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1.~ 

Tbe LltT-TCll is deeply indepted to the following institutions fo1 
organizing the seminar and for the excellent and successful 
cooperation. 

UllIDO: 

Ms.A.Tcheknavorian-Asenbauer 
Hr.V.Bysyuk 
Kr.N.Youssef 
Ms.I.Lorenzo 
Mr.A.Karaiaanoqlu 

Hr.S.Morozov 
us.L.Muthsam 
ns.~.Schandl 
Mr.ff.Pichler 
Mr.E.C.Bull 

Austrian Federal Ministry 
of Foreign Affairs: 

Austrian Federal Ministry 
of Education, Arts and Sport: 

l~s.3.Dekrout 
Hr .l!.ttil tner 
Kr.Ch.I<repela 

Technoloqisches Cewerbelluseu•: 

Mr.F.Plocll.inqer Mr.J.Lipp 

Mr.W.John 
Hr.O.Tischler 
Hr.P.Kreiml 

Mr.W.Hajni 
Mr.ff.Pint 

Austrian Federal Cha•ber of C01111erce: 
rir.K.ffaas Mr.H.Lederleitner 

Mr.K.Laaber 

Austrian Society for Polymer Engineering (GFKT): 

~r.ll.M.Berlisq 
Mr .G. Hofinqer 
llr .P .iloos 
Mr.G.Schwan 
Mr.G.Teufelberqvr 

The Collll.~ity of Tamsweq: 

Mr.Kurt Melchard 
Mr.Hans Raus~her 

Mr.o.steinberqer 
Mr.F.Walter 
Mr.L.Katzmayer 
Mr.R.Schwaminqer 

Hiss Gitti Prieler 

Steindorfer Stubenmusi, Volkstanzqruppe Hauterndorf, 
Lunqauer Liedertafel, Hans und Sepp 

Hr.H.Welser 
Hr.J.Honede: 

Wo have of course, also appreciated any contribution towards th 
proqramme, in form of free matorials, lectures, invitations an 
visits presented to us by companies and individual persons i 
Au1tria and abroad. 
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
Yl--~CEJITllE 
r.o. - D.A-_YI __ AUSTlllA 

Tl..._: 21:1110 TELEGfl- AllOllESS: UlllOOYIE- TELEX: 13M12 

1. The p~OCJra ... in the field of plastics technolOCJY is one of a 
series of the United Nations Industrial Develope11ent Organisatior. 
(UlllDO) activities on specific sectors of industry which is being 
organized for the developing count:ies tt •• -oU«Jh the Cb-ical 
Industries Branch. This •in-Plant Group Training PrOCJra ... • has 
been iapleaented annually since 1970 through a special contrib­
ution of the Governaent of Austria to UNIDO. The iapleaentation 
of the 1986 prOCJraaae as well as the previous ones has been 
successfully conducted by the Laboratoriwa fur Kunst~tof f technik 
LKT-TGM (Laborat~ry for Plastics TechnolOCJY). 

2. The trend of training activities in the field of plastics 
technology is characterized by the increasing sophisticated nat­
ure of the prograaae requiring high level experts, consultants 
and specialized equipment for the workshop. There is also an 
increasing demand for visits to plants, companies a""I insti cutes 
which are advanced in their field of spezialisation. G~oup dis­
cussion to deal with specific technological problems in 11anufac­
turing and application is also an important feature of current 
training activities • 

l. Plastics are already one of the world's main groups of indus­
trial aaterials. World plastic consumption is now greater than 
th.~t of all non-ferrous •etals in terms of weight and of steel in 
terms of volume.The numerous uses and applications of plastics 
which are still increasing, have caused this industry generally 
to grow at a faster rate than most branches of manufacturing 
industries and to contribute in growing proportion economy. 

4. The dei..and for plastics materials is steadily growing at a 
very high rate and this situation is expected to continue in the 
future. Engineering plastics will find many new applications and 
replace traditional materials. Important factors in the research 
and developiMnt activities will be the drive to save energy ;:.nd 
feedstocks. Plastics allow for a larqe potential of energy sav­
ing, .,.artly by replacing traditional heavier aaterials and .,.artly 
by reducing the use of energy in the various production processes. 

5. Through the acquisition of technological know-how and skills 
in the field of mould desiqn a~d 110ul~ 111aking, the plastics 
industry could achieve further developiMnt. The lack of experi­
enced personnel in this fie\d in the developing countries and the 
need to aquire and exchange experience, are the main reasons for 
the organizati~n of this progra11111e. Its aia is also to bring 
together a group of selected persons whose work is expected to 
benefit fr011 a concentrate~ trainin~ proqra111111e which otherwise 
could require a long period of training, research and development 
work. This assistance to the developin9 countries in the develop­
aent of their. plastic industry and the development of manpower is 
in accor~ance with it••• i, ii and k of Article 58 of Lima 
Declaration and Plan of Action as well as in line with the New 
Delhi Declaration and Plan of Action and the rourth General 
Conference of UNIDO on develOpeMnt of hu-an resoui·ces. 



