical density at 510 nm
per unit thickness versus absorbed dose (AOD/mm = £(D)) has been
shown to follow rather closely the expression
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Response = 1-e %039

where D is the absorbed dose and D37 is that absorbed dose which
gives 63x of the obtainable or saturation colourationus,. 037
is found at 510 nm to be of the order of 200 kGy. and the dose
response at doses up to 50 kGy is therefore almost linear. with
less than 10X deviation. 037 at 600 nm cannot be measured with
our instrumentation. because the optical density is tco high

(> 3). but the response curves at 600 nm and 510 nm. plotted as
the logarithm of the optical density change versus the logarithm
of the absorbed dose. are parallel. This indicates that 037 may
be of the same order of magnitude for 600 nm as for 510 nm. The
dose range of linear response should therefore also be the same
for the two wavelengths of analysis., and the dose measurement
range is thus linmited by the instrument capability and not by
the dose meter itself. Exception to this would be in the case
of very thin films, where maximum optical density at 600 nm
might be readable. Figure 2 shows dose response curves at o600
and 510 nm for nylon dose meters on a linear scale.



Fig. 2.
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L L D D D A
AOD/min AOD/mm

A=600nra
— A=510nm{10

40

kGy in H20

Response curves for the radiochromic dye dose meter
made of hexa (hydroxyethyl)pararosaniline cyanide
(HPR-CN) dissolved in nylon and irradiated with
cobalt-6(C gamma-rays, with optical density per unit
thickness made at two optical wavelengths.
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2.2. Stability

The stability of the formed dye depends on its formulation and
how the ingredients contribute to preventing back reactions
between the cyanide and carbonium ions. Such stability is made
possible by ensuring that the colour-forming reaction takes
place in a weakly acid environment, but the dipole action of

other molecules present may also be significant.

The formulation from which the PVB dose meter (see ref. (7))

was cast is as follows:

100 cm® 2-methoxy ethanol
40 cm?® 2-butoxy ethanol
15 cm? 99% ethanol
20 cm® butanol
15 cm?® N,N-dimethyl formamide
24 g polyvinyl butyral (ccataining varicus
amounts of polyvinyl acetate and/or
polyvinyl chloride)
0.75 em?® dioctyl phthalate
0.2 cm?® glacial acetic acid
1.7 g hexa (hydroxyethyl)pararosaniline-CN

The glacial acetic acid ensures sufficient acidity for stabil-
ity of colour. The amount of arid is important for the sensi-

(15) ang 0.2 cm® was found to be optimum. The dioctyl

tivity
phthalate is a suitable plasticizer; combination of 5 different
solvents is also used. We arrived at this combination through

a trial and error process, where the ultimate aim was to dis-
solve enough dye for a wide response and to cast a film with

good optical and mechanical properties.

The dose meters made from this formulation were sensitive
(AOD/mm ~ 10 for a 10 kGy dose) and homogeneous, but we found
after irradiation that the colour intensity (i.e. optical den-
sity) for a given dose would increase by NV 10% during the next
10-20 days. Another problem was that the sensitivity of the
dose meter continued to drop somewhat at repeated irradiations

over several months(zs). We believed that both problems were
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related to the content of acid, and since the glacial acetic
acid has a rather high vapor pressure, it would be expected
that the acid would continue to evaporate from the film thereby
continuously changing the sensitivity and would therefore in-
fluence the stability of the colouration. We tried to stabi-
lize the colouration of the dose meter after irradiation by
exposing the irradiated dose meter to an accelerated aging pro-
cess, i.e. a vacuum treatment for n 24 hours at 40°C, and that
did stabilize the response as shown in Fig. 3. The stability
before irradiation was also affected when unirradiated dose
meters were treated in the same way, but the sensitivity did not

4(26,27)

fully stabilize as can be seen in Fig. . since we were

not certain which factors influenced the response of the dose

¥ ] L4 T T [ ] i § L 1 § ] I

E
c 1S+ —
§ Vacuum treatment—\
< 14 et ——————
£ [
N 13 L -
a
O -
<Q

12+ —

11+ —

10 i | 1 1 | 1 1 1 1 | [

0 10 20 30

DAYS AFTER IRRADIATION

Fig. 3. Post-irradiation stability of PVB dose meter made
with a combination of solvents and irradiated to 14
kGy with cobalt-60 gamma-rays. Storage under normal
room temperature conditions.
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meters, in further testing we decided not to rely on accelerated
aging. Rather we let the films dry under atmospheric conditions
at v 30°C and at a relative humidity between 40 and 60X% for pro-
longed periods of time. Measurements so far were made on dose
meter films produced in 1977 and earlier. Laboratory rebuilding
prevented film making for some time, and only in early 1979 have

we been able to resume this activity.

