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Introduction

The inception of E-beam. processing in Malaysia started in August 1991, with the

operation of NHV EPS-3000 and Curetron 20OKeV cockcroft-walton type accelerators at

MINT. In the beginning, between 1991 and 1994 the accelerators were primarily used to

support R&D on medical product sterilization project (medical glove) radiation curing of

surface coating and some activities on radiation modification of polymers (Table 1). The

ALURTRON, irradiation center has been upgraded with additional facilities that

accommodates R&D on heat-shrink products, pilot-scale flue gas purification as well as

handling machineries to cater for e-beam commercial irradiation services such as wire

and cables, tubes and hydrogels.

Subsequently, electron beam accelerators were also installed at 3 private

companies namely, Sumitomo Interconnects Sdn. Bhd. 2 units) and Sea] Air Corporation

Sdn. Bhd. 2 units). The accelerators at Sumitomo are solely used for in-house

crosslinking of thin wire and cables. The machines at Seal Air Corporation (formerly WR

Grace) are primarily used in the production heat-shrink films.

Recent development has shown that E-Beam process is also very effective in

removing a wide range of volatile organic compounds from industrial exhausts. It has

been shown that organic solvent vapors from car painting lines as well as volatile dioxin

and furan from municipal waste incinerators can be easily removed without prior

enrichment.

Commercial E-bearn treatment of aqueous is non-existence in Malaysia. There is,

however, preliminary R&D work on purification on wastewater and drinking water.

Semi-commercial latex irradiation is currently in place at RAYMINTEC plant at MNT

but using ganinia rays from Co-60 sources (Table 2.
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Table 1. Electron Beam Irradiation Facilities in Malaysia

Name of company Machine Manufactur Purpose of radiation Year

specification er estab.

MINT 200 kV, 20 mA NHV, Japan CURETRON (research and services) - mainly for curing 1991

of surface coatings

MINT 3.0 MV, 3mA NHV, Japan ALURTRON (research and services) for crosslinking of 1991

tubes, heat shrinkable tubes, crosslinking of wire

insulation

Sumitomo Electric 800 kV, NHV, Japan Cross-linking of wires insulation 1995

Interconnect Products, Johor 100 mA

Sumitomo Electric 2.0 MeV, NIHV, Japan Crosslinking of wire insulation 2001

Interconnect Products, Johor 100 iA
0

W.R.Grace, Kuantan 550 kV, m-A Cross-linking of heat shrink packaging film 1996 �:jto
2 units CZ

S.KPolyrner, Klang. 150 kV, 460 m-A ESI, USA Cross-linking of plastic packaging film 1

Table 2 Gamma Irradiation Facilities in Malaysia

Name of company No. of Facility
MINT 2

(SINAGAMA & RAYMWTEC

Ansell, Malacca 1

Sterilgamma, Rawang 1

Isotron, Kulim 1
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Purification and Treatment of Industrial Wastewater by Electron Beam

Electron beam treatment (E-Beam treatment) is a comparatively new method of

wastewater purification. E-bearn treatment has been studied by many research institutes

over the world. The technology is an environment-friendly approach for the cleanup of

contaminated groundwater and industrial wastewater. E-bearn treatment does not require

addition of any hazardous chemical additives and nor does it create any secondary wastes. It

treats multi-components in waste streams. Principally it uses short-lived reactive particles

produced from e-bearn bombardment that decompose pollutants inside wastewater

efficiently.

Demand for water has grown dramatically globally. We have seen how acute is the

demand for treated water in Malaysia during dry spell of late. Burnsoo Han et al. reported

that between 1990 and 1995, water consumption increased by over six times, globally, more

than double the rate of population growth. This rapid growth in demand is essentially arises

from increasing reliance on irrigation for agriculture and food produces, industrial and

domestic growth. Thus it is felt that there is an urgent need to develop the water-efficient

technologies including economical treatment methods of wastewater and polluted water.

The treatment of industrial wastewater becomes a relevance issue in Malaysian

context. This is especially so when many rivers become more polluted as a result of

industrial activities.

