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From the Desk of Chief Executive

Season Greetings to All!!!!

It gives me immense pleasure in releasing the first Annual BRIT Bulletin 2015. It is necessary to
highlight the dedicated in-house research being carried out by the officers of BRIT, while
carrying out their regular duties of production and supply of radiation and its related products for
societal benefits.

The scientific and technical contributions of BRIT are varied and significant. The domain of
scientific activities ranges from studies related to radiopharmaceuticals and labelled compounds to
engineering applications which includes engineering design and development; isotope applications
for industries; radiation processing for spices and medical products; radioanalytical laboratories
and sealed sources engineering.

Over a span of 26 years, BRIT has grown vertically and achieved greater heights in terms of their
products and/or services for the society because of good quality and challenging R&D activities,
either individually or in collaboration with BARC.

BRIT Bulletin, to be published annually, would continue to give an account of various R&D
activities along with General/Feature articles and important contributions from diverse areas of
science.

I convey my heartiest congratulations to all of you at BRIT for bringing out this issue of BRIT
Bulletin-2015 and wish that it continues to contribute their R&D studies in the coming issues.

G. Ganesh





From the Editor’s Desk

This is the first issue of BRIT Bulletin (BB). It would showcase the scientific and technical
studies being carried out by BRIT staff in addition to their regular services of production and
supply of radioactivity products & radiation equipments to various users all over the country.

I take the opportunity to sincerely thank all the scientists and engineers who have contributed their
articles to BB during 2015. Also, we look forward for many more good articles for the future
Bulletins, which would be published annually. BRIT Bulletin would become an important
 medium to express major scientific achievements and hope that the readership would only increase,
not only within BRIT but other units of DAE as well.

This issue carries two articles each in the categories of ‘Brief Communication’, ‘Original Research
Article’ and ‘General/Feature Article’. BRIT has diverse areas of discipline and BRIT Bulletin
would be a culmination of various articles from different divisions of BRIT.

Hope you all find the issue interesting and contribute generously, with not only good quality research
and development work, but also General/Feature articles, which would interest everyone.
By bringing BB issues annually, our main interest lies in bringing BRITians more closer than before.

 Last but not the least, I would like to thank Mr. Piyush Srivastava, SGM, Engineering and
Corporate Planning and Chief Executive, BRIT, for not only instilling faith in my idea of bringing
out BRIT Bulletin issues annually but also provided full support in making it see its day.

Tarveen Karir
Manager,

Scientific Information Resources & Publications
(SIR&P/BRIT)
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LABELING OF CHLORAMPHENICOL WITH TRITIUM RADIOISOTOPE

Deepak B. Kalgutkar

Labelled Compounds, Board of Radiation & Isotope Technology

Abstract

The  paper  presents  a  convenient  and  efficient  method  for  the preparation  of tritiated  chloramphenicol.
Labeling  of  chloramphenicol  is  carried  out  by  water  exchange  method  in  the  presence  of  platinum
metal  as a catalyst. Under  the  applied  reaction  conditions  the  hydrogen  atoms  of  an  organic
compound readily gets  exchanged  with  the  tritium  atoms  of  tritiated  water.  The  method  is  applied
to  prepare  randomly  labeled heat  stable  biologically active  important organic compounds.

 Introduction

Chloramphenicol was originally isolated from the soil organism, Streptomyces venezuelae, but is now
produced synthetically. Chloramphenicol has a broad spectrum of anti-bacterial activity and has been
effective in treating typhoid, meningitis, plague, cholera, etc. by typically stopping the synthesis of protein1

in them. It prevents protein chain elongation by inhibiting the peptidyl transferase activity of the bacterial
ribosome. It specifically binds to A2451 and A2452 residues in the 23S rRNA of the 50S ribosomal
subunit, preventing peptide bond formation. Therefore chloramphenicol labeled with tritium or
Carbon-14 is of particular interest for studies of the antibiotic action and reaction mechanisms. Along
with its anti-bacterial activities it is also associated with a haemotoxic effects in humans. One  of them is
dose  related  reversible bone-marrow  depression  and  the  other  is   irreversible  non-dose  related
severe aplastic anaemia. For investigating these complex biological problems and study of toxicity of
drugs, tritium  labeled  chloramphenicol  is found to be useful tool in biological  research.

Experimental

 All the reagents used were purchased from commercial suppliers. Analytical and preparative TLC was
performed using silica gel coated plastic sheets from E. Merck (Silica gel 60 F

254
). The authentic samples

of Chloramphenicol were of Sigma grade. The catalyst PtO
2
, was procured from Merck. The radiochemical

purity of labeled product was determined by scanning the TLC sheets by means of a Berthold make TLC
Scanner. The radioactivity was measured using ECIL make liquid scintillation analyzer (LSS20). The
compounds were visualized at 254 nm using Camag UV light.

Tritiated chloramphenicol was prepared by water exchange method. A special type of apparatus was
designed for labeling in which two small glass bulbs of 5mL volume were connected to each other by a
common side arm and break seal arrangements.

All the operations were carried out in a vacuum manifold.
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In bulb 1 of the apparatus 30 mg of platinum dioxide (PtO
2
)

 
and 200 mL of methanol was taken. The

apparatus was connected to vacuum manifold and introduced hydrogen gas at 1 atm. Reduction of platinum
dioxide to platinum was completed within 10 minutes. To this, a solution of  7.5 mg chloramphenicol in
200 mL of methanol was added, mixed well and sealed after complete removal of methanol by vacuum
distillation.

In bulb 2 of the apparatus 25 mg of PtO
2 
was taken

 
and evacuated in a vacuum manifold. 10 Ci of tritium

gas was introduced into the bulb by heating uranium tritide trap.  The oxidation of tritium gas by PtO
2

produced high specific activity tritiated water. Un-reacted tritium gas was back absorbed in uranium
tritide trap and the tritiated water formed was vacuum transferred to the reaction bulb 1. The bulb was
sealed and immersed in oil bath. The isotope exchange reaction was then carried out at 65°C for 24
hours. After the completion of reaction the flask was connected to vacuum manifold, opened the break
seal and vacuum transferred the tritiated water to another flask. The reaction mixture in bulb1 was taken
in methanol and filtered through G-4 filter to remove catalyst. The solution of   labelled product in 50%
aqueous ethanol was then rotary evaporated repeatedly to remove labile tritium activity.

The  crude  product obtained was analyzed  for  radiochemical  purity by thin  layer chromatography
(TLC)  in a  solvent  system Methanol : Chloroform : Water ; 10:80:10 (v/v/v). The product was found to
be 61% pure when the developed TLC plate was scanned under radio TLC scanner (Figure 1). The
impure product was purified by preparative thin layer chromatography in the same solvent system as
described above followed by autoradiography. Using autoradiograph the Rf of purified tritium labelled
chloramphenicol was compared with that of the authentic chloramphenicol spot on the preparative TLC
plate (Figure 2). The silica of the marked radiolabelled chloramphenicol was scratched out, collected in
a flask and extracted with methanol. The  radioactivity  assay   of  purified  product  was  then carried  out
with  liquid  scintillation  analyzer  and  concentration  was  found  out  by U.V. spectrophotometer at  272
nm using  standards.

Results and Discussion

Catalytic water exchange reactions are generally carried out at 100 – 120°C for 16 -24 hours. At this
temperature, it was observed that the yield of tritium labelled chloramphenicol obtained was very low.
This may be attributed to the formation of large number of other radiochemical impurities. Considering
the effect of temperature, the exchange reaction was carried out at 65°C for 24 hours and it was found
that the radiochemical yield of desired product obtained was more than 60%. Tritiated chloramphenicol
was then separated from the impurities by employing thin layer chromatography. Thin layer chromatography
method of purification was preferred because some of the radiochemical impurities closely moving with
tritiated chloramphenicol could not be separated efficiently by paper chromatography or HPLC2,3.
The final product obtained had the specific activity 1500 mCi/mmol and a radiochemical
purity >98% (Figure 3).

