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Description of Dosimetry System

There is a family of aminotriphenyl methane dye derivatives
which can be made radiachromic. That is, they can be made to under-
go varying degrees of radiation-induced coloration by photoionization
upon exposure to ultra-violet light or ionizing radiation. This change
from a colorless to a deeply colored state occurs as a function of the
amount of radiation exposure received. The photochemical reaction
involved is a unimolecular electron rearrangement to form the stable
and deeply colored corresponding dye.

Solid solutions of various aminotriphenyl methane dye
derivatives with certain organic activators were discovered to be
sensitive to UV and ionizing radiation by Chalkley (1-3). Subsequent
research and development of these materials as dosimeters has been
undertaken at the U.S. National Bureau of Standards (4-7), EG &c G,
Inc. (8), and Sandia Laboratories (9-10). This work has resulted in
the fabrication of dosimeters in several forms, including plastic films,
coatings, gels, impregnated paper, and liquid solutions.

Some of the properties of these dosimeters which make them
desirable in high-dose applications are: near-linear response over a
wide range of doses, dose-rate independence up to at least 1015 rads/sec,
energy independence of response down to a few keV, small temperature
dependence (less than 10 percent over the range 0 to 100°C), long shelf
life, excellent stability of radiation-induced coloration, and no oxygen
effect.

The plastic forms of these dosimeters have the highest dose
range, smallest temperature effect, and gre. test ease of handling and
readout. Two types of plastic film dosimeters were therefore chosen
for the current measurements in the Greek Research Reactor; a nylon
solid solution of hexahydroxyethyl pararosarviiine-cyanide and the other
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a polychlorostyrene solid solution of malachite green-methoxide. Both
films are useful in the dose range of 105 to over 107 rads. The optical
absorption bands are very broad and peak at 600 nm for the nylon
matrix and at 430 nm and 630 nm for the polychlorostyrene matrix.

Description of Experiment

Four dosimetry packets were prepared, two using nylon
matrix films, and two using polychlorostyrene mairix films. Each
packet consisted of six 1-cm square by approximately 0. 05 mm thick
films in a stack with 3-mm thick pieces of nylon or polystyrene on the
front and back of the packet for electron equilibration. One packet of
each type was irradiated at position A-6 and one of each at B-7 in the
reactor operated at full 5-MW power The packets were sealed in water-
tight polyethylene bags and attached to an aluminum holder fitted with
lead weights. The packets were lowered manually into the irradiation
positions by means of a nylon line. The last 75 - 100 cm of travel was
by "free fall", and exposure time errors introduced during positioning
of the dosimeter packets are considered negligible. The exposure times
are shown in Table 1.

TABLE 1

Reactor Exposure Times

Radiachromic
Dosimeter Packet Reactor Position Exposure Time

Nylon

Nylon

Polychlorostyrene

Polychlorostyrene

A-6

B-7

A-6

B-7

3. 5 minutes

3. 0 minutes

3. 0 minutes

6. 0 minutes

After exposure, the packets were recovered, disassembled,
and each individual dosimeter placed in a small light-tight envelope and
hand-carried to EG & G, Inc., in Santa Barbara, California. There
they were optically read out three days following exposure using
instrumentation specially designed for these dosimetry materials. The
reader consists of a tungsten light source, a Bausch and Lomb double
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grating mono ehr ornato r, a custom fabricated ITT photodiode (built
with special guard ring to decrease dark current by two decades and
with a special higher (red) wavelength sensitive photocathode), a Cary
vibrating reed eLectrometer, and a digital display.

Several dosimeter films taken from the same batch as the
reactor-irradiated films were used to construct a calibration curve.
These films, which were packaged the same way as those irradiated in
the reactor, were exposed in a 60Co source calibrated with a Fricke
dosimeter.

Experimental Results

The calibration curves for the two types of radiachromic
films are shown in Figures 1 and 2. All nylon matrix dosimeters used
both in the reactor and for the calibration were of the same thickness,
0,0533 mm, and all data shown is for that thickness. The thickness of
the polychlorostyrene dosimeters varied from 0. 0508 to 0. 0676 mm so
all data is given per millimeter thickness.

The readout results of the reactor irradiated dosimeters are
given in Tables 2 and 3. The indicated dose values include neutron
response as well as the gamma-ray dose. The fast-neutron response
depends on the elemental composition of the dosimeters and the neutron
energy spectrum and fluence.

TABLE 2

Readout Data - Radiachromic Nylon Matrix Dosimeters

Reactor Position: A-6

Dosimeter No.

