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lkar Reader. 

This is number ~4 of UNIDO's slale-of-lhc-art series in lhc field of malerials cnlillcd Ad,·ances in Muuriols 
Tcclrnology: Monitor. This Monitor is devolcd lo ADVANCED POLYMERS FOR ENVIRONMENT. 

The main article for lhi.., Monitor w~ wriuen for us by Dipl. In~. Dr. Christa FriL.,cher from lhe Auslrian 
Pla. .. lics lnslilule in Vienna. Auslria. • 

The degradalion of polymers is a:i importanl part of modem (hllymcr lechnok>gy. Al lim\.'S when con::ern for 
the en\·ironmcnl is greal and ba.,ic knowledge of polymer chemiSlry allow~ lhc d\.'Signing of new inteR~ling malcrial' 
wilh unique characlcri.-.lics, lhcrc arc many applicalions wht.!re lhc dcgradalion proccs..., of lhc polymer must be L:nown. 
Many of lhc tradilional built polymers arc quile roislanl lowardo; en\·ironmenlal d\.-grada1ion. bul differcnl 
mndificalion.., can render lhc malerials SU.\ttptiblc lo, for example, phOlo-oxidalion and biodegradalion. 

Wilh lhis Monitor. we start a series of puhlicalions wilh regard lo cnvironmenlaily sound lcchnolog.ics in 
malcrial., scicn1.:c and engincc.ing. 

We in,·i1c our readers lo share wilh us lhcir experience rcbled lo any aspccl of produclion and ulili.1.-tion of 
n1<1tcriaL ... anJ -~pccially commcnL .. on lhe suhjccl of lhi.o; Monitor. ll would be apprccia1cd if you could a11swer 1he 
qucslions on lhe "Reader Survey·. which you will find al lhc end of thi., Monitor, and rclum ii lo us. Thank you for 
your coopcralion. 

Technolog~· Dc\clopmenl and Promnlion Oi\i\ion 
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by 
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:'5 Wakr·Soluhlc W;1t.-r·Dcgradahle 
Pl;1stic:s ......................... 7 

5.h \1oJilic:ation of Pol\ mer Strurturc 
to Enh;tncc PhotoJcg.radahility ....... 7 

h. T C'\t mcthoJ, for dct.:rmining. the dcgr;1J;i· 
hilir ~ of pnlymcr ........................ x 

Pro .1nd contra Jq~r;ulahlc polymer' ........ 'I 

"i. Puhli..:<1li•tn' . . . . . . . . . . . . . . . . . . . _ •1 

I. Thl' Am1lrian Plastic'\ lnslirUlt' 

Th,· .-\1i..rri;in Pl;1\lic' Jn,11tutL· 1<>-t.:rrci..:hi,ch..:, 
I' 11n,hl11fl in,r irut. ·u Kl') i, lhL· okk~t di\i,1• 111 ,.f rh1.· 
.-\u,1r1.111 R .. ·,L·.ir•h Jn,11ruk lnr <"hcmi,rn .in.I TL·chntL' 
(()..1..:rr..:id1i,chl·, f11r"·hunc,11i-1it111 .. , >Fl 1 in \ 1.·nn.1. 
J _,f;1!->li,h..:d i., 1 •1 . .:.:. ,1, .1 pri \ .1k rl-,L-.irl' h .1111! i.·,1 inl• 
i1hl11t1k in 1h,· lil·l.f, 11! pl.1,ri, '· 11 ~r..:>' up 111 11nL· of 
,\;i,1ri.1·, '""'' imporl.inl lnli111! l.1h11r.1l11ri,·,. "lin,,· 
'umm,·r 1•1•11 Dr. r>i.:tm.1r l.niJI h.1s hL·L·n hL·.1d ,,f rh,· 
in,1i111h'. l'r11l lliflkrh11kr Ji,·inl! rn.in.1~inL: .tir,·l'l11r ,d 

tlw <>IT 

.. \1lh11111'.11 1hL· OKI i' 11n1 ..,,,11L· ;:111. ir h.1 ... hl·,·11 
.1111hnri1nl h\ l.-fl,1in r\11,1ri.1n \lini,1ri..:' tor ,! .. in;: 

IL",linl!' in th..: wlwk fidd 111 pl;..,ril', .and ruhhl'r'. ir, 
CL"rli fi,,tlL'' h..:in!!, .1ppr11\,·d '" oi fi(i,il don1m,·n1, \inl'•: 

199~ the OA is al-;o an accredited European testing 
la:.,Oratory according to the quiilification criteria of 
European Standard EN 45.001. 

This authorization includes 11..-sting and analysis or 
thermoplasts. thermosets, clastomers. bonding agent-; and 
coatings. it also includes examinations on polymer 
composites, on scmifini.-;hed and finished products anJ 
the controlling or production pro..:1...'S.~'S for the~ articles. 

The Pla.,.tics ln~titute\ unique ... ituation is thc fact 
of being a'i..-;ociah:J with fiw other d1\is.ions. of the OFI 
working in different fields of plao;tic" applicarions. One 
of them is in char~e or \arnishes and C•Jating~ (OLI). 
l\lhers deal with material-; used in the bu !Jing indu!>try 
(()Bl). in sport-; (OIST) and in m.:dici:l appli.:;ition., 
({)IB\\-,; puhlic relations. work for pla.o;ti,·s a.-; \·aluahk 
materiab i.-. donc b~ th~ OIWK. \1o..,1 oi thc'e other 
di\isions of 1he OFI arc. as well ;t.' th.: Plastics Institute. 
authoritcd for !heir special iiclJ or work anJ .. () l'ff.:r an 
cxh:n-.iw cat.1logut..' of po,..o;ibilities lo the customer. An 
1wcrall of ahoul 'ixtv t'mployee<, allow quick handling of 
all orders. 

Th..: Plao;tic:., ln,titucc·s special fidd i~ not onh. all 
kind!> of mechanical. physical and chemical. but i!lso 
microhiolo!!ical examinati~ns of ph-.ri..: or rubh\'r 
materialo; anJ comp..m•:nts. the analy<.is of product,; wirh 
rc!>pcc:t to cnnronmcntal properties. informati.m and 
ad\ ic..: in question., concerning enginL"ering and con· 
'lruction and finally the r..:cycling of pla~tics; different 
kinds of dat<th<N'' prmidc the propcrti..:\ ,,f most 
matcn;ik online -~arching in ~c:icntific: literature dala 
iM'e~ gi\..:' ;ic:.:L""' to lalest puhlicalion,. Also within the 
l,1.,t few ~car' qucstion' \On.:crnin~ qualiry in,ur;m..:e of 
plao;ti.: pro..Iurh h;" hecom..: .tn imp.1rt.1n1 factor of the 
(n,titut..:\ work. 

B..:,i.k th,• aho\c·mcntion..:d work ,,, a l..:,tin~ 

l,1hor.1tllf\, lh..: 01'1 i' in\ohL·J in difl..:rL"nl f\.'\\.'iHl'h 

pr111!r.1mm"'· lll•"l ol lhem ..:i1h..:r •l;mJiru. rn .1 \er~ 

c Ii..,,. r.·l.11 ion'h ip lo indu,r ri;il prohl..: rn' .m.: appli.:;1! ion' 
or .iirnirw. .11 lhL" <k\dopmcnt of O<..''>' I• ,:in~: m..:ihod, 
Som,· L'\,1111pJ.:, o! 'lll'h r..:, ..... 1rd1 pro~r.tnh .iri.: rhc 
d,·\l·I, •pni.:r.r of l..:·,t 111c ml'1l111.I, f1 •r J,·~r.1dahh: p11I:, ml·r, 
,.,,h.li.1lh 1i-..:J in .1!:ri,·uhurc ;mJ l.1r 1h..: .;1;.,,jfi,,11i11n of 
ri.:n.J,·J pl.1:-lic,. the rompari,on 11f m.:1h11d, for lhL" 
r.·d,·\c•l11pml·n1 111 'l"Wc:r. ;111,1 d;;i111', rhc Inn!! tcrn1 
hd1.1\11>11r of rl'inl1trl..:J pla.,tir,, 1h..: r,·.,>rdrnc ol th..: 
,·,1111p1"11i11n 111 1h,· pl,i.-ric fr ~.ri11n wirhin ~'.•1rh;1:..:,·. ,1 
,111J\ .1h•Hll \ol.11i:,. p1>ll11r.111h fr1>m pl.1·,1i.: huildin!f 
prt>d111.·h 111 1h,· optimi1ing of ,1 1 ...... ring rnc1h111.I for 
1kh'rrnininl! lhl· lh..:rm.11n•11dm·ti\ily11l 1uhL·· lik1: pt.,ric 
in .. ul.1t ion l'nam,. 
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\tuch emphasis is pul on leaching: Some members 
of lhe Pla..o;lic. lnstilule's staff give lectun.-s al Austrian 
uniwrsities. In addili<.'n training courSt.'S for students. 
leachers and other in1ercstcd people take place al the 
()Kl as well a." seminars about special current 
dcvdopments and scientific ad\'anccs. 

On the occasion of the Herman F. Mark award 
ccn:mony each year in Oclober an inlcrnational 
symposium is organi7cd by lhe OKI. In October lt)l>2. 
"Ad\·anct.'S in Degradable Polymers· were prcsi:n1eJ and 
Jiscus."Cd by l.:ading scienlists from all owr lhc world. 

, -· ~DSl' and importance of degradable polymers 

The degradalion of polymers is an important parl 
of modern polymer technolog). Dcgradahl.: pla.<;li1.."5, 
only a few years ago linlc more than a nowhy. arc now 
;i hol topic within lhe plasli1..-s induslr). 

Traditional applications of syn1he1i1..· pol) mer" arc 
mostly ha.~d on their rclati\c incrlne~' to biodc!!radalion 
compan:d with natural macromolccuk-s such ;L' cdlulosc 
;md prnh:ins. First inc.;-ntiw' for lhe slUd) of thl.." 
hiodcgradalion of P•llymi:rs weri.- to prewnt or retard 
an;ick nn pol) me rs by bacteria. fungi. in~cts. rodent<,. 
and other animals. ~ow the U"-C of synthetic polymer< 
h;1s accelerated 10 the exi..:n1 that lhc dispo ... al of the 
pnlymeric produ.:b currently in U!".C. mo!il of 1hcm 
hioresistant. has become increa.,ing.ly difficult. One of 
lhe importanl current mcenli\·c., for the study of bio­
Jl·grndablc polymers is their easier disposal. !\toreO\cr. 
hiodcg.raJahk· polymers ar1..• U'il..'ful fm application<, such 
"' "''"r•''· "urgi.:;11 impfants. con1rollcd-rclcasc formu­
l;iti1ins of drugs and agricuhural chemicals. ;1gricultural 
mukh. etc .. aml inlcrcst in them continues lO incrc;L<,e. 
Current tn:nds in polymer research and the m;irkcting of 
plastics indic;1tc an inuca.,in~ demand for the 
dc\clopment of a di\"crsity of degradable polymeric 
products with predelcrmined sun·ival time. 

Th~· inlerc .. t today is fm:uscd on dcgradahlc 
polymers and their transformation into low molecular 
\\eight dc!!radation producL<, and the changes in the 
long-term propcrtie' of th1..· matcrialo;. The term 
"environmental dl.."gradation" denotes !".C\"eral degradation 
factor<. (phy .. ical. chemical and biodcgradation) working 
'~ ncr!!i't icall y Im\ <1rds mi ncrali1at ion. Deterioration and 
dq!ri1d:1tion of pdymcric structures in nature arc the 
h;1,ic mecham'm' en .. urin!l recycling of the dem.·nh of 
1he biosphcrl·. 

\fany of lhc lraditional hulk polymer' arc 4uit.: 
re,ist;mt towilrds ~·n\'ironmcntal Je11.radati1m, hut 
differl.."nt modification' can render the m;1tcrii1b. sus­
rcptihle lo, for example. photo·oxiJation ;md hio­
dcv,ritdatiM. Metal complexc)> arc uc,cJ, tri!!!!.•·ring a 
photo-oxiditlion with ;1 po.,sihilit y of loiter hinJcp.ra -
dation. Starch- filled LDPE with mct;il eompkw' anJ 
an lin,aturated addi1ive .,h1l\H promi:sin~ results .1s a 
material which ,.,111 undergo hoth photolysis, 1herrr.olysis. 

oxidative and biodegradation. For biomedical use the 
attempts to de\clop degradable polymers ha\"e been 
focused on the synlht.-sis of new bioJcgradablc polymers. 
and alo;o the moJification of natural polymers. There 
ha\·c ~'Cn syntht.-si7cd. for example. aliphatic poly~-stcrs, 
polyanhyJridcs and polycarbonatcs. Thc:-.c are 
intcrcstin~ materials with potential use a.' sullln: 
filaments. ligature clamps, bone fixation plates and 
drug-rclca.sin~ systems. These new material' arc often 
too c.\pensi\".: for non-medical use and therefore. for 
non-medical appli.:ations the modification of synthetic 
polymers has ~-en more u.sual. 

3. Definitions of :enns 

The occurrence of polymer degradation is rccog -
m.-cJ by its cfkcts on the appearance and propcr1i1..-s of 
the material. Common dfects arc discolouration. 
emhrittlcmcnt. tackiness. loss of surface glos., or cr;.;•ing 
or chalking :)f the surfa\:c. From a practical point of 
\icw. degradation is any l"hJngc which ha..; ;in adw&.­
cfkct on polymer properties. To the pol) mer chemist. 
the term "degradation" refers to any chemical change in 
lhc polymer struclurc. ~e\crthele'-' no stand;irJ 
definition aboul the meaning of 1hi~ lcrm ..:xists. 

Del-': ioration involw~ phy~io:al ch;tngcs caused hy 
cracking.embrittl.:ment or disintegration. Envirnnmcntal 
degra.lation occurs in the n;1tur.il (outdllor) cm ironmcnt. 

The hiodcgr;idation inrnlws living organi~ms or 
their o;ccrclion<, and .:an he dcfin..:d a.-. a molecular 
phenomenon in which a biological sy~ti.-m mediates ill 
IC<L't one step of the lWCrall tran)>forma1ion of the 
pol~ m"·ric molecule into ga.c,cous product.., ;ind bioma''· 

Photodcgradation can he defined as a breakdown 
of polymi.-ric molccub initiah:J hy sunlight. The phoh)­
oxidatiw degradation in\·ohcs sunligltt ;ind oxygen 
(change of oxidacion-~ta!!c) in combination. 

4. The mechanisms of polymer dq:radatit>n 

4.1 Genl'r.11 aspects or polymer drgr.idation 

Polymer" c;m he diviJl·d into natural polymers -f 
pl.1111, •t11imal or micro· org;mi,ms and 'ynthctic 
polymer,. A '.:con~ important Ji-.tinction. which prmcs 
lo hl· import;tnl in reb1ion to dl·g_r;1Ja1ion hcha\ iour. io; 
hitscd on the rl·pctition ur.;1 \t.1rromolccule ... m- moide 
up of m<tny chain uni1" which ;ire rcpe;1t1..·il m;iny timt:s 
;1lon!! lhe lcn!!th of thl· chain. !\1o,t poly mer .. 1.·ontain a 
sinv,lc l)pe of repl·.11 unit and ;ire Je,niheJ ""homo­
polym'-"r". Th\'re i,, howc\er. ;1 l;iri.w ~roup of p11lymcric 
materials (hoth nitlllral itnd synthdir) in whirh 1wo or 
mor~· Ji fkr1..·n1 stru,·turl·~ arc r"·pcat.·d in th1• ch;1in: these 
Me Je,crihcJ "" rnpolymcr" ;ind indudl· "urh 
ex;1mplc" iL' ,.ome synthetic ruhb.:r" .md lac4u~·r~. and 
natural pro1ein · ha,cd materials. \'cry important in 
relottion to d·:!!ri1\.la1ion behaviour is •1lso the di,1in,1ion 
hl·tw ecn polymers with a p•.m·ly carhnn · c..rhon hack-
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bone ,.uch ao; polyt.'lhyknc. polypropylene. polystyrene. 
cis-polyisopn:m.: or poly(\·inyl alcohol) and those with 
hctcro.itoms. Hctaochain polvmcrs ha\"e moro: complex 
struclun .. >:-.. Tho-.c of animal origin arc usually proto:ins 
and haw a polypep1idc chain structure This is" !>pecial 
ty p.: of a:-;iminoacid~ with difkr.:nt alkyl g.rnups. Wood_ 
'ilk. GL~in ;ind alhumin ;1rc examples of mar.:rial-. with 
thi., type of structure. Those of plant orig.in will 
typicall: be pol:saccharid,•-. with .. 1ructure-. rdJt~·d lo 
cdlul<N: or s1ar.:i1. All of thc~e material" h<t\e the 
common feature thJl the hack bone of the manomoleculc 
indudes other atom-.. a.\ carbon ·mch a_, ox~gen and 
ni1rogen. Synthdic he1crnch;1in pnlymcr.-. range from 
r.:1a1iwly simple 'lructurc:s .. uch ;L., lhal of tho: polyamide. 
'\ylon-h. and the silicon..: rubber. pol~dimethyl,iloxanc. 
10 vr.:ry complex .. 1ruc1uro:~ such ;L' arc prcs.:nt in ...111..yd 

and o:poxy n:''"'· 

4.1 Dt>gradativt Agtnls 

Polymers may he degraded iL'i a rl.-.;uh of cxpusurc 
tn \·arious ;1gents. which can be lislcd under fo·e 

hcadin1•': 

I. Heat: bwy po:ymcr will undergo degrada­
tion al some stage if the temperature is incrca'\cd 
.. ufficientlv and the differences in !->lability arc con­
siderable. h has to b.: stressed that polymer stability can 
bc Jep.:nd.:nl on the history of the sampk iL.., purity 
and. in some ca,es. on molecular weight. 

., Li~lu: The spectrum oi radiant cn.:rgy r~um 
the \Un which reaches the surface of the earth in 
summer cxt.:nJ, from about 290 nm into the infrared 
region ;mJ the uhraviolet component of this radi;ition is 
sufficient!~ cncrgctir lo hrcilk bonds and cau\C d.:gra­
dation in m;iny polymers. They arc even more scnllilive 
to more energetic radiitlion such as X - .ind y - ray<.. 

3. Atmmplrcrt': D\.·gradation of polymers can 
;1lso orcur by rhcmical allack by ga~cs in the alm<hphcrc. 
The most import;ml CilSC is attack by nx~gcn, hul 
il)!gn:-..,ive ga .. cs .,urh iL'\ oton,·. sulphur dioxide and 
nilrogcn dioxide can have an imporl~nt dfcct cv.:n in 
l11w conccnrratir.n.,_ Oxida1ion often accompitnic~ the 
prim;1ry cffel·I., of JcgritJittion induced hy heat and 
light. c~peci;illy in the <;urfor:e litycr of the polymer, in 
lhc rommnn ~i1ua1ion of dcgr;ula:ion in .1ir. 

.;_ ll_wlrolui•: Certain polymer~ arc ,u-..ccptihlc 
In! hi-.. '·r~·ri fic t ypc of chem iral a!lad undl.'r apprupriate 
condition~. 

5. Bi"'l1·Krt11luci011: Mo~l nalural polymers. hut 
rclati1,ely few synlhl.'tic polymrr~. arc •.cnsilivc to ;111ack 
hy micro-or!rnnism~. ill!,ain under approprialc conditions. 

43 Some Important Polymfr Cbaradaistics 

Some ~eneral fcalurl.'!> of particuhr import•mcc in 
relation to degradation rroce~ may he highlighted al 
this point. 

(a) Amorphnusor crystalline stale: Most polyme~ 
arc amorph1•us ~olid-,. i.e. they h.nc a wry disordered 
structure in which the chain~ arc randPmly coiled h is 
ca.o;i,·r for atm1 ... ph..:ri..: ga.•;6 but abo for water and 
cnJ'~matic !->)stems to diffu:.e into the .. urfacc bycr of an 
amorphous polymer. th;in in the ca.~ of a crystalline 
polymer. 

(b) (il.J.'\.\ tran.,iti.:m temperature: This is a 
\cry important property of any amorphous, linear 
polymer. If lhc temperature is graJually rai..cd. this 
is the temperature al which the physical state chang.l.-s 
from gla<;s to rubber. The change ill re\·crsiblc on 
cooling. Al the gla."" transition temp.:ratun: (T g.). 
the macromolecules rccci\·c just enough thcrnal cnerg} 
from the surrounding..' for movement lo beg.in within 
the chains. Some types of degradation rcaclion 
cannot proceed lo any significant extent below Tg. 
because the m:tcromoleculc~ arc "fro1cn" in their random 
coil-.. 

(c) Functional< iroups Prcscnr: Functional groups 
arc -.pecific chemical structurr.:s within the polymer chain 
whirh pro\"idc -;itc:s for reaction. Examples of functional 
groups arc carhon-carhon double bonds. -OH groups 
and -C0-0 (ester). -CO-NH- (amide) and -0-C.'0-0-
(carhonatd link:.gcs. Polymers containing ester and 
amide linkilges may he susceptible to hydroly!-li.,, for 
example. and lh~c with OH substilucnls may undergo 
dehydration ill elevated temperatures. Struclure!\ 
containing the carbonyl (-CO-) group arc al<;o 
particularly important a' chromophor·;;, i.e. sites which 
certain types of lighl may he absorbed. 

(d) Presence ofTe.-1iary Hydrocarbon Atoms: The 
C'H groups in polypropylene. poly~tyren.:, polyacr}littes 
and \";triou!\ ,Jthcr polymers arc sensitive lo rcrtain lypcs 
of reaction during dc~ritJation. in which free radical 
species itre prc~nl. 

4.4 Stability and Degradation Behaviour 

Ii is pos.,ihlc to predict ~ill.'<, of chcmiral alladc in 
reaction' !ouch as hydrolysi .. in suitable polymer:; from 
examination of availahlc fundion;il ~roup~. bur it i-. 
m uch morl' di Hirult to prl·di1:1 general patterns of 
degradation due to heal itnc.I light. Bond energies give a 
1,t1x>d guide as to which honds would he fiN 10 hrcak. 
Some typical avcr.1gc valul·<; of bonJ encrp.ics arl' llho·.vn 
in lahlc I. 
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Table 1 

Avcraic Bond Enereies al 298K (in kJ mol- 1> 

C·S ~73 C=C 612 
C-Br 280 C=N 617 

c-~ 107 C=O 732 

C·CI 340 

c-c 349 

C-0 361 
C·H ·H6 

C·F -185 

Another important factor in\ohcd in polymer 
d~gradation, apart from bond cnagi1.-s is the fact thal a 
macromulec:.Jlar chain is a unique reaction en\"ironmenl. 
In most cht:mical reactions. in order for rca.:tion lo 
occur. reaclanl molcculcs must collide and do S4' wi1h 
!iUfficicnl energy. In the long. chain or a macromolecule. 
hou•cn:r. repeal units arc held in proximity lo one 
a11u<her. This has the consequence thal ~uitablc 

functional groups in adjacent units may be ahle to react 
or that the reaction proceeds systt:ma1ically along the 
chain. Furthermore the stahility of a long macr.1-
molcculc can be acutdy scnsiti\·c to the prcscncc of a 
\Cry \mall numhcr of structural almormalitil·s. v.herc 
de\iation from the repeat structure occurs. The simplest 
"uch abnormality is the chain end itself and there arc 
important examples of end-initiated thcrm;il degrada· 
tion. Other common abr "'rmalitics arc 11xidi1cd struc­
tures. pos.<,ibly introduced during proccs..;ing, and these 
can he sites both for 1hermal and photolytically induced 
degradation. At lea.<,l polymers arc seldom used in the 
pure !'.late and impurities or additives can ha\c a 
profound effect on the stability of a polymer and on the 
p<1ttcrn of degradation. 

PhotodeKraduti<m 

The bonds in macromolecules typically ha\e 
encrgic!'. between]()() and 500 k.J per mole. Visible and 
infrared radiation is of insufficient energy to break such 
bonds, but it can be !'.Cen 1hat UV light with wavelengths 
lower than about 400 n!T! is of suitable energy. Some of 
the sun\ radiation, however, is abwrbcd in the 
atmosphere of the earth. There is insufficient energy to 
hreak C-H or C-F hond!i, hut that suitahle C-C. C-0 
anJ (.'-(.'I bonds could he broken. 

In order for UV light to cause photolysis of a 
polymer, it mu!'.t first he absorheJ. This requires a 
chromophorc. This may he a group within the polymer 
s1ructure, of which 1he most important example!'! arc 
structure!'. containing the carbonyl group. An alternative 
pathway in photodegraJation, however, involves 

absorption of an excited polymer molecule which 
undergoes homolysis. The radicals so formed can then 
undergo various possible reactions. such as 
disproportionation, cnaan sciss1on and following 
intermolecular tran..,.fer, depropagation to monomer or 
crosslin king. 

Se\"eral polymers which do nOl cont.aio a chromo­
phorc in the repeat structure are nc\"erthclcss found to be 
unstable in use in sunlight. "Jnless protected by added 
photostabili1.ers. Thl."SC polymers include PVC, poly· 
eth)·lcnc, polypropylene, natural rubttcr. polyamides and 
polypeptides. The explanation ~ the pr~scnce of some 
carbonyl g;oups in the chains formed a.<, a result of 
oxidation. 

.4Cmdsplwric degradati0t1 

Thi: ground !>late of the oxygen molecules i~ a 
triplet state in which therc arc two unpaired electrons. 
Oxygen usu.illy participates in degradation reactions of 
poly.nc~ a'i a free radical species. Althou!th 1n.:idatiw 
degradation can ocrnr al normal temperature-; ar. i in the 
absence of '-'\' light. 1hc most common dfccb result 
from the wmhin•:d dfrc! of oxidation and thermal or 
photoJ~·gradation. The oxidati\"C chain mcchani~m is or 
primc importance whcnc\cr there '' J source of fr.:e 
radicak 

R .... 0, ------> RO,· 
R02 · - RH - • - ·> R~JC>H + R · 

In the ~cond step. RB can he a suitable polymer 
mol.:culc. Because of the chain nature of thi'i reaction. 
e\·en small concentrations of free radical" can result in 
significant amounL'> of oxidativ.: degradation. The 
primary oxidation product. the hydropcroxide ROOH, 
is thermally and photolytically unstable. It decompO!'.Cs 
to give lwo radical,, cacit of which can participate a. .. 
R · in the chain proccs.o;: 

RCX>H - - • - - -> RO · + ·OH 

A second type of degradation due to oxygen ari!'.Cs 
when. in the presence of a suilable phot0!'.Cnsiti1,er (S) 
capable of efficiently absorbing ultraviolet light, energy 
transfer ocrnrs to p.·oduce an excited stale of the oxygen 
molecule. singlet oxygen (10:?): 

s ------> s• 
s• + Jo2 ------> s + 10, 

llydrolytic and hiodegradutio11 

Hydrolytic degrada1ion is po,...,ible in synthetic 
polymers containing ester. amide, urethane anJ carho­
nate linh and in naturnl polysacchariJe~ and proteins. 
Apart from the ca!'.C of polymers with e~tcr and amide 
!'.tructures in the side ~roups ri'thcr than in the hack hone, 
hydroly.,is lc;sd~ lo a rapid los.<, of physical prop-:rtics a..-. 
a result ;)f cleavage of the chains. Bccau!'.C of the hydro-
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phobic charotch:r of most polymers, hydrolysis. even 
where foa.-;iblc. may proceed slowly. Humid condilions 
and pH It:,, lh.m 7 will favour this ~ypc of degradation 
n:aclion. 

