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Radiation is horrible monster 



Radiation kills 





Polymers at your service 

 Polyolefins PE. PVC. PP, 

 PC , Nylons, Polystyrene 

 Different forms of Polyehylene 

 LDPE 

 LLDPE 

 HDPE 

 UHMWPE 



Processing of PE 

 Crosslinking for improvement 

 Grafting for improvement 

 Rewards 

 Crosslinked PEs 

 Better thermal resistivity Long term short 

term 

 Better wear resistance 



Techniques for Crosslinking 

 Silane method 

 Pe is made to react with peroxide to 

produce free radicals , silane gets attached 

which on release of ethanol/methanol cross 

links 

 Radiation Crosslinking  

 No chemicals ,no scrap . Source expensive 



Radiation Technology 

  Radiation cross linking( Cable ,Tires  

 Radiation Grafting ( Desalination . Uranium separation 

 Radiation sterilization( Medical Disposables ) 

 Radio isotopes( Diagnostics , Chemotherapy 

 Radiation processing of Natural polymers  

 Radiation curing( Wood) 

 Radiation processing of gems/glasses 

 Radiography 

 Production of semi conductors 

 EB treatment of flue gases( SOXsNOXs )  

 



Innovative Radiation Technology of 

Material Processing-  

Global Applications 

By Dr. Shamshad Ahmed 



Startling Contrast 

 Radiation technology contributes to US$ 420 
billion to US economy 

 Provides over 4.4 million jobs 

 Except China, Korea, Bangladesh, Vietnam, 
Pakistan, Magnolia, Indonesia, Thailand, 
Philippines, don’t make more than a few million 
US$. There maybe few hundred people 
employed!!! 

Ref: Dr. Alan Waltar (Director of Nuclear Energy 

 for the Pacific Northwest National Laboratory US) 

 



Economic Scale in Industry 

(1997) 
Item 

 

Economic Scale (b$) 

 

Ratio 

 

USA                         

 

Japan 

 
1.   Sterilized medical 

supplies 

 

4.8 

 

2.3 

 

2.0 

 

2.   Semiconductors 

 

37.2 

 

28.4 

 

1.3 

 

3.   Radiographic 

testing (NDT) 

 

0.65 

 

0.26 

 

2.5 

 

4.   Radiation cured 

radial tires 

 

13.5 

 

8.4 

 

1.6 

 

5.   Partial sum: 

(1)+(2)+(3)+(4) 

 

56.2 

 

39.4 

 

1.4 

 



 







 

When is 

my 

turn…? 



Someone rightly said  

 Third world is a cow 

 First world is a butcher 

 Second world is a milk man 

Third world is not a developing world,  

rather a non-developing world 





Moral is… 

From now onward  

 Don’t be a buffalo 

 Don’t be a jackal either 

 Don’t be a cow at all 



Merits of Radiation 

Technology 

 

 Energy Conservation 

 Pollution Free  

 Safety 

 



? 



Radiation Processing  

1. Modification of polymer, 

 

2. Radiation sterilization, 

 

3. Food irradiation, 

 

4. Environmental conservation. 

 

5. Gems Modification  





Polymer Modification  

1. Radiation Crosslinking, 

2. Radiation Induced Polymerization  

1. Graft Polymerization 

2. Curing 

3. Degradation of Natural Polymers  

 



Crosslinking 

Induces increase in 

1.  Tensile strength. 

2.  Heat resistance (short and long term). 

3.  Melt viscosity and chemical resistance 

4.    of the polymers 

Decrease in elongation and processibility 



Radiation vs. Chemical crosslinking of wire insulation 



Applications of Radiation 

Crosslinked Wires 
1. The radiation Xlinked wire and  show excellent heat 

resistant  and abrasion resistance. 

