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Abstract

This work describes a new design of a gamma irradiator for RVNRL which obeys a reliable operation
and an efficient economical equation. Our irradiator is of a nobel design according to present
requirements of latex industries and to the state of the art of radiation technology.. The irradiator is
of a wet storage type, where the radiactive sources are fixed in the reactor vessel, permanently
submerged in deionised water. Preformulated latex is pumped from a deposite vessel into the reactor
vessel and it is recirculated during the irradiation cycle avoiding turbulences and dose
inhomogeneities. The irradiation time per one ton batch with a Co-60 charge of 3.5E15 Bq (100 kCi)
is of approximately 4 hours

INTRODUCTION

Over the past 30 years several pilot, medium and high - capacity Co-60 gamma irradiation facilities
were built and installed successfully.
The major part of the approximately 160 industrial irradiators are "package irradiators", using
standard dimensions for boxes and cartons. These irradiators are very important for sterilization
purposes, but are not efficient for treatment of liquid or fluid substances like, enzyme solutions,
serum, or as in the present activity the irradiation of NRL for vulcanization.
In the past our country was able to built multipurpose irradiators:

a) mobil irradiator (Cancio et al, 1977)
b) package irradiator (Lombardo and Smolko, 1990)

Although several irradiator have been designed and built specially for latex, (Makuuchi et al, 1990;
Muhd Noor Bin Muhd Yunus, 1989) we are considering an alternative option
In this ocassion the design is a single purpose, wet storage type, with the Co-60 sources submerged
and mounted inside the reactor vessel.

DESIGN PRINCIPLES

The facility having a capacity to irradiate more than 100 ton/year can be classified according to
Makuuchi (1996) as a single purpose, wet type, batch like process for commercialization work. It
consists of a single stainless steel reactor, deposited on the floor of a 6 m deep deionised water pool.
The reactor vessel contains a source rack ring shaped, containing 60 independent positions for each
Co-60 pencil.
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The charge and discharge of the sources is provided as in any other pool for sources interchanging
purposes.
Latex is pumped from a feed tank to the reactor vessel by a pipe system, and enters the vessel through
the central hole of the source rack system in the vessel top covering. This covering is part of the
source rack.
Latex is flowing continuously during the irradiation time of the batch which could stands up to 4
hours in the reactor and tubing system.
The volume of the batch is around 1,5 m3.
The RV system consists like in other latex single purpose irradiators facilities of the reactor vessel the
emulsification and mixing tanks.

PROCESS PARAMETERS

In the study of the gamma irradiator for RVNRL, we considered the main parameters of a facility for
commercialization purposes.
These parameters are the dose of vulcanization Dv in kGy and the facility scale M in ton /year.
With Dv and M we calculated the strenght of the Co-60 source S and the efficiency of the facility.
The radiactive source of our facility is located in the reactor completely surrounded by the latex fluid
in a 360 rad configuration

CALCULATION OF THE SOURCE STRENGTH,
THE VULCANIZATION TIME AND THE EFFICIENCY

The absorbed energy Ea of M (ton) of latex irradiated per year with dose Dv (kGy) is,

ton
yr

The energy emitted by a Co-60 source of S (MCi) is

where qi are adimensional unit equivalences.

The efficiency is

(3) Tl(%) = ^
Le

and for t| = 100 the whole emitted energy is absorbed by the material.

(4) Ea = Ee

When r\ eguals to 100 % applying (4) we obtain the source strength S
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M.D
(5) S = - 7 —

w h e r e 1 1 ^ ' = Q = <?' * Q2 ' <73

I

and
qi = power equivalence between MCi and kW
q2 = energy equivalence between kWh and J
q3 = annual time equivalence between yr and h

then q,= 14.8 (kW/MCi)
q2=3.6x 106(J/kWh)
q3 = 8760 (h/yr)

In the present case we have M= 600 (ton/year), Dv= 15 (kGy)

hence Ea (J/yr) = 600x 103x 15x 103 = lx 1010(J/yr)
Ee(J/yr) = S (MCi)x 466x 7328x 109

from (5)
S (MCi) = 0.021427 or

S = 21.427 (Ci)

Without taken in consideration the source decay, self adsorption, geometry, e'c. with approximately
22 KCi it is theoncally possible to vulcanize 600 ton/year of latex irradiated at 15 kGy.

If efficiency factors are considered

annual working time = fi
12.3 % annually decay of the source = f2
adsorption and geometry = f3

with fi = 0.7; f2 =0.94; f3 =0.8

the total efficiency factor / =

then f = 0.7 x 0.94 x 0.8
= 0.5264

The effective source strength for treatment of 600 ton/year results then higher in the following
relationship.

(6, S = S'»f

where S' is the effective source strength been equal to

(7) f
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S' = 21.427/0.5264

S' = 40.704 Ci

This is the minimum charge of Co-60 for a 600 ton/ year facility.
The irradiation time of vulcanization for a batch of one ton is

tv= 6000 (h/yr) / 600 (ton/yr)

t.,- I0(h/ton)

But for a source strength of 100 kCi (lie tv is only 4 (h/ton).
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