 The method of labeling by water-tritium exchange was preferred over chemical synthesis,4,5. It is because,
in chemical synthesis method, usually a mixture of isomers of compound are formed and are difficult to
separate due to their same chemical nature. In the described method, the exchange of isotopes of hydrogen
of compound and tritiated water takes place under the mild reaction conditions therefore the configuration
of the molecule is retained as the hydrogen atom substitution takes place at asymmetrical carbon atoms.
This method has thus opened up the possibility of producing biologically active tritium labeled compounds
with high molar activity.
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Figure 1: Radiochromatogram of crude tritium labeled
Chloramphenicol

Figure 2: Autoradiograph of purified tritium labeled
Chloramphenicol on preparative TLC

Figure 3: Radiochromatogram of pure tritium labeled
Chloramphenicol
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DESIGN & DEVELOPMENT OF X-RAY BASED LABORATORY
IRRADIATOR (XIR-600)

P. Dewan, D.G. Mahesh, D.K. Sahoo, L.N. Bandi, P. Srivastava, A.K. Kohli

Engineering Group, Board of Radiation & Isotope Technology

Introduction

Worldwide there has been impetus towards non
radioisotope based radiation processing techniques. The main
principle behind this transition lies in inherent risks associated
with handling and transportation of radioactive sources.
Increasing terrorist activities that can lead to diversion of these
sources for dirty bomb is another concern. BRIT has designed
and developed XIR-600 which is an X-ray based laboratory
irradiator that can be used for research purpose. Radiation safety
standards for X-ray irradiator are less demanding as the radiation
in these irradiators can easily be regulated as per requirement.
XIR-600 does not have regulatory burden which are
conventionally associated with the use of radioactive sources.
In general, X-rays are lower in energy than gamma rays and
thus, X-ray irradiators require far less shielding, making it lighter
weight to ship and  economical. XIR-600 shall be used for various
low dose applications such as biological and medical studies,
particularly tissues and cell studies and small animal research.

Description

XIR-600 is a category-I irradiator as per IAEA standards. Fig. 1 shows the external appearance of the

irradiator. External dimensions of irradiator in millimetre are 1360(W) X 1960(H) X 690(D). Two X-ray

tubes of 140 kV and 5 mA each serves as the source of radiation. Lead shielding of 3mm is provided to

keep the radiation levels below permissible limits. The tubeheads are arranged one above the other with

their apertures facing each other. In between the tubeheads, a cylindrical product jar is located at the

centre of the tubehead assembly. Product jar is irradiated with X-rays emitted by both the tubeheads.

Product jar is rotated at 60 rpm to ensure optimum dose uniformity. Tubeheads are mounted on a lead

screw to vary the distance between the source and product as per requirement. The distance between

tubehead aperture and product jar is displayed on control panel. Product window is interlocked to

ensure radiation safety of the operating  personnel. The operating power of tubeheads can be varied to

adjust the intensity of emergent X-ray beam. A touchscreen based user interface is provided.

Figure 1: External appearance of the
Irradiator
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X-ray tubes

X-rays are produced when high velocity electrons collide with a high atomic number target. In X-ray
tubes, the electrons which are emitted by anode are accelerated through the electric field to attain sufficient
speed. High energy electrons strike cathode producing X-ray photons. The X-rays emitted by cathode
are collimated to a 60° conical beam which emerges out from the aperture of tubehead. The X-ray insert
that is used in XIR-600 is a single focus and stationary anode type. Typical energies of X-ray photons, at
full power operation, lie in the range of 40-140keV. Tubeheads are cylindrical in construction having
diameter 150 mm X length 480mm and weighing  25 kg each.

High voltage generator

High voltage (HV) generator steps up the input voltage to kV range required for the operation of
X-ray tubes. A single HV generator drives both tubeheads consuming 800W each. The HV generator
used in XIR-600 operates in continuously adjustable range of 10-140 kV. Voltage fed to the two tubeheads
is identical. However, the tube currents are individually adjustable. Individual tube current can be varied
from 0-5 mA. There is an overload protection circuit breaker for HV generator.

Product carrier
Product canister is made in two sizes:

I. ø 88 X 90 mm (550ml)
II. ø 88 X 115 mm (700ml)

Canister is placed in product carrier located between the X-Ray tubeheads. It is constructed of acrylic
(density 1.1gm/cc3) which reduces the radiation attenuation losses. Product canister is located at the
center of tubehead assembly; this arrangement is favourable for good dose uniformity ratio (DUR). The
canister is driven at 60 rpm by a motor. Product carrier can be accessed by opening the product window.
Speed of rotation of canister can be changed as per the requirements.

Exposure chamber and cabinet

X-rays are lower in energy than gamma rays, consequently X-ray irradiators are lighter to ship and are
less expensive, as they require less shielding. The equipment cabinet is made of square tube (40X3
thick.) with removable panels. The panels around tubehead are lined with 3mm thick lead sheets creating
a shielded chamber. X-ray tubes and product carrier are located inside the exposure chamber. Panels are
fastened to the sq. tube frame using allen sockets. For ease of movement, the Irradiator is equipped with
four canisters wheels.

Control system

The control system required for XIR-600 irradiator is very simple and straight forward. A control
arrangement is provided to set  residence time of product as needed for delivering the intended radiation
dose. There is no need of decay correction. One key lock is used to operate the irradiator.
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Operation

The door will be opened and the product can be placed inside the product chamber. Once the door is
closed, the limit switch actuates and the door is locked. We can select one or both the tubes for operation.
The voltage and current of the X-ray tubes can be preset from control panel. The irradiator has a position
sensor to display the distance between canister and X-ray tubes. Safety interlock has been provided in
such a way that product window cannot be opened during the operation of X-ray tubes. A limit switch
with safety lock prevents accidental opening of product window. Once the preset time is elapsed, the X-
ray tube would be switched off automatically. The product window can be opened and the product can
be removed.

Shielding Integrity

The exposure chamber is provided with 3mm of lead lining to keep the radiation levels below acceptable
limits. Radiometry has also been carried out to check the shielding integrity. The maximum radiation level
observed for 140 kV and 2mA is 10 mR/hr.

Safety

XIR-600 irradiator shall be located into a room approved by AERB. No other activity will be permitted
in that portion of the room. Personnel monitoring will be done for the operators of XIR-600. A singe
person will be needed to operate this type of irradiator at any time in a particular shift.

The design is inherently safe. The irradiator has only a few driving mechanism making it a very simple to
operate and almost maintenance free. There is no postulated incident in which a person can get exposed
to radiation.

Conclusion:

X-ray based laboratory Irradiator is inherently safe as it is an ‘ON’ and ‘OFF’ type system. There is no
need to have separate transport approval for carrying XIR-600 from one place to other as radioactive
sources are not involved. The irradiator being very simple in design is easy to operate. Since very few
mechanical components are involved, the equipment requires less maintenance. The equipment consists
of various safety interlock such as product window interlock, temperature sensor, rotary encoder and
rotating chamber feedback to make the equipment safe for personnel and the product being irradiated.
The equipment can be used for various low dose applications such as biological and medicinal studies
particularly tissues and cell studies and small animal research.
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INDIGENOUSLY DEVELOPED HOT CELL PROCESS MODULES FOR
EFFICIENT PRODUCTION OF THERAPEUTIC 131I-MIBG DOSES FOR

CLINICAL USE

G. Prabhakar, Anupam Mathur, B.K. Tiwary, G. Shunmugam, Navin Sakhare, Vrinda P.C.,
Chetan Kothalkar, A.C. Dey, S.S. Sachdev

Radiopharmaceuticals Program, Board of Radiation and Isotope Technology

Abstract

131I-meta-Iodobenzylguanidine (mIBG) is a known therapeutic radiopharmaceutical used in the management
of neuroendocrine tumors, in specific, adrenal medulla tumors. The development of therapeutic
131I-mIBG doses at production level is highly challenging due to rapid product degradation and high
radiation exposures to the production plant personnel. In the present work, a suitable lead-shielded
glove box (hot cell) for the bulk synthesis of therapeutic 131I-mIBG doses is presented. The hot cell has
three compartmentalized synthetic modules, for carrying out high temperature radiolabeling reaction,
purification-sterilization and dilution-dispensing of therapeutic doses, all under aseptic environment.  The
labeled product complies with the pharmaceutical specifications suitable for in vivo patient use.