Earlier work on radiation treatment of textiles and pulps industrial effluent has been

reported ulkafli et.al, 1989). Their work 6valuated decolorization of effluent from textile

and pulp industries by gamma irradiation and chemical separation processes (using trivalent

rare-earth salts). Wastewater was exposed to gamma rays at certain doses and thereafter the

turbidity and color were measured. In the chemical method, samples were mixed with

lanthanurn salts either nitrate or chloride) at controlled mixing speed. The organic coloring

matters were then precipitated and filtered out. Similar analyses were performed to measure

the reduction in color and its turbidity. They reported that both chemical and gamma

irradiation were able to discolor the wastewater in which case chemical treatment is up to

60% reduction while gamma is 53%. This is achieved at 10 kGy dose with oxygen

saturation. The wastewater turbidity was reduced up to 87% (Table 3.
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Table 3 Decolorization of wastewater by radiation treatment

Dose (kGy) BMBB INSAS JAYA

(Brown) (Light blue)

Color (unit) Turbidity Color (Unit) Turbidity

(NTU) (NTU)

0 840 152 230 42

2 560 96 122 23

5 600 96 118 21

10 490 88 120 22

15 500 84

lo* 440 76

10! 399 74

Note:

In the presence of La(NO3)3

In excess of oxygen

The National Executive Management Seminar on E-Beams Technology for

Purification of Industrial Wastewater was held at MNT on 29h Aug. 2001. The seminar

had successfully created awareness among the industries on the alternative method of

purifying and treating wastewater.

Radiation Processing Division, (BTPS) at MINT has since started research work

on e-bearn treatment of industrial wastewater and drinking water. The proposed project will

adopt some technique pioneered by EB Tech PLC, a subsidiary of by Samsung Heavy

Industries, Republic of Korea.

A preliminary survey was conducted on related industries which has been identified

by Department of Environment to have contributed to industrial wastewater problem, i.e.

textiles and food industries. The textiles industries visited generated between 15 - 1,000

in3/day of wastewater while food generated 12 - 130 M3 /day. There are three large scale

textile companies with an average of more than 4000 m 3/day vol of effluent. Management

of wastewater treatment is either in house or contracted out.
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Fig. 1: Total Solid Content of E-Beam Treated Wastewater.

it was observed that all companies visited have installed waste water treatment

plants but some plants are under capacity. All treatment plants are similar in term of process

but differ in sizes. The treatment plant consists of physical screening for the suspended

solids, neutralization, and chemical treatments and then followed by biological treatment.

Some plants were observed to depend only on biological system for BOD and COD

reduction and hence results in discharge noncompliance.

Among the problems associated with the current technology are;

Color of wastewater is only slightly reduced.

Almost all treatment plants have difficulties in maintaining consistently low

COD level (below 100 mg/L).

Some plants continuously having COD >100 mg/L.

All plants have accumulated significant amount of sludge that needs to be

incinerated which is costly, - RM2000 - RM3000 per ton.

It is hope that the preliminary work on radiation treatment of wastewater at MR4T

will help alleviate the current problems contributed by these industries in Malaysia (Fig. 1).
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Radiation Vulcanization of Natural Rubber Latex (RVNRIL)

Since RVNRL was first introduced into the market in 1996, Malaysia has been

marketing actively in the RVNRL produced at RAYMINTEX facility at MNT. At the

moment the latex vulcanization is achieved using gamma irradiation. The RAYMINTEX

plant has been producing the irradiated latex at semi-commercial rate. The plant has the

capacity to irradiate 1000kg latex with source strength at 100kCi. However the current

source strength is less than 8Kci.

RVNRL found very useful application commercially in products such as finger coats,

examination gloves and condoms. The use of RVNRL for the production of surgical gloves

and baby teats are being pursued. The finger coats from RVNRL are so successful due to

fact that its sulfur free property is highly sort after by the electronic industries.

Radiation Sterilization of Medical Products

Radiation sterilization of medical products has seen a very good growth in Malaysia.

There are now 4 gamma plants in operation at a commercial scale. There are at Ansell Co.

Ltd, (started 1976), MINT's SinaGamma (started 1989), Strile gamma (started 1993) and

Isotron 2001). The products include surgical gloves, plastic bottles and catheters.

SinaGamma is also focusing on non-medical sterilization such peat-soil and etc.

Radiation Curing of Surface Coatings

E-beam curing of surface coating remains unexplored commercially eventhough

various efforts have been made to promote them to the industries. However, the use of UV

irradiation is fairly widespread typically in furniture, electronic and printing industries.

At the R&D level, MINT continues to research on the radiation curable material

especially from local indigenous material such as modified palm oil and latex. These

researches are supported by a low energy EBM (NHV Curetron 200 keV).

Among the material being developed are;

1. Development of Scratch and Abrasion Resistant Materials by Radiation Curing

using nanoparticle AEROSIL TT600 and oligonier EB2 IO dan EB2 70.

2. Synthesis of Modified High Molecular Weight 5000-24,000) Radiation Curable

Palm Oil Based Urethane Acrylate (POBUA), for application such as printing ink

and PSA.

Radiation Processing of Agro Waste
Other application of E-beam processing is in the pretreatment of the empty oil palm

fruit bunch (EFB) of the palm oil waste. It is mainly to induce pasteurization for subsequent
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developmental work on animal feeds and production useful fungi (mushroom strain or

ordinary fungi). Several mushroom strains useful for protein enrichment were found from

this work.

