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FOREVYORD

Following an exchange of cables with UNID®, Vienma, Pr. Chien Chu

and Ir, Bernard Th, Essclink és UNIDO repregentatives attended the neeting
of the Internaticnal Atcmie Energy Agency Study Group on Inpregnated Fibroun
Moterials held at the Office of the Atomic Energy for Feace, Banghkok, 20-8k
Hoevember 1967. . The Governrent of Thailand agreed to release them frém their
asgsigned duty with the Technological Research Institute (Applied'Scientific
Aesearch Corperation of Thailand) for the period of the neeting so that they :
night attend as the cfficial representatives of UNIDG. This paper gives
their joint rencrt cn this meeting, together with the Prograrme of the Study
Group, a list éf_the papers actually read, and a listing of the fepresenta— '

tives and observers who attended the neeting.



ZEPCET TC UNIDC ON MEETING OF
INTEENATIONAL ATOMIC ENERGY AGENCY STUDY GROUT
ON IMPEEGNATED FIBROUS MATERIALS

By Chien Chu and Bernard Ph. Esselink

A, Phe IARA Studv Group Meeting

o dact =% -natural weood have many shortconings such as lia*ility to
decay, high meisture ahbsorpticn and often poor dimensional stability and
low gtrongth. These limitations have restricted uses of wood to a few
cormercial species, which become very expen31vn with their dwindling
supnly. Many speciocs of low grade wood find little uses although they

are cheap and ebundant in our troplcal forests.,

Impregnation of wood with monomers ard polymerization in situ by

nernal catalyst processes produce a wood nlastic corblna-
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ticn (WPC) with inmroved plywlcal properties such as high streng th, low
water abgcerpiiocn, gocd dimenmsional stability, mold and inseect resistance,
andé scnetin e¢ven flane reslstancefrom certain kinds cf polymers or
additives tc the polymer. Thus the nodified wood has wider applications
than the original low grade weod. The sane prineciple applies to bamboo,
rethan, fibre %hoard and wood veneers. Research and development . on polyner
containing firrous materials have been nade in many courtries in recent

years.,

- The IARL Study Croun Meeting on Iwnrpgnated Fibrous Materials spon-
sored j@intly by the International Atonic Energy Agency and the O0ffice
of Ltomic Znerpgy for Peace of Theiland hed a successful sessicn during
'Gu-é Ncvenber 1967. The meeting was attended by 25 participants from

thirteen countries and five UH agenc1es besides 1L obhservers from relevant

governnent agencies, universities, industries, and UN ngencics in Thailand,

Twenty-six papers were presented in the neeting. Various Wr{ sarmples of

riany ccuntrice were displayed during the session,

4% the meeting the status of the ¥WPC technology was reviewed and the
vethed and technigues of impregnation end polymerizatisn were compared,
moth out of techndeal peint of view and fron the sconomic side. The ceco-

ncriies of WOC in eomparigon with other raterials were discussed. Recorien-
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dations were made for futurc research work or the developnent cf WPC aad

cooperation in this research work,

In conclusion, thc sessicn of IAEA on inpregnated fibrous materials
in Rengkok is highly significan£ in advocating international cocperation
especially from developed countries for advancement of atomic erergy for
necace hnd to introduce new fibrous products industries in devélopihg

countries,

2. Meonufacture c¢f

The manufacture cf WPC can be done in two stépé. Tirst the impreg-
nation of the wood with monomer and after this the polymerization of the
nanorer in sueh a way that it adheres to the wood fibre. As monomers,
12ethyl methacfylate, styrene and vinyl acetate are used. Trials on the
ase of other chearer mononers hawe been done in many ccuntries, but this

.

is etill in on experinental stage.

.1 Inpregnaticn of the weod with nmonomer.

‘ .
encral, inmpregnation of wood with menoner is carried out

by

ey

Fal
first with evacuation of air cut of the wood by applying vacﬁum, after
waich ihe mononer is forced under nitrogen gressﬁre.into the wood

cavitics. Low density wocd is more porous than high density weood and

thercefore ceasier tc impregnate.
2,2 TFolymerisation of the iononer. :

2¢%2.1 Thermal cotalyst process. .