T I T T T

30+ —
£ s

7,
8 20+ 7 ~
R /r
3 7
o
<10} —
] i | I |
0 10 20 30
KGy in H,0

Fig. 4. Change in sensitivity with age for the same PVB dose
meter as in Fig. 3. A was stored under vacuum for
48 hours prior to irradiation, B was not. A and B
were irradiated simultaneously (—— irradiation
immediately after vacuum treatment, — — — irradiation
one month later).
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The first step in solving instability problems was to use a
different acid, namely citric acid, which in its pure form is a
solid. We would therefore expect the acidity of the film dose
meter to remain constant during aging, thereby improving the
stability of response. Six dose meter films were cast with vari-
ous combinations of glacial acetic acid and citric acid maintain-
ing the same total acid strength. After a drying period cof 5
weeks the colour intensity of each dose meter was monitored
during storage after irradiation. The first results indicated
that using pure citric acid produced the most stable dose meter,
as we might expect. Therefore we proceeded making a batch of
dose meter films with citric acid(26).

As the responses of the dose meters were followed over longer
periods of storage and as irradiations oEcasionally were re-
peated, other problems arose. None of the dose meters was found
to be totally stable; generally the colour faded somewhat after
irradiation, although some films with mixtures of glacial acetic
acid and citric acid first undergo fadihg, followed by an in-
crease in colouration. The sensitivity of the dose meters
tended to decrease under repeated irradiations, but within a
year after casting the sensitivity again increased.

It was difficult to see a definite trend in these results, al-
though there was indication that some of the effects were due
to residual solvent concentrations. In order to try to reduce
these instability effects, we changed the formulation to only
one solvent. We chose a solvent having high vapour pressure,
so that it would evaporate rather gquickly from the cast film.
2-methoxy ethanol was tried, but 2-ethoxy ethanol was found to
be a better solvent for the dye.

Dose meter films were cast using this solvent and various com-
binations of acid, in order to determine optimum values empiri-
cally. The formulation was:



285 cm?® 2-ethoxy ethanol
0.4 cm?® dioctyl phthalate
25 g PVB
1.5 g HPR
variovs amounts of glacial acetic acid

and citric acid.

In changing to this formulation, a different problem showed up.
The finished dose meter film took on an orange-peel surface,
consisting of rather regular polygons about 2 or 3 mm across.
After irradiation it could be seen that the dye concentration
was higher a4t the edges of these polygons. This effect is ap-
parently caused by convection in the drying film solution. As
2-ethoxy ethanol evaporates, its temperature decreases, partic-
ularly the surface temperature. Thka resulting vertical temper-
ature differential promotes convection. 1In ref. (28) is de-
scribed how convection in thin layers tenés to create polygons
containing circulating liquid residues. Furthermore, it is
shown that colour pigments, for example, tend to gather at the
edges of the polygons. It is not certain if this also applies
to the dissolved dye molecules in our case, but this seems to
be so.

We corrected the problem by lowering the evaporation rate. This
was accomplished by placing the film casting glass plane in a
tight hood, containing saturated vapour from the solvent. That
reduced the evaporation and gave smooth, clear films. After
partial drying of the film, the evaporation rate can then be

increased.

Bacause of uneven colour distributior in the first phase of dose
meters made with one solvent, it was difficult to interpret the
results. The colour was more stable after irradiation, but when
the concentration of acid was changed, the sensitivity of the
dose meter was changed accordingly, as was the long-term stabil-
ity of sensitivity. The post-irradiation stability of the ir-
radiated dose meter was not greatly influenced by the amount of
acid. Figure 5 shows for repeated irradiations over 13 months
how the sensitivity is affected by various amounts of acid
(ratio of cit#ic acid to glacial acetic acid was 3:1).
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Fig. 5. Change in response for PVB dose meters containing
various amounts of acid as indicated (for basic
formulation see p. 17). The sensitivity as measured

one month after casting of the dose meters is also
indicated at the figure.