This is part of MINT activities in promoting the use of radiation processing for

upgrading the oil palm wastes. The gamma and electron beam irradiation are used. The

feeding trial has shown that it is suitable and acceptable for ruminant animals. The scale-up

production of this feed (Steri feed) is being carried out.

The E-Beam Treatment of Flue Gas

The flue gas experimental test rig was set-up at MINT to help local utility company

to evaluate the E-beam technology in treating S02 and Nx emissions from power plant

(Fig. 2. he installation was completed and commissioned in October 201 Te set-up at

Alurtron MINT consists of 2 sets of diesel generator that simulate the production of flue gas,

spray cooler, inlet ports, process vessel, control system and an online gas analysis
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Fig. 2 Schematic Diagram of Flue Gas Treatment Plant at MINT

equipment, dust collector and others. At some position of gas pipeline, Sx of known

flow rate are also introduced. This is done due to very low amount Of S02 detected in the

flue gas because the fuel used in the experiments was diesel. Inlet ports were designed to

enable injections of other pollutants such VOCs to the flue gas.
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Ammonia is added at a point of gas entering irradiation vessel to assist the chemical

reaction and purification of the gases. As a result nitrate (ammonium sulphate nitrate

((N1L)2S04-2NH4N03) and sulphate (ammonium sulphate (NH4)2SO4 ) salts are produced.

'ne dust collector separates these powdery substances and the clean air produced is

exhausted air through a stack (Fig. 3.

The experiment identify that the optimum electron beam parameter is lMeV, 8mA,

with estimated dose ranges between 75 kGy - 8.5 kGy for flow rate of 300 Nm3/hr.

With added ammonia and SO2, the average NO. removal was 65% and 80% for S02

removal. The NO., removal was further improved by increasing the humidity of flue gases

by steam injection.

% SIMULTANEOUS REMOVAL OF NO and S02

100
?

90
8 -

70

60 
C 50 

40

30

20

10

01 ..............
CO - CO tO r- ) M Lo r- a) CD te) '. 

Time NO removal S02

Fig. 3 Simultaneous Removal Of NO And S02 by E-Beam. Process

Radiation Modification of Polymer

Earlier activities 1990 to 1998) of radiation modification of polymer focused more

on synthetic polymers such as PE, PP, PVC, EVA or blends of theses. They are primarily

studied to promote the adoption of E-beam, process in industrial process such crosslinking

of wire and cable, tubes, heat-shrink products, medical products and others. Researchers

expertise have been alleviated as a result of this intensive research program. A technology

transfer in production of radiation crosslinked heat-shrinkable products has also been

achieved. Two local companies have been using the electron beam iadiation facility for

their crosslinking requirement.
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Besides, radiation crosslinkable compounds, which are heat and fire resistance, have

also been produced at MINT. Some of these compounds have been transferred to local

manufacturers.

From 1999 onwards more effort has been put in research on modification of natural

polymer especially those off indigenously available. The activities include;

• Sago starch derivative hydrogel

• LNR-based co-polymer, NR-PS compounds - high impact PS

• LNR-based IPN compounds

• Radiation crosslinkable PVC/ENR blends

• TPNR (NR/PMM.A - equivalent to polyolefin TPNR and can be processed at lower

temperature (80-100 C

• PP/EFB and PP/kenaf fibres composites for automotive components.

• Biodegradable film from sago-water soluble blends and grafted sago-starch

• Development of biodegradable sago foams

• Water soluble chitin and chitosan derivatives
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Fig. 4 Biodegradability of sago foam

Fig.4 shows typical biodegradability property of foam produced from radiation

modified sago starch and blends. The availability of high energy electron beam accelerator

(NHV 3.OMeV, 3mA) has enabled research on material development of radiation

modification on natural, synthetic or blend of these polymers. In most cases work is

performed with the collaboration of local manufacturers or relevant industries.

SUMMARY

Malaysia will continue to play an active part in the new program on radiation

technology to strengthen and support environmentally sustainable development in line with
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the FNCA objectives. The applications of radiation processing technology for the

sterilization of medical products, vulcanization of natural rubber latex, curing of surface

coating, treatments of industrial wastes and modification of polymeric materials not only

environmentally friendly but also contribute significantly to strengthen the industrial

development in a country such as Malaysia. They are the thrust research areas, which MINT

is currently giving emphasis to the applications of radiation processing technology. In view

of that, the Malaysian government continues to support radiation technology by providing

research funds, manpower and facilities. This effort received further impetus with the

approval of project funding for the development of Malaysia-EBM (M-EBM) for years

beginning 2002. The project aims at producing medium energy electron beam accelerator 1

MeV, 5rnA) for treating aqueous products such as wastewater.

72 -