Proether with the nonoﬁef a catalyst is incorporated and
the nalymerization ic initiated by heat treatmernt cf the wood in
cvens or autoclaves. This nethod has a disadvantage of high
catalyst coste and high temperature involved. The initial capital
investnent is low and therefore a flexible production on moderate

i
producticn scale is feasible.

2.%.2 Polyncerization by irradiation.

Irradiction by gamme radiation fron Co=60 at a dose range

of 1-2 megerad mey initiatce the polynerization. Ancther possi-



billty is 1rradlat10n by linear electron accelerators. Both
“methods, however, need a very high. 1nlt1a1 capital 1rvestment and
therefore the riethod can only be realized with a2 high thzoughput

of wood product.

Tesearch on the thermal catalyst process and the irradiation
process is continruirg and finally economics will decide which
method is preferred. Witk both methods, the effect of the heat
of molymerization on the strength cf'fhe wood fidbre is a natier

for further research.

.

%, Pracitical anclications

At presert onc commercial application of the.?roduction of WPC by
the irradiatior method is known in the USA. The Arerican Novawood Compapj
nroduces five million Eounds of WPC anhually.. The process involves nainly
the imprebnatloﬂ of wood with nethyl Lethacvvlate and radiation with a
dose range at 1.1-2.0 negarads fron fo0-60, The total investoent 1nc1ud1ng

.the irpregnation and irradiation facilities was about US § 50C,C00.

Tarthermore, the American Machine nd oundrj Co. produces billiard
cues by the therral catalyst process. ] Y

In gecneral, however, cormercial devclowremt of Wl is still in its

infaney. The avproach for the developed countries and the developing

('x)

countries should be guite different. In developed countries the need
decorative woed for building ( arguct floor, decorative walls, artistic

furnitare, ebe.) is big and there are also many special applicetions
1
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ues, etc.) The develo;iﬁg countries are more in

d of low cecst housing meteriels which are resistant to weathering,

ds and insects. Their pro ductlon of nononers. is just starting and
could be ovientated tc the new &1reculono One possible development is
rated wroduction of vinyl chloride and vinyl acetaﬁ, for iﬁpéeg—

fibrouns materials such as fibre board, veneers, wecoderaft and

"L, Pogsgibilities for developing countries

Pitre board is comnsicered as £ the promising tuilding

o
nateriale for dcvecloning countries, The board is casy to impregnate

b



with monomer. Also impregnation of only the outer layer can be made,
after which a kind of sandwich construction is obtained with poly-

nerization,
L. Bagasse board

Bagasse has been utilizged in ﬁanv developing ccountries (Eepublic
of Shina, Fhilipnines, india, etc. ) for the precduction of 1lsw cest
hagasce board as housing material, The weathering and irpsect resist-
ance is low and a bagasse plastic combinaiien can bring a considerable
improvement., Xesearch oa bagasse plasi combination is dore in Taiwan
with good ta. Towever at present ihie coesis are still teo high,

which can be imnroved most proéhally by the use of cheawvner uononmers.

‘£,% Pamboce

The Southeast Asian region is endowed with many species of bamboo.
Thailand has a specie of giant bambee with a culm d&i aneter sver L",
Bamboo harves® usually has a three-year cuting eyecle. It is consi-
dered as the poormau's timber and is favoured by farwers for its guick

growth and short harvesting cycle besides its numerous housekold uses,

Cn the mainland of Chirva dig banmboc poles, impregnated with
oil and naturally cured,h&d been used as gas pives and brine pipss in
the production of »ock salt in Szechuan Province. Ouck hamboo p

owed their useful life to tung oil impregnation..

Research work on the bamboo pléstic combination (3P¢) im Teiwan
shows gcod prospects in commercial deve pne #t. The prermeakility of
Aambee t0 monomer 1*rrepnat10n is. so good that no nitrogen purging is
mecéssary,, dertaps plasticisers such as dehydrated castor oil may be
added to veduce moncmer cosv and to produce a nliable bamboo produect

which may £ind application as duresble stroxzg low ecst housing » +erial.
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Zuvnber wood has fairly gecod physical strength, but is 1
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rot quiekly. Uhus rubber wood has little value to rubber plantations,
2 mrocess hap “een developed in Ceyloz for the manufacture of Iibre

v on: WICT fron rubber wood
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hoard from rubber wesd. rreliminary stu

has heen made my the Atomic Bnerzy Jonwission of Thailand. TFeasibhility

Py

tudy and weathering tests of EiY producta from rubber wesd could be

l\-“j



conducted by regional coonerat*sn with international assistance. WPC
standard w1ndow frames and flooring from rubber wood may IlPd a wide

market for low cost housing.