The: m<r;l imporlanl agent-; of cn,·ironmcntal bio­
dcgradalion an: micro·organi. .. ms. particularly haclcria 
anJ fung:. The~ organisms arc extremely \·crsatilc and 
adaplalllc in 1hcir action: they produce a tremendous 
\<tricty of dc~radation·promo1ing enLyml!!'. which arc 
hi~hly .,pccilic 1owarJ., particular chemical ... truclurcs. 
The ralc of bio~kgradation depend!; on en\ironmcnlal 
~·onditinn!'o. A popula1ion of ..,uilablc micro-organisms 
mu-;! be prc'l!nt; it m;iy wdl be that more than one type 
of nrg.ani,m mu-.1 he prc,,..-nl al the S.!mc time. To fur1c­
ti11n cffcctiwly. the cn\ironment must prm·idc the 
;iropcr kmpcratur.:. moi:1ture lc\·cl. o:icyg.en (cxrcpl for 
:tn;tcrohi• b;s.:t.:ri;t) and nutricnb. E\·en if lhe micro­
•lr!,!..tni ... ::h csn utilitc ;i polymer as a !>OUrce of r;irban, 
11:h..:r ~,,,·r:i.11 ckmcnt!'o · including. nilrog,cn. phos· 
ph"ru'. ,ulrhur .. mJ 1u.:c mdal-. · arc unlikely lo ~ 
prc"nl in ,r-;,bk f11rm in I hL· polyml.'r iL~ll. The :.c\·cral 
I\ re' •ii mini t·•'l;!<lni'm" h,t\c different n:quir..:mcnls 
r.,r dfrdi\C .h.:ti11r.. Fungi n.:quirl.' oxygen anJ 4ui1e 
.iciJi..: C1'ndit:1•fh. flf 4.'\-:'. anJ th.:~1ptimum l.:mp.:ra· 
tur..: j, ;1h.,u1 \p C ". ll.1l'i.:ri.i prdcr It.:~' a..:iJic 1.:nndi-
1i. in•. pll _: - ~. ;mJ \\ill o;wr;1l..: 11\.;r ;1 wiJ .. ·r lcmp.:rJturc 
r ;ir;~.: up i• 1 rill· l'. R.:dcri;1 ..:.rn op .. ·r .ilc unJ.:r a..:rohic nr 

;m;tl·:ohic conJiti•'"'· 

\tii..:r;1·org.mi,m, mJ~ al!-oo hL· ~r.:cifi.: in th..:ir 
;1ll;1.:I,, !ml m.ty be ahk lo aJ;1pt 111 n..:'-" .. uh,1r;11c' 'urh 
:1' ,ynthdir pol: mer,. Pdymcr .o;trm:lun: .. -,cn,iti\t.: 111 
;11 uck h~ micr• 1·'1rg;mi-,m .. ;1r.: .1lipha1 ic pol~.:.-,1cr,, poly­
ether'. pol: ur.:than..:' ;tnJ poly:imi<lc:.. Tw,1 rommonly 
u-.cJ 1: p.:-, 11f pol: urdh;1n.: .. arc pol: (c .. 1cr urc!han.: .. ) and 
poly(\."lh.:r urclhanc-l The former arc mon: .,lbccp!ihl.: 
111 himl•·!!r<tJ<it ion I h;in l he la!l..:r. 

In ;1dJi1ion 10 the functional group r.:quiri.:m..:nb. 
it h;1-... b..:l·n found I hat bi0Jcgr;1Ja1ion j.., "' rongly 
influ.:nrcJ hy chain kn!!lh ;ind hranching. Sh.1rt. linear 
rhain .. ari.: more -.u .. ceplihlc. Polymer!\ which ar.: initially 
rc'i'l:tnl 111 biodegraJ<11ion may become .. u .. ccptihk ;1fler 
th.: ch;1in -.i1.: h;" hc.:n r..:duceJ hy pho1o·oxi1.b1ion. 

R:.:c.~nl .1111·mph lo devdop n.:v. hioJq!,r;iJ;1hk 
p.1lyn11:ri1.· m<11.:ri;1I., h.1n: centred in thrc..: <1rca.'>: 
(I) Jc\clopmenl of nc\\ mcihod .. for modif yin!!. natural 
pol7 n11.:r ... (~) den:lopm.:n! of new -.ynthcti,· polymer .. 
that arc inhercnlly hio1.lcgrad<1hk. and (.\) u .. c of 
hi11Ji.:graJ;1hlc m;11crial' ;1., ;1Jdi1iw .. lo common non· 
1kgrndahk polymt.:r!>. 

5. Type!i or drgradable polyml'n and commercial 
products 

:5.1 !1fal1m1l Polyml'rs 

Common natur;il polymer), ~uch a .. 1:dlulo~. 

~larch, and prolcin~ an· hiodcgradable. 

l' ommtn:ial products: 

Stardr based foamed materials: The structural 
composilion of starch i.<. an amylose-amylopectin·grain 
structure. The hydrophiUic nature of starch permiu only 
limi1eJ applications. Properties such as the gluing quality 
or dcgradability under aerobic and anaerobic conditions 
arc the positi\·c sides of !his malerial. The porous 
strJ..:turc is oblaim:d b'<· coon1inalio- of sh:aming and 
~tructuring due to gluing of starch. 

Depcndin~ on product and application purpose, 
different values in cla.o;ticitr, mechanical st.ability and 
wa!I lhid:ness can be predetermined. The density rs 
bclw\.-cn ll.15and11.25 g·cm3. 

Due lO I heir polysaccharide structure. lhc products 
exhibit high slability ag.ainsl light or oxygen. In contr;..-;t 
lo extru.~ion l..:chnologics. ,;1arc:1 is not depolymcri;ed 
during pn>CC!>.,ing and i~ therdore not water soluble. 
Water ha.~ a plt.,1ifying cffc.:r. Long 1..:rm influence of 
moi:-.turc renders the product unfit for use. In thio; C<L'iC 

coating is ncce!'o.'klfJ·. 

A pp[i,·utit111.1.: T ra:•' for 'm.ill pnidul·b ""ith low 
moi~rur.: .:-c;ntcnt. which n..:cd m~·ch;inical prokction anJ 
ha\.: an adJi1i11n:il h;1rricr again,1 en\ ironmi.:nt;.il 
influence~ during tran .. porl .mJ storing. ,uch ;i., \\\t.:cl-.. 
bread and p;t,lric' or 1.::chni.-;1i articlc, ;inJ 1r.1y' ;ind 
conlain..:r:-. for fa:-.t food. 

So1m·t•: fr;.in1 Haa . ., \\';iffclm;bchin.:n (imbH, 
Haa.-..~lralk, A·~lllO Lc.1bcnJ11rf. Am;tria 
Product m;inag.:r: Dr. K. Tid.:nbachcr 
Biopac Biolo~i,che \'.:rp.1cl..ung-.,y,1cmc 

S.2 !\lodified !'\atural PolJmer.. 

~\cr;1I new pul] ml.'ric materiitl~ haw been 
prl.'pared by chemical modification of natural poly mcrs. 
Biodegradable blm:k copolymers haw been prepJrcJ by 
dl.'polym..:ri1a1ion of cellulose lri;1cc1a1e, follnwed by 
reaction with diisocyanalc'> or dii.,ocy;inalc diol com· 
binalion.,. Simil<trly ... tarch and rclatcJ glyc1r..ides have 
heen u.,ed •ts polyob in 1h..: sy111hc.,i~ of polyureth;sne ... 
Biod..:g.radahlc films havi.: been prl.'par..:d from crw . · 
linLcJ and gr;iftl.'d amylo-.c. 

Commercial Products: 

Baffd "'' Cl'l/11/mc aatatc: It i., ~i:nl.'rally known 
that .,econJary ci:lluiosc acetate (with 5J to 5<1 per ccnl 
al·etyl groups) is ~uilahk for 1hcrmopl;1.,tic processing. 
With appropriate plasl ici1ers ;1 plastic ma1er1<1I ;., obtained 
which excd., in 1rnn.,par.:nq1 and plc;1.,•ml rexlure and is 
therefore often usi:d for tool handles, comhs, speclaclc 
fr;tml'S and th..: like. 

Cellulo.,e acclalc with such a Jcgrcl~ of 
.,uhstitution i., in principle biodcgradahlc, although 
dcp,radal;(JO proceeds extremely slow. However, when 

I I 111 111 r I 



common ph,tici1.:r .. ;tr.: su~ti1u1.:J hy s~cific '-~lers ;mJ 
other low mok·rnl;1r comp.menb (at kast _\ti (l\:r c.:n! l'>y 
\WighO. thc ma1..:ri;1I ha." s1ill gol lhc- ~•m.: 1h.:rmopla.,lil· 
propl."rti ... -s hut will J'-·rnmpt'Sl." in soil or watcr within a 
f.:w y.:af'. 

l'dlulo~: ;1ect.1h: can bl." prncl."s..-.eJ on G>nWntion;1I 
inj'-·c1ion n111ulJing m;tehinc, or on c-xlrmkrs aJ;1pkJ to 
ii,. s(l\:cific prt>cl."-...,ing pro~rti\.'s. Ir can ~ curneJ into 
granular m;11.:riak ,.1rips ;md film:. an.J in10 inj.:ccion 
moul,kJ anJ exlru-.ion til,,w mouhkd shar'-"''-

Th\.' makrial propl."rli..:-. arl." rnmparatil..: In I hose- of 
th.: known cdlul11~ '-'"kr· h;L.;cd pla.-;tics: Films ;mJ 1hin. 
\\;ill'"·J h,1ll1m bt1dic,. .1rc highly transparl."nL \kchamc;1I 
prnp'"·rtic-s l"otnparc wdl with those- of cnnwnti11nal 
p;1ck;1ging makri;1k Thc thermal r'"·sistancc is St>mcwhat 
l,'".\l!r. hut th.: p..:rm\.'ahilicy 10 sl\."am and oxyg\."n i-. 
rdafr~·dy hi!!h wmpar.:J to 1hat of standard pla.,lics. 
The mat..:ri;il is re,i,.t;ml lo oils and fal, and. for a short 
\\hil.: . .:wn to Y.eak acid-. anJ alkali,._ 

SourCc': Fr;rn1 R;iusch.:r {imhH &. l'o .. 
<:hcmic\wrhtoff..: K<i. Bcr!!is1·h-Cil;1Jb;1ch 
!\lanagin~ dirc-ctor: DipL Ing. 
ln!!o Schwar1-0u;ind1 

8;1tdlc ln .. 1i1u1..: {i.\" .. .-\m R;1incrhof -'='· 
P.O.B. •l()Olhll. D-hllOll Fr;mkfurc. Main 1)0. 
Clcrmany 

T \."rhnical manager: Dr. Al.:xand.:r Ach 

Starclz-1·i11ylukolzo/-copolrn1a: c .g. wich around 
hO p.:r ccnl slarch is prnJuced hy !\la1cr-Bi. \fonr..:Ji-.on 
< ;crmany C imhH. E..chhorn. i\larkc1in!!- Jircclor: 
Dr. S1dano Farco 

5.3 Biodegradable SJnlhetic Polymer.. 

All hough t:om mon low- cost 1hamopla,1ic-. .. uch 
as polyt:lhylcnc polypropyl.:ne. polys1yrcnc, and PVC· 
re .. ist hiodcgr;1J;s1ion. alipha1ic poly1:st.:r:.. such a-. 
poly"aprolaclonc. polyc1hylcnc adipalc. and pnlyglycolic 
acid. ;ire rc.1dily at1;1ckeJ. Scwr;1I patents ~.we Ji,doscd 
lhc u .. e of polyraprnl;aclone. al1ml.' nr in coml,in;11ion 
wich olhl.'r malcrial,. in hioJc!!raJahk· rnn1ainl.'rs for 
pl.ml in!! of "e'-·Jling,.. ( ·ert;1in ;1lipha1ir polyl· .. 1cr .. ;arc 
r,·p<•rll.'J 10 he u,cful for 1hc fahrirati11n of ;1h .. orhahle 
.. u1ur.:,. Polyur'-·rh;tnl· hlock copolyml·r, anJ !'.rafl 
copolymer' con1;1i nin!! illiphati" '-"'ler group' .ire simil<1rl~ 
susn·p1ihle lo hi111kgr.1J;i1ion. Rcrcnl \\Ork h.1,. led to 
lhe lkWlopmen1 of newer poly.1midc-. h;ivin!! enh;mccJ 
hiodl·µradahilily. 

( 'opolymcri1;ition of .1 n1mmon mon11m.:r (q~ .. 
clhylene or sryrenc) wi1h a nwnoml·r pc"-'l'''i"!! polar 
f unction11I group-. (q~ .• ;1rrylic &u.:iJ, arrylamide, or vinvl 
acclate) offers a rnnceivahlc route lo enh.incc 
hiodl·~radahility; lhc polar funclional poup' mighl ~enc 
a' points of att<Kk for n1inohial en1yml'S. 01hcr novel 
synlhctir approarhe' to hioJegradaMe polymers include 
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lhc pr.:paration of aaokin·acrylic aciJ mpolym'-·rs. 
poly;>miJ01ria10k~. polyphospha7cn'""' dcri,·c-d from 
ammo acid ester,. and hydroly t.·J ;icryloni1rilc 
copt>lymcrs. 

Commercial products: 

PHB \: HyJroxyhu1yr;11c (ff BJ is found w iddy 
1hrou!!hou1 n;iturc whc-rc it is pmdureJ l'>y b;tetcria .._,a 
c;1rhon Jnd c-ncr!!y .. 111r.:. Polyhydroxy hu1yra1c \"alcri;alc 
(PHB \") i-. a completely hiodl•g_r;1d.1hk· 1h.:rmopl;;..,lil· 
p.1ly.:s1.:r compo~d of hydroxyh!lyral..: unib wi1h 
~lwc.:n 0- .\11 (l\:r ccnl hyJr.n;y,·al.:ri;11c unils incor­
p.1ratcd randomly 1hroughou1 the poly m.:r chain. The 
pro(l\.·rli'-"' ;inJ hiodcgradation of PHH \. ,·ary \\ i1h the 
p.ilymcr hydroxy \·alcratc (H\") conl\."nl. mokcular 
\\ei!!hl. J.:gre.: of cry,lallinily. surface areJ anJ prc"4.·nc.: 
of hioJl·gradahlc aJJi1in~-.. 

Thi-. ma1eri;1l can hc proccs.~d on '-·1m\·en1i11nal 
cquipmcnl. u .. in!! conwnlional !cchnology. lo pmJucc 
moulding . .:nntaincrs. ma1ing.o;. lamin;i1e... films and 
fihr\."s. Jusl lik\." con,·c-nlional pla.·aics. product-. made 
fmm PHB \" ar\." stahl.: in use. Jurahk· anJ mois1urc 
rcsi,l;mt. They m;1y h.: rl.'US\."J or rcqclcJ and uptm 
in(ineration rclca.'C' only co~ and water. 

PolyhyJroxybu1yr;it.: is par1icul.1rly rnmp;11ihlc 
\\ i1h n1;1mmalian i! ... -.ue ;mJ blood. II is r.:rn!!niscJ hy 
lhe hum;m hody whcr.: lh\.' monoml·r 11f p11l~hydrox~ -
hu1yral is ilsclf a normal m.:1aholi1..: in mamm;1li;m 
hlooJ. 

.-\ dis;1J,an1age of PHB \ product.. is !heir 
1.'Xpensi\"c produc1i11n procc"''· which j,. h<t'\Cd on chc 
f;:rmcn1;11ion <'f gluws.: hy e.g. ak;iligcnc .. .:utrophus 
species ;md a following clc;m up. R..:\.·cnlly the gene 
which i~ respon,ihle for 1he sy.11h.:,.io; 11f HB h;ts hecr. 
suc"c"fully lransfcrrcJ inlo 'p..:cial pbnt l·clls hy 
Dr. A. S1cinhiil"hcl 1c;corg-Auglhl-l.niwr .. i1y. 
Ci1illingcn. Cicrmany). 

Commercial products: 

BlOPOL. l("I Bio Pr11duct.s ;mJ Finl· Chemil·af:-.. 
Billingham. ('lc\cl.anJ, t: K 

RI0\1ER. Pl"D Polymere Cil·,mhll.. :\-41121 
l.in1 Au,lria. St.- Pl·ter-S1r. 25 

!'A Biodegradablr Addifi\rs 

Flcxihk P\"( · l·ompo,ilion:-. rnn1.1ining 11r~.mic 
e:-.ll'r' ,,., pla:-.licih·rs arc ,u,ccp1ihle lo 111i1."rnhi.1I .111Jd •. 

An111lwr l'Xampk of unin1c111ional U'>l" of a hio­
dq!radahlc addi1iw is the praclke of u'ing wn .. d flour 
as a fi!kr in lhermosl.'ltin!! resins (q! .• phenolic and 
mclaminc-formalJchydl· resin~). In some in~t .. nces, lhi' 
ffiilY lead lo a rnmpo~itl· millerial in which holh 
ingredienls exhihi1 soml' hi0Jcgral!ahili1y; mcliuninl" 



formaldehyde resins themsdves arc reported to be 
biodegradable. 
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More recently. auention ha.' been focused on th1: 
international use of particulate solid' such as starch ~ 
degradable "fillers" in common thennopla..,tics. Starch· 
polyethylene composites. prepared by conventional 
compounding and processing. resulted in "biodegradable" 
papcr·lik makrials. Similar results ha\·e bt.--cn reported 
in the ca."I: of mixtun.-s of starch with ethylene-acrylic 
acid copolym.:r. P\"C compositions filled with starch or 
with starch graft copolymers arc readily atlackcd by soil 
micro-organisms: the physical properties of these 
materials arc similar to those of PVC compositions 
containing inorganic fillers. In addition to starch, a 
\·aricty of other particulate natural materials - cellult~. 
lignin. sawdu~l. (k:al. ca.\Cin, lactose. etc. - ha\·e bc.:n 
su~e-.tcd ;t, Ji:gradable fillers. 

Lise of biodegradable particulates (e.g., starch, 
rcgi:ncrated cellulose. or natural gums), in combination 
with pol~ vin ~I akohol as a synth\'.'tic film - forming 
polym\'.'r. h.•s been proposed a.o; a route to d\'.'gradable 
agricultural mukh or degradable barrier Iay.~r~ for use in 
Ji:<pns.ible diapers and '\;tnitary napkins. 

When a biodegradable additi\"c is employ.:J, 
probably only th..: additi\·e undergoes rapiJ bio· 
dl.'gradation; a porous and mechanically W\'.'akened. hut 
undegraded. polymer is left behind. While the increa.'\Cd 
~urfoce area of the residual porous polymer would be 
expected to enhance its degradability. there is a.\ yet little 
com incing 1.!\ idencc: that the remaining polyr.ler is truly 
hiodegradable. 

Commrrcial products: 

I'olycrliyh'ne 'starch copolymerJ: 

Eco~lar Pim. M:t'ih.:rhatch K unslstnff- Zusat1e 
\'ertrichsgesmbH. ""()KO·Pla.o;I"', starch content up 
10 25 per cent, some types with an additional 
UV- 'en~iti1er, auto-oxidantll and/ or un~turated fatty 
acid<; 

Weililmlslr. 28, D-.i.n.i Ochtrup, Cic:rm;tny 
Managing dir..:clor: Eherh;ird Bierbaum 

Arch..:r Danid, Midland Co .. (ADM) P.O.B. t.i7o, 
Di:rnlur. II. t12525 t:S,\: with around (1 p..:r ccnl st;irch 
and photo,cnsili\e additive~; Agri ·Tech lndustrie' 
(lrS1\): films h;io;l.'d on starch and ;11.:ryFc oscid 

SI. Lawri:nrc Sl;irch C 'o. Lid., 14 I I ak..:,h.m.: Road 
Ea,1. P.O.B. !fl.Sil, Port ( 'rcdi1 Postal Sia I io.1, \t is._i ... ,auga, 
( )nlario UC; I ES ( 'an;ala 

5 .5 Watl'r· Soluble/Water· DegradahlePla!!tlcs 

Problems wi1h 1hi: U'>C of watcr-soluhle pla,lics 
for dispoc;ahlc packaging arc that the material will hi: 

water ·scns1ll\"c prior to disposal, actual contact with 
liquid water will be required for remo\·al of the plastic 
material but no removal will occur under dry conditions 
anJ the dissolution of the polymer may lead to a water­
pollution probkm. 

Polyvinyl-alcohol is hot or cold water-soluble, in 
\\-"ater compktcly biodegradable and can be blown to 
films. 

Applicatio11s: laundry b~ for infectious laundry 
in hospital-;. bags for water-soluble pcsticiJc..-s, detergents 
or washing agent. labels for multi-path-gla<>S houles 

Commercial products: 

Browing & Frick AG: P\'A-films and products, 
Bahnhof5plat1 9, P.O.B. 7587, C'H-8023 Zurich, 
Switzerland 

Hoech!'-t: ACi. P.O.B. SO 03 20. D-h230 Frankfurt 
am Main 80, Germany 

Bella1A AC i. Solothurn, Swit1erland: thermo· 
pta.,tics copolymer ba.,ed on ethylacctah: and acrylic acid 
or a \"inylcther-malcic-acid·anhydridc-system 

5.6 Modification of Polymer Structun to 
Enhancr Photodegro1dabilit) 

In pla.'itics designed to he photodcgradable, 
absorption of radian! energy hy the polymer molecule, 
an ;idditi\'c. or an impurity lc:ads lo formation of an 
'"excited-slate .. molecule. which then initiates reactions 
leading to the rupture or cross- linking of molecular 
chains. 

Numi:rous material-; of \'arying types have been 
reported to accderali: the photodegradation of common 
plit-;tics. 

Principal clit-.~·;, of photodcgradalion- promoting 
addili\"es arc: 

Transilion · m, :al compounds 

Aromatic ketones 

Ouinone.., 

Readily oxidi1cd organic Dlilh:rials 

Aromatic hydrocarhons 

Or!!<tnic ~ulfur compound' 

Or""''°ic peroxide' 

Dyes, pil',mcnh 

Thl· use or 1ransi1ion·mi:1al compounds ilS 

additives deserve~ spcdal comment. Compounds of 
chromium, manganese, iron, cohalr, nickel, and copper 
arc powerful an·clcralors of thermal oxidation of 
hydrocarhon polymers. C"on~qui:nlly, such additi\"c~ can 
cause difficulties in mdl pi.>ccs. .. ing hy reducing the 
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thermal Slabilily or lhe molten polymer. To counteract 
this dirricully. antioxidants have been used in 
cnmbinalion with transition-metal compound.c;. Iron 
dialkyldithiocarbamates are particularly promising 
adJiti\·es. Unlike mosl transition-metal compounds, 
lh'--sc acl a..' stabilizers with respect lo thermal 
auloxiJation. Yet they are effective seu .. c;itizers or phOlo­
oxidaliw JegraJation. Compositions displaying an 
-induction p.!rioJ .. can be formulated, so lhat accidental 
shorl-lerm exposure lo sunlight will not cause 
dclerioralion of polymer properli~. 

AL<.o compositions containing more than one lype 
of additi\·e ha\·e been developed lo further enhance 
and.' or control photodcgradability. 

Applicati1»u: agricultural use (mulch films), bag,s, 
six-pack yokes in USA 

Commrrcial products: 

Ecopla.<.lics: Ecolyle: photodcgradable ketone 
copolymer 

Dow Chemical. Midland; Du Pont C:o .. 
Wilmington; Union Carbide Corp .• Danbury; USA: 
p hotodegrada hie elh ylcnc :'carbon mono xi de 
comonomer 

Ampacct. 
Ml. Vernon, '.'IY 
TiO,; 

Corp., 2511 S. Terrace Ave .. 
10550 USA: mao;tcrhatch wntJining 

Agri·Tech. lnJ .. USA 

Pl<1stigone Technologies Inc .. P.0.B. 165618, 
\liami, FL .Ul H1, CSA 

6. Test methods for drtrrmining thr drgr.1dability 
of polymer~ 

Bec<iu-,c of 1he diflcrenl mechanism~ of dcgrada· 
tion <ind lyp.:, of malerials and " missing slandardited 
ddinilion of lhc· lam "dcgradahlc ... lhere have hi.:cn only 
a few \l<;nd;ird lcsl mc1hods developed. Th.:re ;in: two 
AST\1·<,l;md;1rd' which "hould he mentioned: 

AST\I :'2fl'J-'I I. fanu<sry l'N2: D..ii.:rmining the 
Acrohil· Bimkgr;1da1ion 1>f Plastic :\lit11:ri;il~ in lhL' 
Prc-,cnrL· of \luniL·ipal Scw,1gc Slud!).c 

AST:\I D 52111 · '11, .la11 u;1r~ I 11'12: Dct.:rm in inµ I he 
Anal·r11liir Bio.!ccraJation of Pla,lil' :\b1cri.1l' in 
the Pr~·,~·ncc ol \luniripal ScY.a).!.I.' Slud,i.:1: 

Thc.'c k'I mdhod' rnvcr lhc dctL·rminalion of lhL· 
degree and rak of acrohil- H"'PL'Clivcly an;1crohic hio· 
degradation of 'Y nllwtic ph1slic material~ (induding 
form11la1ion ,1ddili\C\) on cxpo,urc lo .irli\alcd 
munil'ipal ~ewa~c ,(udµc from a w;"lc· watL-r pl.int undL·r 
bhor;1lorv rondirion,. 

Several general mclhnds can be used for 
measuring lhe biologic.ii Jccompoc;ition or polymers. 
These measuremcnL-; pro\"iJe such information as rate or 
polymer weight kl5S (dc:ermined by Size Exclusion 
C!lromatography), los . .; of physical pmperlics. such as 
lcn.c;ile strength, and change or lhe chemical structure of 
a poly me •• which could be determined wilh e.g. A TR­
FflR ·technique, Diffrrcnlial Scanning Chromato­
graphy" Nuclear Magnetic Resonance or X - ray-Spectro­
scopy. Also lhe rah: of incrca-;c in colony si7e of micro· 
organisms in conlacl with the polymer can be deter­
mined. In accordance with ASTM G 2 I· 70 · G 22- 7h the 
specimens are placed in or on a solid agar gro\\ th 
medium that is Jclfrient in a\·ailabk carbon. After 
inm:ulalion with the tesl micro-organism!> (mixture l)f 
fungus spores or bacteria. e.g. Psmd1H1111nas at•mgi."l<'Sll). 

ll'. _ medium and !iilmplcs arc incubated. Any growth of 
th•.' colony is dependent on u1ili1.ation of the polymer 
specimen a.' a source of carbon. A ftcr the cxpo~urc th.: 
sam:i!cs arc examined for e\"idencc of c,ilony gnmth on 
lhe polymer sample: 'iurface. weight los.' or los.., of 
physical properties can also he mea.,ureJ. 