2. Wire harnesses( assemblies of wires ) for electronic 
instruments,  computers and audio-video. 

3. Harnesses for automobiles and aeronautics  

4. Wires in automobile and aeronautics  reduce the total 
weight and  increase overall efficiency 

5. Essential component in engine room. 

6. Covering the outside jacket of sensor cable for anti-lock 
brake system 

7. Polymers used are PE, PVC, fluoropolymers, and 
polyurethane 

8. PVC consumption tends to decrease 



Superiority of Radiation 

Crosslinked Insulations 
1.     Mechanical Stripping Property 

The chemical crosslinking makes conductor and insulation layer adhere 
firmly to each other.  

  

2.  Electrical Properties 

The radiation crosslinking is normally excellent in avoiding the 
generation of pinholes in insulation layers.  

  

3.   Uniformity of Crosslinking 

Even when the two-stage extrusion, impregnation process is adopted in 
chemical crosslinking, the inherent technical problems, such a poor 
processability, low stability of quality do exist.  

  

4.   Diversified Applications 

In the radiation processing, the crosslinking of flame retardant PE, PVC 
and various kinds of degenerated polyethylene is possible. In 
chemical crosslinking, there is almost no possibility of crosslinking of 
PVC.  

  













TYRES, Role of Radiation (1) 

1. Tyre components: body ply, inner liner, tread, side wall 
and bead. 

2. Lead to construction of green tires (raw tire) 

3. Vulcanized at high temperature  pressure using 
S/peroxides  

4. Component tends to decrease in size; deform 

5.  Cord fabric displacement in body ply  gives a fatal defect 

6. Prenecessitates the use of thicker plies 

7. Expensive natural rubber is used to increase the green 
strength 

8. Radiation pre-vulcanized body ply will not decrease in 
thickness  









TYRES, Role of Radiation (2) 

1. Reduction in material hence in the weight of 
the tire, results in more low cost product.  

2. Relatively low cost synthetic rubber can be 
used instead of costly natural rubber without 
a loss in strength. 

3. The radiation pre-vulcanization of body ply is 
achieved by simply passing the body ply sheet 
under the scan horn of an electron accelerator 
to expose the sheet to high-energy electrons. 

4. Higher production rates. 

 



TYRES,  TYRES, Role of  

Radiation (3) 
1. Firestone introduced this technology 

development in 1957 

2. Six companies produce about 170 million tyres in 
Japan according to estimates of 1997 

3. Five companies have installed electron 
accelerators for pre-vulcanization of carcass ply 
to increase green strength. 

4. Low energy one like 500 keV, current 75 mA to 
150 mA 

5. One accelerator can treat 30,000-50,000 piles/day  



Radiation Crosslinked Foam 

1. More  control can be exercised over the formation of cells with 

good control of nucleation and ultimate cell size 

2. Crosslinking by using peroxides as a crosslinking agent 

3. Crosslinking by irradiation; improved uniformity and superior 

product. 

4. Applications such as molded interior automobile components, 

insulation materials for construction uses, joining materials, 

pipe covers, miscellaneous industrial materials, consumer 

goods, and healthcare and sports products 

5. Predominantly used polymers include PE, ethylene-

vinylacetate copolymer, and polypropylene. 

 







Heat Shrinkable (amazing memory)  
1. The heat shrink memory possessed by polyolefins 

and related polymers eg polyethylene, polypropylene 
etc 

2. Prof Charles by discovered phenomenon  Raychem 
commercialized  heat shrinkable tubes in 1957 

3. Commercial production in 1964 in Japan 

4. More heat resistant tubes (for use at 200oC) are 
produced from fluoro-elastomers (terpolymers of 2F, 
4F, and 6F) for automobiles and airplanes 

5. Heat shrinkable jointing tubes  for the protection of 
connecting parts of wedded wires and cables, optical 
fibers and pipelines. 

 





Radiation Induced Grafting 

The radiation-induced graft polymerization can 
classified into the following two techniques 

 

1. Direct or simultaneous irradiation method. 

2. Pre-irradiation method. 

 

From a practical viewpoint, the former process is 
preferable because of the negligible formation 
of homopolymers and easier control  of degree 
of polymerization. 