Introduction

Worldwide, 131I- meta Iodo Benzyl Guanidine (mIBG) is used for the diagnosis and therapy of
neuroendocrine tumors, in particular, adrenal medullae tumors. These tumors store and secrete large
amount of catecholamines, which is of high risk to the patients. 131I-mIBG due to its structural similarity
with norepinephrine, enters the cell of neuroendocrine tumors and gets localized, making it highly sensitive
and specific tool for the detection and treatment of tumors.

131I-mIBG is mainly produced by isotope exchange of the cold mIBG ligand for clinical use [1]. Several
exchange labeling methods involving use of ammonium sulphate [2] and copper (I and II) salts as catalyst
[3-5] have been used, for improving the labeling yield of the reaction and the specific activity of the
product. The in-situ copper (I) catalyzed reaction has yielded the product with best radiolabeled
specifications. In an attempt to increase the tumor efficacy of the labeled 131I-mIBG and eliminate the
possibilities of pharmacological effects associated with unlabeled mIBG, a number of methods for the
preparation of no carrier added (NCA) 131I-mIBG were attempted [1]. The preparation of
NCA 131I-mIBG from silyl [6] or stannyl derivatives [7] or polymer supported tin precursor [8] is of
immense interest and has shown considerable promise in vitro and is presently under clinical trial.

The diagnostic doses of 131I-mIBG vary from 0.5-1 mCi per patient [9], however, single therapeutic
dose ranges from 100-300 mCi with a mean cumulative dosage of 3.3 doses per year [10]. The total
therapeutic dosage to the patient, however, is variable, with the limiting factor being the total radiation
dose to the patient bone marrow. Some of the therapeutic protocols recommend an initial single therapeutic
dosage of 300-800 mCi for favorable therapeutic response [10]. To meet the increasing demands, a
working protocol for the large scale production of therapeutic doses of 131I-mIBG is essential. However,
the development of therapeutic doses of 131I-mIBG in bulk level is very challenging as it involves handling

___   9  ___
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of high levels of 131I radioactivity thereby increasing the radiation risk to the production personnel. Also,
high radioactive concentrations of the therapeutic product formulations lead to poor product stability
thereby limiting its clinical utility over short period and supply to Nuclear Medicine Centres in close
proximity.

In the present work, the authors have presented a working module for the preparation of therapeutic
doses of 131I-mIBG, for the regular production of 15 doses of 100 mCi each in a single production batch,
with increased product shelf-life and reduced radiation burden to the plant operating personnel.

Synthesis of therapeutic 131I-mIBG

General

131I-mIBG therapeutic doses were synthesized in a 4-inch lead shielded glove box (hot cell), with built in
safety features namely charcoal and HEPA filter in tandem, and maintained at a negative pressure of
3 cm water gauge. In addition, the glove box was provided with germicidal UV lights, electrically operated
mobile trolley station for movement of process materials, product, etc. in and out of the hot cell. Further,
the hot cell was equipped with remotely operated, compact dry heating bath for radiolabeling reaction; in
built pneumatic operated capping device and de-capping machine for production operations. Aseptic
distribution of therapeutic doses was carried out with an indigenously developed dispensing unit, comprising
a screw based pneumatic operated needle piercing system, operated in tandem with a peristaltic pump.
Complete operations were carried out under strict GMP compliance codes. All the equipments mentioned
above were in-house designed and fabricated from local agents.

mIBG was obtained from M/s ABX Chemicals, Germany. Copper sulphate, sodium metabisulphite, glacial
acetic acid, sodium acetate, benzyl alcohol and Dowex 1x8 resin were procured from Merck, India. All
the reagents used were of analytical grade and quality control (QC) certified. 131I-Sodium Iodide was
obtained from Dhruva Reactor, Bhabha Atomic Research Centre (BARC), India or NTP Radioisotopes
Private Limited, South Africa.

Radiolabeling

131I-mIBG was prepared by copper (I) assisted nucleophilic isotope exchange reaction [5]. The schematic
representation for the synthesis set-up for the production of Therapeutic 131I-mIBG is shown in Fig 1. In
a typical procedure, 2-4 mg of cold mIBG, 5-6 mg sodium metabisulphite, 68 μg CuSO

4
.5H

2
O and 50

μL of glacial acetic acid were taken in a 10 mL vial to which 1-1.5 Ci 131I-NaI activity was added and
crimped with a silicone rubber stopper using pneumatic crimping tool. The reaction vial was heated at
160ºC in an automatic temperature controlled dry heat metal block for 35-40 min. Upon completion of
the reaction, the reaction vial was allowed to cool at room temperature for 15 min. The vial was then de-
capped using a pneumatic de-capping tool and 2 mL of 0.76 M sodium acetate solution was added to
bring the pH of the final reaction mixture to 5. The radiolabeling yield was determined using PC and
paper electrophoresis. The purification of the reaction mixture was carried, by passing the contents of the
mixture through a small ion-exchange syringe Dowex column (prepared using  ~300 mg of resin) and then
washing the column twice with 2 mL of acetate buffer (0.76 M, pH 5). The purified labeled 131I-mIBG
was measured for total activity, diluted with calculated values of sterile water and saline each containing
~1% benzyl alcohol (radioprotectant) to give the final radioactive concentration of 15 mCi/ mL.
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The labeled preparation was then sterilized by aseptic filtration through 0.22 μm membrane filter assembly
under vacuum and thereafter dispensed using through a peristaltic pump dispensing unit, into sterile sealed
vials and transferred to lead pots under shielding and stored at –78°C. The quality control analysis of the
product was carried out and the product dispatched to various Nuclear Medicine Centres in a dry ice
package.

Quality control

The characterization of labeled 131I-mIBG was carried out by paper chromatography and paper
electrophoresis.

Paper chromatography (PC)

The radiolabeling yield and the purity of 131I-mIBG was determined using propanol: 25% ammonia solution
(3:1 v/v) as developing solvent system.

Paper electrophoresis

The percentage of impurities namely, free 131I- and 131I-IO
3
- activity in the reaction vial was determined

using paper electrophoresis. Paper electrophoresis was carried out in 0.05 M Sodium Acetate buffer
(pH 7.4) for 30 min, under a potential gradient of ~10 V/cm.

Stability studies

The stability of the radiolabeled 131I-mIBG at room temperature was studied at a radioactive concentration
of 15 mCi/ mL over a period of 24 h. The product’s integrity was also checked at -78°C for 7 days using
paper electrophoresis.

Results and discussion

The copper (I) catalyzed method was followed for the exchange reaction, as it leads to the product with
high radiolabeling yield and high specific activity [11]. The pictorial representation of the synthesis glove
box (hot cell) used for carrying out the reaction is shown in Fig. 1. The internal layout of the hot cell is
shown in Fig. 2. Its internal dimension allowed easy delineation inside the cell for manufacturing bulk
doses of radiopharmaceutical in compliance with GMP. The cell was earmarked into three compartments
for easy operation, based on the standard operation protocol, with each division assigned a process
module viz. high temperature heating bath the first process module, purification-sterilization the second
and the dilution-dispensing step being the final module, operated using specially designed gadgets. The
transfer port is separated from the cell using a sash, operated manually using a tong manipulator, an in-
built double locking provision for safety and GMP compliance.

In the present working module, the high temperature (160°C) exchange reaction was carried in a dry
heat metal block, which is a reasonable substitute for oil bath used earlier [12], as it allowed aseptic clean
environment conditions for the injectable product inside the plant. The radioactive reaction vial was
crimped, with remotely placed high temperature resistant silicone rubber cap using a pneumatic crimping
tool, which considerably reduced the personal exposure doses to the plant operation personnel. After the
labeling reaction, further reduction in personal exposure doses could be achieved by remotely removing
the silicone rubber stopper from the active reaction vial using a pneumatic de-capping system. The addition
of 2 mL of 0.76 M of Sodium Acetate solution ensured the final pH of the resulting solution to 5.0.
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The radiolabeling yields of therapeutic preparations, as determined using both, PC (131I-mIBG R
f
 = 0.85;

Free Iodide, 131I, R
f
 = 0.46; Iodate, 131I-IO

3
-, R

f
 = 0) and paper electrophoresis (131I-mIBG, R

f
 = 0; 131I-

, R
f
 = 0.76; 131I-IO

3
-, R

f
 = 0.39) were found to be 82-90%. At low radioactive concentrations of initial

131I-NaI activity, as obtained from local reactor, the labeling yields observed were in the range of 60-
75%. This may be due to larger volumes of iodine activity used for exchange reaction in the latter case,
leading to greater instability arising due to radiolysis.