Soil Burial can he perlormcd either under 
laboratory conditions or in a natural ~cuing. L'niformly 
siLcd samples arc buried in a mi~:ture ,if .:qual p.srl!\ ,1f 
sand. garden soil, and real mo:..'> in laboratory containers 
which arc kept at high humidity aw;sy from sunlight. 
Outdoor testing affords a means of testing pla.,lic 
samples for rate of breakdown in a gi\·cn soil type 
containing a nati\'c microbe population and in \'<triable 
geographic rq?ions. Samples retrieved from soil buri .. I 
may he tcstcJ for weight loss or deterioration of 
mechanical properties or they may be examined by 
scanning cb:tron mi.:roscopy for c\ iden•:c of auack. 
Although ~oil burial testing afford~ a way lo test .;ampk:s 
for hrcakdown clo:.c lo actual condition-, of Wo.l\tc 
di~pos<sl. il l;scks reprmlucihility hccausc of the 
di fficuhics in controlling clim;ilic factors and the 
populations of \ ariou~ biological systenh th.11 .ire 
inrnlvcd. For more rcproJuciblc rc,uh". dq?radalions hy 
cultured fungi ;ind h:n:lcria ;ts w.:11 ;1., Jcgradaiion' hy 
purified cn1yme' ;arc u~cJ. 

r\ wry accurah.: hu1 nol alway' practic;ihk 
mclhml i.; !he 1\· lracin~ of polymer-. ;inJ mca-,urir.g of 
l;ihcllcJ i:.:.1rhon u1ili;c.; or rcle;1.wd hv mino· orµanisnh. 
Ahhouµh thi,, me1h11d i, not ,uhjct'l lo inkrkrcnc·.: hy 
hiodq.!r:1d.1hk i111puri1i.:, or .sddili\c., in 1hc polvm.:r or 
in !hL· 'oil. it j,, \cry -,cn,ili\\' II> 1h1.· prc,1.·1i.·1.· 11f l.1hdkd 
lo\\ 1111>kl"ubr \1.cich1 poly m..:r mol.:n1!.:, v. hi1.·h m:1y hl· 
pr..:wnl in 1h,· 'ampk. 

7. Pro itnd contra dl'Jtrndahll' pol~ nlt'r!'I 

l>q.:r;1dahk· poly mn' .1r,· .1 h·ry imp11rl;111l 
llc\cl11p1111.·n1 in 'ornc 'Pl"(i:1I fichl' ,,f .1gri<uhur1.· ''"I.!· 
mukh film,). mcJicin,· atlll phar111;1n. lh1.·r1.· ar1.· ;1l"1 
"1111,· h,·nl"I ih for 1 lw lhc 11f d,·~:r .1d.1hlc i'·'L' k.1gi 11g. Bui 
ih lh,IJ.!C ,·;rntll•I ""lw l'\1.'r\ p;1ck;11:1nµ pr11hkm. ,\ 
m:iin prohh.:m i, 1h,· high ,·11,1~ ,,111,.-.I h\ .11ldiri1111;il 
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ingn:Jil'nls ·:mploye<l in lhe manufac1uring of 
<lcgraJable polymers an<l of changing lhe process by 
which 1he poly mer is synlhl'Sitc<l. II will also be 
nCC\.""S.....ary lo change slorag.l' an<l <lislribution systems tl' 
kl'Cp •kg.ra<lahle an<l non<ll'g.raJahle products scparale. 
In many niuntrie:-.. l;m<lfill an<l im:ineralion arc the only 
en\·ironml'nl;1l :-.oli<l · w'.!stc Jispn<.al method.-; which arc 
practi..:'-·J wi<ldy. In the C<L~ nf lanJfills. degrauability 
can t·:iu;.e complicJtion~ · scllling.. gener:ition oi g<L~'S 
;tnJ pmsih!c ..:on1amina1ion P!. g.rounJwater or a p<K<;ible 
rd.:il•.c of i1dJili\c' or d-:!,!raJ;1lion proJucts having 
unkmm n impild 111 th .. · environmcnl. Dcgradahlc 
p•.•lymer;. m<1y abo ..:.m1plicale rt·c~ din!! of undegraJable 
p•·l~m..:r.,. In c;1,..: nl inciner;11ion there an: no sig.nifi­
c;mt Ji ffaen.-.:-. hd" ·.en dcgraJ;1ble anJ unJegraJahi•: 
pnlynh.T'. The bc,,t -..1liJ-wa.-.h: Jispo-.al for 
hiPdcg.r .. Jahl,· pc1l~ m.:r' woulJ he .-om post in!! .. .\nother 
pr11hkm in the u,c in pad;1g.ing. .tpplicatirm-. is th,· 
incre<L'cd risk of n.n1;1min.1li1m. J:imag.e. or -;poilage ol 
p.tcka!!..,J ~110J-.. 

tl1mcn:r. the cosb anJ 1i~h ~houl<l be "·cig.hed 
;1g.ain'l th.: benefit' before concluding thal intrndultion 
ol <leg.r;idiihle pl;i,1ic,, would '\ohe·· the general prohl.:m 
of linered p:ickag.ing. n'.alerials. 
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2. TRENDS IN RESEARCH AND RECENT DEVELOPMENTS 

Deniopment of biodegradable plastics 

Objectives 

This projccl aims to develop biodegradable 
pl~tics that arc degraded by micro-organisms in the 
environment (in soil), thereby reducing the burden on 
the natural cm·ironmenl. This will help to hanuoni7£ 
human activities with the natural er.viror.ment and aid in 
solving the most serious and urgent global environmental 
problems as we approach the 21st cen~ury. 

I. 

Scope of the project 

Development of biodegradable plastics tlrrmgh 
cultfration of polymer- producing micro­
organisms - Biosyntlresis 

Bioplac;tics produced by micro-organi!>~s will be 
developed through screening of micro-organisms with 
polymer synthesis functio11s, clarifying their synthesis 
mechanisms, and studying ..:ultivation methods. 

2. 

I. Screening and breeding of useful micro­
organisms to produce plac;tic-like polymers; 

2. Development of property-improvement and 
processing technologies; 

3. Development of high-density, large-scale 
cullivation technologies. 

Devt!npmem of biodegradable plastics by 11tili­
:atio11 of nawral polymer materials - Natural 
[H>lymcr dcrii•atim1 

Technology will be developed for large-scale 
synthc<;is of biodegradable polymer materials by utilizing 
natural polymer materials. Concurrently, research will 
be undertaken to develop a proccs.c;ing method and 
provide water- resistant properties. 

3. 

1. Development of tc~hnologie~ for func­
tionalizing and improvement of natural 
polymers; 

2. Development of technologies for synthesis 
and processing. 

Derelopment of biodegradable plastics tl1m11gli 
molcc11lar dcsig11 tccl1ru1/ogy a11d finely control/rd 
polymcri zution - Chemical synthesis 

Ui-.cful biodegradable synthetic polymers such as 
polyesters based on molecular design through an 
underi'itanding of the biodegradation mccuani!">m of 
existing polymers will be developed. 

l. Screening matter for synthetic materials and 
accumulating dala on physical and chemical 
properties: 

2. Developmer.t of technologies for molecular 
design and finely .:onlrollcd polymeri;ration; 

3. Develllpment of technologies for function 
improvement and processin~. 

Evaluation of biodegradability 

To develop biodegradable plastics, it is necessary 
to establish a method of evaluating and testing 
biodegradability. 

Biodegradability of plastics i_, evaluated through 
these methods: 

(a) Evaluation in natural environment 

(b) Evaluation with micro-organi~ms; 

(c) Evaluation with enzymes. 

Each of these methods hac; it!. own special 
characteristics. Therefore, it is es...cnlial to e\'aluate the 
biodegradability of plastics by combining several 
different evalua1:,_m methods. (Sec diagrams, page 20) 
(Source: JETi<O, April 1993) 

• • • • • 

Biodegradable material 

A new Japanese type of biodegradable material 
made from clay and recycled milk cartons has been 
produced by the Science and Technology 
Agency's (ST A) National Institute for Research in 
Inorganic Materials (NRIM). 

The new material, a clay I fibre composite porous 
material, is extremely light, with a reported specify 
gravit} of 0.1. 

The new material degrades rapidly when 
discarded, and can be diswlved in water ror re· use. 
Although the material is not water· resistant, it is 
ex11ected to be a uscf ul alternative to foamed 
polystyrene. 

Coating it with a water· resistant substance would 
enable the material to be used in heat insulating and 
cushion materials. 

During production, a 10 per cent aqueow; i...>lution 
of smecitc, a clay mineral, and a 10 per cent aqueous 
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solution of fibn:. prepared from recycled cardboard such 
;is that deriwd from old milk cartons. are mixed in a 
ratio of S5:15. fnuen by liquid nitrogen. and ,·acuum 
dried. 

Th..: m;11..:rial proJun:d i:. <>5 p..:r ··..:nl po11ms. ar:d 
h;L•. numerou ... por,•s s..:wral hundred microns in diameter 
which •1r.: fillcd with wakr. b.ing li4uid natural g;Lc;. 
the ener!!y "our.-e during frcaing is said 10 n:dm:e the 
pmduction C0'-1. hul ii i:. uncl..:ar if the n..:w mah:rial will 
h.: rnmp.:titi\'..: in pric..: with foam.:d pol~~tyn:n..:. 

t ,, l\\ \,,"\ ..-r. h..:GIU~C I h,· II\!\\ m;11crial i:. 
,.n,ir1inm,·111;1lly rnmpa1ihlc. ii may h..- c11mp,·1i1i\'..: if 1hc 
l"«>:-.1 of dispo...;11 is ninsiJcrcJ. 

In thc fu1urc. lhc inslitul..: plans tP l"hcrk thc 
;1n;1hlil". t•::np,-ratur..: cc•ntrnl and dcoJorant pmpcrlic'i 
.if lhc mat..-ri;1l. ;1" \h'll ;L~ ils ability 10 kccp fruil fresh. 
(Sourc.:: ici huc·m11tio11al T1·d111oiog.\· und /111111n1rion\. 
\·,,1. 2•1. '\.i. 5. \by June 1'1'121 

• + ••• 

SE..\(;f.l_ • \ladt' by proct'ssing agar deriwd from kelp 

Scicn!ish from L1\Hcn.:,· '.\a1ion<1l L1hor;itory 
ha\..: in\'..:n1..:J 1his m;i1cri;1I li)!htcr than air ''hirh is 
bind..:!!rJJahL· :ind non-toxic wh.: n hurncd. Prnduction 
h.:!!ins dis"1lvin!! th..: agar in w;ilcr and ;1ddin!! an 
org;mic soh'enl and ;in .:mulsifyir.g agcnl lo disp..:rsc the 
;ig;1r .,:\cr.ly throughoul 1h..: liquid. After 1h..: mixtun.: 
sch in10 a !!d I h..: r,•scan.:h..:r hard..:ns ii hy f r.:c1..:- dry in)!. 
Some ~!rades of S.:agcl contain 40 mg lo 50 mg of 
r: .. ;krial per cuhic centilitre of product, compared with 
hO mg per cubic ccn1ili1n· for haba w1x>d. 
( Lawr..:nc..: Li ... .:rmore National L1horaloq. 
P.O. Box SOS. Li\'ermore, C'A 94551) 

••••• 

Synlht>sis of m·w type of biodegr.tdable plastic 

Th..: Fcrmcnlalion Re<.earch lnstilule ha.' 
J..:vclop..:d a new lypc of hiod..:gradahl..: phL~tic lh..: 
molccub of which hav.: ester linkage and which i!'> 
produc..:d from petrochemical ingredient.,. 

The rc:-...:arch in,litul..: has alr..:ady dcvclop..:d 
\·ariou:o. kind ... of hiodcgradahk pla:-.tic" hy u,,ing hio­
dcgradahlc polycaprolartonc (PC'L). micro-or!!•tni.;m­
prod1H.:cd pol)..: .... 1..:r ;ind starch. Tha..: an.: two m.:thods 
f11r d..:vcl1 •pin!! hiodeµrmlahle plasl ic, from pc! rochem ical 
in!lr,Jient,. One lhes in comhination an exi!lling 
hiodegradahlc plaslic (PCL. clc.) and a convcnlional 
plastic (polyc1hylcne, nylo11, etc.), and macromolecules 
arc reformed hy lhc alloying (hlending) tcdrnology to 
d~·vclop pla:-.lir" of excellent hiodq~radahility (micro­
organism dq?.radation). The olher is a method of 
dc\clnping new type' of hioJq?.radahle plaslics hy using 
a low molcrnlar wcighl chemical suhstancc as lhc 

starting material anJ performing a polymeriz.ation 
reaction. 

In this experiment. the latter was used to develop 
the new biodegrJdable plastic. As the starting material 
us..:d incxpcnsi\·c dicthylcnc glycol to produce the 
monom..:r (~ITC :!·methylene- I. J. b·trioxocane) and 
!.yn1hesi1cd a poly•'"''~r i.1cluding ether linkage by radical 
ring-opening polymcri1ation. Furth..:rmore. a new type 
of vinyl-ba.~d polymer with t.>ster linkage was 
!.yn1hc:.i1..:d by r;idical copolymcri1ation of MTC and 
g..:ncr<1I purpo~ monomer such a.-. styrene and vinyl 
;u:ctalc. Thc~e polymcrs arc decom~d by the lipid­
Jccompo,,int! .:ntyme lipase that ei..i,,1s in \'arious kir.d.; 
of micro-or!!;mi,m~. Copol~ rr.cr of c:.tercther-styrene 
W<L'i d..:rnmpo~d hy Ill per cent alter lh hours reaction 
with lip<L,C. 

1 h..: radi;.:a! copolym..:ritatinn r..:artion ha.c; a hroaJ 
range of appli.:;1tion., and has the aJ\antag...: of readily 
introducing e ... tcr lir.bc..: into conwntional polymer,. 
Thi ... indicat..:s th.: p1i:-.-.ihility of pro\'iding b;oJcgradaht.: 
char.ictcri-;tic' to conv..:n1ional pla.'ilic.s .such a.~ 

polycthyl..-n..: anJ po[y,tyrcn~. AL>. the quantity of 
ir.1rndur1inn of c't..-r linkage can h..: ;u!jusl..:d wi1h c;t-;c 
hy chan!!ing th.: raw makrial mixin!! ratio. so ii will 
h..:com.: po ... siH..: 10 produc.: \'arious kinds ol 
hiodc!!r<tdahlc pl;L'itic, f..:aluring a \'ari.:ty ,,f prop..:rtics. 

Th..: rcs..:;1rch institulc plans lo adjust the raw 
material ratios lo .:nahlc !he hiodcgradcJ fragmcnls to he 
furlhcr decomposed. (F..:rm..:nlation R..:,,..:arch ln,tit•Jtc. 
r\lST, 1-1- -'· Higa,,hi. T'ukuba ('i1y. lharaki Pref. .ll15, 
Jap<tn. Tel.: ~I :!•.l8·54·flll1N; Fax: ~-st 298-54-()009> 
(Sourc..:: JETRO. July 19·J2) 

• • • • • 

Foaming resin madt' or biodegradable plastic 

The ;-.;ippon Syn1hc1ic Chemical Industry Co. Ltd. 
and Novamonl SpA of l!:tly have jointly developed a 
biodcgradahl..: foaming rc ... in consi:-.110g primarily of 
starch. 

Th..: Sippon Synthr:tic Chcmical lnduMry plans to 
dcwlop applicalions for lhl· suhslancc a., a packaging 
m;1lcrial for horn•: electric appliances ;md electronic 
equipm..:nl <L' well as f>r us..: in th..: :o...:clors of civil 
cn!!,inecring ;mJ !!ardening. The minimal adwrse 
influence on the n.11ur;1I environment i .. 10 he advertised 
as ils sale' point. lo rai": demand ... "' an l.. xpandcd 
poly ... 1yr..:nc (EPS) ahcrnali\'c. The foamin!l- tcchnology 
was d..:vdopc<l join1ly wi1h Su1uki Sogyo Co. Ltd .. a 
lechnolog} dcvclopmcnl \'enlurc company, and 
applications arc lo he developed jointly with Hitachi 
Transport System. Lid. 

The foaming rc ... in is ha.o;cd on the hiodcgradahlc 
plastic Maler· Bi developed hy Novamont and con~is•s 
primarily of Mmch and denatured polyvinyl alcohol. 
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The total em:rgy ncet.-ssary for proJuction. which is an 
ccobalance yard,tick, is k.·ss than 50 per cent that of 
general-purpose plastics. so its influence on the natural 
cnvimnmcnl is extremely small during manufacture. 
AL"a. the comhu'>tion heat per gram is 5.000 calori'--s, lt.-ss 
1han one half the calorific \·alue of EPS. Toxic ga5CS. 
hlack smoke and .. ool arc not generateJ. so the sub<itance 
can be incinerated by households in general and with 
ordinary incin.:ration furnaces. and whc•n buri.:d in the 
ground. it' mlumc j, aecrcascd to about one half in a 
week and alm115t .:omplctdy degraded in thr'--e months. 

In aJdition, Mater-Bi is u~bl.: a.<; a composting 
material. Mixed with garbage or fallen leaves and 
gardc:ning rubbish. it can be com~tcd v·ith a hou~holJ 
compostcr or in a composting factory belonging to a 
local govcrnm.:nL 

The ni:\\ foaming t.:chnology is funJamcntally 
different from the technologies for manufacturing 
buffer materials in bulk 11r for fo<iming po!ystyrcne 
beads. CFC or hydrocarbon g.a.'l!S are not u~J as th.: 
foaming ga.~. onl~ water, an no toxic ga.c; i<t generated in 
the process of foaming. 

Mater-Bi has almost the same huffcr capability a..c; 
the foam..:d polystyrene EPS-50 or EPS· 70. and can be: 
incorporatc:d flexit-ly wi1h a buffer characteri .. 1ic suitable 
for both heavy loads and lighl loads. L:scrs ..:an use the 
substance intact simply by partly remodelling injection 
moulding machines and moulds. 

T<• &,criminal.: ~titer-Bi from foam;; .. ub .. tances 
mad1· of polyethylene and other plastic mat.:riab when 
recycling. the plan is to propose an originJI cnlour 
sysh:m. 

The new foaming resin domestic ~!ling price i .. 
about 15-1.8 times that of EPS, but the price can be 
suppres...cd to the same level a.c; EPS i:l the future through 
ma.-...-. production. (The Nippon Synthetic Chemical 
Industry Co., Ltd.. A<l,·anccd Film Development 
Department, 9-8, Notaki-cho, Kita·ku, <J..aka 530, 
Japan.} Tel.: +81 6-314-3175; Fax: +81 6·31-Hl244) 
(Source: J ETRO, July 1'>93) 

• • • • • 

Biodqv-.adablr polycarboxylatr 

As.c;oc. Prof. S. Matsumura and his rc...:arch team 
of the Farnll~ of Science and Engineering, Keio 
lJnivcrsity, have succeeded in synthc!>izing a bio­
degradable polycarboxylate by incorporating succe!'..c;ivc 
vinyl 11kohnl groups for use in detergents. 

Calcium ion reduces the activities of surfactants 
which remove!\ soiling, so it wa.c; necc:<...-.ary lo suppre:<..c; 
the calcium activity. Polycarboxylate reacts with calcium 
ion both in soils and lap water, making it inactive. 
However, conventional polyvinyl-type polycarboxylate 

i:. nol bioJ1.-graded when drained into sewage trealmc:nt 
plan~ or riwrs, so 1e0lite has bt-en used primarily, bu! 
thi.' material shows an insufficient builJer effect and 
contains fine particles which are nol Ji..-..\Ol\"cd in water 
and may settle in the wa5hing water. 

Th.:refore, rcsciirch is in progress to incorporate 
the function of biodegradability into waler-soluble 
polymer.; which arc used as detergent builders. just like 
the bioJcgradable plastics which arc degraded i.1to 
carbon dioxide and water by the action of micro­
orgamsm5. 

The new polycarboxylate con:ains biodegradable 
succ::ssi\·e \·inyl alcohol moicti\.'S in the polymer chain 
\\"hich are dea\·cd by micro-organisms lo produce low· 
mob:ular weight fractions. The r'-~ultant low molecular 
\\"cighl substances are further biodegraded lo some 
extent. followed by complete decomposition. The 
synthetic met!tod is to mix the raw materials or methyl 
acrylate and \·inyl acctat.:. followed by the addition of a 
polymeri7.ation initiator to start the polymeri1ation 
reaction. then terminating the reai:tion immediately by 
dry ice-acct.one cooling. Experiments s~owed that when 
more than about fiw to 5ix !'~cce~~i\·e \inyl alcohol 
groups were pt.:..cnl in the polymer chains, bio­
dcgradabilit~ wa.'i achie\ied in em·iroumental conditions. 
The new polycarbm:ylatc display!"> a maximum bio­
degradability of SO per cent. The detergent builder 
performance i~ reduced only by about on.: fourth when 
compared on an equal weight ba'iis, so by increao;ing the 
\·olumc of the polymer'\ in the detergent formulation. the 
new polycarboxylate will become a !".Uitable detergent 
builder. lKcio l.:niwrsity, Faculty of Science and 
Technology, 3-14 · l, Hiyoshi, Kohoku - ku, 
Yokohama City, Kanagawa Prd. 223. Japan. 
Tel.: T8145-563·1141; Fax: -XI 45-563-04.Jt>) 
(Source: IETRO, December 19')2) 

• • • • • 

Nrw catalyst system for synthrsizing biodrgradablr 
plastic using co2 

Prof. Y. Yoshida and hi!I research group at the 
Toyo Univerl">ity Facult) of Engineering have developed 
a catalyst system for synthesizing biodegradable plac;tic 
from C.:02 with m-cr .JO per cent higher efficiency com­
pared to conventional methods. The n1·w pla .. tic can be 
used a.-. a drug carrier for drug deli\'ery sy.-.1em.-. (DDS). 

The newly developed sy!">tcm usi:s a catalyst made 
from a mixture of diethylzinc, zinc hydroxide and water 
(1:2:0.3) in dioxanc under C02 at 50 atm. The presence 
of water in the mixture is a significant Jificrcnce from 
existing methods. 

Propylene oxide wac; then added to 1hc catalyst 
sy!">tem in dioxanc, which was again pul under C02 at 
50 atm. Al 40° C.:, the copolymeri1ation of propylene 
oxide and C02 ric.:urs. As a rcsuh, more than 50 per 
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ccr.t or !he 1m)p~kne oxide was copol~meri7ed com­
pared with onh 35 per cent using conwntiona! cataly!>t 
sy'>tems Con-.i-.ting of diethylTinc and 7j'IC hy~rnxide 

(without water)_ The copolymerization or C01 and 
propylene oxidc form~ an aliphatic polycarbonate and 
the resultanl rnpol~ mer is expected to be a biodegradable 
pla..,tic. 

The re...:archl·rs alo;o conducted an animal study 
using rats lo examine if a pellet ba~d on the copolymer 
containing ftoraf ur (a carcinostatic agent) can be applied 
a.o; .1 DDS drug carrier. The pellet containing the 
carcinostalil· agent at a concentration of .io per cent wa.<; 
implanted into ral<; and the time course of ftorafur 
concentralion in the blood was examined. 

The ftorafur concentration was maintained in a 
range between 0.5 and 2.5 µg/ml ove; .io days. showing 
!he copolymer can be used for slow release or the agent 
•lWr a long time. (Toyo Uniwrsity. Department or 
Applied Ch.:mislry. Faculty or Engineering, 
2Jll0. '.'iak<tnodai. Kujirai. Kawagoc City. Saitama 
Pref_ 3:\11. fap;m. Tel. +81 491-31-1132; 
Fax: +SI .i•J::!-_H-l!L\I) (Source: JETRO, 
Dcce.nher ltJ'>1) 

••••• 

MITI to work out standard for test method for 
biodegradable plastics 

Thi· \1inistry of lntcrnational Trade and 
Industry (MITI) will standardi7e IC'>l mclhoJ~ for 
hindcgradahlc plaslics. Whik diver~ hiodq!;aJahlc 
plao;tic produch haw hecn marketed in Japan, !here is no 
common mclhod lo examine their hiodl·gradahility. 

MITI intends to work out a standard for lhc ~id 
tc-.ts a<; the hpan Industrial Slandard (JIS) on the ha,is of 
"Tcsling mdhod~ for hiodegradahili1y of new chemical 
"uhslance~;"" '>pccified under law concerning screening of 
d11:111ilal .. uh-.lanccs and rcguldtion of their manu­
faclure. clc. MITI is thinking of finishing 1he 1ask by 
11J94 al 1he earlies!. 

The !iitid lest method is to examine lhc hio­
degradahility or a given plao;lic in !he presence or micro­
organisms hy means or 1he standard active slJJrry which 
ha' heen prepared by cullivaling the slurry collccled 
from more lhan HI diHerent places in Japan. The 
hiodq,traddhili1y can he determined hy electrically 
measuring the amounl or oxygen consumed hy micro­
organisms in a fla-.k. 

Thi-. mcthod has so far been a~opled here mosl 
frequenlly and is believed to he lhe closest lo SUCCC<,.'\ in 
practical application among many methods. The 
melhod, however. Citn never indicate the prcci\C slate or 
Cl<'IUal decomposition or a given plastic di'>(lO\Cd of on a 
-.pccific silc "'soil condi1ion differs from place lo place. 

MITI will thus coniinue n--search on the Olher test 
methods too. (Source: Clremic11/ Business, 
~ptcmbcr l'N3) 

• • • • • 

~an ~an:b on biodqradable plastics 

A Franco· Bri1ish study headed by the Uni\ersity 
of Clcrmonl- Ferrand is in\·l.-stigating the complete 
decomposition of pla.-;tics. The rl~archers arc 
examining commercial polycthylcnc products in rhe 
ad\·anccd ahiotic (degradation caused by light. heal. 
oxygen or waler) phase, to delermine ways of increa.~ing 
the "bioas.r,imilalion· of m.iducs of polyethylenes in the 
ground. Experiments ha\·e shown 1hat the breakdown of 
these plastics can be "pr,>grammed" in lime. 

Using commercial (or laboratory) polyethylene 
products. whose phototransformation can be increased 
by modifying their structures or by introducing 
addili\·cs. the s1udy ha-; shown that residues left after 
ahiotic degradation can he hioassimilated. This is proven 
by the grow1h of certain micro-organisms and some 
erosion of 1he polyclhylene particles. in culture 
conditions where 1he polymer wa.o; !he sole ~urce of 
carbon. Research is now continuing intfJ !he extent of 
hioa.o;similalion. 

European Communily resc.·arch is abo under way 
into a new bi0<kgradahlc polymer which is produced 
from hiomao;s, lhrough lcrmenlalion. This is an eco­
logical solu1ion (a plaslic thal is not only biodegradable, 
hul al<,o of biological c.ri~in) and requirl!s exlensive 
research in order lo rcach the lechnical and economic 
performances lc\cl of polymer pelrochcmis1ry. (Source: 
Performance Murerials Tedmo/ogy, November 1993) 

• • • • • 

Foilowint< arc 11 .mmmuric~ of spccd1cs prc.re111ed ar rhe 
XI. lnremarionul Herman F. Mar/.:- s_,·mposiiu11 

ill Vienna from 6 Co 7 Ol·rofier 1992. 

