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Van d~ r,raaff acnlt!ratur at Ih~ Institutu d~ Física. Ui\'A.\I. has h~("u d/."lnmill/."d

ti5illg th~ chloral~b)'dral~ aqul."utis~sulu.ti()lI do_"iÍmd~r. ,\I~an mas." ah."oTption cOf'f-

ficit!'lts fOT s~'}('Tal matnials W~Tf' also calctdall."d in oTd" to u';/." lb/." lacilil) for

s~!)~Tall."xpniml."nts.

INTRODUCTION

A high~intensity X-ray facility ottached to an electron Van de Graaff ac-

celerator at the Instituto de Física, UNAM, has been under development as a

source of ionizing radiation in research and large-scole ex¡:::eriments on radiation

chemistry, foad preservatíon by irradiation, surgícal-materiols sterilization, in-

dustrial radiography ond rodiobiology. The chorocteristics of the X-roy beom ore

required for this work ond hence hove been determined.

Figure 1 is a schematic representation of the facility and is self-explana-

tory. Figure 2 shows the bottom section of the accelerotor, described in detail by

Limónl, ond also the main area for experiments with a total volume of about 4m3
•

Controls for the accelerator and target are outside of the high-intens ity rodiation

oreo, so operation ex pos ure to radiation is considerobly less than thot permitted

by radiological safety.

X-rays with energies of up to 1.5 MeV are produced by bombarding o HVEC

gold target2 with electrons from the Van de Graaff occelerator. The electron beam

is handled with two focusing coils, shown in Figure 1, in arder te produce differ-

ent beam diametel's at the insuloted target where the beom current is measured.

In arder to measure the X-ray íntensity distribution at various distances

from the target, the following requirements are necessory:

1) The meosuring device must be able to obtain the point-to-point spatiol distri-

bution in o lorge oreo with a minimum of absarption of the radiotion energy.

2} The response of the device must be essentiolly indepenient of the energy over

a wide range of energies.

3) In the case af a dosimeter, a uniforrn, preferably lineor, chonge ín sorne property

as o funetían af dase ,is necessary.
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or ot leost not be offected4) The device should p-ovide instontoneous reodings

by o lopse in time between irrodiotion ond reoding.

The 0.2 M chlor,l-hydrote oqueous-solution dosimeter wos selected os o

X-i'oy meosuring deviceJ in occordonce with the obove considerotions;

1) The solution wos conto;ned in 2 cmJ recipients, so thot obso"ption is negligi-

ble.
2) Rodiotion-induced chonges in the solution ore independent of the energy4 •

3) The voriation of the pH of the solution jos linear between 100 to 700 rods and

hence is suitoble for use as o dosimeter in this interval.

4) Finolly, the pH voriotion is not affected by o time lapse }Jfovided thot the so-

lut¡on is not exposed to light.

Several experiments were olso done with octivoted coba It-borosi licate

glass dosimeters5, but the energy dependence of this dosimeter is nct known.

EX PERIMENTS AND RESULTS

A wooden table with interchongeoble legs wos used to position the recipi-

ents with the so\ution. The table wos positioned accurately under the target so

that the center of the table corresponds to the center of the target. The dosime-

ter solution wos prepared ond dose reodings were done following the method de-

scribed indetail by Limón1•

Dose rotes varies with distances from the target according to the relotions

shO"Nn in Figure 3 f..:>rseverol energies of the electrons. The intensity of .he

radiation differs from the inverse-squcre distance relation, due to scattering of

the photons ccused by the shieldingwal1s.

The spatial X-ray dose distribution, for on electron beam 4 mm in diameter,

;5 shown in Figures 4 and 5, f\Jr several distances olong oxes perpendicular to

the electron beam. It can be seen that the shope of the X-ray beam is considera-

bly different from that of the parent electron beam. This results becouse the

X-rays ore emitted in a cone whose apex is the parent electron beam. Additional
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evidence is thot the X-ray beum length ond width distributions are opproximately

the Some ot distonces from the target greater than 60cm.

The ••.I-¡ope of the electron beam at the position of the torget has been de-

termined for severol conditions of the focusing coils, removing the target ond

using po!yvinyl chloride plotes (Johnston Industrial Plostics, 3070) and intensi

fying screens (por-speed, Du Pont). These shapes are shown in Figure 6.

DOSIMETRY AND SUGGESTED PROCEDURE FOR EXPERIMENTS.