5.5 Vioodcraft articles and furniture parts

Production of wooder aft articles and furniture parts is guite
lakour intensive., .These producis have a great potential market in
deve1oped countries and can be regarded as a big expori potential of

x

developng countries, With government promotion, woedcraft articles

o

and furniture parts can he made from a wide range of local woed and
processed in a central impregnation and radiation plant for finishing,
grading and wodern packaging for export by private exnorters. ‘The
central processing nlant would cﬁarge orly for the impregnation and
radiation processing and packaglng besides providing worizing capital
and technical assistence to rural workshons for selectiorn’ of wood,

toels and designs hesed on foreign marlket urends.

=

5. Conclusions and reconmendations

The  IARL Otudy Group lMeeting recognized the fact that low cost housing
materials for developing countries is one of the major world problems.,
Therzfore this devalopment was stressed as importent and all participants

of the meeting agreed to direct future research in this direction. Ls

|u.

1meaticaed. Segicnal coo oneration with respect to these mater
ly recommended, Atientior was Grawn to coie as soon as nossib

limatic testing. These tesis can be compared with acceler~
ated weathering testing ¢f the same materials, to b«

¢
oned countries Finland offcerred to do these tests. )

In general the feelins was expressed that the WFC as a building mete-

riai, althougn still ir its itfancy, is one of the most nromigsing meterials

N



STUDY GRCUF ¢F InZNEGMATED FIBROUS MATERIALS

PROGRAMIE

Monday, 28 Heverher 1967
Seggion I - Iatroduct

L, QOpening of Study Greup

2, Irnirodunctory Papers

~ The Supporting Technology
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Tuesday, 21 Hoverber 16&7

Session III - Status and Technology of Polymer conteining Fibrous

Materials in the Western Hemisphere

Segsion IV - Status and Techrology of Polymcr containing Fibyous

Materials in the Eastern Henisphere

Wednesday, 22 November 1967

Seggion V ~ FTibrous Materials as o Natura1 R sourge in the Far East

Thursday, 23% Yovenher 1§67

Session Y3 -~ Totential Merkets for Pelymer-containing Fibrous
Materials in the Far Iasi,

Sesgion Vil -~

udy Croun;

rent Programnes

Friday, 2& Hovertber 1987

XTY T

Sesgion VII « Continued.
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Sesgion VIII - Summary and Cenclusion

A. ZReview acconplishuents of Situdy Group
3. DPrepare summary cf Study Groups activities
©. Prepare guidance for IAFA c¢n Fubure Study Group
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Annex 2

PLPERS PRESTENTED AT TEE STUZY GAGUR
FI

TMARBTING 017 IMPREGHATED PRCOUS MATERIALS

As General introdusiion

"Higtory of impregnation technigues withk fibreuns msterigis",

Dy, T, Faritow, U.C. Foresls Produect Lidoretery, Madiron, Wigcongin,

"Weod-plastic coxm 1natlon by monomer impregna
1

polymerization”, Dr. Tibor Cavikovszky, ¥

Fudapest, Tusgary. (At present only thke con

cle is available)
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"Selected bihiiogrophys:. fibrouc material-polymasr composites",

(Composeﬁ vy Villiam B, Mottt and George j. RBotariu, Division of

Isotones Development, U.8. Atcnmic fnergy Cormission, Washington D.C.
205%5) |
B, XHccpomic

brceus materialg, fecornomic Cansiéeratit”j" Brie Lothkirch,

e

"lmnreg ated §

HRlono, Helsi_“

"Potentiali markets Icy wool plastic coapesites in the Jar Fast-Japan",

3 b7 T

ayama, Central Zesecareh Laboratory, Showe Denko. . H.,

C. BSupporitins technelogy

0

"Pegradation of polymers by ultra-vieclcet ligh+%t, D.T. Turner, Camille

Fets

IS

Dreyfus Leboratory, Rescarch Trian gle Izgtituie, EResearch Triangle

F&I‘k, I'—roCo 9 Uo l’:'.f_‘o

"Aruleiorn grafi nolymerisatiorn te wood by ¥ radiation”, lias

MR T
China,

r
trial Zeseareh Iastituts, Hinistry
of



. "Monouer - polymer chemistry and the inpregnation process", Vivian
Stannett; Chemical Engineering Department, North Carolina State

University, Baleight, N.C. 276C7, U.S.A.