Drgradation of polymers 

Prof c.uor A1111-Cl1ri.rtiflc Alfiert.mm, 
Royal lmtitutc• of Teclmolo1n'. 

Deparrmelll of Polymer Terh1uJ/ogy, 
S /fl044 Srockliolm, Swedc·11 

The degraJa1ion of polymers is an important part 
of modern polymer technology. At limes when concern 
for the cnvironmenl i~ great and ha.~ic knowledge of 
p'.1lymer chcmislry allowr. lhc dc~igning of new, 
interesting malerial!t with unique charac1cris1ics, there 
arc many applicalions where the degradation proccs.' of 
•he polymer muM he known. 
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Current trends in polymer research and the 
marketing of plastics indicate an increasing demand for 
the dc,-elopmcnt of a di\·crsity of bilJCiegradablc polymer 
products with predetermined sur\"inl time. Four main 
fields can be distinguished: packaging materials. 
generally lightweight items for one-trip appli..:ations; 
mulch films for weed !>Upprcssion, moisture retention or 
microclimatc 'tahili7atinn in agriculture; sacks and bag.." 
for the di!>posal of rubbish. liuer and garden waste and 
medical applications. in ifro in the human or animal 
body. 

Many of the traditional bulk polymers arc quite 
resistant 11m ards cm·ironmental degradation. hut 
different moJifo:ations can render the material 
susceptible lo. for example. photo-oxidation and 
biodl.-gradation. \ktal complexes arc used. triggering a 
photo·oxid;ition with a pos.'>ihility of later bin· 
Jcg.rad;ition. Starch· filled LOPE with mc!Jl rnmplexcs 
and an un,aturalcd additi,·c shows promising rc-.ult<. a~ 
a material \\ hi(h (Jn undergo both photol~.,i'. thcmo· 
lysi ... oxidJti.in ;mJ biodegradation. Both type<. of 
material.., Ji,cus,cd abmc arc <.ubjectcd lo long-term 
(bio)d.::gradation t.::..,h. in parallel with quick photo· 
oxidation ;inJ thcrmolysis test'\. 

For biomedical U!>C the allcmol<; In dewlap 
dcgradahl.: polymers ha\·c been focused on the '>ynthcsis 
of nc\\ biodegradable polymers, and al>.o the 
modific.1tion of natural polymer<.. We haw been 
synthe..,i1ing aliphatic polyesters. polyanhydridcs and 
polycarhonalcs. These arc interesting matcrial.;, with 
potential u~ as suture filaments. ligature clamp .... bone 
fixation plate~ and slow- rclea-;c s ystcms. Important parts 
of our project!> concern different charactcri1.ations 
;,, l"itro and ;,, 1fro. along with optimizing synthetic 
routes. Thc-.c new material'\ arc often too cxpcn<;i\c for 
non-medical u-.c and therefore for non·m('dical 
application" the modification of synthetic polymers ha-; 
hccn more u .. uitl. 

Bi0Jcgrad0thle polymer~ from nature arc a clac;s of 
high molecular weight compounds where the 
polyhydroxy0tikanoates arc perhap<; the most interesting 
maleriab at the moment. They arc produced as nutrient 
!'.toragc compounds hy o;cvcral miao·organi .. ms anJ they 
have charackri,tic~ "imilar 10 polypropylene. 

The interest 10Jay is focused on Jq:raJahlc 
polymer~ and their transformalion into Im. nolcc•1lar 
weight Jegra<l0ttion producls and the chan~·c' in the 
long-term properties of lhe matcriai<;. The term 
'"en'":ronmcnr.-1 degradation" denote., <;cveral dq.traJation 
factor!'. (phy,il-al, chemical and hiodcgradalion) working 
<.yncrgi:.1ici1lly towards mincrali1C1tion. DctcriorJtion and 
Jcgradarion of polymeric Mruclurcc; in nature arc the 
ha.<.ic mcchcmi-.m" en!'luring recycling of the clementi. of 
1hc bio!'!phcrc. 

Reaat progns.s in th~ syntbrsis or polylactoan 
and tb~ir applications as d~radabl~ 

~nginttring materials 

Professor Zbignit•11.· lt·Jliml..i. 
Polish :kadt:my •'f Sciences. 

lnstitutt' of Pulyma Cht•n111tr_\·. 
C:l .. \farii Curit•· Sklodm.-sl..it> j 3.J. 

P.O. Box -19, .J/-800 Zahr:t'. Pt>li:.•:d 

(n the la'l fow Jcc.idt.--s a grc.i! deal of rc!-t:arch ha.-; 
bt.-cn Jone: on thc syntht.--si' nf ··hc;1\·y Juty" p11lyrners and 
polymer matcri;1L-; for Ion~· term sen·i.:c. In panicular 
man~ kinds ol high temperature 'l:;ole anJ Lhcmically 
:.tahll· <;lructural po!~ mer matl·riab ha\ c hl·cn Jc\·dopcJ. 
E,-.cntial contrihution to thi~ fidJ 1' Jue r.1 
Profcs.'\or Herm.in \lark's rcmarkahle iJea. ... ;mJ rc'\c.:;1rch 
carried out by himself and the group of hi' f11rmer 
.. tudcnb. including Carl \tarn.: I. Ch;irics C hcrbcr~er. 
Pearce and many oth.:r oubtandin!! ;..:icnri,h. 

Howcwr. nowaday~ a nc\\ ficiJ of rc~•irch h.t' 
been dcwlnpcJ conccrncJ with Jcgr;1Jablc polymer.,. 
Thi' new field i~ g.rm~ ing contmuou,,I~ Jue to the 'trong. 
demand for bioJc!!raJablc polymers <L"\ packagin~ 
mat"·rial' and in particular as hiocomp;.. iblc material' for 
\·ariou~ application:. in biology and medicine. e.g. a' 
bone· fixing plalc<. anJ cndoproslhcsc'. pharmaceutical 
matcrial'i for controlled drug rclca..c anJ "'>on. Research 
on these materi<1l' continues at an extraordinary pace. 
Rccent r..:porl~ and publications focu.., att.:ntion on 
theoretical a5pcct~. new method<> of !iynthc ... i .... phy ... i.:al 
and chemical properties. as well a." on new application'. 
~veral findings about reactivity p.tllcrn ... and reaction 
mechanisms arc noteworthy. The general dc~·clopmcnt 
of this rc~earch and recent cxperim..:ntal data will be 
discu~-;~·d in thio; paper. 

Various polyc<>tcrs obtained via poly mcrit~Jlion of 
lactones, lactide and cyclic carbonates arc well known to 
be dcgradabk polymers. The new procedure ha'> been 
elaborated in our laboratory in order to obtain 
biodegradable "tailor-made" polyester' with well-defined 
mechanical, physical and chemical prop..:rtic!i including 
hiodcgrad<ihility. For chis purpose new anionic initiator ... 
have been employed. capable of proJucing living 
homopolymers. block polymers or "\tar" - ... hapcJ 
polymers via "living" polymcritation procc-.~es. The 
inlcrdi ... ciplinary approach ha.-. bcen aJoph:d for 1hi, 
purpo ... c which i.., ba.,cd on the principle... of 
<.upramolcculJr ch,'.mi ... tr~. :\cw initi;1h1r<i and their 
combination with ,-;1tion complexin~ rc,1µcn1s. ""crown 
clhcr' anJ cryptand,. arc di ... cu ... -.cd. The utility of new 
iniriator sy,tem'> ha..,cd on alkali metal •.upramokcular 
complcxc,, c.g. K' IXCti· K .. K IHU-.. ~a". K •15c~ K., 
!'a or K naphthalcnidc~ wirh crown ethers ar cryptanJ .. 
and ~>me new. carbanio11!'! in the ring opening 
polymcri1.ation reactions is dcmon~.trJtcd. 
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Basic l"Hc:t.ions to pbotodegradation or 
som~ important polymers 

Pmf essor Bengt Rtlnby. 
Royul /nstitule of Technolog_, .. 

D.·parcment of Pol_mier Techno!ogy, 
S- /11044 Stockholm. Sweden 

II h;a., "'-:en known for hundreds of years that 
polymeric material-; like nati\·e textile fibn.'S arc 
d\.'graded and I<~ strength on exposure to sunlight, 
e.g. in bleaching of cotton and linen fabrics. About 
50 years ago il wa' reported that synthetic polymer.. such 
a-; pla-;tics. rub~r. fibres. paint and lacquers arc also 
degraded on exposure lo light.( l) Polymers show 
differcnl inherent pho10Mahili1y and can be di\"ided into 
lhn.-e groups:(2): 

Higlzly pluxostable polymers are commonly used 
without added photostabilizer. 

MtJ</aatel~· pllOlmtable polymers can be used 
wi1hou1 added photostabiliz.er. 

Poorly pliotmtuble polymers need exlensi\"e 
stabili1.ation for outdoor use. 

Sysh:m;11ic sludi'--s of photodegradation and 
photostabiliJ'alion of polymers were !)tarted in lhe 1940s 
when ii Wits oh-.cr\'cd that pho10-initiated degradation in 
air al'io im·oh·cd a simuhaneou;; oxidation. The ba'iic 
mechanism of photo-oxidation wao; established by 
Bolland and Ciec.(:\) It inrnh·es an ini1ia1ion reaclion of 
f rec radical f11rmation hy chain scis.o;ion or other bond 
cleavage and a sub~quenl addition of molecular oxygen 
lo form pcroxy radical" which reacl further in \'arious 
ways. Since lhc most important pho1odegradation of 
polymers is ini1ia1cd by sunlight in air, the mechanism of 
Bolland ;md <ice ha'i become the bao;is for extcnc;ive 
studies of pho10Jcgradation and phol<l'llahiliJ'ation 
Juring th..: i..,t .m year!'.. The prop;.gation reaclion of 
pol~ mer pcroxy radicals involve hydrogen ahstraclion to 
give hydropcroxidc group~ which decompose by 
phololysis 10 radical-;, carbonyl, vinyl and vinylcne 
groups. Kclone groups on aliphatic chains absorb 
liV ligh! quanla which cause!'. chain scis.r,ion by Norrish 
1ype I (lo chain end radicals) and type II reac1io11.'i (lo 
melhyl and vinyl end groups). 

The rhJin terminal ion rcaclions arc due to radical 
comhinatinn lo inaclive producls containing C-(' hondr,, 
peroxides. kclone and hydroxyl groups. Photo· 
dcgradalion of ii polymer is usually rclalcd lo scnsiti1ers 
prcscnl in the form of impuri1ies or modified groups 
which absorb lighl quanta and lransfer the energy lo 
cause polymer reactions. Commercial polymeric 
materials may conlctin such cxlcrnal and intcrn;1I 
impuri1ics from lhc manufaclure, proccs.-;ing and 

fabrication of the polymer and from environmental 
exposure.(4) Cellulose has a broad absorption peak al 
265 nm with a shoulder into the UV of 300 to 400 nm 
which is as.c;igned to 1he glycosidic bond of the chain and 
an o\·crlapping absorption \lf aliphatic ketones formed 
during isolation and purification_ In photolysis with near 
UV light the glycosidic bonds are broken and the radical 
on the 4th carbon adds molecular oxy·gcn to a pcroxy 
radical which is rapidly rearranged. Form)I radicals are 
al-;o formed in photolysis of cellulose by splitting off 
CH,OH groups(= the 6th carbon) and hvdroge'l radicals 
by ibstraction. -

Polyolefine and diene copolymers are photo­
oiridizcd by \·cry complex reactions which are being 
extensively in\"esligated. A primary scnsitired 
photcreaction of polyethylene is formation of a peroxy 
radical on a chain which may abstract hydrogen from 
another chain and form a hydroperoxyl group or split 
off as a bydroperoxy radical. The subsequent reaction 
offers many possibilities of chain scis.sion, formation of 
ketone, hydroxyl, carboxyl and vinyl groups. 
Polypropylene is more sensitive to photo-oxidation than 
polyethylene, due to th~ tertiary bonded hydrogens along 
the chains which are easier to abstract than primary and 
secondary bonded hydrogens. The tertiary peroxy 
radicals may abstract hyJrngcn to hydroperoxyl groups 
which split off hydroxyl and methyl groups as radicals 
and leave a ketone ;,'roup on 1hc chain. Ethylenc­
propylc'le-dicnc copolymers are pholodcgradcd by 
hydrogen abstraction from lhe dicne residues gi\·ing ally! 
radical'i which add molecular oxygen and form 
hydropcroxide groups. The fur1her degradalion 
;cactions arc well known from studies of 01hcr aliphatic 
polymers. 

Polystyrene is produced commercially by free 
radical polymeri1.ation with residues of molecular oxygen 
present which is incorporaled in the chains ao; peroxide 
groups by inad\-crlcnl copolymeri1ation. Photolp-.is of 
these species by 0-0 ~pliuing gives alkoxy radical<;, 
terliary carbon radicalc; by hydrogen abstraction. 
hydropcroxy and alkoxy radicalc; with ~ubscquent chain 
scis.c;ions. The strong yellowing of polystyrene during 
UV irradialion is due 10 conjugated un!Mtturation 
and alo;o ring-opening reactions to muconaldchydc 
structures. 

Polyacrylales and polymelhacrylates arc 
photodcgraded by the same mechanism. The main 
reaclions arc main-chain scis..-.ions an<l monomer 
formalion ("unzipping") at 1he new chain .:nds. AL"° side 
chain scis..-.ion occurs and the radicalr, formed abs1ract 
hydrogen and give methyl formale. Olhcr low molecular 
weight compounds arc al<,o formed. The photolysis of 
polymc1hacryla1cs wi1h near UV lighl give very little 
discolouration, which is importanl for commercial usc of 
lhcsc malcrials a.., transparcnl sheet.-. and domes. 
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Radiation dqradation of dastomm. 

Pmf.:ssor Jim O'Donnell. 
l'nfrersity of Qitl·emland, 
Depa1tme11t of Clremi.ftr.\·, 

Brishane, Queensland 4072, .. ~11strali11. 
Du,·id J. T. Hill. Senake .\f. C. Perera. 

Peta J. Pomcry and .4ndrew K. Uhittakt·~ 

Radiation: High-~ncrgy irradialion produces 
changes in lhc properties of polymeric m3lcriab. which 
may he bendicial or dclclcrious. and may n..-sull from 
una\·oidabl~ ~xpo·mrc 10 radialion en\·ironmcnls or b~ 
using radialion a.o; a processing aid. 

,\lo/ern/ar cl10111:es: When radialion i' absorbed 
by a polymeric malerial, ioni1.ation and excitation of lhc 
polymer molecules occurs. followed hy chemical 
reaclions of ions. exci1cd species and radical~. The 
molecular changes of lhe~ reaclions can be clas.~ified a.<, 
cros.,linking. scis.,ion and s1ruc1ural modificalion of lhc 
molecules and formalion of small molecules. The yields 
of crcJ!;.o;linking and -.cis..,ion can be delermincd from 
changes in molecular weight or solubility. hul lhis 
provides no informalion on lhe actual re1ctions. 

Ratliurim1 d1emi.ttry: The chemislry of th~ effects 
of radia1ion can be deduced from knO\ded~c of lhe 
changes in molecular slruclurc and of the rcacli\c inlcr­
mcdialc species. The aim of our rc'.'iearch programme 
ha.<, been 10 in\'esligatc lhe chemislry of the dcgradalion 
of polymer" by high-energy radialion by delerminalion 
of changes in chemical struclure and 1>hscr\'alion of lhe 
formalion and rcaclion of free radical intermediates. 

Ela.tromer.r: Ela..,lomcrs ar..: an imporranl cla.<,s of 
polymeric materials and I heir cla'itomcric properties arc 

highly Sc!nstl1w lo irraJialion. Depending on lhc 
molecular struclurc of lhe dastomer. eilher cros.-.linking 
or sci~ion may he predominant. In thi.> paper we reporl 
in\'CSligalioru. of changes in lhe molecul.tr slruclures of 
,-ariou." elistomers by NMR speclroscopy. u-.ing solution 
and solid ·slale rudhod~. 

Polyolt·fim: Elhyknc-prop~kne copolym.:r 
cla.,!omers undergo both crosslinking and sci.'-o;ion of ;he 
pGlymer molccub. The formalion of mclnyl grou~ on 
new chain ends r1..'!'Ulling from scis.•ion can be ob~f' cJ 
in ~lution ~MR spcclra al low radialion d1~"S (bel(m 
lhc gel dose · aho'-e rhis dose lhc pr\lporlion of soluhl~ 
Jccrea."-"" wilh incrca.-;ing do,.;:) anJ in soliJ·st;llc 
:-o;\tR ...pcca.i aha higher dos..."S. 

Polydit'llt'1: Irradiation nf poly(hutaJien..: I 
and poly(isopn:n.:) cau.o;..-s cm .. ,linking wilh high 
yidJs and wilh high con\·crsions of lhc C=C bond~ to 
.:H~-;linh. The di<..tppcarancc of C=l' bond-; and lhc 
formalion of Crl.K'ilinks can be dclcrmin~d quanlila­
li\·dy from lhe solid-slalc 13C ~\tR spcclra. The 
radiation scn,ili\·i1~ is influenced by the molecul:tr 
arc.:hileclur..: of lhc r<'I: Jiene molecub. Sub'.'lilulion 
wilh chlorine resu··.s in significant scnsilit;ilion lo 
radialion. 

Polyisob11tylme: Polyisohulylene prO\·iJcs some 
panicular allraclion.-; for .\ludics of the cffctt<, of 
radiation on molecular slruclurc of polym~rs. Scis.-;ion 
occurs wilh high yield and exclu.;iwly \Wilhoul 
cros.\linking). The 13c ~MR spcclrum of lhc 
unirradialed polymer consist<, of lhrcc sharp resonances 
,mly. The polymer remains soluhle after all dose-. of 
radialion. Many new resonance~ arc ohsen·ed. rcsulling 
from new slruclurcs in lhc pol~mcr molecules. 
ldenlificalion nf the slruclures which arc formed from 
lhe chemical shifls of lhe new resonances and their 
quanlilali\·c mea.•;urcmcnl pro\'ides \aluahle informa­
lion on 1hc mcchanio;m of lhe radiation· induced 

degradation. 

Halogen Jt•miti:acinn: Suhstitulion by chlorine or 
bromine in lhe slruc1ure of po!yisobulylene containing 
small amount' of a copolymcri1.cd diene ~nsititef> the 
molecules to raJialion and result' in cros.,linking 
becoming lhe main proces.<, al low doses. Howe,.·cr lhc 
halogenated slruclUrcs arc rapidly consumed and lhc 
scis.,ion of lhe polyisobulylcnc structure becomes 1hc 
mam proccs.\. 

Molecular sm1cturr: Thu'. lhc different 
molecular :r.lruclun:s of clhylcnc·propylcne copolymer' 
poly(Jicne)s and polyi~bu1ylene rc~uh in different 
rcspon~s lo high-energy radialion. The scnsili\'ity and 
1hc predominanl proces.<, is greally affcclcd by halogen 
:r.uhslilulion on 1hc polymer molecule. 
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Eanirunntl'ntal ckgr.adation or poly (ctbyil'U 
lt'l"l'phtbalatl't by hydrolysis 

Dr . . \/idit~h' Edge .. \fund1ester Polyceduzh·. 
F11c11lty of Scienn· and Engineeri11,:. 

Clrcmi\!r_\· [kpartmc111. Jolin Dalton Buil:li11g. 
C/i.··r,·r 'frt"t'C .. \fund1t'.'iter .\fl 5<iD. L'I\. 

·' 1.-frrdud .\lolwmmudi1111 & .\'1mmm A/l,·11 

l n't.1ilinl· anJ amnrphnu, pol;.t.:th~knl· 

t.r-:pht.:bl."l 1PET1 ,;h.:.:t h;I\.: h .. -.:n .:xpos.:J 10 hl.•lh 
;h.·rr:1 .• l ;i.h! t \ .11.'.in~. En\·ironm.:nl;tl br<·;il..J,,wr. h;1~ 

ii ,·r; cmph .. ,:,u.I h·. ;1~ing in Jr~ anJ wc:t ~.iii.; ;ind <i! 

! .. \\..ind !ti;:b !n:::1i,l;ti,·,_ in th.: ;ih.;.:n.:.: anJ rr-·,,._·nl.: ,,f 
l \ rrr.i.:1.1::,.,1 U-:1•r:tda1ion h;t, b.:.:n monitur.:J h~ 

1. ,,,.,.,1,·1ri.- '.·h.1:n -~ j,,inn l ;ind J.:n~i1y m.:;L"iUr;.·nh.:nb. 
1-1..:-ull- ir~.!i,.:'.,· ih.1! !r. h<•th m;1t.:ria~. h;.droly,i- j, th.: 
,f,i:ni:1.1nt :;1.,,L .. : J...:!!~:iJ.ition at .1mhi,·nt kmp.:r.1ILtr.:,. 
I 1•r hic: 1;!·. ·••i•nl...:d PFI hoth c:h;iin-•.:i.,_.;ion .rnJ ,·r.,,,. 
li:1 1-.i:L· .1r. _ 1. ;,!-:111. In th.: c;i.-.: ,,f :1m·•rrh.1u-; m.1h:ri.1I 
d \ •::•!lir.iL -:' hi!>it, an initi;i! 111.:r\.'.•''-' Ju,· l•• 
rl.1,;i,i:.1•i •. r, ,tnJ 1nn,-.1iin~. Thi, i- !olh•\\.;J !>\ ~'tfid 

·~ h .. :1n ~'- i ~'i in .. tn"l ·1h..:r~41ftt.·r Jt.·~~r .. tJal!\'n i'!"•)""·L~·J, .. it ~! 

~,Jt;c,·J r.1:.: \\ i!h ;i comliin:11ion d h~,!rnl:.1ic .in.I 

.,,;._:;1!1\..: m.:, h;mi-nh 1;11..in!! pb.:.:. O.:n,it\· in.:r..-.L'l'' 
h.•·,,: n·•l p~.:\iou,J_. t>.:,•r. ;11lri~u1.:J t11 h\Jrol~ti.: 

.:nn.:.ilm~ hll r;11h,·- .:.m,iJ,·ruJ lo h,· du-: '.1• :1 .:h.:mi· 

..:n,1.1!li1.11i11:l 1 l) pi-.-ce''· Th.: t\\;i pr•:c.:'''-'' :ir.: 
r«·,ent.:..! .tad Ji,cu,"2d. \\Ith e\il.i,nce f.ir h\·Jrnlvti,· 
:1nn\.';11in!! 1-c·in!! 'uppon.:<l with Ja1;i from thl·rm:tl Jg.in!! 
unJ.:r Jr~ ;..·11nditi1m' anJ l .\. irradi.ttion. In \i.:w 11f thl' 
r,·,u!h uh1.1in...:J. curn:nl physicn-.:h.:mic1I t.:sl 
t.-.:hni4u.:' u.;.:d for monitnrin~ .:n\ironnh.:nl.11 
J>r,·.1kJo\\ n 11f PET ar.: .:\;ilu":.:J. 

I 11 .-\. lblbr.1 ;tnJ J. \·l·rdu. l'ol~m. D.:;!. S1ahit 
-~"t l'l:--•11 .\fd. 

Slahilil~ ;111d dt"i:radilfion or pol)mrlhac11lale\ 
"ii h conlrollt"d '.'ilruclurr 

Prof1'\ 1or l\ord1i lle1!e1cle1. 
<ha;,; f .. 1mcr,1(1 Fao1i:r 11J F11g. S.-fr11,·1·. 

11,·;i.1rr111.·m ''.r ( -;,..,,,, 11r1·. T1wont11..11, < hakiJ ·''"'· l1ip1J11 

l'.•l:-mdh.1n~l;1h:' d,·!!r.1J,· rn.1lih:h .:,1,1h 111 

.ill11\\ m11k,ul.1r w.:i!!hl .:omp1111nJ, or !11 m11nom..-1' h! 
h...:.1tin1! 11r irr.1,li.1tion. fhj, j, nf!,·n 11111in·d 1111 -h:l'I 
ntrri-ion "' pnhlllll'lh:lm..:th.1cr:brl·) (P:\f\f..\;. Th,· 
,(.:,·11mp1"i1i"n or ,t,1hilil\ 111" ml'lh.ll'r'.- I.tic· p11l:rnl·r, 
,,r .. m:h r,·:.1k-. 111 th...: l\pl· .. f th.: l·,i.-r croup .ind 111 ;h,· 
end L'.r1111p-_ d 1lw p11l,n11·r. thor nwk•ubr 1-'l'il!hl .ind 
moh:.-11l.1r ··'l id·.1 di,1rih111111n. 1heir -1~·rn1r,·i!ul.1ri1:­

.111J or '"l'"h llh'r ,· .. rnp1"iti11n. 1-Pt.irlic .md ,vndi" 
t.1dir P\l\f .. \, h,1\l' h<'<'ll prl·p;irc·J h) li\illf! p11i\111cri· 
1.1tion ,\,l•:ni-. 111111111· .md n1p.il~n11·r, nf \.triolh 

methacrylah:s \\'ith carefully controlkd structurc:s lta\"c 
been syntht.-siTcd. 

The temperature of degradation and the 
m.:chani~m ,,f d.:g.radation of PMMA J'-'(>\!nds especially 
on th.: type of the end groups since the initia1ion usually 
staw; from the chain cnJs. R<!dically pr.:par.:J P'.\1MA 
h;t~ ~om.: unsaturated end groups: the J.:composition 
t\.'mperaillr\.' nt the rl>ljm.:r~ occrca.~d with incrca~ing. 
amounb of th.:~ Joublc honJ.;. Special tcchniqu.:!-. .;uch 
<L' pol~ m.:ri.fation in 1h.: prcscnc\.' of lr;msr.:r Jgcnl arc 
utiliJ'.:d to pr<'p;1r,· (»ll~mdhacrylak' ,,f in.:r\.'a.,.:d 
stabili1:. 