As less acid seemed to give the most stable and sensitive dose
meters, we also made a dose meter without acid (P15, 5.10.79).
The results proved the earlier contention that some acid is
needed to ensure stability (see Fig. 6).

In order to determine the optimum concentration of acid for
sensitivity and stability, a batch of dose meters with various
amounts of acid were cast (P15, 30.11.79). We suspected that
the behaviour shown in Fig. 5 was due to the presence of two
acids, and therefore we chose to use only citric acid in this
batch, with amounts ranging from 7% to 100% of the amount of
acid used in the previous dose meters (100% corresponds to 2.4 g

citric acid and the formulation was as on page 17). The results
are shown in Fig. 7.
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Fig. 6. Change in response for two PVB dose meters containing
no acid and containing the same amount of acid as the
dose m-ter marked "D" in Fig. 5.

All the dose meters were relatively stable after irradiation,
the colour not changing more than ¥ 3% nver 4 months for the
type "C" (0.6 g acid) and even less for type "E" (2.5 g acid),
but as the latter has a lower sensitivity, we have for the time
being chosen type "C" as the basis for the next batch of dose
meter films. Continued measurements will tell if this was the
proper choice.
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of acid is that corresponding to 2.4 g equal to 100%,
for formulation shown on p. 17.
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3. DEPENDENCE ON TEMPERATURE

As with other plastic dose meters the PVB film response depends
on temperature during irradiation. This dependence has been
tested so far only for older batches by irradiation with cobalt-
60 gamma-rays to 1.5 Mrad at selected temperatures(zg). The
dose meters were conditioned at a given temperature for about
one hour before irradiation. The resultant temperature depen-
dence curve is shown in Fig. 8, where 3 different batches were
studied. As can be seen there are some difference between the
batches, but the general trend is the same. At room tempera-
ture the temperature coefficient at 600 nm is about + 1% per

degree Celcius, which is approximately double that of nylon-base

films.
] | T T T T T T T T

25k HPR-CN in PVB _
£ e Batch 1 (1971.)
£ A Batch 2 (1976)
S 20r + Batch 3 (1977 s
gg ( ) -\‘\'
<]

%

15b. —
w
wn
Z
o
9510" -
(8]
o4

S A =510 nm 2 ]

0 | 1 L 1 | 1 1 L

l ]
-80 -60 -40 -20 0 20 40 60 80 100
TEMPERATURE DURING IRRADIATION, €

Fig. 8. Variation of response as a function of temperature
for three batches of PVB dose meters containing
HPR~CN, irradiated to 15 kGy with cobalt-60 gamma-

rays.
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Since the response is affected by pre- and post-irradiation
storage time as shown in the previous section, it is expected
that the response of the dose meter is affected by changes in
storage temperature both before and after irradiation. This
has not yet been thoroughly investigated, but will be as soon

as we have chosen a final formulation for dose meter casting.

4. DEPENDENCE ON RELATIVE HUMIDITY

The response of the dose meter may also depend on its water
content. The dose meters mentioned earlier based on poly(halo) -
styrene are rather ideal in this respect, in that this plastic
absorbs very little water, and is reported essentially un-

affected by moisture(zo).

The PVB dose meter on the other hand does readily absorb water,
and che influence of relative humidity in the surroundings and

in the dose meter itself has been studied.

Two different situations have been considered:

A. The dose meter is stored for long times under relative
humidity of 40-60% and then subjected to different
relative humidities only one hour before irradiation
and during irradiation, as might be the case, for
example in very dry or damp irradiation rooms. The
dose meter is in this case not completely in moisture
equilibrium during irradiation, particularly under

extreme conditions.

B. The dose mete. is stored for long periods (> 5 days)
under the same relative humidity conditions as when
irradiated; so that equilibrium moisture content in
the dose meter is established before irradiation.