 



 RADIATION GRAFTING 

1. The process has universal applicability; 

almost all polymers may be selected to 

serve as the skeletal polymer. 

2. Same applies to monomers. 

3. Does not require toxic chemicals as 

initiators as in chemical method 

4. Resultant products are thus free from 

residues of initiating agents.  



Radiation Graft Polymerization 

1. Battery Separators 

 

2. Ammonia Removal  

 

3. Flame Retardant PE Foam 

 

4. Absorbent Fiber for Uranium Extraction 
from Sea water  



Uranium in oceans  

 Demand for uranium in year 2000 

estimated to be 2.5 x 105 tons 

 World’s oceans contain 5 x 109 tons 

 Concentration 3 g/litre at a salinity of 

35% 

 Present as stable uranyl tricarbonate 

complex  



Brief History  

 1953 Nuclear Research Center at Harwell Great 
Britain 

 Japanese research groups in 1960’s started 
investigations 

 Metal Mining Agency of Japan sponsored the 
research in 1970’s  

 Researchers at Radiation Research Center 
Takasaki accomplished the synthesis of 
Polyacrylamide Oxime 





POLYMERS 
The repeating structural unit of most simple polymers 

not only reflects the monomer(s) from which the 

polymers are constructed, but also provides a concise 

means for drawing structures to represent these 

macromolecules.  

For polyethylene, arguably the simplest polymer, this 

is demonstrated by the following equation. Here 

ethylene (ethene) is the monomer, and the 

corresponding linear polymer is called high-density 

polyethylene (HDPE). HDPE is composed of 

macromolecules in which n ranges from 10,000 to 

100,000 (molecular weight 2*105 to 3 *106 ).  

 



Formulas for Polymeric Macromolecules 



Polymers – Plastic Age 
 Historically, many eras were characterized by the materials that 

were then important to human society (e.g. stone age, bronze 
age and iron age). The 20th century has acquired several labels 
of this sort, including the nuclear age and the oil age; however, 
the best name is likely the plastic age. 

  During this period no technological advancement, other than 
the delivery of electrical power to every home, has impacted 
our lives more than the widespread use of synthetic plastics in 
our clothes, dishes, construction materials, automobiles, 
packaging, and toys, to name a few. The development of 
materials that we now call plastics began with rayon in 1891, 
continuing with Bakelite in 1907, polyethylene in 1933, Nylon 
and Teflon in 1938, polypropylene in 1954, Kevlar in 1965, 
and is continuing. 



Condensation Polymers 



Condensation Polymers 





Recycling and Disposal 
PETE HDPE V LDPE 

polyethylene 

terephthalate  

high density 

polyethylene  

polyvinyl chloride  low density 

polyethylene  

PP PS OTHER 

polypropylene  polystyrene  polyesters, acrylics 

polyamides, teflon etc. 







Abundance of Chitin 

 Chitin is the exoskeleton of sea creatures 

 Next to cellulose in abundance.  

 Few billion tons of this waste is available 

on the coast.  

 



Biodegradable Natural 

Polymers (cont) 
1. Chitin  in the exoskeleton of shrimps, 

crabs, shell fish and microorganisms. 
Abundant; converted deacytalated 
derivative chitosan. 

2. Shrimp  contain as high as 23% of 
chitin. 

3. Application  fields, medicine, 
agriculture, biotechnology and waste 
water treatment 

 



Biodegradable Natural 

Polymers 

4. Chitin/chitosan have unique characteristics  solution 

properties, membrane forming, and metal chelation,  

applications  limited due to the low-suitability in 

water, need to enhance their solubility and water 

uptake for various applications 

5. Radiation processing can modifies molecular weight, 

hydrophilicity and mechanical properties either by 

direct irradiation or by grafting suitable polymeric 

segments on their backbone without using any toxic 

initiator/product in their backbone. 