! ... ti~:•.\ ...,f pol~ m.:th;i,r:l;it.:~ ~tr,•ilfl\ ;i!°fr.:b th\.' 
J.:~raJ:tti\ln 11f ppf\m<t!:.1.:r:.(ah>: i-1•[,1..::i..: f-11:~m.:r~ 

J.:!!raJ" fa,t<.:r rh~m ! :h '\ n,iiot,!Lli: pn!:;1n.;r,. ..\. n 

\!'\~t.. .. U:nl ~\.~1mpi~ f!•r iL'-- i"nL; ~t&Ji)ili~\ t1f i~oi,.tt:"li"· 

pc,1~.n~;·!iL1\.·r~.Lt~l'.'' i" rt:~t:- h;_i:lr "t(..·r.";tl\1~~- ,.i_, ..:i1..""'((ron­
h..:~,n1 ·~~ \.-r,~_.- h.:-..: ... !: ~-··i .. h·t1...: P\1\1:\. : ..... 1'.·1.• h_ .... b·,,!i11..·...f 
m .. r..- rJpiJi~ thJn ':-n,li•:t .. :l•..: f'\l\I.:... b n;dh,1<.nL1:1. 
'°"'·'r"!~:i1t..:r'. lht.: J1.-·~-,1n~r'''!r!iin J~r\.·:1J'.' ,.~, :h\.· \.·,.­
,~-.i~ rn~r -.·,_,rr.r,"it1.,:~"'- fh\.'.' ti:~r~u .. ai pr,J:h .. rti~·:-- "f tht.· 
cor,;l:- m.:r' \.Ill fk" ..:. •:1: •• •ll.:~ b ~ dtar .:in~ ih..; (o)p1li~ mer 
C''n1p,."1~tPn. hi ,, ni\· ..... 1:-i .... ·, b: .. ,~k (•.l(',1i~ .. nH:P· h,.1· .. ·;,; 
dilkr,·nt J•.:.:.·n:r"":l!:;; :1.·rr:p.:ratur.:' ;h.1n !11..: 1.·nr· 
r..:~pnnJ:n.; hum••r••!,m,r,. \\:rh th. :1J\:1r.ccol l..nn111-
l.:Jg.: 111 the: ~kri:o, h.:mi•Ln .inJ ;i;. ll'(hni<ju.:,; of 
m;i,;rnmok.::ubr ell!!Hh.:...:rin~ ,if \l.:r.: .. ,pnili.: contr.1: 
:•n.J the c"onlr1•l of ..:11p11l~m.:r l:1•mpo,ition f1•r tlw 
')nth.:,j, ·•I m..:1hanybh: p1•l!m..:r.,. \\.: .:.1n n,>\\ ';1Li~­

fal·111ril~ coni111I th1: •l.1hil!r:- 1•r.ip.:n• rd.11i1m-;hip of 
pol: mdh;1.-n bk. h! J;1il11r· m;ikin~ !h...: ~1rul"lure~ ill th..: 
pol~ m'r'. 

The dfrcl or pol~mrrizalion conditions on 
lht" degradabilily or pol~amide 6 

Dr. JcJ11 Sd1011/e1. ( ·:,·1-/1 .·t."ati<'my of .\ci1·m I'\, 

J..r~1i111tc of .\f.1aomoiff:ile1r ( h.-m1~tn·. 

/In r111"·.k 1 .'it;" :!. / 11:! 116 Pr1:g111" (1. 

C ·:(fir R1p1.fliic 

It j, \\di ~"""" 1h.1r d..-l!r.nl;iti"n •>f polyma' 
im1i.1kd b:. h,-.11 .. r 1rr.t.li.1ti1•n i, 'lr1111td~ ;1ffn1.:d h~ 
1r.1n·, nf impuri1i..:'. lk·i·f<·, lfop.-r,,·J n10k<ul;ir 
impuriti<'' h.1·.1111! i:nkr,·.l !h,· p11hm...:r rhrc>U!!h impure 
rl'.lc'L1nl' 11r h~ Ul1'Uil.1hk pron"in1!, p11(~m.:r '!;1hilil\ 
I' ;1(" • ,1 I kl!..:d h\ r<>r<·iµn 'I rlll I Uf1'' in I h...: 
m.i. ro1111 .. k•:u:,. 

\\ith p11l\:1rn11k,, <"'l'O ...:nJ l!roup' h.s\• 10 he 
~.-1!;1rd,-.I ,1, .11.1i\1.· I 11r,·i!!n ·,( rul'I ur...:' II h;i, hel· n found 
1h.1t wi1h pol!t.1p111l,1d;im tn) l••n 11). lh, mo't impnrl:ull 
r.·pr.·,1.·nl:!li1.c· 11f l.1l·1.1111 · h.1:-..:d p11h,tn1idc,, th.: \doriry 
ol 1h.:rm11·oxalation r.111 he dt.IO!!l'll h\ ,m order of 
m.1:!ni1u.k h\ rlw pr11p11rli1111 111 thl· .1111111e .1nJ r,1rho-.;yl 
1:r1111 p , 11nrnll r .11 inn,. 
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In ad<'ition to the omnipresent end groups, in all 
laclam polymers exist irregular structures originating in 
unwelcome siJc reactions. These foreign structures 
positioned in the macromole~ule's inner or chain ends, 
affect the de~radabilily of the polyamide and can have 
posili\"c or m:gali\"e infiuenC\.'S, depending on their 
structure. 

The type and number of such foreign struclurcs 
depend" \"cry much on the polymcri7ation conditions. 
The more active the catalytic system, the more 
complicated an: the side reactions leading lo irregular 
structures. For example. rapid polymerization of lactams 
with anionic catalysts gi\·es ketoamide dcrivates, from 
which numerous side reactions r\.-sult leading to several 
irregular struclurcs. E\·cn in polymeri1.ation wi1h the 
mildest catalytic syslcms. unwelcome side reactions 
cannol be comple1cly avoided. 

II will he shown how particular polyn1eri1alion 
melhcxh (anionic. cationic. hydrolytic) and poly­
meri1.ation temperature innuencc the speed of the 
thermo-oxid;1tion of nylon 6 and of other laclam 
polymers. Bac;cd on these .:orrdalbns, polyamides of 
higher stability can be produced cn~n withoul stabilizing 
additives. just by chOQ.'iing such polymeriza1ion cataly5L<, 
and condition-; providing polyamides with optimized end 
groups and foreign structures. 

Synthesis and degradation of polymers 
containing polyacetal segments 

Prof euor E. 1. Goethals, 
Rijks1111frersiteit Ge11f, 

Laboratorium i·oor org. Chemie, 
KrijgJ/aa11 281-54, 

8-9000 Gem, Belgium 

Polyacclals arc obtained hy cationic ring-opening 
polymeri1a1ion of cyclic acetals. Depending. on the 
monom~r ~trudure, polymers with a wide variety of 
physical properlies can he ohtained. By proper choice of 
the initiator ~yslcm and reaction condi1ions. ··11:lechclic'" 
polymer<.. i.e. polymers with functional end group\. can 
he synthesi1ed. These tclechclic polymer:; ha\'c been 
used lo prepare hlock or graft copolymers and segmcnlcd 
polymer networh. 

!\1any polyacetal<. arc degradable when 1re<1led 
with cationic initiators, due to their low ceiling 
lemperature. Acelal functions arc also cleaved hy acid· 
c:11aly~d hydroly~ir. or alcoholysi!'.. Consequently, linear 
or cros.<.linked polyacelals can he degraded to monomers 
(hy dcpolymeritation) or to mixtures of aldehyde and 
diol (hy hydrolysi<.). 

In sq?,ment copolymers (including segmented 
ncl work~) the polyacctal segments can he degraded 
selectively, i.e. without affecting the second polymer 

ch;1 n. This sdcctiw dcl,!radation pro\·idcs information 
on the mechanism of network formalion. 

Organic solvent systems for cellulose as biodqradable 
polymn- and their potential arras of application in 

cellulose spinning and derivatizatioo 

Professor Burklwrc Philipp, 
Ma:c Pla11d.; ltutintt fiir Kol/oitf- 1uiJ 

Gren: f liid1e11forsclumg. Kamstrasse 55, 
D- 1530 Te/cow, Germany 

Based on ihe rcali1.a1!on that cellulose. bcing a 
reproductive malcrial and" biodegradable polymer, will 
s1ill be important in the future both a.o; malerial and raw 
material for soluble proccs.o; auxiliari.::5. this paper deal<. 
with a n'lwaJays much-discus..o;cd possibilily of better 
u1ili1.ation oi the polential of this polymer: the 
pos.<.ibilities ar!d limit<. of the use of organic cellulose 
solvent-; for f.tshioning and production of derivali\·e;;. 
From a chemical point of view, the organic cellulose 
sol\"ento;; arc suhdividcd inlo dcrivatizing and non­
dcri\"atizing systems. As demonstrated in detail by 
examples from the author's group, dissolution is achieved 
in the fiN case in connection wilh a cm·alcnt 
deriva1i1.a1ion of the cellulose molecule lo an instahle 
cellulose ether. e~ter or acclal, whereas in the c;ccond ca-;e 
only intermolecular force!'> arc acli\·e bclwecn polymer 
and solvent. \\bile the chemical proCC!i_\CS occurring 
during cellulose di~-;olution in !tic <leri\"ati1jng sy-.tems 
known today arc understood rather completely, mar.y 
open queslions still <lo cxisl regarding formalior and 
lllructurc of the intermolecular complexes formed in 
oon -dcri\atizing systems. 

The mos! important potential area of application 
of the or~anic solvent ,yc,tcms Wa.<> anJ still is the 
transformat;on of ccllulme pulp to threads anJ films 
within the context of searching for en\ironmentally 
acccptahlc altcrna~ives In ~he viscose proce'~ ('~tahli~hc<l 
now for a century. As shr>wn hy sc\eral research 
groups, ccl!ulosc filament'> can he spun from •1 rather 
large numhcr of dcri\ati1ing a~ well as non- 1.kriv;o!i1ing 
sohent systems, the choice is extremely limilcd though 
ior economical. ecological and tcchnolo~ical rca.-.on\. A 
current re~arch prohlcm is given today hy the l.jUestion 
whcthc r or not in principle differcnl phy,ical structures 
exist in threads spun from dcrivatiting system-. on the 
one hand and non· deri\"ali1ing system' on the other, 
resulting thus also in h:1sic difference' in m;1croscnpic 
properties. In close connection with that there is rhc 
question how far high pcrlormancc fihrc polymers can 
he produced hy jointly tram.forming cellulose and 
synthetic polymers. 

Resides the new approaches lo cellulose thread 
formation via !he stale of solution a.<. the main area of 
application, the promotion of the organic chemistry of 
cellulo~ hy employing organic solvent systems in 
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cdlulosc dcrivati1ation under homogencou." condi1ion.s 
must ~ menlioneJ. As Jcmonslrated in a join! work 
with W. Wagcnknechl. I. !'<lehlo; and M. Schnabclrauchon 
sulphalion and phosphati1ation of cellulose in the 
N10/DMF solvent system. regioselecli\'ily wi1h regard 
10 1he site of r~·action within 1he anhydroglucosc unites 
can be oh~aineJ b~ proper choice of n:aclion conditions 
and acylating agent. The potential ad\·antagcs and the 
limitations of th.:'>C n:giosdel"li\'c homogeneous reactions 
;ire discusseJ with regard to pro<lucl properties. Finally, 
the problem of biodegradability of cellulose deri\'ales 
generally is Ji,cu'.'>...cJ. 

Biodq;radable pla.,.tics based on cellulo~ acetate 

Dr .. ·tlcx1.J11dcr Aclr. Rattt'lle-lmrirur t".1 · .• 

. ·Im Romalrof 35. PF 9001'10. 
F•,mk f11rt . . \f ai11 •JO, Gi:rmam· 

It i, g..:11.:rally knllwn th;tl sccondary cdlulosc 
;1cc1;1k (with q to 5fi per cent ;1c..:tyl group,) is -.uit;1hlc 
for tharnopla,tic pron·ssing. With appropriate ptbtici-
1cr- ;i pb.<tic matcri;1l is ohtained which ..:x..:cls ;n trans­
p.m:ncy anJ pkasanl tcxlurc ;mJ is thcrdor..: 011..:n u.,cJ 
for !Ool h;mdlc .... comb,. spectad.: frame' ;mJ the like. 

Cdlulo,c .m:tatc with such a 1.lcgrec uf 
.,uh .. 1i1ution i, in prin~·iplc hiodcgrad;ihlc. although 
dq!.r<idation pnKccdsextremcly slowly. Howe\'..:r. when 
com m"n ph"I ici 1ers aro.: .. u h ... tit utcd hy speci fie c'ter~ anJ 
lllh..:r low molecular components (al least 311 per c.:nl hy 
\\cighl), lhc "'p(;i.,tic materi;il" ha.' still gilt the 'amc 
1hermnph-;1it· propcrtiv .. hut will decompose in soil or 
water \\ ithin ju't a few ye;irs. 

A cdlulo:-..c acetate cup. for ex;implc. huried in 
... ..:;,·a!!e !'oludgc losl m<1rc.: than 70 per ccnt of iL., original 
wci!!hl within .1hou1 IX months. In a4ucom. cmironmenl 
(Sltirm,\ tc ... I) th..: dccomposition amounted to mort• than 
hO pcr ccnt. l' nd..:r appropriare compo ... ting conditions 
or condition-. of ;inacrohic fcrmcnra1ion. tile degr;id;ition 
prnc..:" i:-.. likdy lo he c\'cn fa<,lcr. 

Howewr, lh..: material can ;11 ... o he recycled or 
incinerated without residues. 

The new kind of hiodq~radahlc plot-.tics c;in he 
pro~esscd on rnnvcntional injection moulding machines 
or on l'Xlru<ll'rs adapred to their specific processing 
properties. They can hc !Urned into gritnUlar materials, 
''rip' and films ;mJ inc" injection moulded and 
..:xtrusion hlow moulded shape .... 

The matcri;il propcrtic., ;ire comparahlc lo tho~· of 
thc known cdlulmc e\lcr· hase<l plastics: film ... and thin· 
w.11led hollow hodic' arc hi~hly lr•in.,parcnl. Mcl"hanical 
propcrtie~ compare well with tho~ of rnnvcntion.11 
packa~ing maleri;il .... The thcrm•1l rc'i'tiincc i .. .,omewhal 
l11wcr, hut lhl· pcrmeahility to sh:am ;ind oxygen is 

relati\"cly high compared lo that of sl.alldard plastics. 
Th:! material is resistant to oils and fats and. for a short 
while. e\·en to weak acids and alkalis. 

PH 81 \' • A natural biodegradable 
thennopla!!;tic polymer 

Dr_ Fio111uu1[11 Jhroie, /Cl Bio ProductJ, 
Emil nm Bd1ringstrasse .:!, 

Fr1111kfurt .. \lain 50, Germuny 

"Biopol· is ICI\ trademark for a ran~e of fully 
biodegraJahl..: th.:rmopht-.tic polyesters produced from 
rcnewahle raw material... They arc composed of 
hydr.ix! butyrai.: (HB) units with between 0 and JO pl·r 
cent of hyJr•IX! •.;1ler;itc (HV) units incorporated 
randomly thrnugh .. ut the polymer chain . 

Sharing m.my of the properties of traditional 
ph1sti~, 1hc~ can he pro.:e-... ... eJ 011 conwntion.il 
equipment. using ..:<•n\cntional technology. In prnduc.: 
moulding. CPnt;iincr~ . ..:oating~. laminJtcs. film., anJ 
fihres. Ju,t like wmenfrmal plastics. pro•Ju.:L-; produceJ 
from PHB \. arc ~t.1hle in t!~. durahk and m11is1Urc 
rcsistanl. Th1. y may hi.: reused or recycled ;md upon 
in..:iner;11ion rcle;L'ic only CO, and water. '"Biopol" differ.. 
from traditional pbstics in h~ing naturally dcri\·cd. The 
homopolyma PHB i~ lound widely !hrnughout nature 
\\ hcre it is produccd by micro· organisms a-. a c;1rhon 
and er.erg! stor..:. PHB· \" is r..:c.)gni1ed by the 
cnvironmcnl ;ts a fooJstuff anJ it is thi~ re.:ognition 
which confer' true biodegradability "' thc entir..: 
polymc:r rang..:. 

The large· ~c;1k production 11f thesc polym..:r .... 
~imply intensifies the natural prnce'.'>.'\ anJ is ha.o;cd on th..: 
fcrmenl<ition of glucose from annually renewable 
<11-!ricultural fced,.toch such as sugarhect ami cerealo;. In 
the future there is also !he potcnti;il to use agricultural 
hy-proJu1.:ts such ;L' mol;is.,es and whey. The proccs.-. 
itsdf u~-; low temperaturc., and pre'i'>Urcs generating no 
harmful !!ascous. ;1t111cous or solid cfflucnts. 

In addition, poly!iydroxyhutyrJIC is particularly 
comp;itihle with mamm;ilian ti ... .,uc and blood. ll is 
rccogni1cJ h~ thc human hody where lh:: monomrr of 
polyhydroxyhutyratc is itself a normal mctaholile in 
mamm;ilian hlood. 

PHR. V has the functionality of 1radi1ional 
plastic,., is produced from ... ugoir tn a ... implc and Sdlc 

f crmcntalion proce'' and i ... truly hiodc!l,radahlc. It 
•1ns\h'r" the comumcr's dcm;inJ for n,1111rnl producLo; ;ind 
the rnnvcrtcr\ need for performance. In addition, 
"Biopol"" is comp.1tihlc with .111 existing ;ind developing 
W<tSll' m<1n<1gcmen1 lcchnolo~ics ;111<l thm; offer .. the 
security of cnvironmcnt.tlly respon:,ihlc di-.po!\ill. It is 
p;irticularly suited In municipal comp11'ling, c;in hi.: 
safely incinerated and c;in he recycled. 
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Objectives of che project 

I 
I JI, 

Oil, Coal 

Scope of tht> pmit'< r 

c ......... :) 

I 
I 

I 
l __ _ 

( Modification I improvement technology ) 

+ 
Synthesis technology ) -----,----

0ocessing technology 

Waste 

Processing technology 

(Rc~arch ln!\titu.e of Innovative Technology for the Earth (RITE), Shin- Kyoto Center Bldg., Kara-;uma-nishiiru, 
Shiokoji-dori, Shimogyo-ku, Kyoto 600, Japan. Fax: +81 75 361 5607) 

(Source: JETRO, April 1993) 

••••• 



- 21 -

3. APPLICATIONS 

Biodeirad.ibie plastic with controlled clegradation lime 

Profos.o;or M. Okada of the Faculty of Agriculture 
of Nagoya Uni\"ersity, Dr. M. Atsumi of the Science 
Department, Tokyo Women·s Christian Univt:rsity, and 
their research team have jointly developed a bio­
degradable pla.'\tic with freely controlled degradation. 
This plastic is a type of polyester and has a strength 
comparable lo polypropylene now used for producing 
food conliiiners. 

Four raw materials (monomers) are used, and the 
degradation time can be controlled between one week 
and six months. The plastic is not decomposed 
completely into water and carbon dioxide, but the 
degradation performance is very high. 

The research team synthesized a series of new 
degradable polyesters with main chains containing a 
cyclic eth~r. the basic structural unit in natural polymers 
such a." nucle;c acid and polysaccharide, and studied the 
correlation between polymer structure and dcgradability. 
The degraJability can be controlled by various factors, 
~uch a." the number of ring atoms in the cyclic ether, the 
bonding of main chains (acetalestcr type, ether-ester 
type), main chain bonding position (2,5-bonding and 
2.h-honding of the tctrahydropyran ring) and type of 
side chains. 

The degradability of polyesters with tetra­
hydropyran ring.o;, as the main chains can be controlled by 
the type of side chains and composition. E\"cn if the 
bonding positions on the tetrahydropyran rings differ, 
the degradahility can be changed by the composition. 
Therefore, by controlling the molecular structure. it is 
possible lo control the degradation rate. 

The plao;,tic developed with these properties is a 
substance with a structure resembling polyester. The 
degradation time can be changed by producing polymers 
b:L'iCd on four bicyclic oxalactonc monomers with 
slightly different structures. ~ynthesi!'t is by the same 
method used for ordinary pla'itics. By changing lhe 
ratios of the four monomers, the degradation time can be 
adjusted. 

Degradation cxperimcnl'i were conducted in the 
soil and in faucet water (neutral phosphate buffer solu­
tion). The plastic wa'i not degraded completely into water 
and carbon dioxide, but wa'i reduced into shreds in one 
week to five months. Some of the polyesters degradation 
wa'i fa.o;ter in soil. According to expcrimenl'i, the pla'itic 
degraded in about one week wa'i fragile and impractical, 
but that degrading in one month or longer had abour. t!le 
liame strength a'i polypropylene used for producing home 
dining ware. AL~. when heated, the melting point for 

commencement of degradation was as high as 150° C, so 
the plastic is of practical use. (Nagoya University, 
Faculty of Agriculture, Furo-cho, Chikusa-ku, Nagoya 
City. Aichi, Pref.464-01,Japan. Tel.:+81-52-781-5111, 
Fax: +81-52-781-4447) (Source: JETRO, October 1992) 

• • • • • 

Microbial degradation of polyC50dium acrylate) 

Nippon Shokubai Co. Ltd., with the COOiJCralion 
of Professor Y. Tani of the Faculty of Agriculture, 
Kyoto University, has announced that poly(sodium 
acrylate) can be degraded with ease by micro-organisms 
in the soil. The technology is expected lo be applicable 
to the microbial degradation of paper diapers made of 
polyacrylate- based water absorbent polymers. 

Studies on microbial degradation of synthetic 
polymer compound have discovered various micro­
organisms capable of degrading polymers such a.'\ poly­
ethylene glycol, polyvinyl alcohol, polyethylene adipate 
and polycaprolactone. Polyacrylate is a typical water­
soluble polymer which is non-toxic, and used in various 
field'i, but no detailed research on iL'i biodegradability 
ha'i been performed. 

The rel>Carch team screened soil micro-organisms 
capable of degrading poly(sodium acrylate), and studied 
the degradation activity and charactcristici.. 

The company sca1ched for micro-organisms 
primarily from the soil in the vicinity of the company's 
Tsukuba Research Laboratory and discovered that 
several strains of micro-organisms such as thr 
Arthrobacter strain display the degradation activity. 
When two of these strains (strain L7-A and strain L7-8) 
arc used in a mixlure and cultured with a 0.2 per cent 
poly(sodium acrylate) nutrient source, polymers with 
molecular weighL'i of les.'i than 2,500 arc degraded in 
about two weeks. 

These strains cannot completely degrade Lie 
polymer independenlly, as one strain degrades high 
polymers of up to molecular weight 1,000 and the other 
strain degrades the polymers lo lower molecular weight. 
The exislence of an Artlirobacter sp. No 18 ha.'i aL'iO been 
confirmed that degrades roughly 80 p..:r cent o! oli­
gomers into C02 in several weeks, indicating that \.'arious 
strains of bacteria arc involved in microbial degrada1ion. 
(Nippon Shokubai Cc. Ltd., Public Relations Section, 
1 -2-2, Uchisaiwai-cho, Chiyc.lda- ku, Tokyo 100, Japan. 
Tel.: +81-3-3506-7484, F:tx: +81·3·3506-7598 (Source: 
JETRO, December 1992) 

• • • • • 
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A di_<;appcaring plastic pen 

Tire first biodegradable plastic ballpoint pen, Th._. 
Green Pen, was recently roUed out nationwide through 
Wal-Mart's and Sam's Wholesale Club by 
A&W Products, Port Jervis, N.Y., USA. Both the grl.'l.'n 
hoJy and yellow cap of the pen are moulded from 
Maler- Bi biodegradable corn-ba..-.cd pla..-.tic rl.'sin 
dc\·elopcd by Novamonl. SpA, an affiliale of tht..' 
Ferruni-Mon1edison Group. Novamonl says th._. pen 
could dL'ktppl.'ar within two to three years in 
environmenl\ where both water and micro-organisms an: 
present. 01her applications being researched art.' 
composting and tra..-.h bag..-., diaper back shet..'ts, lampon 
applicators and pla.-;lic cutlery. (Source: Plastics lforld. 
May llJ<H) 

• • • • • 

The first fullv biodegradable boltle in the L:nited States 

Available through a retail Jepartm.·nt store is 
being u~d to package a new line of personal-care 
products. The contaim·r is made from Biopol re.sin. a 
line of fully biodegradahlc polymers developed :ind 
manufactun:d b)< Zeneca Bio Product'> (formerly ICI Bio 
Products), Wilmington, Del.. llSA. The polymer is 
produced •hrough a nalural fermentation proccs.\ ba.<;ed 
on r·:ncwable agricultural feed.stocks, such as .s1:g.1r bccL'> 

and cereal crops. (Source: P/aJticr World, !\fay 199J) 

• • • • • 

Biode~radable vliL'itic disposal razor 

Kai Corp. will market two type!'> of disposable 
r:11ors, one the Kii-i} ra1.or for men and the other the 
Fresh- I} r;tzor for Woll' .:n, both made of a biodegradable 
pla.,tic Biopol. 

The completely biod~gradable pla.<>lic Biopol wa\ 
developed by Imperial Chemical Industries PIX (UK), 
;ind is functionally the s.ame as conventional plar,1ics, but 
is produced by the fermentation process using glum~ 
from corn, sugar cane or !'>Ugar beet as the raw material. 
When buried iil the ground or cal'll into the ~a af11..·r u~e. 
it start decompo!iing after about three months by micr1J· 
organism action, and is completely decomposed into 
water and carbon dioxide within 2-3 years. 

The hi111lcgradablc pla.r,lic is used on all parts other 
than the mel;il blade. The metal blade is oxidi1ed and 
corroded in the natural environment, so the entire ra1or 
a.-..c;cmbly will be completely returned to natural 
!'>Ubi.lanee~ in the ground. Even when i. cincrated, it will 
he decomposed into carhon dioxide and waler, !ii> no 
toxic substance is lcf 1. 

Tlw hiodcgradablc plastic Jcveloped jointly is a 
copolymer in which l}-polyhydroxy butyrate and 
I} ·polyhydroxy valcrate chains arc hooded together. It 

is proouccd by extracting the sugar content and con­
verting into glucose, then fermenting the glucose with 
soil bacteria. The fermentation bacteria contain about 
70 per cent of a polyester. which is rcfineJ to obtain the 
plymer. Since the polymer strength i~ inaJequ.tte for 
producing r.a.ors, clay i_.-, added to proviJc an ad1..·quatc 
strength for making the rawr. (Kai Corporation. 1-17-h. 
Higashi- Kanda. Chiyoda-ku, Tokyo IOI, Japan. 
Tel.: +81-3-3862-h.38 I, Fax: .... ~H -3-3Sh2-6."\82) (Source: 
JETRO. August llJ92) 

• • • • • 

Biodegradable volrnr.>vylene strap 

Schsui Jushi C<'rp. and 1he Ferml.'nt:ilion 
Research lnstitulc of the Agency of Industrial Science 
and Technology have jointly developed a bioJegraJ.ihle 
polypropylene (PP) -..irap. The PP str<tp is produced by 
blending polycaprobcl•'ne and po!yolcfin. follmwd by 
the company's uni4uc drawing lt.'chnique. 

During d1:gradation, the polvcaprol.icton 
C•>mpon.:nt. aft.:r lh.: PP Mrap is Ji-..cardcJ. is fir ... 1 
decompo~d by en1ym1:'> 1lipa.\C) in the micro-organi~m~ 
in the St•il, sea w;ttl.'r 11r fresh wall.'r. followed hy the 
degradation of the remaining polyoldin. 

This biodegradable PP strap. when buried in th.:; 
ground after use. undergoe'i volumetric reduction to 
enable effective use of waste sites, ;mJ does not pollutl.' 
thqtrounc!. Even when left ir. the sum>undmg environ­
ment, it ha.-. much less influ1..•nce on planls and animal' 
compared with conwntional pla.-.1ics. In addition. the 
residual PP after degradalion, in conlrast to photo· 
degradable pla.'itics. docs 001 undergo any change in 
molecular weight or chemical slruclurc, and is thcrdn1e 
quile safe. 