"The permeability of wood in rélation to its sfructure and penectra-
bility by fluids", #Zric L. S. Ellwood andé Richard J. Tboﬁas, School
of Forest Resources, North Carolina State Un1ver81ty, Raleigh, North

Caroclina U.a.ae

"Radiation engineering in the polymerization of monomers in fibrous
materials using a radio isotope source", A.J., Felice, Atomic Energy

of Canada Ltd., Commercial Prodﬁcts, Ottawa, Canada.

"Radiatiecn engineering in the polymerization of monomers in fibrous
[ s P
materials . accelerators", F,L, Daltor & J.D. McCarn, Vanta

[ ] i
Laboratory (.WR3), Grove, Wantage, Berkshire.

"Flhrous naterial rescurces in Asia and the Far East", D.L. Stacey,
9

FAG, Bangkolk, - 3
A}

D, Papers on the status and technoiogy of polyner-containing fibrous

nmaterials in the different countries

Australia "The prespects for irradiated wood-polymer composites
in Australia", J.G. Clouston; Australian Atonie

Energy Cormission, Lucas Heights, Australia.

China "The status and technology of polymer-containing

fibrous materials in the eastern hemisphere -~ Taiwan",
Ung-Ping Wang, Radioisotope Laboratory, Union Indus-

trial Besearch Institute, Ministry of HZconomic Affairs,

-

HAepublic of China. -

Basterr Furope "The status of wood-plastic combination research in

Burope", T. Czvikovszky and J. Deho, Research Institute

for Plastics, Budapest, Tungary

(]

Finland "Status and technology of impregnated fibrous raterials
in Finiand", J.7, Miettinen, Departnent of Sadio

q1etlery University of Helsinki, Finland.
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L B -r
South Horez

Sweden

Yo Dot

"Statuslaﬁd technology of polymer—contalnlnﬂ fibrous

"materials in India", V.¥. Iye, Isotope Division,

Bha-bha Atemic Besgearch Centre, Indisa.

,

"Status and technology for wood plastic composites
(WPC) in Japan", Toru Hirayama, Central Regearch

Leboratory, Showa Denko., H.X., Tokyo, Japan.

"The’ status of rescarch on plastic impregnated fibrous
naterinls ir the Philippines"; Letiecia 5. Bomnoan,
Philippine Atonic Research Center, Philippine Atonie

Energy Commisgion, Marila.

"The status and techanology of polymer containing
fibreous moterials in the eastern hemisphere - Korea",

Chwe-Zyung Sung, C flce .cf Atomic u wergy, oeoul,. Korea.

"Status aqd technology of polymer-coniaining fidbrous

(ﬁ

rinis in Western Burcpe with special reference

(N
wd

m‘

~
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1

weden", P.0, Kinell and P, Aagwbrév the Swedish

o+
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02

Research Courcils Laboratory, -Studsvik, Hykoping,

Sweden.

"Weod resource of Thailand", Tong Sono, Ferest Product

Tesearch Division, Royal Forest Deparitment, Bangkok,

"Sore investigation on fadiation=polymerization in

Thailand", M.L. Andng Nilubol and Soritiart Greethon,

)

$ffice of Atonie Enerpgy fer Teace, Dangkelk,

"impregnation and polymerization ncethods and systems
used in the production of wood—nolyher materials',
Williarm ©, Mott and George J. Hotariu, Division ef
Isotopes Developnent, U,8. Atonmic Erergy Commission,