Applications 
Agriculture: 

 Growth promotion of plants 

 Suppression of heavy metal stress on plants 

 Anti microbiological activities etc, seed 

encapsulation, prolonging shelf-life of perishable 

foods 

Medicine: 

 Hydrogels-dressing of third degree burns saves lives 

 Controls elevation of cholesterol 

 Undergarments, antibacterial, foul smell 

 



 









Agricultural applications 

(chitin/chitosan) 
Radiation degraded polysaccharides such 

as chitin/chitosan, carrageenan, alginates 

can induce various kinds of bio activities. 

1. Growth promotion of plants.  

2. Suppression of heavy metal stress on plants. 

3. Anti microbiological activities etc 

4. Seed encapsulation   

 



Health Care Industry and 

Environmental Application 
Hydrogels 

1. Chitosan containing PVA hydrogels have been successfully 

developed and tested in Vietnam. 

2. The fully transparent, mechanically strong hydrogel 

possesses antibacterial properties that prevent infection 

and stimulate re-epithaliziation 

3. Controlled release systems. 

4. Improving the efficiency of recovery of chitosan from bio-

waste 

5. Synthesis of chitin/chitosan based absorbents for use as 

microporous membrane   







STERILIZATION OF 

MEDICAL SUPPLIES 

1. Conventional process, autoclaving, freezing and 

fumigation by gas. 

2. Sterilization is performed by the generation of 

reactive intermediates such as OH radicals, and the 

reactive species attack the DNA in bacteria, bacillus 

and spores etc. 

3. IAEA and UNDP have implemented the radiation 

sterilization projects in India, ROK, Chile, Hungary, 

Yugoslavia, Iran, Turkey, Peru, Bulgaria, Portugal, 

Syria, Ecuador, Ghana, Egypt, Mexico, Vietnam etc. 

 



STERILIZATION OF 

MEDICAL SUPPLIES (cont) 

4. In developed countries, the ratio of radiation 

sterilization to the ethylene oxide method will 

further increase to the level to 80%. 

 

5. Electron beam application for this purpose may 

grow at a higher rate than Co-60 in some 

countries due to possible economic advantages 

and better public acceptance. 







Radiation Compatible PP 

Producers:  

 Montel, Exxon  

 Korean Company  

 Institute in Poland  





Enhancement of Gemstones by 

Radiation  

It Is Plain Make-up 

 The prettiest face still requires some touching 

 Nothing artificial, Imitating nature 

 Naturally materials irradiated over prolonged 
periods in soil (millions of years) now job 
accomplished in minutes 

 God makes the country, man made the town 

 Tailors signboard says “God makes men; we make 
them gentlemen 



Cost Assessment 

Globally cost assessment is based on: 

1. Hardness of substance (Mohr’s scale) 

2. Rarity of material 

3. Publicity (Advertisement, DeBeer) 

4. Natural vs. artificially treated 



Radioactivity Phobia 

Ionizing 

Radiation 

A. Can knock 

off electrons 

B. Can knock 

off protons 

A. Produces colors but no radioactivity 

B. Produces colors and radioactivity 



Gems Modifications By 

Radiation 

Radiation Sources: Gamma Rays, Electrons,  

Neutrons, Gamma rays preferred because  

1. Uniformity of coloration  

2. Don’t induce radioactivity  

3. No localized heating  

Transformations include 

Coloration beryl, tourmaline quaitz topaz  into 
colored products 

Diamonds into fancy diamonds. 