A syringe Dowex column was used for purification. The use of syringe column allowed easy remote
accessibility of the whole purification process inside the plant. The radiochemical purity of the final product,
after the final formulation, at a radioactive concentrations of 11-15 mCi/ mL, of the different batches,
were found to be 98.5-99.3 % as characterized using PC and paper electrophoresis. The specific activity
observed in various batches was found to be in the range of 120-300 mCi/ mg.

The stability of the labeled 131I-mIBG product, at a radioactive concentration of 15 mCi/ mL, at room
temperature showed a degradation of ~ 17% over a period of 24 h and the product integrity was found
to be >95% over a period of 7 days at -78oC. The radiochemical purity over a period of 7 days at -
78°C, complies with the product specifications as mentioned in the British Pharmacopeia (Ph Eur
monograph 1112, 2007).

The use of 0.22 μm membrane filter under vacuum allowed rapid sterilization, thereby improving the
shelf-life of the product. The product dispensing in 10 mL sealed glass vials, through liquid dispensing
system drastically reduced the radiation exposure. The present working module allowed movement of
sterile therapeutic 131I-mIBG injection vials, for storage at -78°C within 30 min after ion exchange
purification, thereby reducing room temperature radiolytic damage. This allowed usage of therapeutic
doses for prolonged period and also its supply to distant Nuclear Medicine Centres.

Conclusion

This paper presents the feasibility of efficient and rapid synthesis of bulk doses of therapeutic 131I-mIBG
in a cost-effective and safe manner. Synthesis is achieved using three process modules in tandem, using
simple semi-automatic gadgets positioned inside the cell, which were easily adaptable, user-friendly and
remotely operable by plant personnel. Further, the operation protocol described, ensured that the plant
operators receive negligible radiation exposure during bulk batch radiopharmaceutical production, without
compromising the integrity and quality of the end product.
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Fig.1: Lead shielded hot cell for manufacturing therapeutic doses of 131I-mIBG
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Fig.2 Internal layout of the hot cell for carrying out different production steps
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Abstract

Industries are blessed with radioisotope applications for troubleshooting various types of problems.

Especially in refineries, causes of complicated distressful problems could be understood using either

sealed radiation sources and/or radiotracers. In a large petroleum refinery near Mumbai, India, a

problem of carryover of catalyst from the catalytic cracking unit (CCU) towards fractionator was

encountered. Fire hazard due to erosion in the fractionator pipes and column shell was of great

concern to the refinery engineers. The reactor of CCU consists of a riser carrying heavier

hydrocarbons to the top and three primary cyclones and three secondary cyclones for separating

powder from cracked hydrocarbons. The catalyst powder flows towards the bottom and

hydrocarbons towards the fractionators. Gamma scanning of the reactor was carried out with the

help of automatic gamma scanning unit employing 50mCi of Co-60 sealed source to understand the

mechanical integrity of the internals of the reactor and powder accumulation at various locations in

the cyclones. Radiotracer study using irradiated catalyst powder which contained about 25mCi of

Na-24 as radiotracer was carried out with the placement of various scintillation detectors at strategic

locations and acquiring the data in multi-input data acquisition system. Mathematical treatment of

the data was performed using various mathematical models. Results indicated that catalyst powder

is completely filled in one of the cyclones releasing good amount of powder towards the fractionators.

Introduction

Isotope Application Services (IAS) of Board of Radiation and Isotope Technology (BRIT) usually
undertake various industrial applications of radioisotopes like Gamma column scanning, blockage,
void, corrosion detection in pipelines, identification of location of leakage in underground pipelines,
residence time distribution analysis in reactor vessels of any kind, flow rate estimation and flow-
meter calibration, effluent dispersion studies in surface waters and sediment transport studies on
river/sea bed, bore-well interconnection studies for groundwater, studies for the enhanced recovery
of oil from the oil wells, reservoir development, interconnection between oil wells, monitoring
secondary recovery of oil and its effectiveness. Recently a few leaks were identified in Kaushalya
dam near Chandigarh to prevent its water loss and longer availability of water to the surroundings.
Various industries, especially oil refineries are immensely benefitted using the above techniques
online by reducing the downtime of its units saving huge revenue for our country. Thus BRIT is

responsible for both social and economic development of the country through isotope applications.
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In this article one such study is described wherein the cause of malfunctioning of an equipment

called ‘catalytic cracking unit’ (CCU) could not be understood by the engineers of the refinery of

Bharat Petroleum Corporation Limited (BPCL) even after opening the unit during shutdown.

In petroleum refinery, crude is initially heated in a furnace and fed to crude distillation unit for

separation of various petroleum products like liquefied petroleum gas, gasoline (petrol/motor spirit),

high speed diesel, kerosene, aviation turbine fuel, furnace oil, black oil, etc. These high value

products are further purified and supplied to the consumers through their retail outlets. However,

to maximize the production of these high value products, the residue in the crude distillation unit i.e.

reduced crude oil (RCO) which mainly comprises long chain and higher carbon content products is

further cracked in either catalytic cracking unit (CCU) or fluidized catalytic cracking unit (FCCU).

 Reduced crude oil is fluidized along with catalyst powder using high pressure steam at the bottom

of the reactor of CCU.  Powder travels from bottom to the top of the reactor having about 10

meters height (Fig.1 for drawing of CCU) and in transit cracking of the RCO takes place generating

high value products. The catalyst powder is separated in cyclones and made to flow to the bottom

where it is regenerated. The cracked mixture of hydrocarbons is fed at the bottom of a fractionator

column for further separation.

Since the catalyst powder is very hard and travels at a great speed in the unit its presence is not

expected beyond CCU. If the powder reaches towards bottom of the fractionator there is a chance

that it will erode piping and body of the column. Sometimes erosion reaches to an alarming stage

rupturing the outer shell. As the hydrocarbon in the fractionator is at auto-ignition temperature, it is

highly dangerous for the hydrocarbon to come out causing the incidence of fire in the refinery.

Particularly in the refinery of BPCL at Mahul, Mumbai during the analysis of bottom components of

the fractionator after CCU higher percentage of catalyst powder was observed than the tolerance

limit. Shutdown of the whole CCU unit was taken to analyse the cause of the presence of the

powder in the fractionator. But prima facie the cause could not be understood. Hence, engineers of

BPCL approached IAS of BRIT to investigate the cause of carryover of the powder towards

fractionator.

The reactor consists of a riser, three primary cyclones (RC1, RC2 and RC3) and three secondary

cyclones (SC1, SC2 and SC3). BPCL engineers suspected blockage in the cyclones and hence

IAS, BRIT decided to carry out gamma scanning of primary and secondary cyclones. Further to

understand the behavior of catalyst movement inside the reactor, radiotracer study was also

recommended.
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Fig. 1: Drawing and sketch of CCU
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Process details

The catalytic cracking complex contains following sections:

1. Feed system

2. Reactor, Regenerator, Stripper Section

3. Fractionator Section

4. Stripper scrubber Section

5. Gas concentration Section

6. Treatment Section

7. Downstream units

8. Unit product diversions

Some of the above are described below

1. Feed System

The feed system is designed to ensure constant feed rate to the unit - Hot waxy distillate at a temperature
of 230p C & is pumped from feed preparation unit /high vacuum unit. A part of this waxy distillate goes
directly to the suction of charge pumps while the rest goes to intermediate cold feed storage tanks through
cooler. The flow of this excess hot feed is controlled by split range pressure controller. Cold feed ex
storage is also available from FCCU if required either in case of feed failure or to maintain the feed flow
to unit. The hot waxy flow from HVU is controlled by flow controller FC400 and that from FPU is
indicated by flow indicator, FI405.