Vaskington D.C. 2054%,
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Annex 3%
3TUDY CROUP MEETING
ON

m
J.I

TED FIBRRCUDS MA

20-0L NGVTMB

Participants and Accommodation

Representative

Applications Section

and Laboratorics

vtienal Atomie Frnergy Agency

Vienne, Austria

Augtralia
Dr, J.8., Tlouvston
Jead, Irradiation Besearch Section
Australien Atemic Znergy Comnmission
Private Mail Bag, DButherland
‘o;.).'.'. AUBSTT& i
MaBoWo, Australia

Canada
Mr. A.d., Felice
renarer, -roduct Flann ranch
Feanager, duct Planning Branch

To0. Box 93
Qttawan, Canade
China
Dr., Ung-Ying Yeng
Chief of Radicigotone

Lebhoratory

esearch Ingtitute-



China HMinistry of Dconomic Affairs
£ . v
Cont'd) . Hsinchu, P.0. Box 100
/ 9 )

Taiwan, China

Dr. Hong-Chien Yuan
Union Industrial Hesearch Institute
No. 585 fTuvang Fu Road, Hsinchu

Taiwon, Repuklic of China

Finland
Professor Jorma X. Miettinen .
Head, Devartment oi Radiochemistiry )
University of Helsinki
Unioninkatu 35, Helsinki
Finland
¥r, Bric Jotkirch
Akeono
Esplanaden 16
Helginki, Finland
Iindia
Dr, V.il. Iya
Head, Isstove Division
Bha~bha Atonic Iesearch Center
Trombay, Rombay 7%
Iinéia’
Japan

Pr, T, Hirayvana .

Diréctsr9 Technical Research Laboratory
Showa Denke ¥.X. -

Mo, 2-2L, Tanagowa, Cta=ku

Tokyo, Japan

Dr. Fasae Gotoda
C/G AR Ltoncnergi

Studviik, Sweden
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Xorca
SRR ERE IR

Dr, Chwa Xyung oung
Pirector, Gifice of Atormic Energ £y of the Hepublie of
91, Chung-dong, Sudainoon-ku

Seoul, Korea

Zhilippines
Mrs. L. Doumoan
Chenistry Deparinment
Philippine Atonmic Energy Cormission
Yerr®n St., F.0. Box 932
Manila, Philiprines
Svweden
Dr, P.C. Xinell
The Swedish 2escarch Jouncil's Lekoratory
Studsvilk, Mykoping
Sweden
Thailand
Mr, Sebhak ¥, Xascmsanta
Chief, Reactor Operations Division

i
Office of the Atozic Inergy for Peace
Bang Xhen, Banglol
Thailand
Mrg, Anong Hilubol
Clio:g Cherigtry Divigion

Cffice of the Atomic Energy for Feace

Zang Xhen, Panglhok
Thailand

VMr, Pong Coro

Forest Products Tegsearch Division

Phahonyothin doad, Zangizok

s
Thailan
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United Xingdom

Dr. P.L. Dalton
Badiation Branch
Isotope‘ﬁesearch_Division

Yantage Beaearch Leodboratery

Isotenes Development
UGSO.—(‘.BEQCO
RO545

Wagkington D, C.,

USA

Pr, V.7, Starnett .

North Darolina State University
o

Profegsoer Le-Van-Thoi

Director General, {ffice for iAtomic Bnersy
v =2

281, Mhan=-Th«Gian

Boite Pogtale (=16

Chicef, Electric Power Dection

PDivision of Industry and Natural Desources

Heoromic Cermigsion for Asia and +l e Far Fast
Pels Cantitlom, Zamsiok
m

1
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FAO

- IABA

UNIDO

Mr. D.L. Stacey
Forestry Officer (Forest Industries Development)

FAQ. Hegional 0ffice for Asia and the Far Tast

Bangkol, Thailand

r

Dy, Svasti Srisukh

Begional O0ffice for Asia and the Far Fast

€/2 Urited Nations Developﬁent‘Programme

P.C. Box 618

Bangkok, Thai1and

Mr. B. Ph.,Essélink

Polymer Chemist, Technblogical Research Institute,

' ASRCT, 196 Phahonyothin Rd.

Bang.ﬂh#n,:Bangkak
Thailand

Pr. C. Chu -

Chemical Eﬁgineer‘
Technoiogical'ﬁesearch Institute
ASRCT, 196 Phahonyothin Rd.
Bang Khen,‘Bangkok>

‘Thailand
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