Th1..· comp<my p~tns funl::r re,e;srch lo eluci­
date the correlation between raw r:1aterial blending 
and 'ilrcng1h, and to rnmmerciali1c 1he biode­
gradahk· PP strap. (Sekisui Ju.,hi Corporation, 
R&D Pla1.a, Key Technology l'enler, 7.11-1-1, K<tgami, 
Ryuo-cho, Ciamou-Jun, Shig;1 Pref. 520-25, Japan) 
Tel.: t-81- 74X- :'\8- 2488, Fax:-....81- 748- 5~- 248<1) (Source: 
JETRO, August llJ92) 

. . .. . . 
Biodc~raditble vlastic film 

The Fermentation Research ln,1i1u1e and thc 
Research lnslitule or Innovative Technology for the 
Earth (RITE) h;wc jointly developl:d a new type of 
complelcly hiodcgraJablc pla!'>lic. 

Thi~ pl;1!'.tir m<tll.'rial is produccJ hy dispersing a 
!'>larch prepared in gelatinous form al high concentration 
into a hiodegradahle polycaprolitctone (P( L) polyester, 
and w;1.~ conl1rmed to have complete biodq.~radability in 
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the cn1ymatic c\·aluat1on method dcvelop.!d by the 
Fermentation Research Institute. 

Biodegradable plastics which include a high 
concentration of gclatinized starch ha\·e already been 
dc\"clnp.!d in the U nitcd States and Italy. but lack water 
rcsistam:e a.1Jior arc not hiodcgraded completely. 

The new biodegradable plastic malerial has 
rnmplcte dcgrad-.bility, and excellent water resistance. 
The pla~tic blended with gelatinized starch has a ~uer 
Oexibility ~han that Mended with granular starch, 
making it ca.,icr lo produce extra- fine films. Also, the 
material i, cheaper since it uses starch in a high blend, 
.md helps lo conserve oil resources. The hiodegrada!ion 
'peed is fa..,lcr than that of PCL alone. 

Biodegradable plastic decomposed by micro­
organisms in nature is a means of soh·ing the pla.'itic 
disposal problem due to the many advantages such as 
ca.-;e of incineration, stabilization and prolongation of the 
\Cnicc life of landfill'i, reducibility into compost for 
rd urn into farmlands, and reduced innuence on wild life 
due 10 ref u~e scaucring. so rescar;;h is intense in \·arious 
countries for commerciali1.ation. 

Thi, re,earch \\a.~ conducled by RITE jointly 
with the Fermentation Research Institute under con!'lign­
ment by the New Energy and Industrial Technology 
Oc\dopment Organization (NEDO). (Fermentation 
Research Institute, AIST. 1-1-J, Higac;hi, Tsukuha City. 
lhar;iki Pref. .•05. Japan. T cl.: '81- 298- 5.J-fi02.J, 
Fax: ~s1-2•1s-S.J-h005) (Source: JET.'?.O, March 191>2) 

• • • • • 

Bimlcgrad;shlc pt.L,tic with claslicity 

Kirin Brewery Co. Lid. ha.\ developed technology 
for producing cla.c;tic biodegradable plastics by appl~ing 
1he fermcnl;ilion process. The polymer obtained is 
poly(\-hydroxy alkaaoale) (PHA). 

The tremendous elongation j, nol po~<;es.'icd by 
himlcgradi1bk pla.,tics developed up until now, and is 
conlrollahk by mixing with other type!! of bi1;degradahlc 
pla,lics. Pseudomona!I bacteria (Ci-1201 strain) Wits 
isolated from soil at a sile in Ciunma Prcfeclure and a 
method csla~lishcJ for producing PHA. Firslly, this 
b,1clcria i ... cultl.lrcd in bulk. The 11u1rien1 source is 
gluco'c or ol her '"ccharides ii~ lhe carbon source for 
proliferating hiomas.'i, after which the hi1cleri;1 arc placed 
in ii polymer rnhuring hed con1aini11g no nitrogen, 
which starb polymer storage in,idc the bacteria. 1\<l<ling 
yeast :xtracl to a concenlralion of 5 per cenl cause' the 
polymer productivi1y to he increm·.ed lhrecfold. The 
existing producli\·i'.y is J.7 g//, which will have 10 he 
improved further for commerciali1ation, bul l"ilD be 
increased lo over 5 g hy improving the hacleria and 
culturing rnnditions. 

The polymer ha.;; a molecular weight of 50,000-
100,CXJO and the melting point is as low as 50° C. The 
biodegradability in soil is expected to be around 
2-3 weeks in summer and :?-3 months in winter. This 
polymer is sticky and elongated with case simply by 
pulling, and a poiymer l Lm long can ~ elongated to 
6 cm. By conrrast, polyhydroxybu1yla1e (PHB). a typic3I 
lyp.! of biodegradable pla~tic, has a high r:;dting point, 
is hard and diff:cull l-> clL'ngate. and is quite briule al 
low temperatures. 

The company blended both these materials and 
succeeded in increasing the PHB elongation lo d signi -
ficant practical le\·cl. The elongation ratio can be 
changed by regulating the ratios of PHB and PHA. 
Based on these results. the company is presently 
dc\·cloping applications for using PHA independently or 
in a blend with PHB. It also plans to use cheaper 
nuLrient soi.;rces such as wa.'ile molasses lo lower the costs 
of these plastic materials lo a practical level. 
(Kirin Brewery Co. Ltd., Public Relations Group, 
6-26-1, Jingumae, Shibuya-ku, Tokyo 150, Japan. 
Tel.: +81-3-5485-6170, Fax:+81- 3-3499-6190) (Source: 
JETRO, January 1993) 

• • • • • 

Biodegr;idablc pla.,tic alloy protects sled 

: rciati\·cly low-cost biodegradable pla.'itii: ha'i 
been dnclopcd by researchers from Sumitomo Metal 
lndu,lric~ Ltd., Tokyo, Japan, and Tokyo Institute of 
Technology. The polymer alloy con,isL~ (Jf about 40 per 
cent bacteria-ha.c;ed and 60 per cenl synthetic- ba.<,ed 
polymers. ILc; strength and dcnsily arc said lo be similar 
to those of polyeth}lene. When buried in soil, however, 
it decomposes three lo four times f;L,ter than con­
venlional (and morl' cost!:.) Hodegradable pla'itics, which 
arc 1()0 per cent hacteria-!Ja.,ed. Sumitomo is developing 
the material a~ a "'grl·c:. alternarivc lo the pla.~tics used to 
proted pipes, coated ~hect:., and 01her steel producls 
from corrosion during sea rnyagcs and damage during 
handling. (Source: Adra11ced Material\ & Proa.m•s, 
December 1')1)2) 

• • • • • 

Biodq~radahlc synthetic fibre 

lJ nitika Ltd. and Nippon t: nicar Co. Ltd. 
have jointly developed ii 1-iiodcgra~;shle 'yn1hc1ic 
fibre. 

Syn1hctic fibre' anu pla.,lics re,is; decomposition 
~cmi- permanently and arc a major factor in environ -
menial pollution, ~o the development of hiodegr;idahle 
synthetic fihre~ and pla\tics Wa\ rcq1.ired. Some 
<lcgr:1dahlc pla~lics an: alreiuly heing wmmerriali1ed, 
such as the photo<legradable type <lccompo~d by lighl 
and lhe hiodegra<lahle type <lccom.mM:<l hy micro-



- 24 -

organisms. The ru:.·.:· ~ynthctic fibre represents the first 
biodcgr;-dable synthetic fibre. 

This new synthetic fibre consists of a synthetic 
polymer consisting primarily of high molecular weight 
polycaprolactonc (PCL). It decomposes into fragmenlc; 
in l\"1.·o week!\ to three months and ultimately completdy 
inlo C02 and H20. 

Polycaprolactom: Wa<i known lo be biodegradable, 
and allcmpL<> have been made to apply the material to 
di:-.posahle tableware. The companies discm·erc:d a 
polycaprolactone polymer with excellent strength and 
estabfo .. hed spinning and drawing technique.;. allowing 
the devdopm1:nt of the nl!w bi· degradable :-.~nthdic 
fibre. 

Convcnlional degradable fibres such as cothm anJ 
rayon aro: na1ur;1l substances. so there are limits to 
proces.<;ing methods and ;1pplica ins, Polyc;1prolaclone 
is 1hermophtstic and hydrophobic, and ha.' a broad range 
of app!!r:l!ions in combination with conwnlional 
malerials. Its strcnglh depends on the d.:gree of 
polymeri1<1tion. and a polymer with a mean polymeri;;1-
tion degree of 80,0011 pro\'ides a fihre with a 1en~ile 

strength of 5 g. denier. comparahle to polyester. The 
film: is arnilablc in thicknesses of 50·1.200 denier 
(0.08-038 mm). and can he used for producing fine 
threads for knitw.:ar and fishing lines. 

The hiodegradability is being checked through 
cxpcrim.:nts conducted underground. in activated sludge 
and in sea watl'r. and biodegradation has been confirmed 
in all cac;cs_ Fabrics kniued with the new fibre arc 
dcg~adcd so tht:> original shapes cannot be recognized 
aftl.'r about L~O Jays when buried. 

The nc\\ fibre hac; a low melting point of <>5° C, 
so may he unusable for apparel, hul is usable for 
producing a wide variety of products such as agricultur?l 
insect and weed control net~. disposable industrial 
materials, fishing line~. and disposable diapers and 
napkins. The price can be lowered by mas.'> production 
10 1.5 times that of polyester fibres available on 1he 
marker. (U nitika Ltd., Public Relations Section. 
~-4-4, Nihonba!ihi Muro·machi, Chuo·ku. Tokyo Hn. 
Japan. Tel.: +81-J·.'\246-75J6, Fax:->81-J-J:!4<i-75JX) 
(Source: JETRO. January JIN:!) 

• • • • • 

Hiodc~radahlc phtstil· balloon 

Chukoh Chemirnl Industries Ltd., a manufacll1rer 
of resins. <tnd Maruto Sangyo Lid .. a packasin~ material 
manufacturer in Fukuoka Prefecture, have jointly 
comm~rciali1cd and marketed a biodegradable plastic 
balloon that is degraded by micro-organisms in 1he 
natural environment lo replace the rubber halloon.li 1c~~ 
used in recent years due to the need for environmental 
preservation. 

Chukoh Chemical Industries started n-search on 
plastic materials compatible with the environment 
eight years ago. but the major problerri wa.-; the high cost 
of the products. The balloon was commerciali1.cd jointly 
with Maruto Sang yo that pos.~sses ad \'anced technologies 
for the manufacture of films. 

The new balloon i~ made of a biuJ.:gradablc 
pla<itic that chemically bonds starch and a special typi:: of 
n.'Sin. Inflating the ball<xm with helium !!•L.,, enabb the 
balloon to float in a room for m·er two \\eeks. In the 
soil. it is decomposed by micro-org;rni:-.m~ in about four 
months. and c;mwrted into carbon dioxide and wah:r in 
about one year. Decomposition i~ f;bter in the ~-·a. 

Abo. when incinerated. the low cal, •ri fir \'aluc dnc,; n.it 
damage furn<1rc' or !!ener;1te toxic ga.''-'='· ~nwkc ;rnJ ~nnt. 

The bai11N•n site. ~hape and col .. ur ..:;in b1: 
determined llexihl~. and the surface can h·..: prinkll \\ ith 
characters and pa!ll:rns. The comp;mie~ ar.: m.1rketini,: 
balloon" with a diameter of 4:' cm •ti a pricc ,..,f '( -tOll 
api..:c.: in Japan. (Chukoh Chcmi,·:il lndustri..:s Liu .. 
Product Dc\dopment Center. 3-1- .\1._ \\'atan;ibe-Jor!. 
Chuo- ku. FukuokJ City. Fukunka Prcf. Slfl. Japan. 
Tel: -.4)•).> 724-1-llS. Fax: --{)')2-724- !412) t~o~m:c: 

JETRO. fanuary 11N3) 

••••• 

Biodegradable polrnrethane from wgctahle waste'\ 

The National ln<;titute of \fatcriab <mJ Chemical 
Research of the Ag.ency of lndu~1rial Science and 
Technology report'\ that it'i researchers h;1\'c succeeded in 
synthesizing polyurethane with excellent biodegradability 
from vegclai'>(I.' wac;tc. Apparently, the polyurethane has 
a mechanical strength surpas. .. ing thal of ordinary 
polyurethane and a biodegradability compatible lo wooJ 
such as cedar and beech. 

Polyurethane is produced by polymeri1ing an 
isocyanalc component and a polyol comp11ncnt. Th.: new 
synlhcsis technique uses wa. .. te such as .:offee grounds, 
sugar cane hagas.'>e and mol?s'>c'\ iL" 1he polyol 
componenl. In experimcnls, the w;i:..tc-deri\ed polyol 
romponcnt was mixl•d with pctrolcum- l1;1,,eJ polyol~ 

such as polyethylene glycol or polyprupylenc glyrnl. Thc 
pcirolcum · h;ised polyol has the cflcrl .,f making :he 
polyurethane ~oft. The ratio of wasll' -Jl·riH·d p11lyol t11 
petroleum· haseJ polyol wa:-. 30:70 re~pl·ctiwh . 

The biodcgr;ulable polyurethanc w;1~ ~yn1hi:~i1ed 
in shcct form and fo;1med form. The shcl·I polyurcthanc 
had a slr.:n!!th l.<1-4.0 time~ lh;il of pnlyurelh<tnl' ~hl'Cls 
of th,· sam..: 1hicknc~s conlaining no v.;i:..te. w hik th,­
polyurl'lhanc foam had doubk 1he 1:omprc'>:..ive o,lrl·nglh. 

Fraf!.ntcnts of polyurelhanc foam. 1-.·dar and hl·ech 
were buried in the ground to confirm hiodq!radahilitics. 
In three months, the weight:. of lhc cedar fragmenl and 
becrh fra~mcnt were decreased by I per renl and 7 :'i per 
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cent, respectively, while the polyurethane foam weight 
was decrca'il:d by 5 per cent and its mechanical strength 
baked during the 90-day period, indicating that bio­
degradation occurs. (fhe National Institute of Materials 
and Chemical Research. AIST. 1-1, Higashi. Tsukuba 
City, lbaraki 305, Japan. Tel.: +81-298-54-6228. 
fax: -+81-298-54-6233) (Source: Performance Muterials 
Tcclrnology, NO\·embcr 1993) 

••••• 

Biodegradable fishing net 

Th..: Industrial Research Institute of Ishikawa and 
Chukoh Chemical lndustrie~ Ltd. have developed a 
prohltyp..: biodegradable fishing ncl. The fibre is 
d..:compoc;.:d hy hacteria or other micro-organisms in soil 
and sea. 

Comentional plastic fahing ncl'i persist in soil and 
sea. ..-\ ft..:r lu:...., into the s..:a, they arc disac;trous to sea 
r:r..:atun:s. ;.nJ dC\astah' fishing grounds. The Institute 
has been im·estigating biodegradable pla-;tics, which can 
b: decompo:;ed by micro-organisms, for use in bio­
J..:gradablc neK 

The fibre of the net is made of polymer extracted 
from micro-organisms such a'i hydrogen bacteria in soil 

and sea. The polymer is formed by a spinner into fibre 
which is then drawn to increase the strength. While con­
ventional biodegradable fi~res easily break., the new 
fibre is as strong as rayon fibre because of the pro­
prietary process of drawing. Thi:! new fibre can be mass 
produced. These features encouraged the developers to 
develop the fishing net. 

The new net is decomposed by micro-organisms 
into carbon compounds, and the products of decom -
position begin to circulate through the natural eco­
system. If the new net is lost at sea, it is decomposed 
with liule impact on the en\·ironmcnl. To demonstrate 
the degradability, the Institute buried the fibre in soil 
for half a year, and found that it was degraded to 
60- 70 per cent of the initial weight The reduction ~ill 
reduce the cost for burning or other disposal of wa-;te 
ncls. 

The Institute is going to explore production 
proce!\.'il:S for stronger fihre and to dc\clop fibres with 
decomposition rate~ according lo possible applications. 
Ondustrial Research Institute of hhikawa, Dept. of 
Textiles, Ro-1, Tomirn-machi. Kana7.awa City, 
Ishikawa Pref. 920-02. Japan. Tel.: -'-~1-762-67-808.~. 
Fax:+Rl-702-67-8090) (Source: JETRO. August 1993) 

• • • • • 
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4. MARKETING 

Degradable r1..-sin makers seek markets in~ 

Concrete plans for commercial and semi·· 
commercial ',iodcgradablc r1..-sin plants in Japan ha,·e 
more to do with supplier optim!sm than user demand. 
Supplier.- now believe they have lhe right combinalion of 
pmCC!\.'iilhility and physical properties to aura.:1 more 
uscr5 if they can offer their producl'i less ex~n.'ii\·el~·-

While !he market f-,r biodegradable rt.-sins, mainly 
sample shipmenlo;. wa'i valued at ¥400 million in 1992, 
think tank Nomura Research Institute of Tokyo forccasl'i 
plant start- ups will catapult this figure to Y 15 billion in 
J<>CJJ, Y45 billion in 1995. and YI I billion in 1997. 

Some suppliers say that the material-; will 
o\·crcome processor reluctance to use resins bao;cd on 
biodegradable starch or aliphatic polyester, if they can 
bring prices down from over S7.70/kg (¥800) lo around 
$4.80/kg (YSOO). (Extracted from Modem Plastics 
lntanational. I October 1993) 

••••• 

Key marl.cl for degradable [!laslics: 1990-2000 

(millions of pounds) 

Application 1990 1995 2000 

Trash hags 250 1 500 2 :wo 

Agricultural 15 60 :wo 

Food contain -
crs/utensils - 200 400 

One·w•tY 
packaging - 400 600 

Food packaging - 150 3110 

TC>TAL 2'15 2 31 il 3 700 

Trash hags: Polyethylene !rash and garbage bag.'\ 
will con~lil ute at leas! a 25 billion pound marker in 
191111, and one of every ten hag." sold will he either 
starch-linked or photodegradable. Adver1ising hio­
degradahili1y helps dcflecl cri1icism for ~>lid wa,le 
problems from plaslic fabricators. It al~> improves the 
allrac1ivcnes'\ of 1he product to the consumer. 

Agricuhural: Economics favourdegradabk mulch 
film, which i'\ laid over young crops to improve yield, 
lock in moisture and deter weed growth. The film can 
he uM:d to form a mini-greenhouse Ml crops can he 
planted and harvested earlier lo achieve the highc~I 

prices. Since degradable film just disappears, there is no 
need for farmers to collecl and dispose of it al costs up 
to S150!acrc. 

Food containers/utensils: While MacDonald" has 
begun a pilol programme to recyde polystyrene 
containers anJ uten.,il' at its New England outleLo;. other 
fa'il food companies lag far behind. Degradable cups 
anJ utensils may become the best solu1ion in areas where 
an infrastructure for recycling ha, nol yet been 
establishccl. Degradability is al'iO an allractive option for 
picnic plates. gh . .-..~-s. and utensil-;. 

Onl·-way packaging: Lob of packaging i.'i u.o;cJ 
only once. then Jb<:arJed. Applica1ions for degradable 
polymers might range from glos."Y blister pal·ks for toys 
or drugs to cigarelle pack wrapping. tampon applicators 
and sanitary napkin.,. medical packaging, anJ grocery 
bags. 

Food nackaging: Starch- !in kcd polymers arc 
likely lo meet Food and Drug Admini'\tration regulalions 
because their key additive is a natural material. bul this 
is not a likely market for photodcgradable polymers, 
which contain more active chcmicab, or water-soluble 
all-March polymer.;, which might di..-..-;olve on the job. 
lJnles.'\ they can be made transparent, slarch-ba.~J 
polymer.; will not ea.-.ily replace clear polyethylene and 
ethylene-vinyl acetate films now used lo wrap meal<;. 
But 1hey could be used to form meal trays and food 
containers. (Source: High-Tech Materials Aler,., 1990) 

••••• 

Nonh American dceradable 
[!lastics demand 

(in millions of lbs} 

T)pc 1'1'12 !'1'17 

Allpln11n 115. IOO 7'1.:!0ll 

:\II dcgra.lahlc pla~ri<'~ 1.2115 1.t.15 

H1odcgradahlc -l'lfl 1.11!5 

l'ho1n-dc11ra;la hlr. -120 H15 

Bu,. pho1u-dqr,r.i1!.ihlc .!HO fi.15 

Olh~r dcgradahk~ 15 no 

Sourrc: ·1 he l'rccdnn1a liroup (('lcvcli11l1I) 

.\vcragc 
annua I 
gr.,wrh ,·,;, 

4.IJ 

It. H 

15.11 

l·I ~ 

HL! 

5-1.fl 

(Exccrpl from Cl1emicul Weck, 21 (klobcr 199:\) 

••••• 
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Waler- resistant No\·on polymers 

Nornn Polymers. a Warner- Lambert arfili.llc 
company. is slcpping up lhe marketing of ilS bio­
d"'-gradabk starch- based pol~·mcrs in Europe. The Swiss 
arm of the company last wt.-ek un\·eiled new grades of 
proJucl ~rccif1cally designed lo be waler resislant. 

One ~raJe. .\1•mn .\f-19tl0. suilahle for film 
cxlrusion. i:> larg..:ted for the manufacture of bags lo be 
u-.cd for the collcc1ion of cnmposlable kitchen and 
g;mlen w;L,te. ".-\s the compost bag is made from fully 
biodegradable Xomn. il can be composled mutu..lly with 
lhe bio-wa..-.te in lhe municipal compo~;ting facility". thc 
company says. The bags arc currenlly being t.:sleJ al 
houS1:holJ., in Hamburg, German~. 

A second gr.iJe • .\"on1t1 M />ilJ/. is dt.'SigncJ to be 
injcclion-moulded into cullery items. The company 
claims 1his will allow for the first-lime food residues and 
olher biowa..-.tc lo be composled logclher wilh disposable 
cullery. A third new grade being introduced lo Europe 
i' :\'omfl M5(J()0 for injection hlow-moulded lr->lllcs for 
the \·i1amin. heahhfood and pharmacculical markeL.-.. 

Nornn estimales thal by the mid- I990s half of the 
German and nearly all lhe Dutch and Austrian house· 
hold.-. will be connceled to composling plants. The 
company anticipates similar devclopmcnL.-. in the 
~ordk countries. iSourcc: European Chemical NeH.·s. 
211 September 1993) 

••••• 

T echnologi~ 

Research inlo biodegradable material.-. runs the 
gamul from biopolymcrs produced bv microbes, to 
synthelic pclrolcum - ba..-.cd polymers custom desig=icd to 
biodegradc. 

Lactic ilcid polymers or polylaclic acid (PLA) 
represent one of the hottest areas of research today. 
PLA ·matcrial'i proce~.-. and perform like polyolefin:ot bu! 
then can he broken down hy common soil bacteria. 
Synthetic lactic acid is dcri\'cd from hydrogen cyanide 
and 11cetaldehyde, by-products of the chemical indu!\try. 
"Naturar lactic acid is produced by bacterial fermcn· 
t;11ion of sugars derived from corn, potatoes. grain:ot and 
milk. According to Battcllc Laboratories, Columbus, 
Ohio, USA. it is the optical i!i<>mcrs of lactic acid made 
through fermentation that arc the mO!\t attractive from a 
polymcri1.i1ion poinl of view. 

The oplir.al isomer may offer other adv;fntages a.'i 

well. According lo Argonne National Laboratory, 
Argonne, 111., lJ nited States of America, rescarc-hcrs have 
found 1h11t ~hort chains or oligomcrs of 2 to W unit.-. of 
the L· isomer may conlain a pl11nt-grow1h regulator 
(PCiR). A PCiR factor would enhance lhc atlraclivcr.ess 

of polylactides for agricultural applications. 
Agriculture - not packaging - is the real market niche 
for PLA - materials. 

h is no SUf!'rlse that Cargill and Ecochem also are 
wor&.ing on "natural" PLA. As a major agri-processor. 
Cargill bas a plentiful sapply of com dextrose from 
which lo produce ilS lactic acid (5'.--e sidebar). And 
Ecochcm. with ilS ConAgra connection, has a ready 
supply of whey. a natural by-product of che~-ma!cing. 
Argonne manufactures iL.-. lactic acid from fcrmenta1ion 
of potato wa .. tc. 

But Bandk is k~ concerned about its lactic acid 
source. Therc arc a couple of -.ays lo look at thc .actic 
acid polymers. One i.-. to start with the rawest of raw 
material'i and think about how lo make useful packaging 
pn"'tlucL'i from potatl• v.aste. for example. Or you can 
take advantagc of the lactic acid capacity coming on line 
in the next twn to three years and buy it. If you do that, 
you decouple the polymcri7.ation from the lactic acid 
production. 

Argonne is offt:ring ics PLA technology for 
li~cllSc!. ARCH (Argonne Research Laboratoryi 
Uni\'crsity of Chicago) Development Corp., based at 
Argonne, recenlly signed a licensing agreement with a 
Japanese firm. Kyowa Haklco. USA, Inc. The project is 
still in an early stage and commercial production is not 
expected for at lea."il two to three years. 

Battclle i.'i not licen.-.ing its PLA technology but 
ha5 entered into an R&D joinl venture with Golden 
Technologit.-s Inc., Golden, Co., a subsidiary of 
ACX Technologies Inc. The company will be looking at 
the PLA·material for potential use in commercial 
packaging. At this poinr, however, there arc no plans 
for commerciali7.ation. 

IC. ·; Biopol natural biopolymcr is produced 
during fermentation by Acaligcnes ei;trnpluts, common 
!i<>il bacteria. Biopol is a poly!:: iroxybuiyratc­
hydroxyvalcratc (PHBV) copolymer. The bacteria feed 
on glucose and produce polyhydroxybutyrale (PHB). 
Add simple organic acid!> and the bacteria al~ produce 
the valcratc component, which improves ductility of the 
material. At $8-$Hl/lb, Biopol is one of the most pricey 
biodegradable materials being offered roday for 
packaging. Even if it drops to $4/lb in 1996 when 
production capacity is expected to reach almost 
10,()(){J metric tons/year, it will still be quite expensive. 

Researchers at !\1ichigan State University (MSU) 
arc trying to addrer..c; that by u:o;ing planL'i to produce 
polyhydroxybutyratc (PHB). Rcpon..:dly, they have had 
!iOmc succcs.'i in grafting three essential genes from 
A. er1trophu.f haclcria into experimental plants. Research 
is still in the early !'.lap.c, but MSU rc!'.carchers ultimately 
expect plant!\ to he more efficient in producing PHB, 
rcsulling in a more cost-competitive product. 
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Slarch- ba.-;cd biopolymers reprcsentanothersigni­
ficant group of biomaterials. Ecost.1r International o£fers 
an ad"·ancement o\"er earlier starch master- batch techno­
logi'-'!.- Their product contain!. !.larch. but this is not the 
problem that it was in 198~. Starch got a bad name 
~cau.'il: many companies sold a material that had no 
m.:chani.'>m for biodcgradation of the accompan~·ing 
polyethylene polymer. Ecostar has a proprietary catalyst 
technology that promotes the photo- and thermal 
oxidation of polyethylene. 

:Sm·amont. owned by the Italian conglomt>ratc, 
Fcrruai- !\fontedi.'\On. takes ad\"antagc of ad"·anccs in 
both natural and synthetic bi<><k.-gradable polymer tech· 
nolog~·- Like Ecochcm, the Du Pont/ConAgra venture. 
i"<wamont ha.'> a stror.g agricullural base in Ferruzzi and 
a strong chemical base in Montcdison. Novamont's 
Mab:r-Bi combines the starch and synthetic polymers to 
produce a biodegradable thermoplastic material. 