The major changes on 

irradiating gemstones 
Material               Changes 

         

      

Beryl and aquamarine   Colorless to yellow, blue to green, pale colors to deep blue ‘Maxixe’ 

Corrundum   Colorless to yellow**, “pink to padparadscha” 

Diamond  Colorless or pale colors to blue, green, black, yellow, brown, pink, or  

                                          red 

Pearl  Darken to gray, brown, ‘blue’, or ‘black’ 

Quartz  Colorless, yellow, or pale green to smoky, amethyst, bicolor amethyst- 

                                         citrine 

Spodumene, kunzite To yellow or green* 

Topaz  Colorless to yellow, orange, brown, or blue, imperial 

Tou/maline  Colorless or pale colors to yellow, brown, pink, red, or bicolor green- 

                                          red; blue to purple 

                                                              

Zircon  Colorless to brown to reddish 

         

      

*Color fades on exposure to light. 

**Color may fade on exposure to light; there can be present in these materials at least two different color  

 Centers. 

 One fading and one non-fading.   

 





Causes of color 

 Impurity 

Color Center 

Charge  

   Transfer 

 



Impurity 

Example:  

 Titanium (Ti), Vanadium (V), 

 Chromium (Cr), Iron (Fe), 

 Manganese (Mn), Cobalt (Co), 

 Nickel (Ni), Copper (Cu) 



Color Center 



Irradiation sources (Merits and Limitations)  



Commercial Irradiators  



Different varieties of Topaz 

 

Colorless Topaz 
Sky blue Topaz American blue Topaz 

Pink Topaz 

Imperial Topaz 



Topaz: Al2SiO4(F,OH)2  
Occurrence Type 

Pakistan (Mardan) Pink topaz, imperial topaz 

USSR Fine blue crystals 

Nigeria Fine blue crystals 

Madagascar Various colors 

Jos, Nigeria Fine blue, also white 

Queensland and Tasmania Blue colors and brownish gem 

crystals 

Tingha, New South Whales, Australia, 

Rhodesia, Cornwall, England, 

Scotland, Japan  

Crystals and pebbles 



History of Irradiation of Topaz 
 The production of blue topaz from colorless stones by 

irradiation was first reported by F-H Plough in 1957 

 The process was rediscovered and reported by Nassau in 
1974 and by Nassau and Prescott 

 E Beam and Gamma rays produce topaz “sky blue” in 
color 

 In order for electrons to penetrate a significant thickness of 
topaz, 10-20 MeVs are required (Linear Accelerators/Van 
de Graaf Generators Betatrons used)  



Stepwise transformation into 

super sky blue Topaz 
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Stepwise Production* of 

American Blue topaz 
1. Colorless/pale colored topaz exposed to neutrons to level 

sufficient to produce some color/dark blue or gray color 

2. Neutron irradiated dark blue color topaz is irradiated with 
electrons in range of 1000 to 10,000 megarads (with 
cooling) to American blue colored topaz/olive green 

3. Brownish color can be transformed into American blue 
color by heating for few hours (>2 hrs) at 121 to 582 
degree C. 

________________________________________ 
*US patent No. 4749869 Date June 7, 1988 

Inventor: Richard Fournier 



Nuclides Generated in Topaz from different Localities  



Facility Requirements (Neutron 

Irradiation)  

 Reactor 

 Fast neutrons – thermal neutrons induce  radioactivity – 

filters / screening required to eliminate thermal portion 

 Fluence 1017 to 1018 

 

 Temperature 

 At high temperatures the stone may crack (above 600 

Co) caused by gamma heating 

 Content is required during dry heating 

 Alternately special vessels are designed 

 



Nature of Radioactivity induction Topaz  

 Stones become radioactive on exposure to 

neutrons  

 Major impurity constituent in topaz is 

Tantalum,  

 Occasionally  following may be present 

 SC-46 Mn-54   Co-58 Zn-65  Cd-109 

 Sn-113 Sb-124   Sb-125 Cs-134  



Occurrence of Diamond 

(General) 
 Synthetic diamond produced at pressure as high as 

100,000 atmospheres (pressure under ~200 miles 
of rock!) and temperatures ~5000 degree 
Centigrade 