The results of study A are described in refs. (27) and (29),



where similar measurements wcre carried out for several plastic
dose meters. The dose meters were suspended in a closed vial
containing a small amount of saturated salt solutions to give
different relative humidities in the air surrounding the dose
meter(36). After a period of about one hour, the dose meters
were irradiated in the vial. After irradiation the dose meters
were stored at 50% r.h. and read at different time intervals.
Figure 9 shows that the response can vary as much as t 25% when
the relative humidity during irradiation is changed from 12% to
96%. In the range 20% - 80% r.h. the positive relative humidity
coefficient is + 0.4% per percent r.h. change, but this factor

may well depend on the conditioning time before irradiation.

I 1 1 T | | |

T
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60 - HPR-CN in PVB o 2
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%RELATIVE HUMIDITY DURING IRRADIATION

Fig. 9., Variation of gamma-ray response as a function of
relative humidity during irradiation for a PVB dose
meter with HPR-CN. The dose meters were exposed to
the various humidities for about one hour prior to
the irradiation to 351kGy, and measured after differ-
ent storage periods aﬁ 54% r.h. as indicated.
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Study B deals with the situation where the conditioning time

is sufficiently long (> 5 days) to establish relative humidity
equilibrium in the dose meter before irradiation. The measure-
ments were recently carried out here at Rise. In order to
establish a common reference point the dose meters were desic-
cated for 5 days prior to exposure to the different relative
humidities. The dose meters were stored for at least five days
at the relative humidities chosen for the experiment. They

were then irradiated at the same humidities, stored for about

24 hours still under the csame conditions and finally measured.
Three values of relative humidities were chosen for this experi-
ment (12, 34 and 75%) and three types of PVB dose meters recent-
ly made at Riso were tested.

l1: P15, 17.01.79 B (made from formulation with several
solvents and glacial acetic acid).

P15, 11.07.79 F (made with one solvent and citric acid).

N
L1}

P15, 30.11.79 C (made with one solvent and citric acid,
but less acid than above).

w
e

The measurements are shown in Fig. 10. The trend is the same as
for shorter conditioning times, but the slope is greater, about
+ 0.5% per percent change in relative humidity. The difference
in response between film types 2 and 3 may be due to the fact
that these dosec meters were aged for different periods of time
(under normal atmospheric conditions) before being exposed to
these different relative humidities. When measurements of OD
were repeated after about 3 weeks, we saw that the colouration
of all the dose meters had increased, except those irradiated
at 75% r.h. which were almost constant. These effects will be
studied further.
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exposed to three diffcrent relative humidities prior
to and during irradiation. Conditioning period was
> 5 days.

1. PVB dose meter made from a combination of solvents
and with glacial acetic acid.

2. PVB dose meter made from one solvent (2-ethoxy
ethanol) and with citric acid.

3. PVB dose me*er made from one solvent and with
citric acid as in the case of No. 2, but cast
4 months later. The response is normalized with
respect to response at 75% r.h.
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5. DOSE RATE DEPENDENCE

Measurements made elsewhere on 50 um nylon-base radiochromic
dose meters have indicated that the response might depend on

(24), when the dose was administered at

gamma-ray dose rate
rather low dose rates. A dose rate dependence in the response
curve shape has been found at very high absorbed doses (> 100
kGy)(ZS). Previously it was reported that at dose rates from

1l Gy/sec and up, only a small decrease in response was found at
higher dose rates(3o'31). In the previous reference (24), it
was also found that radiochromic nylon dose meters would react
differently to changes in relative humidity, if the dose rate

was varied.

The measurements of relative humidity dependence mentioned in
section 4 were carried out at 1.1 Gy/sec, but we also carried
out experiments at 0.2 Gy/sec, changing the dose rate by using
lead shields around the dose meters. The response of the same
three dose meters irradiated with the same dose of 20 kGy became
15% lower when averaging all 9 measuring points (three relative
humidities and three different dose meters). Moreover, the rel-
ative dependence on humidity was less, being approximately +0.4%
per percent change of relative humidity, as shown in Fig. 1l.
Previous measurements did not reveal this apparent dose rate
effect, but further preliminary experiments nave indicated that

(32)

it may vanish at higher dose rates and at moderately high

relative humidities, but this is a subject for further study.

