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I. INTRODUCTION

ladiation processing has been emerging as a production tool in the plastics

industry. [ts apolications involve rolymerization, graft co-polymerization,
curing and modification of r»lymers. New -~roducts as wood-plastic combina=-
tions (V) have been manufactured commercially. It is intended to review
the current status of radiatisn rocessing and 1ts imvact in olastic

manufacture.

The radiation sources refer to both, radioisotopes and narticle accel-
erators. In the former categor:, Jobalt-60, which emits electromagnetic
radiation, known as gamma rays, 18 the most commenly used source because of
its availabilit: and reliability. “Taesium-137 which 1s obtained from the
fission products in nuclear ~ower gencration may also be considered as a suit-

able gamma source.

Co=60 Cs-137
Half-life, yrs ‘ 4.6 i,
Tnergy, VeV : : 1.33,1.17 0.548
Price/ri, * : 0.50 0.20 (?)

(~100,000 Ci)

The radiation from gamma sources possesses dec> cenetrating power and
is therefore suitable for the treatment of thick objects as well as in chemical
synthesis. The merits of Cobalt-£0 and 7s-137 are (1) low maintenance,
(ii) low cost for renlerisiment and (111) dc endable and reproducible energy
output. Their performances have been ‘'roven in medical ~roducts sterilization,
grain irradiation and ethyl bromide synthesis. For the time being, all '™C

manufactirers use Cobalt-() as radiation source.

Accelerators are mainly electron beam accelerators of 0,5-3 "kV, They
oan jrovide hizh dose rate and sufficient scanning sueed of electron beams and
are particularly suitable for the continuous treatment of thin sheets of nlas-

tics, textiles and surface coatings.

The radiation source wovidcs the necessary energy to initiate chemical
Peaction in a ~iven system, but its selection 1s very much dependent on the
rpose and materials .o be treated. I he geometry of the source and the ob-
Jocts should be arranged 1n such a way as %o cermit uniformitr of dose and to
®uit the characteristic feature in the nolymerization.
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In comparison to conventional catalyst-initiated polymerization systems,
radiation-induced nolymerization takes rlace without the fear of catalyst
residues in the polymer. The »roducts mal show superior electrical proper-
ties and thermal stability. Some solymerization reactions can be initiated
with the aid of radiation, while with ordinary catalysts they fail to take
nlace due to the presence of inhibitors. TFor this reason, radiation pro-

cessing opens a rew adrigzon in the .lastics industry.

For economic considerations, the feasibility of a radiation process

should be viewed from the folluwing factors:

1. Cost of source and its installation;
2. Source renlacement;

3, Amortization:®

4. Installation maintenance;

5. Load factor;

6. “roduction rate from a given output of energy.

The last factor is directly related to the process. It is known that
for one watt of energy the number of kilograms of material produced is equiva~
lent to 0.373 ¢ 10-6 (¢) (i), where ™ refers to the molecular weight of the
nroduct, and ¢ is the number of radicals oroduced by 100 eV of energy. For
the production of ~olymers through chain reactions, a G-value around 10 will
be nromising. Fortunately, most monomer systems have high CG-values to warrant

their exploitation in radiation -rocessing,

It shou.l be em-hasized that the total dose requirement has a direct
bearing to the nlant capacity, the higher the required dosage, the lower the
plant output and the hiigher the cost of production. The selection of an opti-
mal dose rate is therefore a problem including both engineering and economic

considerations.




ID/WG.27/9 |
Page 5

II. WOOD-PLASTIC ~O'BINATIONS

There are tarece '’C manufacturers in the U.S.A. and one in Prance,
all using methyl methacrylate. 'n “ngland Joserh ilodgers > Sons has recently

planned the marketing »f "0 using a mixture of styrene and acrylonitrile,

somgany Year “roluct ‘ge
American lovawood 7o, 1966 Camma:ar floorinyg
Lockheed-Ceorsria Co, 1966 Lockwo:sd sroluct evaluation
Nuclear tlaterials and Iquipment
Cornoration 196€ “erma Grain flooring
Joseph lodrers  Sons ‘ 1988 Marthattan-,) cutlery handles

The treated wnod is surerior to the natural woud 1n the following
aspects: sta'.c bendin;; snear hardness; dimensional stability; ~om ressive
strength; weatherability; decay resistance and abrasion resistance. In
some cases, flame retardency H»f ' 18 a nossibility 1f a proper monomer 1is
selected. Th2 machinabiiity and nailability of ", however, 1s no better
than that of natural weood., In comcarison to olastics, "'V excels in most
mechanical nronertiss, and has a better thermal resistance. ‘otantial
arnlications can be ex.:ldited 1n construction, furnitule, and s :ecial ties,
It has been evaluated by 7itro “ngineering “omoan: that the selling price
of ¥C using *TA 15 $1.50/b<.ft., and is much higher than the price of

ordinary wood (%0.235/Ld.ft.).