 Similar conditions apply to natural diamonds 

 Apparently exploded to the surface in the form of 
fissures known as pipes 

 Diamond found in kimberlites and also as alluvial 
deposits (streams, rivers, channels, beaches, etc) 

 



Diamonds Occurrence (AFRICA) 
 S. Africa, a world leader in gem production 

 De Beers, a huge conglomerate, also owns rich 
goldmines of rand in S. Africa 

 Rhodesia is noted for alluvial deposits 

 Ghana had been producing 20 million carats in 
the last decade 

 Ivory coast and Republic of Guinea produce 
alluvial diamonds 

 Sierra Leone diamonds are among the worlds 
finest 



Diamonds Occurrence Rest of the 

World 

 India: Source of largest and famous gems 

(Kohinoor, Hope diamond) 

 Brazil: Produces large quantities of 

diamonds but little of gem quality 

 Venezuela: A substantial alluvial 

production mostly yellowish  

 



Diamonds Occurrence Rest of the 

World (cont) 

 USSR: One of leading world supplier. All 

the pipes are located in Siberia, weather 

extremes a problem 

 USA: Only significant deposit is at 

Murfreesboro, Arkansas 

 Largest crystal, named Uncle Sam 



Transformation of Cape diamonds 

into Fancy Diamonds  

 Gamma rays . Not able to cause defects 

 Electron Beam .Produces colored diamonds 
but above 10MeV , radioactivity induced 
due to impurities present in diamond at  
PPM level  

  Neutron Irradiation .Colored diamonds 
produced by synergy of heat and radiation  



Colored diamonds produced by synergy of heat and 

neutron irradiation : 



Changes in Gemstones by 

Gamma/EB Irradiation 



Gems Enhancement in   Pakistan 
Service Fee 

Gemstone Radiation Nature of  

material 

Service Fee (Rupees) 

Dose Charges  

per kg 

Topaz Neutron Faceted gems R&D 

Diamond Neutron Rough stones R&D 

Quartz, Topaz 

Tourmaline etc.  

Gamma Rough stones  

 

 

 

Faceted gems  

 

Preformed 

Up to 2 Mrads 

2-6 Mrads 

6+ Mrads 

 

Any dose 

 

Up to 2 Mrads 

2-6 Mrads 

6+ Mrads 

500 

1000 

1500 

 

7500 

 

750 

900 

1750 



Commercial Irradiation of Gemstones at 

PARAS-Lahore “Pakistan” 
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• Quartz 

• Topaz 

• Tourmaline 

• Kunzite 



Super Radiation Resistant 

Thermoplastic 
1. Seguchi of JAERI and his co-workers23 have developed a new 

material showing excellent radiation resistance 

2. This material is thermoplastic polyaryllen ether nitrile (BEK) 

3. No decrease in flexural strength at extremely high dose of 375 
MGy in nuclear reactors. 

4. Because of  thermoplasticity, BEK can be easily molded to 
sheet, tube, bottle, etc 

5. A capsule of BEK successfully tested for  irradiation of target 
material in the research reactor (JRR-3M) using a pneumatic 
conveyor for 150 hours 

6. Induced radioactivity of BEK by neutrons is extremely low. 

7. Handling a capsule after irradiation is much easier than an 
aluminium capsule.  





Polymers and Materials 

Processing –Technology Transfer  

 Countries visited ( IAEA, OIC and ISESCO 

Expert and Technical Meetings) 

 Italy, Japan, China , Thailand, Oman, Saudi Arabia , 

US, Brazil, Malaysia, Indonesia, South Korea , 

Australia, Austria, Turkey ,Denmark , Malaysia,UK  

 Sri Lanka , Sudan, Ghana, Vietnam , Bengla Desh , 

Iran, Ghana, Morocco , Saudi Arabia ,Kenya , 

Uganda, Nigeria, 



 

Thank you for not 

 sleeping 

 during the presentation 