Uni-Siar, Canton, Ill., o£fers one of the most cost 
competitive products - a starch grafl polymethylacrylar.: 
copolymer priced from S0.;'5 to $125/lb. The techno­
logy is licensed from the USDA. It is poMible to regulate 
the waler !"iensitivity of the material and delay the onset 
of dissolution or degradation for up to l:! hour... 

A., one would expect, \ynthetic ma:erial'i arc 
offered primarily by traditional plastics companiC\ 
and -.ir 1ho~ with a strong petrochemical ba\C. For 
example, Union Carbide Corp., Danbury, Conn., and 
Air Products and Chcmical'i, Allentown, Pa., offer 
biodegradable 114>lymcr.-. made from convcn1ional 
petroleum- h;15ed ~ourccs. l.i nion Carbidc "s poly­
c.1prolacltmc lechnology ha.'i been around since 1975 but 
only now promoled as biodegradable. Air Products· 
Vincx resins arc ba.'iCd on polyvinyl alcohol (PVOH). 
According to Air Product<;, lhc Japanese arc extremely 
inh:resled in this kind of technology and ha\.·c publi'ihcd 
exh:nsi\"cly on biodcgradation of PVOH. 

Industry newcomer, San Diego- bao;cd Planet 
T cchnologies Inc., prides it'>Clf on it'i ability to design 
matcrial'i that degrade. They have a computer design 
program thal allows them to make alloys and predict 
their performance beforehand. (Excerpt from Plastics 
Utir/d, March 19<J3) 

• • • • • 

Dc~radable plasl ie,'i as problem -solvers 

lncrea<;ing environmental awarencs.'i and the rapid 
growth in the volume of wa'ite are the driving forces 
behind lhe expansion of the European degradable 
pla.'itics market, which in 1991 accounted for $25 million 
in WcMern Europe alone. According to 5urvcys carried 
out by the British market research organi1.ation 
Frost & Sullivan, demand for these product<; will in the 
short term be maintained, since environmental is.'iues arc 
likely to dominalc the headline!> for some time to come. 

Howc\·er, cxperls arc expressing doubt a..; to the \·alidity 
of the dramatic surge forecast b~ Fra!.l & Sullivan. with 
European sak.-s of degradable polymers reaching 
Srn million by 1995. The reason for this dampened 
enthusiasm lies both in the overbalance of imponderablt.'!. 
contained in forthcoming pan-European legislation and 
also reservations as to whether degradable plastics really 
an: the panacea as regard!\ plastics disposal. 

Shampoo in environment- friendly boult.-s 

Finnuala Wynne.• scientific r1..'!.Carch as.o;i.o;tance 
,.-ith Frankfurt -based Zcneca Bio Producl.5. a subsidiary 
of the British ICI chemicals group, is com·inced that for 
degradable plastic.'i. the best is yet to come. It must be 
admiued that ~s. Wynne has a \.·es1ed profcs..'iional 
interest in maintaining an optimistic altitude. She is, 
after all, respon.'iible for the development in Germany of 
"biopol". a biopolymer which Ill ha.'i been officially 
marketing for the last three years and which cau.'iCd 
something of a stir in 1991'). In the middle of that year, 
Wella AG, DarmstaJt, decided to launch a pilot project 
using bottles made from this pla.\tic, whose 
environment- friendly qualities arc stre'\.-;cd by the 
manufacturers, for their "Sanara· shamptl(). (Excerpt 
from Popular Pluscics & Packaging, ~:fay 1993) 

• • • • • 

Biodci:radable pla'itic ba<ied on lactic acid 

Shimadzu Corp. ha." establilihcd manufacturing 
technology for inexpen!iiW biodegradable pla,tic based 
un lactic acid. The company will construct a pilot plant 
at its Sanjo plant (in Kyoto Cily) in 1993 and complete 
a ma5."> production facility with an annual produc1ion of 
10,000 t before ihc end of 1995. 

Environmcnlal protection requires !.Ubstitulion or 
hard· to· degrade pla.<itic ba.'iCd on petroleum product~ lo 
more easily degradable plastic such a.<i biodegradable 
plastic. Biodegradable plastic ha'i already been mcrchan · 
di1.cd dscwhcrc by the high cost of ¥800· Y2,fK!ll/ kg due 
to the use of valeric acid for the material ha.'i hampered 
lhe transfer from com·cntional prnducls. 

The new pla'itic U!iCS lactic acid a." the material. 
This plastic decomposes completely to water and carbon 
dioxide in soil or water within one year. It doc!! not 
generate ha1.ardous nitrogen oxides when incinerated. 
Following !.Ucccs.'i in making experimental pellet<; la't 
year, Shimadzu decided to go into commercial produc­
tion. According to the company, lactic acid-ba.scd 
plastic in film state ha<. a strength of 20 kg/mm3 or 
four limes that of polyethylene, and is equivalent lo or 
exceeds the petroleum type in bo1h strength and 
tran.<;parcncy. 

• Please note article PH B/ V · A natural 
biodegradable thmnopla!ltlc polymer on page 19. 
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The company cxpccl'i that the price will sculc at 
around Y~O(!.' kg when the ma...s production starts. 
(Shimad:tu Corporation. Marketing Rt.>scarch and 
Planning lkpartment. I. Nishinok~-o Kuwabara-chl'. 
~akagyo· ku. Kyoto Nl-i. Japan. Tel.: 411 75·8~3-1110; 
Fax: ..,'I ( 75-811- ."\ l&'I) (Source: J ETRO, April 1"93) 

• • • • • 

Biodq~r;adable rol\·mer 

Biodegradable polymer can be proccs..~d on 
conwntional polyolefin and pol~"!>tyrene blow moulding 
and injccti~>n machines and cxtruders, it.s supplier saY5. 
Showa Highpolymcr\ Bio;1ollc. an aliphatic polyt.-ster. 
h;to; to he dried before processing because it absorbs air 
moi.,turc. hut lhc company says lhe malerial can be u....cd 
for a numbcr of applicalions in which polyethylene L'i 
cum:ntly cmpl11~ed. Polential applications include bags. 
fmd tr;ays. diaper;, blow-mouldcJ bolllcs. culk:ry. 
brush. C••mb' and packaging. 

Th.: company ~ys the malerial, which comes in 
hornopolymcr anJ copolymer grades, can be com~tcd 
iik..: p.1pcr or wood. and Showa plans to up Bionollc 
production lo 3,000 lon<./ycar. The material cosL' 
YliOO.· kg (about S7) in Japan. (Showa Highpolymer. 
KanJa Chuo Building. 320, Kanda :\ishiki-t'ho. 
Chiyo<laku. Tokyo 101. Japan) (Source: Modern Plurtin 
/mrmutitHru/, June 11193) 

• • • • • 

Corn .,tardt rc~in 

A n.:w corn starch-ba,cd resin that is wat.:r· 
re~i .. anl and can he complelcly decomposed by organic 
matlt:r i'.' lo he de\·clopcJ by Amypol Co .. a joint 
venture company formed by Japan Corn Starch Co. and 
Cirand Ri\cr T ..:chnology In•·. of lhe Cniled Slate., of 
Americ;i. 

Water resi~tanl and petrochemical free, the resin 
c;in he completely decomposed by micro organi'>m'> in 
!'.oil or carbon dioxide in compost in jusl under a month. 
(Japan Corn Starch Co. Lid., Nagoya Tokio Kaijo Bldg., 
10-1'> Marunouchi 2-chome, Naka-ku, Nagoya 4(tlJ, 
Japan. Tel.: t-81 52-111-2011; Fax: -H<l 52·23J-W2.J) 
(Source: Performance .\faterials TrdmoloK.'" 
Oclobcr l9'J.'\) 

• • • • • 

BioJq~radablc resins tar~l cackae.in~ 

Starch- hao;cd resins look sci to find !heir niche 
in packaging applicalions in Japan. Nippon Synlhetic's 

grade of Ma:er- Bi currently carries a 50 to 80 per cent 
price premium owr expandable polystyrene. although 
m~ pmduclion is ~n as a way lo eliminate that. The 
material can be blown with water. The shippil!g arm of 
the Hitachi group, Hitachi Transport System, Tokyo, is 
con.o;idering switching from PS to Mater- bi for shipments 
of declrical appliances to Europe staning m 
NO\·cmber 1')')3. 

Problems with starch-based biodegradabks' low 
water resistance in such a humiJ country as Japan may 
preclude their use in more demanding applications. 
Herc, polylac1ides and aliphatic polyesters are more 
suited. 

Toppan Printing Co .• Tokyo. wiil use Zenea's 
Biopol resin in a prepaid card that will go commercial at 
the end of the year. The paper card is laminated with a 
IO-micron layer of the biodegradable resin. With such 
a 1hin laminalc, the card is actually cheaper than its 
all- PET predec~'iOr, e\·cn though Biopol sells for around 
$30; kg. Some .J2..\ companies using Biopol in such 
products as toiletry containers and disposable ramrs 
rcporl disappointing sales due to consumer resistance to 
price and lack of eR\·ironmental awarcnt.'S.'i. 

Proc~'iability i.'i a key concern to moulders and 
with '>ome biodcgradablcs. extreme care i., nec~'iaJ'Y due 
to narrow proccs..<;ing windows. At present Shimad1u's 
polylactide ha.., ~ high mclling point of 170-180° C, 
while the resin begins to thermally degrade al 200° C 
Zencca got around a similar problem by offering co­
polymers wilh l1>wer melting point~. bul some of iL<. 
grades nevcrthdc'i.., have narrow procc:-...'>ing windows and 
copolymers gen.- illy carry a hca\·icr rrice tag lhan 
homopolymers. 

Showa Highpolymcr claims a wide proces.'iing 
window of 150- 260° C for it.-. Bionolle resin. The resin 
ha. ... the proce:;.'3bili1y of PE and lhc mechanical proper­
ties of PET. Showa Highpolymer is slill working on 
slretch bk>w moulding grades bul once a\·ailablc, lhc 
resin would be· compclili\·c wilh PET if prices al 
S4.80:kg. Bc~idcs the lack of strclch blow grade:r., 
another drawback of Bionollc is iLr, low hardncs.<,. 
(~ovamont SpA- Mah:rial'i Division, Via Prinr· p.: 
Eugenio I 15, Milan, ltaly.Shimad1u Corp., 1 Nishinokyo 
Kuwahara·cho, Chukyo· ku. Kyolo-~hi 60..\, Japan. 
Showa Highpolymer Co., Kanda Chuo Bldg .• 20 Kanda 
Nishikicho 3-Chome. Chiyoda·ku. Tokyo 101, 
Japan. Warncr-Lamhcrt. Novon ProducL'> Division, 
182 Tabor Road, Morris Plains, NJ 07950, Uniled 
Slatell of America. Zcneca Spccialtie:<., P.O. Box 8, 
The Heath, Runcorn. Cheshire WA7 400. England) 
(Source: .\lodern Pia.Hies /11tcmatio11al, I Ocloher 1993) 

• • • • • 
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S. PUBLICATIONS 

Pla.'itics Eurn£uidc 1993 

A reference guide for an~·one working in the 
pl;L-.ti\."S indu.'ilry a.o; a supplier. conwner or end user, thi.o; 
bunk prm·id'"-s'"-s..~ntial information on all major thcrmo­
plasti\.-s anJ thermosetting polymef"". induJing priC\."S. 
pla.'ilics r\.'cyding and pla.'itics machinery sak"S. Priced at 
£1511. ir i:- availabk from IAL Consultanlo;. ~l.i Harbour 
Yard. Chd'\Ca Harhour. LmJon SWiii OXD. 

• • • • • 

fnllowin~ fiw puhlicatiom. can ti\.' obtained through: 

J .. hn Wiley & Sons Ltd .• Baffins Lane. Chich\."'!\h.·r. 
W\."'!\l Su~-.cx POI'> ll'D. l!K 

Thr compldr 19 volumr ~ ... : 

Encyclopedia of Polym\.'r Science anJ 
F.n&ineering. ~conJ Edition 

Edilnrial Board: H. F. Mark. :'II. Bikaks. 
C. Ci. Cherherger and (j_ Menge~ 

Ex\.'cutiw Editor: J. Kroschwit1 

Th\.' entirdy new i;ccond edition of lhc 
E11t"_\"<"lr>pedia of Polymer, Scima a11d En1:im~erin~ wa.'i 
complelcd by Spring 1990, with the publicalion of lhe 
final two rnlumes • a supplem\.'ntary volume and lhe 
index. in February and April 1990. 

This edition is comple1cly rewrillen and exp;mdcd 
lo rencct lhc , .. a. .. 1 change-; in polymer and pla..-.1ic~ 

ll·chnology since lhc publication of the da.o;.<oic fina 
edition over :!II years ago. 

Cmcragc includes a 50 per cent increa.-.c in 
engineering and procc~o;ing topics along with in·dcplh 
tr.:atmcnt of natural and synthetic polymers, p!;i.,tics, 
fibres, cla.o;lomcrs, robotics, com~iles, and ~uch 

computer topics a..-. CAD/CAM (04718<1519:!, 19 volume 
sci, f:!.500/$],•J)O). 

• • • • • 

tli~h Rc:o.olu1ion XPS of Or~nic Polymers 
Thr Scirnta ESCA300 Database 

Ci. Bcamson and D. Brigg.o;, Kl pie, 
Wilton Re~arch Centre, UK 

This praclical hand book con!ains a uni4uc 
colleclion of high resolulion XPS spectra ol over 
one hundred organic polymer:r., recorded wilh the Scicnla 
F~~CAJ!KI, !he world's hcsl commercially availahlc 
XPS i1pcc1rome1cr. An in1roduc1ory M!c!ion give!> 
hackgmund ma!crial rclcvan! lo !he da!abiL.-.C whil:r.1 !he 

data~ itself is prl~nleJ in the form of ca.o;y· to USC: 

double-page spreads or spectral cblJ. 

Special katur'"-s include: a J .. "'!\criplion of 1h..­
E.~CA.;tlO S(l\.'ctrometcr; cxpcrim.:nt.1! pmtucul-; u .. .:d. 
including ~mpk mounting m.:th,lJ-.. da1;1 ;n:qui..-.iti1•n. 
curw fining and binding energy rd.:r.:ncin~; informa­
tion on X ·ray Je!-!-radation of (l'•ly m..-r'>; :-.~ .. !..-matic 
r.:apprai.;al of polym.:r con: lc\d hinJing. ..-nl·rgi'-.,... 

Contmts: lnln>dul·tion: Je .. cription of lh\.' 
~(l\.'t:lmmcter. (l\.'rformancc on cnnJul·ting ~mrk .. : 
pcrformanc.: on in:->tiltling ~mpk·s: (l\.'rformance l\."'!\tin!! 
of the ~(l\.'ctromder; eX(l\.'rimcnlal pmlocoi: cun·e fining: 
line·sha(l\.-s; shake- up .. tructurc: \alcncc ban.I...: 
impurili\."S: X ·ray dcg.raJalion: or~.mi1a1ion oi lhc 
dalaha.-;c; li!>I of polym.:f" and acronym .. : lh.: da1ah;1....:: 
ap(l\.'ndic'--s (11..J71•J.°\51)~1. .'4Jt1 pp .. S...p1.:mh.:r l'N~. 

fti:'Jlll, SI :!5.llO). 

• • • • • 

Principk-s of Pokmcri141tion 
Sttond Edition 

Ci. Odian, College of Slah:n bland, 
The Cil~ Cni\crsi!y, ~cw York. LSA 

lA."Scrih\.'~ lhc phy:-ical and or!!anic chemi~lry of 
the reaction~ by which polym..-r molecule.., arc 
synthcsi1cd. T'1c book begins hy introducing lhc 
characterisiic~ which dislinguish polymers from their 
much smaller sil"ed homolog. ... 11 proceed, to a dl·t;1iled 
siudy of three IYJ'\.'S of polymer ~•ructures, and lh.: 
procc~o; condilions which arc uscJ 111 carry them out 
Each chapter includes a selection of prnhlems to aid 
learning and ;1 .. olu1ions manual L'i avail;1hle ''" rc4ue~I. 

Contmts: Step polymeri1a1ion; radical ch;iin 
polymeri141tion; emulsion polymcri1a1ion: ch;1in 
co-polymc:ri1a1ion; mnac chain polymc:ri1a1ion: 
ring ·opc:ning polymeril".ilion; slerc:ochemi~lry of 
polymeri1.;1tion; r.:aclions of polymer~ (O-i71t1 IO:!OX. 
i•J2 pp. It)9J, r.i1.so·s11.•>5). 

• • • • • 

ln1roduc1ion In Nonlinicr <>r1ical Eff.;cls in 

Molecule' ;1nJ Pol)·mer~ 

P. N. Pra.o;;1d, St;l!e Univcr .. ily of 
New York, l!SA and D. J. Williams, 
E;1~1man Kod;tk Company, New York, 
USA 

Wrillcn to he u:o.cd a.\ a rc:krcncc hook by 
rcr.carchcrs of \·aried backgrounds, lhi~ hook minimi1~~ 
detailed mathcmdlical prcscnlalion anJ rathcrcmpha,i1c~ 
concepl~. Thi~ is lhc fir~! hook lo mmprchen<.iwly 
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focus on is.\ucs as.'WCialed wilb ckwlopmcnt of new 
or!!anic materials (0471515620. 320 pp.. 1991. 
f-N.95/$75.95). 

• • • • • 

lnlroJuction to Physical Polymer Sci.:nce 
Sttood Edition 

L. H. Sperling. Lehigh Uni\·ersity. 
8.:thlchem. USA 

t; pdat.:d and rc\·i-;cd. it focuses on the role of 
mokcular conformation and configur.ttion in dcler­
mining lhe physical beha\·iour of polymers. New 
foatun."S include 1he macromolecular hypoth"-sis and 
hio;lorical d.:\-dopment of photophysics and nuorcs· 
cences; lhe lhermodynamics of blending polymer.. and 
pol~ mer: polymer ph~ diagrams. Each chapler indud"'-s 
sewral cla..-..,room Jemonslralions and problem sel'\. 

Controls ln1roduc1ion 10 polymer science:; chain 
slruclure and configura1ion; molecular weighLo; and si1"-s: 
conl·enlrated solutions and pha.<;e separalion beha\·iour; 
I he: &1morphous slale; the cryslalline slate; polymers in the 
li4uid cry.-1allinc st.ale; gla.-..o;- rubber transition bcha\·iour; 
cross- linked polymers and rubber clasticily; polymer 
\-ideoda.,1ici1y and rheology; mechanical bcha\·iour of 
polymers; modern lopics (0471530352, 62.i pp., 
September 1992, f52.00/$77.IJ5). 

• • • • • 

Inorganic Polvmers 

By J_ E. Mark, H. R. Allcock and R. Wcsl, 
Pr.:nlicc Hall, Englewood Cliffs, NJ. 
1992, ~72 pp., hardback, $71.75, 
ISBN 0·13-4<15881-7 

Thio; hook is a must for scientist<; and engineer!. 
who arc interested in knowing more about inorganic and 
organomclallic polymcri-., an important emerging area of 
polymer ,,·i..:ncc and technology. However, the title of 
this book can be misleading in the sense that a 
,ignific;mt portion of the text covers mainly -.cmi­
inorg;mic or organomelallic polymers. 

Thi: hook begins with an introduclory chapler. 
fol1011-i:d by a brief and well-written chapter on the 
charn,·1eri,1ics and charactcri1.alion of inorganic poly­
mers. Topic, covered in this discui;,.,ion arc: mokcular 
weigh!~. molecular weigh! distrihulions, chain slati~lics, 
solubility considerations, cryslallinity, thermal transi­
tions, spectroscopy and mechanical properties. These 
topics should provide lhe reader with an appreciation of 
the !\lructure- properly relationships of the polymers 
whose synlhesis, reaclions, molecular struclurc and uses 
arc described in lhe nexl four chapters. 

Three malure area.<i of inorg;mic polymers 
described by the aulhors include polyphospha1cncs, 

polysiloxancs (silicones) and pol)'Silancs. The poly­
phosphazcncs are the most versatile of the inorganic 
polymers and Professor Allcock, wh<> I presume ~ 
written this chapter. ~ not only described the syntheses 
of these macromokculcs, but has also provided insights 
into the mechanism of the ring opening and substitution 
of cyclophosphvcncs. The structure-propeny relation­
ships, so CS5Cntial to the applications of polymers, hne 
bee~ ;ieah with ad"-quatcly. and are followed by sections 
on applications. The chapter is rounded off by 
references lo other newer types of polypbosphazencs, 
such as polycarbophosphvcnes, polythiophosphuencs 
and liquid crystalline polyphosphazencs. A chapter on 
pol)'Siloxanes and rela1ed polymers covers the chemistry 
and technology of these well tested and tried materials. 
An entire chapter is dc\·oted to polysilanes, an important 
and rclatiwly recent emerging area of inorganic poly­
mers compared to the polysiloxanes. The syntheses, 
modifica1ions and most important of all the unique and 
nO\·cl clccironic and conformational properties of these 
materials arc given. In all thest' chapters, some aspects of 
using these polymers as precursors for ceramics/ 
inorganic matcrialo; have been included, although the 
coverage is rather cursory in nature. The final chapter, 
again rather superficially, examines other inorganic 
polymer systems containing boron, sulphur, selenium, 
tin. aluminum and transition metals. 

• • • • • 

Thermoplastic Aromatic Polymer Composites 

By F. N. Cogswell, Buucrworth­
Heinemann, Oxford 1992, 277 pp., 
hardcover. £45. ISBN 0- 7506-108<>- 7. 

This book is a Jct.ailed sludy of carbon fibre 
polyelher-cthcrkelone (PEEK) composites. 
Thcrmopla.~tic composites have received considerable 
allcntion for acrospacz applications, primarily for their 
case in procci;.~ing, lower cycle time and damage 
to!cr.-incc characteristics. Carbon/PEEK composites 
offer excellent potenlial for aerospace applications in 
relation lo common carbon/epoxy composites intended 
for service applications to 120° C The book addrel\.'iCS 
several important areas !>Uch a.o; microslruc1urc of 
aromalic polymer composi1c.-., proce:..o;ing science C1.1d 
manufacturing t.:chnology and cn\'ironmental resistance. 

The firl">l chapter provides an introduction 10 the 
~ubject, which is followed by detailed discui;,o;ions of the 
conslilucnt~ of lhese mat.:rial~. how !hey arc made inlo 
compositi:s and !heir micro:c.tructuri:. A major chapter 
addrc!"l.o;cs how carbon/PEEK materialo; can be made into 
slructural ;:omponcnts. Some limiled properties arc 
,;iven, and applications of 1he5e composili:s arc al'\o 
discu~'iCd. The final chapter considi:rs the directions of 
research in this field and allempto; lo predict their 
influence. The book ha.o; considerable informalion on 
carbon fibre composites made from PEEK and can be 
U5ed a.'\ a reference in many ca.'iCs. Compilations of 
procc~o;ing characleri.-.tics, material properties and 
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structural parts made from this class of comp05ite 
materialc; arc aL'iO presented in a fairly coherent m.mner. 
The chapter on proccs."ing is quite informatiw and is 
very well written. The rdercnccs arc extcn.-;i..-c, 
although incomplete. 

• • • • • 

Polymer solution thermod\namics 

This handbooL: details up-to-date, easy-to-use 
methods f,n ohtai11ing specific \"l1lum1.-s oi pure 
polymers. and pha.o;e-equilibrium data for d'->:>ign and 
research engineers working with polymt"rs. II i' 
a\ailabk.-, priced al SI20, from the American lnstituh: of 
Chemical Engineer~. 345 East -17th Street. :"cw York 
111017, l'SA. 

••••• 

Concise Ennclopcdia of Poh-mcr Proccs.o;ing and 
Applications 

Edited hy Patrick K. Corish. Pergamon. 
Oxford l'J')I. 772 pp .. hardco..-t:r. £1-10, 
ISB~ O·llS-OJ70M-0. 

A reader interested in information on polymers 
w.iuld usually he ad\·iscd lo consult one of the many­
volume compendia, such a.-; the E11cyc/opedia of Polymer 
Sdmce and Technology, edited by H. F. Mark and 
N. M. Bikalcs and published by Wiley; or Coo1prelrensfre 
Polymer Scimce, edited by G. Allen andJ. C. Bevington. 
In th1.>sc. each entry is, in fact. a re"·iew article in the 
gi"·en field. 

Sometimes a more condensed MlUrce of 
information is nece!">.'iary, particularly for newcomers. 
The recently published Concise E11cyc/opcdia of Polymer 
Proc:l'ni11;.; a11d Applications, a volume of the series 
Atfra11ces in Materials Science and Engi11eeri11K, will 
!ie•Ve this purpose. The encyclopedia covers the applied 
part of polymer science mon.: than the fundamental one. 
It contains 170 enlries on over 700 pages, offering ha'iic 
information on polymer matcrialc;: characterization of 
their main chemical (!itability, ageing) and physical 
(proce~'iing, mechanical, adhesive, electric) properties 
and applications. Each entry is provided wilh cros..-.· 
references and a bibliography. 

Among polymer material.,, more emphasis is given 
to, for example, cla.'itomcrs (ruhhcr prnce\.•,ing. 
vulcani1.ation recipes. radiation processing, liquid and 
powdered ruhhcr proccs.'iing, fillers, additives. blends. 
reclaiming and recycling, health ha1.ards, fihrc!'I. coatir .. o!, 

various application!<>) and adhesive~ (for wood, me1.1I•, in 
building, pressure-sensitive, for textiles, etc.) rather than 
to thcrmo.,el!i or protective coaling.<;. Among charac· 
1cri1.ation melhods, rheology, mechanical propertic' and 
testing, and flammability ir..o;ucs arc covered. The reader 
will find very lit1lc informa!ion on physico·chcmic11l 

methods of charactcri1.allon of polymer matcriab (mole­
cular m~~'S. solution properties. solid· slate structure. 
etc.). The encyclopedia is rclativdy stroni,? in informd· 
tion on engineering operations and c4uipmcnt (mixing.. 
milling. extrusion. reaction injection moulding. mdt 
dcli\cry systems, ch:.). 

The Cuncise Encyclvpedia vf Polymer PmCl'.rnng 
and Applicationx can be n:commcndcd as a u~iul 

addition to librari .. -s of in.c;titution.-. and indi\·idual.-. 
concerned with th.: processing. propcrtic~ and 
applica~ions of polymer materials. 

...... 
Polvmcr Characlcri1.a1ion Ph\sical Te.:hniquc:-. 

By D. Cambdl and J. R. White. Chapman 
and Hall. London. 1989. viii, ."\62 pp .. soft 
co\cr. fl'l.'>5. ISBN 0·-112-271711-2. 

This rnluml.! has been \Hillen for undergraduate 
major:-. in pol~mcr and malerialc; scicm:e and i:-. a uni4ue 
con1ribu1ion in this field. The aulh11r~ approach th.: 
subject from the perspec1ivc of m•llcrial'> ~;cicnli,,h. 

rather than polymer or analytical chcmisls. making. thi<o 
book particularly u,eful. The focus is mainly on solid­
slatc charactcritalion tcchni4ues. rather than on cht:mical 
analysis or hydrodynamic properties of polymer!'.. Each 
chapter deals with theory, instrumentation, and appli­
cations. Many of the chaplcrs contain problems with 
answers. 