The cost reduction efforts should be emchasized on the .se of lower unit
cost monomers, and to reduyce monomer comdent and dosage. The woduct im-
provement should be sousht through the uniformit. Hf treatment and the re-
lationship between physical roperties and the end-uses. 3ince both howo-
polymerization and graft nolvmerization are involved in ¥'C manufacture,
the effect of extend of grafting on the Hhrsical roserties should alse W

investigated.

Tae im-rovement of the quality of wood through is regnation hes led Ve
the develonment >f a broad class of imregnated fidteous materials. Pagaete
board, basboo, and jute have been successfully treated by radiat i 90~ i mlased
solymerization with © nyl monomers. The finished roducis ossess good 4i-
mensional stability, insect and fuagus resistance and reiafsrced seshamisel
strenith. Such treataent wil! convert some shumdent !se-—caet {1 otaulh
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into useful construction materials as in prefabricated housing. With the

choice of a low cost monomer system, the product can comdete with natural wood
.ric2=wise. The success of such an attempt will mean a new market of monomer,
and for the tropical resion itnexvensive and readily assembled building material

that will resist deformation and natural decay.

The following table shows the o erating cost and the plant investment in

"™C manufacture.

mSADATTD LAY CIVTSOT T AND OPTRATLAC COSTS
TO . WOOD—. LASTIC ~OITRIVAT [ONS¥

"roductions 2,500 lbu/m, £,000 hr/year operation or 9,000 t/yr

A, FPlant Investment Cost ¢
Im-regnator and Accessories 146,000
fobalt-60 source, 1 Yc at $0.50/C4 500,000
Irradiator 127,000
Building and 'and 265,000
Clant tilities 105,000
“ngineerins and Construction eeg 244,000
Total Fixad 7a 1tal 1,407,000

B, Arnual  eratins Tost
De reciatin , 140,000
‘aincemert of Jouree, 12.5. . year 63,000
Direct Labour 110,000
Yaintenance, Jperating Supnlies and

Hilit ea 42,000
Pactrry verhewd 110,000
Ceneral e AD .
Total Coet 608, 00
“sgt mr tom of  roduts $ 47 ,-
— M

 iamed sa . De Little Lie. wud Witse B slacering Conpany figusres
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T. Notkirch in the Scandinavian Symposium on WIC, Helsinki, May 1968,
gave the following estimates:

Plant Capacity, t/yr

Tapital Investment, &

10,000
100,000

1,310,000
5,000,000

Lﬂ_‘-“

18.7

In practice, tne manufacturing cost is influenced by the selection of

wood species, monomer system ana operating conditions.,

factors can be sxetched as below:

Wood <

Imrregnation cycle

ler cent loading -;:ih lNonomer
/

™~

Total Dosage

Operating condition

The interaction of

Dole
rate

Heat

tranzfer

Additives

Even under the same conditions, the variation of throughput with the
type of monomer and the related total dosage will effect the production cost

significantly as shown in the following tabtle based on a nolymer content of

25% in the oproduct:

Cost per kg of product, §
fonomer | Dosage,; lelative Impregnationﬁrirradi- Monomer Total
MMrad i throughput| a.ion
Vinyl acetate 2.5 1 0.03 0.03 0,08 0.14
Vinyl chloride 0.6 n.83 0.02 0.03 0.05 0.10
Methyl methacrylate 1.5 0.33 0.03 0.07 0.16 0.26
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ITI. CRAIT COPOLYISRIZATION

YPC is one example where the monomer molecules are linked to cellulose.
The grafting technique has been used t5 improve the osroperties of textiles
and nlastic films. .ccently the Brookhaven ilational Laboratory has reported
the research nn nlastic imsregnated concrete that has imoroved compression
strength by a factor of 2.4 and reduced permcabilit: by 335, In general,

the grafting can be done by either of tLhe following mathods:

L. Irradiation o1 wol;mer in the resence of a nonomer:

2, Pre-irradiation ol olrmer alone followed by rrafting
with s monomer-

3. Irradiation of swollen .olymer-monomer svstems.

A number of research activities vas re orted in the use of monomer
vapours. Hopefully, vawur-cshase copolymerization should ease the control
of the extent of arafting, and :.iould be a very nice combination with method
(2) from the viewmoint of materinl handling. lowever, the technique has not

reached the stage for ractical anvlications.