The total fresh feed (Hot + Cold) is routed through BCR slurry/waxy distillate Exchangers and the charge
heater to the reactor lift pot. The pass flow in charge heater is controlled by FC 402/404. TC 407
maintains a constant feed temperature at the charge heater outlet by adjusting fuel gas firing to the charge
heater.

Along with the waxy distillate, long residue (LR) from the crude distillation unit can also be processed in
the riser. The flow of LR is controlled by FC484; pressure at B/L is indicated by PI483.

Provision also exists to recycle gasoline/LCO/HCO/BCR and slurry to the feed line near feed cut in
valves (XCV 47A). The metal passivator can also be injected in the feed line near FC170. In case of
feed cut out from reactor, feed waxy can be diverted to fractionator.

Another portion of waxy distillate (feed) pumps can be pumped into BCR slurry return line downstream
of BCR slurry steam generator to main fractionator bottom or to suction of slurry pumps (P-225/226).
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2. Reactor Regenerator Stripper Section

a. The Reactor

In the reactor lift pot, the feed from charge heater at a temperature of 290-360p C is mixed with
Stream of Hot catalyst coming from regenerator, which is at a sufficiently high temperature of about 680p
C to vaporise the feed. There are three feed nozzles known  as  BOTTOM ENTRY FEED NOZZLES
(BEFN). The catalyst vaporised feed mixture flows upward through reactor riser in which the cracking
reaction takes place. The cracked vapours and catalyst are separated in three two stage rough-cut
cyclones. The separated hydrocarbons from cyclones go to fractionator where the vapours are separated
into different products depending on their boiling point range.

As a result of cracking reactions some heavy hydrocarbon material called coke is deposited on the
catalyst, which deactivates the catalyst. Also cracked heavy hydrocarbons get associated with catalyst
surface, which require to be stripped before catalyst goes back to Regenerator.

The catalyst from the cyclone dip legs flows counter current downwards through the annular baffles for
pre-stripping into the pre-stripper bed (as dense phase in the reactor lower section). The 5 kg/cm2 steam
is used for pre-stripping and the flow rate is controlled by FC-202 control valve.

To improve the catalyst staging in pre-stripper, slanted disc and doughnut set of stripper baffles are
provided near the middle of pre-stripper. The pre-stripper bed level is maintained by varying stripper
riser steam flow rate under flow control (FC 169) reset by pre-stripper bed level control (LC 201) from
the pre-stripper bottom or by controlling the reactor slide valve opening.

b. The Stripper

In order to maintain the catalyst activity, a stream of catalyst is withdrawn from reactor catalyst bed and
transferred via stripper riser to the stripper vessel by means of 5 kg/cm2 steam. The steam in stripper riser
and in stripper bed (through a flow controller FIC160) removes part of coke and entrained hydrocarbons.
These stripped products through a cyclone (where the entrained catalyst is separated) go to stripper
scrubber.

c. The Regenerator

The stripped catalyst or “spent catalyst” flow to the regenerator where the coke is burnt off to restore
catalyst activity. The air required for combustion of coke is introduced in regenerator under the control of
differential temperature between flue gas outlet and regenerator bed through air grid from new main air
blower (MAB). A part of this air can be diverted through air preheater (F-201) for heating the air required
during start-up by directly firing the fuel gas in the air preheater. The flue gases leave the regenerator via
4 sets of two staged cyclones to separate the entrained catalyst, under pressure control through double
disc slide valve to orifice chamber from where it is diverted through two-port slide valve (TPSV) to
waste heat boiler or to bypass stack.
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A continuous flow of regenerated catalyst is withdrawn from the regenerator and fed to the
bottom of the reactor riser. The regenerator slide valve controls the catalyst circulation rate.

Besides, the function of regenerator and stripper standpipe slide valves is to separate hydrocarbon
atmosphere (Reactor/stripper) and oxygen atmosphere (Regenerator) & thus is extremely critical.

d. The Catalyst

The catalyst is a very fine powder of crystalline material (Zeolites) that has the property that mixing with
gas/vapours it behaves like a fluid and, therefore, flows. It performs three basic functions:-

⇒ Supports the cracking reaction.

⇒ Transports coke away from reactor.

⇒ Transports the heat from the regenerator and thus maintains the heat balance

e. The Pressure Balance

To keep the catalyst circulating, pressure in the vessels and bed levels must be carefully balanced.
The levels in the vessels and the standpipes & the relative elevations and pressures of vessels maintain
sufficient head of fluidised catalyst to keep a positive differential pressure across the slide valve.

3. Fractionator Section

The catalyst cracked oil vapours from reactor top are fractionated into different cuts in this
section. Vapours enter the main fractionator column D28 at the bottom below Mellagrid packing and
travel through de-superheating zone of main fractionator. The products from main column are drawn as
overhead vapours, light cycle oil, heavy cycle oil and clarified oil. Besides these, side streams are also
drawn as pump around refluxes.

The pressure gauge, which was used for the pressure survey, was of 0-4 Kg/cm2 range and the same
pressure gauge was used during pre and post revamps survey.
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Theory of gamma scanning

The transmission of γ radiation through any material is governed by the exponential equation

I = I0 e -μμμμμx

Where:

I =   Intensity of radiation transmitted through a material of thickness X cm

Io =  Intensity of radiation from the  γ - ray source reaching the detector in

            the absence of the material.

μ =  Linear absorption coefficient (cm –1)

Gamma scanning

To understand the distribution of powder in the hardware of the reactor gamma scanning was carried
out.

Scheme of the gamma scanning process shown below

Fig. 2: Block diagram of the scanning process
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Fig. 3 : General setup of the gamma column scanning equipment

A collimated source and detector system is positioned in the same horizontal plane either, across the

diameter or selected chords with the help of pulleys and wire ropes connected to a winch system as

shown in Fig. 1.  After assessing the situation, a detailed study was carried out to select proper chords

depending upon the orientation of the cyclones. Both the source and detector were moved synchronously

along the length of the reactor and the radiation intensity is recorded at desired elevations by using nucleonic

scalar ratemeter. The data thus generated are plotted against reactor elevation and interpreted with reference

to the internal loading and hardware configuration of the reactor to derive necessary information.

As seen from Fig.1, block diagram of the gamma scanning equipment, the source and detector collimator

is hanged from top of the reactor. The arrangement of pulleys is made at predetermined suitable locations.

From the drawings, details of internal mechanical hardware of the reactor are known. The process/

operations engineer marks points at which the pulleys can be affixed as well as lines are marked which

should be followed by the wire ropes of source and detectors.
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Both source and detector collimators have ~4" outer diameter which are required to pass

through between platform and body of the column. Wherever necessary, at some locations

holes were made on the platforms or gratings were removed to facilitate the smooth passage

of the collimators.

Automatic gamma scanning system consisting of source operator and detector operator

was installed at the fourth level of CCU reactor. The source and detector operators

were controlled through a remote control unit and data of counts per 3 seconds with respect to

elevation were obtained and recorded in the laptop

Fig.5: Arrangement of source collimatorFig. 4: Arrangement of detector collimator

Fig. 6: Control unit and data aquisition
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Observations

Orientation of scanlines for CCU Reactor is shown in Fig.7

Fig. 7: Orientation of scanlines for CCU Reactor
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Scanlines for CCU Reactor:  Following are the scanlines for CCU Reactor Secondary Cyclones

Fig. 8: Superimposition of scanline for CCU Reactor Secondary Cyclone SC2
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Fig. 9: Superimposition of scanline for CCU Reactor Secondary Cyclone SC3
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Fig. 10: Superimposition of scanline for CCU Reactor Secondary Cyclone SC1



Original Research Article

___   28  ___

Fig.11: Superimposition of scanlines for CCU Reactor Secondary Cyclones
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Fig.12: Comparison of scanlines w.r.t to elevation of CCU reactor

Interpretations from the scanning

Following are the interpretations from the gamma scanning profile

• Secondary cyclone SC2 is filled with powder.

• In Secondary cyclone SC1 uneven density distribution is observed indicating disturbances in
catalyst powder flow.