It should be noted that in the process of finding the proper
formulation for dose meter casting with respect to sensitivity
and stability, it seems we may be approaching the optimum dose
meter formulation with respect to dose rate dependence. The
formulation with one solvent and citric acid has less rate
dependence, particularly if properly aged after casting.
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Fig. 11, Variation of response for the same PVB dose meters
as in Fig. 10 and exposed under the same conditions,
but irradiated at a smaller dose rate, as indicated.
The response is normalized with respect to the re-
sponse at 75% r.h.

Response at 75% r.h. and 1.1 Gy/sec _ 1.15
Response .t 75% r.h. and 0.2 Gy/sec :
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6. AMBIENT LIGHT

(23) that the dose meters containing HPR as

It was shown earlier
the radiation-sensitive element is coloured by ultraviolet
radiation with wavelengths shorter than 370 nm. In daily use
of the dose meters this can be a problem because daylight as
well as incandescent or fluorescent lighting give appreciable

illumination in this wavelength range.

Thus, when handling the dose meters, they should whenever pos-
sible be kept in light-tight envelopes, or windows and light

fixtures should be covered with ultraviolet-absorbing filters.
We found a plastic that is available under the name "Llumar"X)
that shields the dose meters effectively. The absorption spec-
trum of this plastic is shown in Fig. 12 together with the re-
sponse of the dose meters to ultraviolet irradiation of differ-

ent wavelengths. Dose meters have be.en left in the laboratory
for several days exposed to light through this plastic filter
without colouration. '

7. CONCLUSIONS

Dose meters made of hexa (hydroxyethyl)pararosaniline cyanide
(HPR) dissolved in polyvinyl butyral (PVB) are being developed
at the Accelerator Department at Rise National Laboratory.

The dose meters are thin (v 0.05 mm), strong, flexible and of
good optical quality. The response of the dose meters at their
present stage of development is linear within 10X from 100 Gy
up to v 50 kGy and the response (colouration) is stable within
3% for several months after irradiation, as long as optimum
acidity is used. For the time being, the dose meters need re-
calibration every 3-6 months, because of differences of response
with age after casting.

x)Available from: Martin Processing Co. Inc., P.0O. Box 726,

Martinsville, Virginia, U.S.A.



- 29 -

OPTICAL DENSITY

T T T I Ll 1 L
« FWT-60
E NYLON
g x 2G3 ) b
] o P15 — PVB J1o
g 2O
o LLUMAR 1
w S 08
gg — > +1
2, o6
b5
10
§ 04
o
& Juz
w
(0 4 ,
1 i | 1 l ]
290 00 30 400 50

WAVELENGTH (nm)

Fig. 12. The spectral response of different radiochromic dose
meters to ultraviolet radiation. FWT-60 and 2G3 are
nylon-base and P15 is PVB~base dose meters, all with
HPR-CN. To the right is shown the absorption spec-
trum of the ultraviolet absorbing plastic Llumar £ilm.
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The work continues as follcws:

minor corrections of solution formulation from which
the dose meters are cast in order to avoid recalibra-
tion from one batch to another, and from one time

period to another.

studies of the influence of storage period, dose rate,
humidity, and different atmospheres, at different ab-
sorbed dose and optical density levels.

(33) which indicate that it

may be possible to stabilize the response after ir-

testing of recent results

radiation.

testing of long term stability especially for high

dose irradiations, where fading has been observed(34)

further tests of low-intensity rate dependence and

possible bleaching effects(24’35).

further study of UV-light effect. This includes
effects of Cerenkov and luminescence produced by

irradiation.

investigation of using PVP dose meters for very fast
dosimetry for both spatial and time-resolved measure-

ments down to the microsecond time scale.

to investigate film types having least temperature
dependence (cellulose acetate butyrate, methyl ethyl
cellulose}) and humidity dependence (PVC, halugenated

styrenes).

to find a light shielling coating material.
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Abstract

Radiochromic dye dose meters made of polyvinyl
butyral (PVB) with hexa (hydroxyethyl)para-
rosaniline cyanide (HPR-CN) as the radiation-
sensitive element are being developed and in-
vestigated at Rise. This report summarizes the
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