Chapter 1 is. a ~hort introduction, empha-;izing the 
need for, anJ importance of, polymer charactcri1.ation in 
quality control, problem solving, and determining 
property-structure relations.hips. Approaches used for 
determining molecular wcightc; and molecular weight 
distribution arc reviewed in chapter:!. In the section on 
gel permeation chromatography, mention is made that 
pore si1.c of packings range from "0.5 lo llY nm·. it 
should, however, he closer to 5 to J x 101 nm. AL-;o, in 
di!icu~c;ing univer!\al calibration, the authors slate that 
hydrodynamic \"Olumc is the product of iOlrinsic \·isco· 
sity and "molar volume", rather than molecular weight. 

Chapter!d- 7 cover spectroscopic lechniquc:o;: lJV. 
Raman, IR. l'MR and E.SR. As compared to analytical 
chc:mis1ry instrumentation texls. treat men I of these tech· 
niquc~ if rather '>Uperficial and speclral interpretation is 
not stre.-..c;c1I. However, ~pl.!ciric techniques and applica· 
lion~ to polymers arc ade4uately di~cussed, for example, 
IR dichroi~m for s1udying polymer chain orientalion. 
The NMR and E.SR chapters were especially well· 
written, in particular the scclions on the use of NM R for 
dekrmining polymer microstructurc and the application 
of ESR to follow pnlymcri1a1ion rc:actions involving 
radical propa~ation, lo sludy radiation cffecl~ in 
polymers, and polymer mcchanica. dcgr<1da1ion. Chapter 
X on X ·ray diffr11clion prcM:nted a good sun·cy of the 
t·:chniquc as applied to polymer crystallinily. 
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Microscopy is treated in chapters 9, 10 and 11 and 
includes trar1~mission electron microscopy, electron dif­
f r.sction, scanning eicclron microscopy, and light micro­
scopy and related techniques (refractive index measure­
ments and birefringence). Again. the application sec­
tions arc especially informati\c. Thermal analysis 
mdhoJs arc surwycd in chapter 12. In addition lo the 
more common modl.'S of thermal analysis, this chapter 
al"> cm·ers ~hermomechanical analysi.-;, dynamic mecha­
nical analysis. and dielectric thermal anal~"Sis. Other 
techniques. such a.c; density measurements, ESCA and 
neutron diffrnction are briefly reviewed in chapter 13. 

The last chapter discus.scs how these techniques 
an: applied in <;0lving a \·ariety of practical problems. 
This chapkr should prow highly useful lo the student in 
that it demonslrall.'S how rcsulL-; from various methodo­
logk-s can he used lo study and characleriJ'.e pnlymcrs. 
(Extracted from Ad,·anced Materials, March 1991) 

• • • • • 

Second Industry Workshop on Polymer Composite 
Proce!>Sing 

Prepared by C. Johnson, S. S. Chang and 
D. Hunslon, is the report of a workshop held in 1990 al 
the National Institute of Standards and Technology 
~Nl~T) to address with industry the scientific and 
h:chnical barriers lo improving polymer processing 
within the next five to 15 years. Pressure moulding and 
liquid moulding were identified a.-; the most important 
proces.c;ing mcthodc;, followed by filament winding, 
thermoforming and puhrusion. The two technical 
harriers lo the fall exploitation of these pr• ces.c;ing 
methods singled out by the 24 industrial attendees arc 
understanding and controlling resin now and fibre 
orientation. While the majnrity of the attendees believed 
thcrmoscls arc still the dominant resin, all agreed that 
thcrmopla-;tics had significant potential and should be 
watched clo~ly for future development. Liquid crystal 
polymers, molecular composites, smart malerialc; and 
specialized polymer systems were al<;0 identified a.i; 
having future potential. Seven performance i!>sucs 
\elected as critical to the future, in order of priority, are 
impact, environmental attack, delamination, dimem;ional 
cha.1ges, thermal stability, fatigue and creep. 

To ohtai11: Send a !>elf ·addre~c;ed mailing label to 
Dr. Donald ffunston, A209 Polymer Building, NIST, 
(iai1hersburg, MD 2.0899, USA. 

• • • • • 

The Vibrational Spectroscopy of Polymers 

D. I. Bower and W. F. Maddams, 
Cambridge University Pres.s, 1989, 
300 pages, ISBN 0-521-:4633-4. 

Polymer characlcrii'.ation is an es.c;ential parr of 
polymer science and technology, and this latest addition 

to the Cambridge Solid St.ate Science series suites an 
excellent contribution to an incre~ngly important md 
fashionable area of chemistry. 

The 300- page book deals with the theory and 
practice of inframl and Raman spectroscopy as applied 
to the physical and chemical characterislics of synthetic 
polymers. It is ~rillen in a clear and concise style with 
a good selection of well-produced tabb, figures and 
spectra. IL'i pu~ is to gi\·e the new researcher :n the 
field. with either a physics or a chemistry background, 
a firm foundation for the study of the more ad\·aoced 
literature. The authors as.sume no knowledge of either 
polymers or of ,-ibrational spectroscopy, but under­
graduate ~iludcnlc; and readers completely new to both 
areas will probably need to consult more ekmcntary 
texLc; to supplement the present book. 

The six chapters ,fo,iJe into two broad themes: 
the first four chapter::, which compri.~ the first half of 
the bol.·k, provide the underlying theory and practice for 
polymer cheMistry and \"ibrational s~ctroscopy, while 
the last two chapters deal with the spectroscopic analyses 
of polymer systems, using examples where the interpre­
tation of the spectra is nC'w generally accepted as esta­
blished. Thus chapter 1 covers basic fundamentalc; of 
polymer types, a.-; well as an introduction to vibrational 
spectroscopy, spectrometers and experimental methods. 
Chapter 2 comprises 40 pages on symmetry and normal 
modes of small molecules. Chapter 3 discusses the 
vibrational modes of polymer chains and crystalc; and 
chapter 4 is a semi-da.~ic.sl treatment of the origins of 
vibrational spectra, polariz.ation effectc;, "ibrational 
assignments, force fields and vibrational calculations. 
With the necessary background knowledge in place, the 
authors begin the detailed interpretation of polymer 
spectra using factor group analysis and group frequencies 
(chapter 5, 70 pages). This chapter also covers important 
a"ipeclo; or quanlilati\•e analysis which is a topic often 
omitted from research texts. 

Finally, chapter 6 (70 pages) is another substantiai 
body of information on the microstructurc of polymers, 
including topics such a.., the Jistribution of co­
polymeri1.ed uniL"i in the polymer chain, configurational 
and conformational isomerism, chain branching, 
hydrogen bonding, chain order and crystallinity. 

Alternative hooks and reviews al the end of each 
of the first four chapters supplement the idea.-; covered. 
Key references given in chapters 5 and 6 to classic 
papers on the interpretation of polymer !tpectra are 
collected together al the end of the book. 

• • • • • 

Polymers and Complex Materials 

Three books in the new series Polymers and 
Complex Materials, published by th~ American Institute 
of Physics (now the imprint AIP Press), arc scheduled 
for relca-;c in 1994. Stati.ftica/ Physics of 
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Mocromol«Ules by Alexander Yu. Grosbcrg, ~sign and 
Processing of Materials by lllwi A. Aksay, and Organic 
Mol«Ular Crystals: /nleraction. Localization and Tran­
sport PMnnnwra, by Edgar A. Silinisb will commence 
the series. The aim of Polymers and Complex Materials 
i.\ to offe: ,,·olumes describing the molecular and 
supcrmolccuCar structure of materiak such as polymeric 
liquids. solids, m icrocm ukions and liquid crystals, as well 
as their macroscopic and proceMing characteristics. 

Fv more information contact: American Institute 
of Physics, c.10 AIDC, 64 Depot Road, Colchester, USA. 
Fax: +1-802-878-1102. 

• • • • • 

Polymers. Composites. Fatigue 

The publishers of Polymer, Butterworth­
Heincmann Ltd., arc launching a new title, 
Supramolecular Scienc:e, in mid-1994. The new journal 
will contain original, refereed paper.; and ha.-; 
Dr. Wolfgang Knoll of the Max-Planck-lnstitut for 
Polymcrforschung, Mainz, as il'> Editor-in-Chief. 
Pol}'mer it-.clf will expand again in si7.e in 1994, with 
two extra i5.•mcs per volume, taking its frequency up to 
2h i5.9'UCS a year. Composites ha.'> continued to receive 
increased suhmi5.-;ions and will increa.-;e in frequency for 
the second ye;ir in succe5.'\ion, giving ten issues a year in 
1994. 

For further detail'\ on any of these journals, plca.c;c 
contact: Catriona Burns, Product Manager, Butterworth· 
Heinemann Ltd., Linacre House, Jordan Hill, 
Oxford OX2 8DP, UK. Tel.: -+44 (0)865 310366. 
Fax: -+44 (0)865 310898. 

••••• 

Materialc; Science and Technolo.gy 

Publication of the VCH series Materials Science 
und Tec/111oloxy - A Comprehensive Treatment, edited by 
R. W. Cahn, P. Haa...cn c:nd E. J. Kramer, ha.'> progrc5...cd 
further: Vol11me 12, Stn1cture and Properties of 
Polymers, edited by E. L. Thoma.'>, MIT, Cambridge, 
USA, and Volume 13, Structure and Properties of 
Composites, edited by T. W. Chou, University of 
Delaware, USA, appeared in 1993, a.o; well a.o; Volume I/, 
Structure u11d Properties of Ceramics, edited by 
M. Swain, lJniversily of Sydney, Au1>tralia; Volume 28, 
Characterization of Materials, edited by E. Lifshin, 
General Electric Company, Schenectady, USA; and 
Volume 38, Electronic and Maxnctic Propertie.f of Metals 
and Ceramic.v, edited by K. H. J. Buschow, Philips 
Research Laboratories, Eindhoven, the Netherlands. 
Volume 10, Nuclear Materials, edited by B. R. T. Frost 
is scheduled lo appear early in 1994. 

Also due to appear towards the end of 1993, is 
Sens<Ws 7: Mechanical smsors. 

For funher information and sample chapters write 
to: VC.."H, P.O. Box 101161, D-69451 Weinhcim, FRG. 
Fax: +49 (0)6201 006328. 

••••• 

fQ.lymer Reaction Engineering is the first journal to 
combine the chemistry of polymcri?.ation and polymer 
reactiocs with the pl~ysical interactions of polymers, 
solvents and reaction t·quipmenl. Tb-;: journal offers 
original basic and :-.pplied research articles that are 
malhematical in d!aracter c.nd integrate theoretical 
treatments with cxpc:rimenta~ results, as well as short 
reports and letter.; to the edi·.ors. The subscription rate 
is $97.50 for Volume 1 (.+ assucs). 

For further detail" contact: ~1arccl Dekker, Inc., 
270 Madison A\"cnuc, New York, NY 10016, USA. 

• • • • • 

A new publication, Chambers .\fataials Scienu 
and Technology Dictionary aims to be the first affordable 
(priced al £9.99) comprcheni>ive dictionary in this field 
for profes..,ionab, undergraduates and engineers. With 
accurate, up-to-date and clear de;initions, it covers all 
area-; of material'i science, including metal'\ and alloys, 
ceramics and glasses, natural material._, polymers, fibres, 
rubbers, advanced composites and electronic materials. 

For further information please contact: 
Angela Rober:son or Linda Orton, Chambers Harrap 
Publishers Ltd., 43-45 Annandale Street, Edinburgh 
EH7 4AZ, UK. Tel.: -+44 (0)31-557 4571. 

• • • • • 

Photochemistry and Polymeric Systems. edited by 
J. M. Kelly et al., from the Royal Society of Chemistry 
has brought together lcadinr, international researchers, 
from industry and academia, lo consider the 
fundamental scientific principles and technological 
applications of the effecL'i of light on polymers and 
polymer· ba..cd composites. 

Al..,o just published arc Hixh Value Polymers, 
edited by A. H. Fawcett, and Essentials of Carbon­
Carbon Composites, edited by C. R. Thomas. 

To obtain more information contact: The Royal 
Society of Chemistry, Sales & Promotion Department, 
Thoma..., Graham House, Science Park, Milton Road, 
Cambridge CB4 4WF, UK. Fax: +44 (0)223 42J623. 

• • • • • 



1993 

8 July 
JC/ Runcorn Heath 
CheJhire, UK 

11-16 July 
Athens, Greece 

15 -2IJ August 
Beijing, Clrina 

22-27 August 
Clricaj?o, 
/lli1roi'i, USA 

7- ll Septmrber 
Oxford, UK 

8-10 September 
Bristol, UK 

IS· 22 Nm·ember 
Cancun, Q.Roo, 
Mexico 

13 · 17 December 
Q11eemland, 
Australia 

Z0-22 December 
Leeds, UK 

1994 

9 Ja1u1ary 
Cocoa Beach, FL, 
USA 

I 2· 19 February 
Adelaide, 
Australia 

13· /8 Febmary 
Orlando, FL, USA 

27 Febmary • 
.1 March 
San Francisco, CA, 
USA 
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6. PAST EVENTS AND FUTURE MEETINGS 

Recent Developments in Polymer Characterization 
(The Polymer Centre, School of Physics and Materials, Lan~er University 
Lan~er LAI 4YA, UK) 

19th International Conference in Organic Coatings Science and Technology 
(Institute in Materials Science, State University of New York at New Paltz, New Paltz, 
NY 12561, USA. Fax: 914/255 0978) 

34th IUPAC Cong~ 
(Professor Xingi Song, P.O. Box 2709, Beijing 100080, China, Fax: -ttl6 1 256 8157) 

1993 Fall National ACi Meeting 
Subjects: advances in polari7.Cd polymers, rigid rod and oriented networks, macromolecular 
metal complexes, advances in polyethers, characterii.ation of polymer biomaterials surfaces, 
polymer blends and alloys and fundamentals of adhesion and 111terfaces. (Eastmai:; Kodak Co., 
Building 35, Kodak Park, Rochester, NY 14652-3701, USA. Fax: 716/722 7570) 

Second International Conference on Polymers for Advanced Technologies 
(PAT '93, Coof. Serv., P.O. Box 13, Kingswinford, West Midlands DY6 OHO, UK. 
fax: (+44) 384 294 463) 

Polymers at Interfaces 
(School of Chemistry, University of Bristol, Cantock's Close, Bristol BS8 ITS, UK) 

International Symposium on Polymers 
(POLYMEX-93, ApartadoPostal&>· 144, VillaCoapa, Mexico, DF 14390. Fax: (5)5482703) 

Polymers · 3rd Pacific Conference 
(University of Queensland, Chemistry Department, Queensland, Brisbane, OLD 4072, 
Australia. Fax: (-+61) 7 365 3628) 

Condensed Mauer and Materialc; Physics 
(Institute cl thysics, 47 Belgrave Square, London SWlX SOX. Fax: (+44) 71 259 6002) 

Introduction to Bioceramics 
(Society for Biomaterialc;, 6518 Walker St., Suite 215, Minneapolis, MN 55426-4215. 
Fax: (612) 927 8127) 

8th International IACIS Conference on Colloid and Interface Science 
(School of Chemical Technology, S.A. Institute of Technology, P.O. Box 1, Ingle Farm, 
S.A. 5098, Australia) 

Smart Structures and Materials Conference 
(SPIE, European Office, Xantener Stras.~ 22, D-10707 Berlin, Germany or: SPIE, 
P.O. Box 10, Bellingham, WA 98227, USA) 

Mincrali;, Metalc; and Materials Society, 94th Annual Meeting 
(Min., Met.and Mat.Society, TechnicalProgrammingDcpartment,420 Commonwealth Drive, 
Warrendale, PA 15086, USA) 



6-10 March 
Ventura. CA, USA 

13-18 March 
S11n Diego, CA, USA 

21-23 March 
Maaltrichl, 
The Netherlands 

21-16 March 
Utrechl, 
~ Netherlands 

27-31 March 
Santa Barbara, CA, 
USA 

4-9 April 
Vienna, Austria 

5-7 .4pri/ 
Nagoya, Japan 

11- !J April 
Oxford, UK 

ll-15April 
Amsterdam 
Tire Netherlands 

II- 15 April 
Birmingham, UK 

12-14 April 
Loughborough, 
UK 

18-20 April 
S lllttgart, 
Germany 

16-19 May 
San Diego, CA, USA 

24-26 May 
? ve111te 
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Chemistry of Electronic Materiak Conference 
(Almaden Res. Center, IBM Res. Div., 650 Harry Road, San .r~. California 95120, USA) 

1994 Spring National ACS Meeting 
Subjects: Polymer dynamics and thermodynamics in solution, dielectric properties of 
polymers, electronically conducting polymers, NMR spectroscopic characterii.ation of 
polymers, polymers for the oil industry, transition-metal chemistry and polymerii.ation. 
thermally stable polymers and industrial applications of b1~llechnology. (Chemistry Dept., 
Virginia Polytechnic Institute, Blacksburg, VA. 24061-0212, USA. Fax: (703)231 8517) 

European Conference on Environment and Energy for the Ceramic Industry 
(Congrex Holland, Keizersgracht 782, 1017 EC Amsterdam, The Netherlands. 
Fax: 31/206 259 574) 

Techni-Show 1994 
Biennial trade fair for industrial production techniques, proccs.sing and machining of metals 
and synthetics, accessories and fittings. (f echni-Show 94, Jaarbeursplein 6 3521 A 1 Utrecht, 
P.O. Box 8500, 3503 RM Utrecht, The Netherlands. Fax: (31)30 961 660) 

Indium Phosphide and Related Materials, 6th International Conference 
(Institute of Electrical and Electronic Engineers, Inc. 345 E 47th Street. New York, 
NY 10017, USA) 

High Temperature Materials Chemistry 
(Inst. f. Anorganische Chemie, Wahringer Strasse 42, A-1090 Vienna, Austria. 
Fax: (+43)1 310 45 97) 

Ceramic Society of Japan - Annual Meeting 
(Ceramic Society of Japan, 22-17, Hyakunin-Cho, 2-Chome, Shinjuku-ku, Tokyo 169, 
Japan) 

Micrc.:scopy of Composite Materials Il 
(Royal Microscopial Society, 37/38 St. Clements, Oxford OX4 IAJ, UK. 
Fax: (+44) 865 791237) 

12th European PhotovoltaicSolarEnergyConfcrenceand Exhibition. (Fax: +49/89-720-1291) 

Metalworking 94 International 
(FMJ Int. Publications Ltd., Queensway, Redhill, Surrey RHI lQS, UK. Fax: (737)761 685) 

Adhesion and Surface Analysis - 3rd International Conference 
(Inst. of Surface Science and Technology, University of Technology, Loughborough, 
Leics. LEll 3TU, UK. Fax: (-+44)509 219702) 

Semiconductor Processing and Characteri7..ation with Lasers - Applications in Photovolteics 
(Inst. f. Technische Physik, DLR, Pfaffenwaldring 38-40, D-70569 Stuttgart, Germany) 

High-Temperature lntermetallics - Int. Conf. 
(ASM International, Materials Park, OHIO 44073, USA, Fax: (+I )216 338 4634) 

International Conference on Superpla.<1tidty in Advanced Materialo; 
(The Management Academy, Moscow, Russia. For more information: University of Southern 
California, Materials Science & Engineering Dept., Los Angeles, CA 90080-0241. 
Fax:213/740-7797) 



, 

24-27 May 
Stuttgart. 
Germany 

26-28 May 
Whistler. Canada 

JO Moy - 1 June 
Balatonszeplak. 
Hung4ry 

31 May - 3 June 
Yokdatima, Japan 

6-11 June 
Varna, Bulgaria 

16-17 June 
York, UK 

20-23 June 
Albuquerqne. NM. 
USA 

22-23 June 
Stratford-upon-
Avoo, UK 

27 June - 1 July 
Orlando, FL, USA 

27 June - 2 July 
Tihany, Hungary 

29 June - I July 
S~hampton, UK 

29 June - 4 Jilly 
Florence, Italy 

1-4 July 
Florence. Italy 

4-9 July 
Grenoble, France 

5-8 July 
Lyon, France 
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German Materials Society (DGM) Annual General Meeting 
(Deutsche Geselbchaft fur Materialkunde e.V., Adenaucrallec 21, D-61440 Oberursel, 
Germany) 

High-Tc Superconducting Electron Devices Conference 
(Wksp Seer. FED, Fukide Bldg., No. 2, 4-1-21 Toranomon, Minato-ku, Tokyo 105, Japan) 

Euromat 94 
Combining the 15th Conference on Materials Testing in Metallurgy and the 
11th Conference oo Materials Testing. (Hungarian Mining and Metallurgical Society, 
H-1027 Budapest Fo u 68, Hungary. Fu: (361) 1561215) 

Metal-Organic Vapor~ Epitaxy (ICMOVPE), International Conference 
(Business Centre for Academic Studies, 5-16-9 Honkomagome, Bunkyo- ku, Tokyo 113, 
Japan) 

Electron Beam Technologies Coofercnce 
(Bulgarian Academy of Sciences, Institute of Electronics, 72 Tl.arigradsko Sho5e Blvde. 
1784 Sofaa, Bulgaria) 

t>erformance of Bolting Materials in High Temp. Plant Applications. 
(The Institute of Materials, 1 Carlton House Terrace, London SWlY 508, UK. 
Fax: 071-823 1638) 

Magnetism and Magnetic Materials, 6th International Conference 
(Courtesy Associates Inc., 655 15th St., NW, Suite 300, Washington D.C. 20005, USA) 

Antiwear 2000 
The Conference will be of practical value to those involved with: power generation and allied 
plant; prime movers, including engines, gas, and steam turbines; materials handling and 
transfer mechanisms, lubrication and condition monitoring; gear boxes, valves and con'rol 
equipment; thermospraying, etc. (fhe Institute of Materials, 1 Carlton House Terrace, 
London SWIY 508. Fax: 071-8231636) 

World Congress on Superconductivity, 4th luternational Conference 
(World Congress on Superconductivity, P.O. Box 27805, Houston, TX 17227-7805, USA. 
Fax: (+1)713 469 5788) 

Olefin Metathesis and Polymeriz.ation, 10th International Symposium 
(ISOM-10 Org. Cc-mmittee, University of Veszprem, H-8201 Veszprem, P.O. Box 158, 
Hungary. Fax: (+36)802 6016) 

Computer Aided Design in Composite Material Technology 
(WetBx lnstitulf.. of Technology, Ashurst Lodge, Ashurst, Southampton S04 2AA, UK. 
Fax: (-+44)703 293 223) 

Ceramics (CIMTEC-8) - 8th World Congress 
(8th CIMTEC Secretariat, P.O. Box 174, 1-48018 Faeni.a, Italy. Fax: (+39)546 664 138) 

Superconducting I faterial-; Technology Conference 
(World Ceramics Congress Secretariat, P.O. Box 174, 1-48018 Faeni.a, Italy. 
Fax: (+39)546 664 138) 

Materi<tls and Mechanisms of Superconductivity/High-Tc Superconductors Conference 
(CNRS, 25 ave. des Martyrs, F-38042 Grenoble Cedex, France) 

Defects in Insulating Materials, 7th European Conference 
(LPCML, Bat. 205, 43 Blvd. du 11 Novembre 1918, F·69622 Villeurbanne, France) 



10-14 July 
WOl'Cester, MA, 
USA 

17-22 July 
Kobe, Japan 

17-22 July 
Pittsburg, PA, USA 

24-19 July 
Seool, Korea 

12-26 August 
Wc;rsaw, Poland 

ll-14 September 
F riedrichslia fen, 
Germany 

II-16 Sertemher 
Reading, UK 

19-21 October 
Amsterdam, 
Tiie Netherlands 
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Inorganic Membranes, 3rd International Conference 
(Worcester Poly!echnic Institute, Chemical Engineering Department, 100 Institute Road, 
Worcester, MA 01609, USA) 

Diamond Science and Technology, International Conference 
(ICNDSf-4 Seer., c/o Japa& Convention Serv., In1.:., Osaka Branch, Sumitomo Seimei 
Midousuji Bldg. 13F, 14-3, Nishitenma 4-chome, Kita-Ito, Osaka 530, Japan. Fax: 

(+81)6 311 2130) 

Solid-to-Solid Phase Transformation in Inorganic Materials 
(The Minerals, Metals and Materials Society, 420 Commonwealth Drive, Warrendale, 

PA 15086, USA) 

Synthetic Metals (ICSM '94), International Conference 
(Department of Physics, Seoul National University, Secretary General of ICSM '94, 
Seoul 151-742, Korea. Fax: (+82)(2)873- 7037) 

Magnetism (ICM) - International Conference 
Polish Academy of Science, Institute of Molecular Physics, Smoluchowskieg 17/19, 
PL-60 179 Poman, Poland) 

Ceramic Processing Science and Technology, International Conference 
(Co-sponsored by the American Ceramic Society, European Ceramic Society and the Ceramic 
Society of Japan. Deutsche Keramische Gesellschafl, Frankfurter Strasse 196, 
D-5000 Kolo 90, Germany. Fax: 02203/69301) 

World Renewable Energy Congress II 
(Department of Engir'!ering, University of Reading, Whiteknights, P.O. Box 225, 
Reading RG6 2A Y, UK. Fax: (734)313 835) 

The Recycling of Metals 
(ASM European Office, rue de !'Orme, 75 Olmstraat, B-1040 Brussels, Belgium) 
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Advances in Materials Technology: Monitor 

Reader Survey 

1 The Admnces in Materials Teclmolog_v: Monitor has now been published since llJ83. Although its mailing list 
i.s rnntinuously updated as new requests for inclusion arc received and changes of address are made as soon 3S 

notifications of such changes are received. I would be grateful if readers could reconfirm their interest in receiving 
this Monitor. Kindly, therefore, answer the questions below and mail this form to: Ms. A. Mannoia. Tcchnolggy 
Development and Promotion Division. UNIDO. P.O. Box 300. A-1400 Vienna. Austria. 

Computer accL"S.s number of mailing list (sec addrcs.c; label): 

Name: 

Position/title: 

Address: 

1. 

.t 

4. 

:". 

h. 

7. 

9. 

Ill. 

11. 

le; the present address as indicated on the address label correct? 

Do yo1J wish to continue receiving is.c;ucs of the Advances in Materials Technology: Monitor? 

Which section in the Monitor is of particular interest to you? 

Which additional subjcctc; would you suggest lo be included? 

Would you like to sec any sections deleted? 

~fa\'\.: you access to some/most of the journal'i from which the information contained in the Monitor is drawn? 

h your copy of the Monitor passed on to friends/collcai;ues, etc.? If so, how many? 

Do you have any information/suggestions etc. you would like lo pa.""' on to other reader~? 

Do you wish to have a specific "material" cover~d in a future Monitor? 

Do you wish to contribute to the compilation of a future is.-;ue of the Monitor, be it with the main ar1iclc or 
<1ther information related to the relevant subject? 

Plcac;c make any other comments or suggestions for improving the quality and uscfulncs.'> of this Monitor. 
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