• Secondary cyclone SC3  shows normal catalyst flow
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Radiotracer study

For efficient and profitable operation of a chemical plant, it  is necessary that the
plant is operated at its optimum performance. In a chemical plant, there are some vessels
like reactors, heat exchangers, extractors, etc where the major unit operations are carried.
Thus, it is necessary that these vessels are properly analyzed for their flow structures and
other operating conditions. But, the flow patterns in such vessels are most often very
complex and difficult to analyze. Complex network of interconnected theoretical elementary
reactor models could be used to understand flow dynamics in such reactors/vessels.
A radiotracer, of similar physicochemical behaviour as the mother material of which flow
dynamics is to be studied in the process system, is injected in the system and then monitored,
at  predetermined locat ions outs ide the system. Radiotracer  s tudy thus offers  an
online tool to analyze and further optimize continuous flow processes.

Theory

A radiotracer is  injected in the system and is  then measured at  the outlet  of the
system. A radiotracer has exactly the same physico-chemical properties as the substance or
particles it represents, and can be detected by an analytical instrument without disturbing
the system.

The theory of radiotracer studies allows treatment of systems with many connections
to their environments, with multidirectional flow in the connections, with time dependent
flow rates and even with time dependent system boundaries. The age of particles when they
enter the system is equal to zero and equal to the residence time when they finally leave the
system. For this purpose, the molecules which enter during a given interval of time are
marked, and they are counted as a function of time in the outlet streams. With the help of a tracer,
a given signal is imposed at the inlet of the reactor and the system response is collected at the
outlet, as a function of time as shown in the Fig.13 below.

Fig.13: System response for a tracer input
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Supposing that the injection of the tracer is made instantaneously at t = 0 (Dirac’s impulse); if
C

out
(t) is the curve representing the concentration of tracer at the outlet of the reactor, the fraction

of molecules that remain within the interval of time t, is known as Residence Time Distribution E (t)
determined by

As long as the tracer has exactly the same flow properties as the other particles and thus follows
the same paths, the tracer concentration C

out 
(t) registered at the outlet in time t is directly proportional

to the value E(t) (more precisely: E(t) is proportional to the number of particles detected per unit
time). E(t) is by definition, the impulse response (or RTD) of the system as depicted in
Fig.14  below. E(t) is a convenient variable to present the RTD since it can be obtained by dividing
the concentration C

out
(t) by the total area under the curve.

Fig.14: The residence time distribution curve, E(t)

The first moment specifies the position of the centroid, the mean of the residence time

The physical sense of the mean residence time can be expressed in the relation

v

V
t =
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Where, V is the system volume and v is the volumetric flow rate.

The second  moment, the variance of distribution function is given by

      

To compare RTD’s of different systems their dimensionless forms are often used. The dimensionless
Residence Time Distribution is then given by

Where, the dimensionless time θ  is the ratio of real time t and mean residence time   .

The response of a flow system to a stimulus has to be measured under steady state
conditions in which the volumetric flow rate, v and the volume V of the system are kept
constant. E(t) values are obtained directly by normalizing the values of the measured
response only in case when the stimulus function may be considered as an ideal impulse i.e.
when the duration of the stimulus is less than 3% of the mean residence time. If this
condition is not fulfilled, the input stimulus must also be recorded and normalized. This
normalization is performed by dividing the measured concentration by the respective area
under the concentration-time curve. Thus, on normalization we have input and output signals as,

a n d
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Experimental

For the measurement of radiation level 2" dia sodium iodide scintillation detectors were
used. The detectors were shielded using 2" thick lead collimator and jacketed for thermal
insulation by bakelite. Additionally asbestos covers were provided for thermal insulation (Fig. 15).

Fig. 15: Placement of detectors
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Table 1: Detector locations

Sr no Detector No. Location Detail

1 2 SC1 (Vortex breaker)

2 3 SC3 (Vortex breaker)

3 4 SC2 (Vortex breaker)

4 6 RC2

5 7 RC1

6 8 SC3 (secondary body)

7 9 SC1 (secondary body)

8 10 SC2 (secondary body)

9 11 SC2 (outlet of plenum chamber)

10 12 SC3 (outlet of plenum chamber)

11 13 SC1 (outlet of plenum chamber)

12 14 Outlet towards fractionator

13 15 Riser

14 16 RC3

The schematic of detector locations is given in Fig. 15.

All the detectors were connected to multidetector data acquisition system (MIDAS) and to a
Laptop PC to acquire the data. Irradiated catalyst powder was used as radiotracer. Approximately
3 gms (4 nos) of catalyst powder was irradited in a nuclear reactor. The major isotope produced in
the process was Sodium-24 (Na-24, 25 mCi each).  Three injections were carried out in the
reactor through specially designed injection system Fig. 16

The placement of detectors at various points on the outer surface of the reactor representing the locations
is given in the following Table.
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Radiotracer was injected into the reactor from nozzle in the lift pot. Handling of radioisotpe was
carried out through specially designed tools to ensure radiation safety at site Fig. 17.

The MIDAS acquired the data for every 20 millisecond.  Data points for each detector
were separately plotted to carefully analyse the results Fig. 18.

Safety precautions during gamma scanning and radiotracer study

Usually radioisotope used for gamma scanning is Cobalt-60. This has half life of
5.27 years and emits gamma energies of 1.17MeV and 1.33MeV. Intensity of the source used was
48 mCi (1.78 Giga Becquerel). 48 mCi Co-60 is sufficient to scan the columns of the diameters of
about 5 meters.

The radiotracer used for the experiment is irradiated catalyst powder. Approximately
3 gms (4 nos) of catalyst powder was irradited in nuclear reactor. The major isotope produced in
the process was Sodium-24 {Na-24, ~20 mCi each: (740MBq)}.

Fig. 16: Injection system

Fig. 18: Multi Input Data Acquisition System (MIDAS)Fig. 17: Radiotracer handling
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However, these intensities will not be as hazardous as the intensity of a radiography source
which is usually more than 10Ci (370GBq). In case of radiography being carried out, the surrounding
area needs to be cordoned off.

In general, criteria of time, distance and shielding needs to be observed while handling
radioisotopes. Time taken to handle the radioisotope or when in vicinity should be minimum, the
radioisotope should be handled from a distance as far as possible or one should keep away from
the source and the radioisotope needs to be adequately shielded for handling i.e. surface dose rate
on the container should be less than 200 mR/hour.

All of these factors are strictly taken in to account while carrying out the gamma scanning
and radiotracer study. The radioisotopes are handled by the trained and experienced professionals
from BRIT. The sealed source for gamma scanning was maneuvered in the tungsten shielded
collimator along the reactor and it was observed that general public / refinery staff and workers do
not go in the vicinity of the source.

Necessary precautions for handing open source during injections for radiotracer studies
were followed. Long handled tongs and specialized tools were used to handle the source and
contaminated tools and injection system were sealed and segregated after injections.
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Sharp injection pulse is observed at event no. 65600. Subsequently the progression of peaks is observed
at primary and secondary cyclones.

The areas of peaks were determined for detector locations of secondary cyclone body (Table 2), secondary
cyclone vortex breaker (Table 3) and outlet of plenum chamber (Table 4).  Depending upon the area
under the tracer curves, the percentage of tracer movement at each point was determined. The mean
residence time of the tracer in the system at that particular location was also determined.

Table 2: Analysis of peaks at secondary cyclone body location

Percentage of radiotracer travelled through SC2 is relatively less than SC1 and SC3.

Table 3: Analysis of peaks at secondary cyclone vortex breaker location

Percentage of radiotracer reached to the vortex breaker of SC2 is very less.
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Table 4: Analysis of peaks at outlet of plenum chamber location

Percentage of radiotracer reaching the planum chamber from SC2 is maximum.
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RESULTS  AND DISCUSION

(i) Secondary Cyclone (SC1)

• Secondary cyclone SC1 shows partial filling of catalyst powder. The quantity of catalyst
powder received  is 35%.

• The vortex breaker receives 42%.

• Release of radiotracer catalyst powder through outlet of SC1 to plenum chamber is
17.5%.

It  appears that SC1 contributes some quantity of catalyst flow towards fractionators.

(ii) Secondary Cyclone (SC2)

• Since secondary cyclone SC2 is filled with powder, quantity of radiotracer catalyst
powder received is least (13%).