"here 18 a vast nuweber of resorts on the radiation grafting of different
<inds of Hlastics with everv conceivable monomer. The major effort is to
alter the characteristics of the olymer in desired directions. 'olyethylene
films can be modified ‘o imorove mcuff resistance, ~rintability, adhesion and
sermeability.  In vextiles, rrafting, imroves the soil release and crease re-
sistance of "nlyecter-cotion blends. (eing accelerators, Deering Milliken Inc.
and DBurlinztor Tndustrier resiectively commercialize the treatment of fabrics
with suitable vinyl monomers. Other im'roverments have bren sought including

washability, dye retention, and antistatic proverties.
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IV. CURING OF UNSATURATWD POLYISTIRS

flectron beam curinc of styrene-polyester resins has been on the thres-
hold of commercial success. Distinctive advantages over conventional practice

are summarized in the following:

1. Instantaneous curins in air at ambient temperature;

2. Simplification of 4handling and storage of polyester because
no catalyst is required;

3. Less floor srace required for continuous urocessing;

4. Continuous coating of Jolyester on heat-sensitive substrates

without damare to the base materiale.

Coatin~ ecui ment ie available to treat 4 fi width board at speeds up
to 100 linear ft/mxn, Several major paint companies have produced naint
formulations that cure to an excellent finish with a small dose of radiation.
The new curing method will onen u new fields of polyester paints, which do
not req ire solvent in an-lication. reviously the main objections to the
use of polyester paints have been difficult in curing, the limited
shelf-life and the assurance of "tack-free’ surfaces. adiation curing will
eliminate all these troubles. Another rroup of coatings based on acrylics

has also been developed success{ully for marketing.

""ith powerful accelerators in the range of 1.5-3 MeV, it is nossible
to cure glass fibre reinforced wet-iay-u: laminates, prenregs and even
moulding comnounds. The radiation-cured materials can compete with hot-press
cured materials with regard to mechanical prouverties as well as to cost.
Yith a total dose of § irad, thc cost based on semi-commercial prodvction is
around four cents ver kg of the nroduct. 'lowever, more engineering effort
in the development of accelerators is necessary as to permit the curing of

objects with complicated geometrical shanes.
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i. =3 LTIZATION OF "OLYMT: ST CTUTS

e direct modificatior of the structure of volymers should be regarded
a8 'he sar'iest mmercial a’ lization of radiation. The General Tlectric
Tomomry introda o4 rradiated wlrvetiy-lene tae more than a decade agvo,
‘ryovec 'y s food-wra, irg material from . . "race, i3 ‘roduced by ipe
rediation of olietialone fiiw 4 n:mber Of com-anies irradiated lyethylene

-

inmulations @ed 10 wire and rylle coverinses. otn Myso igyon Somrary and
Jei®.1 Chemi~al EOAn 'n Taoan have succeeded in the mrnafacture 3f fosmed
#iyetr lene throusn radiation-inducad ross-iinking of the Olymer irn the
resence of blowins apent.  3ome iieat shrinkable olyeta lane tubing, bags
wd filoe are alay v rodustiorn by Sumitomo Comcany.  Irradiated wlyeta lene
shows 8 higher ters. |e strength, better resistance t- eolvent, heat and agzing.
23 wn insulating material it 8 almost 1mmune to stress cracking, which has

boen & ga cr defect ~f ordinary solyethylene in wire and cable ecovering,

't hae Peer revesied tha' the 'nion "arbide Cor oratinn has a slan of
Mstalling 10,000 curies of ~abaltfd %5 alter the molecular weight and the
vissonily of ivethylena ~xi1ds Another interest Ing a slication 18 showm

ia the croes-! aking of nat.ral rutber latex wher 1t is irradiated with 13
Wat t> form filme of excall rt meckanical e erties,

Domcite thae faot that ercessive irradiatior will cause the dreakdowm or
deteriovation of OLyMeric materials, it 12 gafe to Tiote from the success sof
irradiaied oliethyiene ‘het 3 $iitatle dosare, in the Pange of 4-40 Mrad,
will favourably modify the 1> erties oL polymers, The modificatiom s usually
shieved b the o8t -irradiatin of manulactured eoods.  Radiation arergy
omittad from w celerstors initistes the formalion of free radicals and theee
rakicals oa recombination Lead to Cross-.inking,  Such trea‘ment a8y introe
Ssce some s-acial & Licationg in the ~laatic industry, rarticularly in ime
EVing tie ‘hermal and 80lvent resistance of thermonlastics. g
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