1
2
3
4
5
6

Exposure Time: 3. 5 Minutes

Optical Density Dose

3.62
3.79
3.76
3.80
3.65
3.78

M rad, _.
(H3O)

10
13
12
14
11
13

Average: 12.5
Dose Rate: 214 M rad/hr

'tl
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TABLE 2 (cont'd)

Reactor Position: B-7 Exposure Time: 3. 0 Minutes

Dosimeter No. Optical Density Dose

7
8
9

10
11
12

M rad
(H.O)

2.64
2.67
2.57
2.60
2.72
2.54

Average:
Dose Rate:

4 . 7
4 .8
4 .6
4.6
4.9
4 . 5

4 . 7
94 M rad/hr

TABLE 3

Readout Data - Radiachromic Chlorostyrene Ma.trix Dosimeters

Reactor Position: A-6 Exposure Time: 3.0 Minutes

Dosimeter No.

1
2
3
4
5
6

Dosimeter r.
m m

0.0508
0.0508
0.0569
0.0603
0.0605
0.0508

Dose

Reactor Position: B-7

7
8
9
10
11
12

0.0584
0.569
0.0627
0.0615
0.0676
0.0660

m m

40.9
38.4
40.6
40.2
37.8
39.3

Average:
Dose Rate :

(«a O)
10.5
9.7

10.4
10.3
9.5

10.0
10.1
202 M rad/hr

Exposure Time: 6. 0 Minutes

36.0
37.4
37.3
37.4
36.1
37.0

Average:
Dose Rate:

9.0
9 . 4
9 . 4
9 . 4
9 .0
9 . 3
9 . 3

93 M rad/hr
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Figure 1 - RACM Nylon Matrix «'Co Calibration
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Figure 2 - RACM Chlorostyrene Matrix 6oCo Calibration
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The composition of the dosimeters is shown in Table 4.

TABLE 4

Elemental Composition of Dosimeters

Element
Percent by Weight

Nylon Polychlorostyrene

C

H

O

N

Cl

65.6%

10.5

12.8

11. 1

0

70. 7%

5. 5

0.1

0.2

23.5

The neutron fluence rate for neutrons above 1 MeV as
measured by the nickel foils was 3. 15 x 1012 n cm"3 s"1 for position
A-6, and 6.82 x 1011 n cm"3 s"1 for position B-7. The neutron energy
spectrum was assumed to be a fission spectrum, and the energy
deposited in the dosimeter materials as a result of fast neutrons was
calculated using the method recommended by the American Society for
Testing and Materials (11). The response of the radiachromic film
dosimeters per unit energy deposited is the same for both fast-neutrons
and gamma-ray exposures. The thermal neutrons were assumed to
have a negligible effect. Further details of these calculations are given
in Appendix 3.

A summary of the dosimetry results is given in Table 5
which shows the calculated fast neutron response as well as the net
gamma-ray doses. The estimated measurement errors are also
shown. The nylon matrix dosimeters irradiated in position A-6 were
essentially saturated, leading to a larger estimated error.
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TABLE 5

Summary of Radiachromic Dosimßtry Results

Reactor
Position

Radiachromic
System

Total Dose Neutron
Rate Contribution

Gamma- ray
Dose Rate

1. L. Chalkley, "Phototropy", Chem. Rev. 6, 217 ( 19¿9)

2. L. Chalkley, "Photometric Papers Sensitive Only to Short
Wave Ultraviolet", J. of Optical Soc. of Amer. _42, 387 (1952).

3. L. Chalkley, "Conditions for Projection Copying on Dye
Cyanide Sensitized Materials", Photographic Sei. and Eng. J5,
174 (1959)

4. W. L. McLaughlin and L. Chalkley, "Low Atomic Number Dye
Systems for Ionizing Radiation Measurement", Photographic
Sei. and Eng. % 159 (1965)

5. W. L. McLaughlin and L. Chalkley, "Measurement of Radiation
Dose Distributions with Photochromic Materials", Radiology JÎ4,
124 (1965)

6. W. L. McLaughlin and L. Chalkley, "Versatile Chemical
Dosirnetry Systems for Radiation Processing", Transactions
of the Amer. Ñucl.Soc. j>2, (No. 1) 10 June (1967)

7. W. L. McLaughlin, Manual of Radiation Dosimetry, Marcel
DeKker, New York, p. 377 (1970)

8. K. C. Humpherys and R. L. Wilcox, "High Dose Range X-ray
and Gamma-ray Dosimeter", EG&G, Santa Barbara Division
Report No. S-424-R, April 1968
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