• Same trend is reflected in vortex breaker where only 4% of the powder escapes.

• Outlet of SC2 to plenum chamber slowly releases the radiotracer catalyst powder (in
192s). Quantity of powder released through this outlet is very high (73%) which could
be responsible for catalyst powder carrying over towards fractionators.

(iii) Secondary Cyclone (SC3)

• Secondary cyclone SC3 receives maximum quantity of catalyst powder (52%).

• Vortex breaker of this cyclone releases 54% of catalyst powder, indicating good working
 of  the cyclone.

• Outlet of SC3 to plenum chamber releases the least quantity of the powder (9.5%).

Similar trends are observed in second and third injections showing reproducibility
of the results.

 CONCLUSIONS

1. Secondary cyclone SC1 shows uneven density distribution and disturbed flow of catalyst
with a small  quantity of catalyst powder is escaping through outlet of its plenum chamber.

2. Secondary cyclone SC2 is filled with powder and continuously catalyst powder is
escaping  through  outlet of its plenum chamber.

3. Secondary cyclone SC3 shows normal catalyst flow.
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A RETROSPECTIVE ON THE UTILIZATION OF ILU-6EB
ACCELERATOR AT BRIT COMPLEX, VASHI SINCE 2001 AND

ITS CURRENT STATUS

K. S. S. Sarma

Electron Beam Processing Services, Board of Radiation and Isotope Technology

ksivas@barc.gov.in

The benefits of electron beam (EB) irradiation in inducing useful modifications in polymer materials
prompted utilization of powerful high powered EB accelerators for industrial applications. Worldwide,
around 4000 industrial EB accelerators are employed mainly for polymer processing alone and steadily
taking in-roads for medical sterilization, food irradiation and for environmental remediation. Since 2001,
a 2MeV/20 kW ILU type EB accelerator has been in operation at BARC-BRIT Complex, Navi Mumbai
using which a number of industrial applications have been developed and demonstrated successfully to
produce value-added products to the Indian industry. The accelerator could deliver a dose rate (average)
of ~33 kGy/s at the centre. The 2MeV machine is capable to process upto 15mm thickness of unit
density material. The beam is uniformly scanned over a length, thus constituting an irradiation area of
10x100 cm. It is housed in a shielded cell having a labyrinth with separate entry and exit ports where
power roller conveyor system has been installed for the material transport in & out of the irradiation zone.
The facility been equipped with different material handling systems specially designed and developed for
irradiating various industrial products. With the help of  reliable operations of the accelerator for longer
periods at rated powers and by adopting different  irradiation techniques many products were processed
on industrial scale that include wire & cable insulations, heat shrinkable components and sheets, automotive
tyre and plastic parts,  nylon based materials (for crosslinking, better performance at higher temperatures,
improved aging properties etc);  PTFE and Viscose pulp (to degrade and recycle);  diamonds (for colour
enhancement) etc.  Encouraged with the outcome of the collaborative studies and process technology
demonstration at BRIT, a few Indian cable companies installed suitable EB accelerators (around 15 nos)
to process in-house products. In 2015, the EB accelerator has been upgraded to operate upto 5MeV/
15KW that enable increased processing thickness upto 40mm in unit density,  useful for processing bulk
products for applications viz, medical product sterilization, food irradiation etc.

In the present scenario, utilization of EB accelerators appears to be a  preferred choice  as the radiation
source in radiation processing applications since they offer some distinct advantages viz. a) Increased
public acceptance (non- radioisotope source  and hence are no hassles like storage, transport and disposal
of radioactive material) b) Switch ON/OFF type electrical machines like X-ray equipment c) Ability to
hook up with the industry for online processing of finished goods d) Provide higher dose rates resulting in
short irradiation times and high throughputs. Since the penetration of electrons and processing capacity
for a given application is specific to the industrial needs, a single accelerator or one type of accelerator
may not meet diverse requirements. A range of low, medium and high energy electron accelerators upto
10MeV  are commercially available suitable for applications like food irradiation, sterilization, life time
control in semi-conductor power devices, flue gas treatment, waste water treatment in addition to polymer
modification.

Some of the applications developed in-house and processed in the facility on semi-/ industrial scale are
given in Table II and presented in figures 1-7.
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S.No. Material       Application Purpose Irradiation In-house
(Industry) technique/set-up  process throughput

at ILU-EBA
facility

1 PE ‘O’ Rings Crosslinking High temp. Flat-bed 100,000 rings /shift ;
(M/s dimensional Power roller ~2million gaskets
Technocraft, stability  linear processed
 Mumbai) conveyor

2 Cable Crosslinking Better operating Wire & cable ~10-20m/min line
insulations temperature and Conveyor speed;

better heat
(M/s NICCO, resistance;
Kolkatta) improved aging 50,000m processed

characteristics; in batches
higher current
 rating etc

3 Automotive Crosslinking Heat resistance; Flat-bed ~One lakh
plastic partial Power roller components in
components crosslinking linear batches
(M/s Shandar @selective conveyor
Plastic,  locations of the
Mumabi) components

4 HV Busbar Crosslinking High temp.shape Specially ~10-20m/min sheet
electrical forming using designed sheet speed;
insulation vacuum mold conveyor with
(RPG- technique; Heat take up and
Raychem ind, Resistance; better pay off unit 1000m irradiated in
Mumbai) aging; better arc batches

resistance; anti-
tracking;

5 Diamonds Crystalline Color Specially ~@1000 ct. per
(Indian alterations enhancement designed water shift
Diamond cooled
Industry) aluminum ~60,000cts treated

target in  batches

Table I:  Industrial products developed and processed in ILU-6 EBA demonstration facility at

BARC-BRIT Complex, Vashi over the past 15 years
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6 PTFE scrap Degradation Brittle; can Repeated ~@2kg per hour
obtain micro fine irradiation  on
powder flat bed

7 Viscose pulp Degradation To reduce degree Continuous @10-20m/min;
( M/s of  polymerization flat Sheet ~Around one ton
Century from (DP); irradiation treated
Rayon,  improved
Nagda) reactivity  in

rayon  process

 8 Automobile Pre-curing Dimensional Built several Small
tyre ( improvement stability during tyres using EB pre-
(IRMRA  and in green tyre buildup cured tyre chords

and
M/s CEAT ) strength) process; reduced tested as part of

and) curing time; BRNS project
less scrap;
increased
throughput better
rolling resistance

9 Nylon Cross linking Reduced water Flat bed R&D/BRNS
components uptake and better  project
(SRIIR, New  shelf-life and
Delhi)  improved

mechanical
properties. The
material  is
suitable as
railway  liners

In addition, R&D work pertaining to development of novel polymer composites, EB dosimetry and
microbiological studies of waste water treatment has been carried out at BRIT Complex.
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Present Status

The 2MeV EB accelerator has recently been upgraded to operate @5MeV by modifying the RF, HV
and other control systems. The machine is now capable of delivering a range of low (~0.5kGy) to high
dose (unlike in earlier case where only medium and high dose irradiation possible) at higher dose rates so
that applications viz. disinfestation (milled powders, grain, frozen fish, meat etc), hygienization and
sterilization of packages of appropriate thickness (retail) can also be taken up using 5MeV EB accelerator.
The scope of irradiation in the present accelerator is given in the Table II.

Table II. Scope of EB processing at ILU-EBA Facility @ BARC-BRIT Complex, Vashi

Product Irradiation Advantage Process Possible
Purpose thickness throughput

@ILU-EBA

Dry Shelf-life Disinfection ~3cm unit 2 ton/hr
powders, extension  density (@0.5KGy)
cereals,
grain  etc.

Frozen foods- Shelf-life Increased Retail 200kg/hr
fish, meat, extension storage packets (@3.0kGy)
 marine products, temperature
RTE foods  (@chilled

temperatures)

Medical Sterilization Retail 25-30kGy
products packets

Plastic
products, crosslinking High temp. 0.6" unit ~30000
O -rings, resistance  density O-rings/hr
HS components  (@200KGy)
etc

Semi- Colour Value- Static  / to
precious enhancement addition  workout
stones

  R&D In-house polymer composite development; EB dosimetry and X-ray production studies;
Microbiology and  BRNS projects;

Semi-
Industrial
scale
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Fig.2a: Porous moulds using
crosslinked PE powder for

automobile silencers

Fig.2b: Plastic automobile bushes
crosslinked using EB

Fig.2c: Automobile threaded bushes
crosslinked at selected portions

(thread portions)

A series of photographs of various applications carried out at the ILU-EB accelerator
facility are shown below.