The suggested procedure for experiments is as follows:

i) In the case of liquids or solids, in order ta obtoin un!formity of dose olong the

sample, it is necessary that sjze mu'it be selected by taking in occount the

s¡:XJtial dose distribution shown in Figures 4. ond 5, because for severa! positions

the variation of the point-to-point dose distribution is quite lorge.

ji) After selection of sample size ond its most suitoble position relotive to the

target, dose rote in the sample (D.R.)s can be derermined by use of the relation

~f.1/p), (D.R.)
(f.1/P)d "

(1)

where (D.R.)d is the dose for a dosimeter exposed in the some conditions as that

of the somple. C¡¡IP)5and (¡..,dp)d are the mean mass energy obsorption coet-

ficients for the system ond dosimeter, res pective !y.

The energy spectrum for the X-roys is known6•7 (see Figure 7) so that the

rodiotion beam can be considered as the sum of monoenergetic beoms that are ah-

sorbed independently by the material. The mean coefficient is a function of the

energies and the number of photons in each energy ronge and con be colculoted by

combining graphicol!y the spectrum and the voriotion of the mass obsorption coef-

ficient with the energy ond occording ta the relation
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(¡j./p) ¿ u', (!,Ip),,
(2)

where Il'¡ is the weight froction and (J-l/p)j the mosS obsorption coefficient for the

ith element in the medium.

Meon coefficients have been co1culoted, at different electrOfl beamenergies,

for severol moter;ols including some typicol dosimeters (see Toble 1).

It is recommended thot for liquids the typicol Fricke solution8 be used as

o secondcry dosimeter.

For solids, some commercial dosimeters are ovailable, such os cobalt-acti-

vated borosilicote gloss, silver-activoted phosphote 910ss, (Bousch and Lomb);

Iithium fluoride powder Q (Harshow, Controls for Rodiation, or Modison Research).
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!Vean moss obsorption coefficients (cm'/.)

Maximum X.rey energy (MeV) 0.5 0.75 1.00 1.25 1.50

W-Jter 0.2206 0.1557 0.1309 0.1224 0.1097

0.2 M chlorol hydrate aqueous solution 0.6095 0.5070 0.3806 0.3498 0.2869
----------

0.001 M ferrous ommonium sulfate,
0.001 M sodium ehloride, 0.8N sulphuric 0.2259 0.1615 0.1590 0.1261 0.1126
ocid (Fricke solution)

Cobalt octivated borosilicate glass 0.2989 0.2551 0.2020. 0.1875 0.1609
dos ¡meter

Polyvinyl ehloride plates 0.5258 0.4431 0.3347 0.3079 0.2539

T('lble l. Mean mass obsorption coefficients, ot different electron beam energies,

for severol materiols, including Sorne typicol secondary dosimeters.
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Fig.2 The HVEC gold target arra y at the bottom of the accelerator, shawing
several detoils. A indicates the switch system connected to the sofety
interlocks in the control room outside of the high-Ievel radiation oreo.
a is the water cooling to prevent excessive overheating for electron
beam currents of up to 250 j.1A. C indicotes the output of the air con.
ditioned system to minimize the presence of ozone proouced by red:.
ation. O shows the output window of radiation.
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Fig.3 Dose rate voriation with distance from the target. The data are reported

in terms of rads per minute per j.J.Ax MeV of the electron beom. This unit
refers to On absorbed dose and is dependent on the materia l.
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Spot¡al X-rays dose distriLutiUrl for several distances along tr.e N-S
axis perpendicular to the direetion of the eleetron beam. The data
are reported in terms of rads per minute per pA xMeY of the eleetron
beam.
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Fig.5 Spatial X-rays dose distribution for severa I distonces oloog the E-W
axis perpendiculor to the direction of the electron beom. The dato
are reported in terms of rods per minute per ¡;A x MeV of the electron

beom.

205



REYES Y LIMeN

Foeusir\Q coil, current
lA)

1.2

1.1

1.0

0.9

0.8

VOL, 18

Electron beom ene'GY
o 1.0 •••V
• 1.1
P 1.41.5

0.7

0.6

0.5

0.4

0.3

0.2

0.1

10 8 6

o

~.i
4 2 O

Beam diomete,
2

(mm)

10

Fig.6 Shopes of the electron beoms ot the torget position for severol currents
ond conditions of the focusing coils, determined by colorotion of poly~

vinyl chloride plotes ond luminescence of por-speed intensifying sc~eens.
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Fig.7 Bremsstrahlung spoelra of 0.5. 0.75. 1.0. 1.25 ond 1.5 MeY eleetrons
on a gold torget. (1) represents the intensity of the X~rays beom in
photons per scexfJ.Ax sterodian ond was determined from the experi-

mental dato of Edelsock6 ond Donce7• The 0.1 MeV energy intervols
plotted in the figure were used in the colculation of the variotion of
the mean coefficients with energy.