Fig.1a:  EB Accelerator  and O-ring irradiation
(high temp gaskets)

Fig.1b:  Irradiated O-rings as gaskets
for drum closures
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Fig.4a: PTFE industrial scrap before irradiation Fig.4b:  Brittled, powdered  PTFE powder after EB
irradiation

Fig.3:  Irradiation set up for EB crosslinking of  high
temperature BSISHV insulation  sheet for shape forming
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Fig.5:  Viscose rayon sheet irradiation @ILU-EBA,
BARC-BRIT Complex for degradation

Fig.6a: Nylon components under processing
@ ILU-EBA

Fig.6b: Nylon liners and end posts used in railways
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Fig.7: Diamond irradiation for color enhamncement at ILU-EBA
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TRITIUM FILLED SELF LUMINOUS LIGHT SOURCES

K.M. Mathew and Harishchander Dhingra

Labelled Compounds Programme, Board of Radiation & Isotope Technology

I. Introduction

Gaseous Tritium Filled Self luminous light sources (TFS) are fabricated in the form of sealed glass tubes,

internally coated with a suitable phosphor and filled with tritium gas. Tritium is a radioactive isotope of

hydrogen. In the tube, the tritium atoms give off a steady stream of electrons (beta particle) due to beta

decay. These particles excite the phosphor, causing it to emit a low, steady glow (fluorescent light) when

they interact with phosphor material, by the process called radio- luminescence.

Tritium undergoes beta decay with a half-life of 12.3 years (mean beta particle energy,

5.7 KeV by the following equation)

Where is a beta particle (electron) and    is an antineutrino. The daughter product of tritium decay is

helium-3, which is non-radioactive. Tritium is not the only radioisotope that can be used for self-powered

lighting. Other beta particle emitting radioisotopes like Nickel-63 and Krypton-85 can also be used.

The initial quantities of tritium contained in these devices have ranged from a few millicuries

(in watch dials and other instrument illuminators) to over 30 Ci in commercially available exit signs.

Generally zinc sulphide powder activated with trace amounts of metals such as copper, chromium and

silver etc. is used as the phosphor to produce different colors of light from TFS. Since the human eye is

more sensitive to green and yellow, these colours are the most widely used. Zinc sulphide activated with

copper is used to yield green colour where as zinc sulphide activated with chromium is used to yield

yellow colour. The brightness of TFS varies with the tritium content. They are filled at pressure of up to 2

bars to achieve maximum brightness.

The beta emissions from the tritium gas are completely contained within the borosilicate tubes. There is

absolutely no risk of radiation exposure from normal use. Great care is taken in the construction of TFS

sources that they will stand up to extremely tough handling. They are superior to electrically powered

models that require a constant source of electricity, battery replacement, and maintenance checks. They

require no external energy source and as such are the most energy efficient lighting product available

today. These sources consume no power whatsoever while providing bright and constant illumination and

hence they are highly reliable. They are completely non-electrical and can be used in wet or dry

environments.

β ν  
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II. Applications:

As tritium filled self-luminous light sources requires no electrical energy, it found wide use in applications
such as emergency exit signs and illumination of specialised military gadgets. Their largest uses today is
for making emergency exit signs that can be used in aircraft, buildings and mine fields etc. They are
extensively used for the illumination of instrument dial of military equipments for night vision purposes.

TFS sources of varied size and colour
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A.   TFS in Exit Signs

B. TFS in Kit-Markers

Kit- Markers illuminated with TFS sources are used for locating portable and fixed equipments
in  low light and blackout conditions, especially by soldiers.
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C. TFS in Self Luminous Torches.

The Self Luminous Torch is a compact, lightweight and flexible source providing soldiers
with reliable illumination during night operations.

D.  TFS in Self-illuminated Handbearing Compass.

The Self-Luminous Handbearing Compass is a highly effective tool for night and day navigation.

III. Contribution from BRIT

BRIT is the sole agency in India to produce Tritium Filled Self-luminous light sources (TFS). Preparation
of self-luminous sources is a defence-oriented programme of national importance, specially undertaken
to cater to the demands of various defence establishments and research laboratories for the illumination of
various types of military gadgets and instruments. More than three lakh units of TFS sources were supplied
over a period of fifteen years and all these sources are being replaced after every eight-year period on
expiry of their utility. Tritium Filled light Sources (TFS) can be manufactured to suit individual requirements
mainly in green, and yellow colours and to virtually any size or shape.

General / Feature Article
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Scientific Events

1. Training course on ‘Radiotracer related techniques for diagnostic laboratory’ conducted at

Radiopharmaceutical Programme, BRIT during 28th April-9th May, 2015

A training course on ‘Radiotracer related techniques for diagnostic laboratory’ was conducted for the
first time during 28th April – 9th May, 2015 at Radiopharmaceutical Programme of Board of Radiation &
Isotope Technology and was attended by doctors, pharmacists and research scholars.

Nine students from varied fields underwent a thorough training in the use of radiotracers such as 99mTc,
125I, 131I and 14C for diagnostic laboratory. A test was conducted at the end of the 10 working days and
issued them the said certificates.

Scientific Events
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1. IAEA Inter-regional training course on ‘Practical aspects of the production of Molybdenum-

99 by Neutron-Gamma Reaction’ conducted by Radiopharmaceutical Programme, BRIT in col-

laboration with Bhabha Atomic Research Centre at BRIT - BARC Vashi Complex during 22nd

June – 27th June, 2015

A joint venture of Radiopharmaceutical Programme, BRIT and BARC, for IAEA sponsored Inter-regional
training course on ‘Practical aspects of the production of Molybdenum-99 by Neutron-Gamma Reaction’
was conducted at Board of Radiation & Isotope Technology, BARC-Vashi Complex, Navi Mumbai
during 22nd June – 27th June, 2015. Radiopharmacists from various countries participated in this course.

A total of 18 participants were the beneficiaries of this training programme. The course was attended by
international (from 12 countries) and local participants. Faculty was from BRIT, BARC, AERB and
IAEA. The course was inaugurated by Dr. K.L. Ramkumar, Director, Radiochemistry & Isotope Group,
BARC, while Dr. N. Ramamoorthy was the Guest-of-honour. The course director was Shri. S.S. Sachdev,
SGM, Radiopharmaceutical Programme, BRIT.

Inauguration at DAE, Anushaktibhavan, Mumbai

Scientific Events
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IAEA Participants at BRIT Laboratory

Scientific Events
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1. DAE Excellence Awards:

 a. Scientific and Technical DAE Excellence Award 2014 was awarded to Mr. Tariq Saeed Anwar,
Head, Regional Centre, RAPPCOF, Kota, for ‘Development of Indigenous High Intensity Co-60
Teletherapy, Irradiator Sources and Sealed Sources Fabrication’.

b. Another Scientific and Technical DAE Excellence Group Achievement Award 2014 was conferred
on Dr. V.N. Yelgaonkar and Dr. A.K. Kohli, Group Leaders of the team of Scientists/Engineers/
Technical Personnel for their contribution for successfully accomplishing the activity titled, ‘Design
and Development of Indigenous Co - 60 Based Blood Irradiator and Innovative Technique for the
Benefit of Industries’.

c. Three scientists from Rph-QC, namely Dr. Tarveen Karir, Mr. Vishwas Murhekar, and Ms. Barkha
Karkhanis were a part of team of 31 scientists / engineers / technical personnel from RC&I Group,
BARC, for DAE Excellence Group Achievement Award 2014, for their contributions for
accomplishing the activity titled, ‘Development of Cold Kits for Preparation of 99mTc-
TETRAFOSMIN and 99mTc-HYNIC-TOC & Preparation of Indigenous 131I-Rituximab for use as
Radiopharmaceuticals in Cancer Patients’.

Scientific Events
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