6. The progralllille is designed as a group training course covering 
the whole field of modern plastics technology at an industrial -
not academic - level including 

l.1troduction: 
- Theory (?lenary Session) 
- Practice (Small Group Work) 

Saminar: 
- Special Small Croup Discussion 
- Special Practical Z:c:perimcnts iSmall Group \lorkl 

Group tooderat ion: 
- Selection of Priorities (Pr.:>grar.11'le l.Jesign) 
- Methods of Problem Solving (Case Study) 

7. The programme has r~ceived the support of the i~ustrian Fed­
eral Ministry fc.r f'oreign Affairs, the Austrian ?ederal r:inistry 
of Education ~nd Fine Arts, the Austrian Federal Economic Chamber 
and Association and Industrialists. The Laboratoriur.i flir Kunst­
stofftechnik LKT-TGr.; (La~ratory for Plastics Tec:mologyl, a 
leading technological institute, will ~onduct, utilizing its 
facilities, the theoretical and practical training in plas•ics 
technology. The institute has a staff of hi<Jhly qualified spe­
cialists. 

Since 1970 Ll~7-'1'GI-\ held seventc~n ;>rogra.n1o1cs 111th a 
total of 341 i>articipants fro~1 79' countri:i::;. 
The regional distribution was the following: 

far i::ast (FE) 114 33\ 
•liddlc Zast/ 
North Africa (lit-;) 7S 22\ 
Latin Aont!r iciJ (I.A I 7S 22% 
l\frica ("1'') 54 17' 
r.urope CZUI 23 n\ 

10\ of the participants ca1-1e from privat and public companies, 
30\ from institute::; anc! non-profit qovr.rn.nent orq,1nizations. 
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3. PARTICIPANTS 

3.1. Participants financed froia AUSTRIA 

COUllTRY 

China 

Ethiopia 

Ghana 

Korea D.P.R. 

Phi lia>i>ines 

Rwanda 

Sudan 

Uqanda 

Viotnam 

NAME 

CARVAL:m CAURAL 
DE SOUSA 
Francisco 

'1'ESf'U ~~ANF'l\Yt:: 

l"esfu 

YA:ISON (Dr I 
Greqory Emmanuel 

JU 
Yong .Hn 

8EDI.\ 
Elinor Lacdan 

1l\IIZEm'IA 
.1muel 

EL'l'i\ZI 
Zuha i r Mohamed 

01\J\UA 
P.ichard 

DUOl~G PHUONG llONG 

CONTJ.CT ADDRESS 

Z.~ZPA Nat.:nterprise 
Foams & Plastics 
Cx Postal 741 
L.1anda 

deijing ~lastics Research 
Institute 
No.47 Jiugulou Street 
3eijing 

Tesfu l'ataye 
National Chemical Corporatior. 
P.o.e. 5747 
Addis At...:iba 

Industrial r.esearch Institute 
(CSI.l I 
!'.O.Box ~i.32 
Accra 

ll'..1a!lon9 Plastic Co1n:.>ined 
Znterprise 
llwasong County 
r~orth Ha.ngyong Prov 1 r.cc 

155 Dr.A.Gonzales Street 
ainan, Laguna 3716 
i:ani la 

Societe :lwandaist.! pour le 
Co1.1.nerce P.t l'Industr1~, 
"!>CJH\IACI" 
llP 1304 iagali 

?cd Sea Plastic Co.Ltd. 
P.O.ilox 1892 
Khartoum 

Vitafoam Uganda Ltd. 
P.o.sox 846 
Jinja 

Union of Pla~tic» Enterprises 
o( HCMC 
274 !Son Ha:n Tu 
Sth l>iGtric:t 
Hoc:himinh City 



l.2. Participants self financed 

Afghanistan 

i4alaysia 

Saudi Arabia 

Trinidad 

Vietnai:i 

AYNI 
Aynullah 

tlA:mw 
Abd.Shukor 

M.-SOtlEDE 
Ahmad Ali 

3:iEEKHOO 
Vi jay 

:iUYNK Si'.U 

I 

~fqhanistan-Kabul 
N~v and Renewable ~nerqy ~ ; D 
Centre 
iiinist.:-y of !later and Power 

Standards and Industrial 
Research Institute of ~laysia 
csiaun 
P.o.aox 35 
40700 Shah Alam 
Selanqor 

Sabic i'iarketinq Ltd. 
!'.O.Box 59090 
1Uyadh 11525 

MIC (Metal Industries 
COrilpany Ltd. ) 
t>rivate Bag 121 
Port-of-Spain 

Union of Plastics Enterprises 
of HC"&'IC 
274 den Ham Tu 
5th District 
Hochiminh City 
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4. STAFF 

Principal of TGll: Hofrat Dir.Dipl.In9.Dr.F.Pl0ckin9er 
Director of L&T-TGll: Abteilun9svorstand Dipl.!n9.Dr.K.Hubeny 
Assistant Procp-- Director: In9.U.Michel 

Or9anization C:C..ittee: 
AV Dipl.In9.Dr.H.Hubeny 
In9.t1.Michel 
B.DOrr 
StR In9.R.Hillisch 
Ass.E.Helfert 

Lectures: FOL F.Beran 
H.3raunsteiner 
Prof.Oipl.In9.Dr.H.Dragaun 
Prof.Dipl.In9.H.Elmecker 
Prof.Ing.Okfm.H,Graf 
SU In9.P..lfillisch 
AV Dipl.Ing.Or.:-1.Hubeny 
P~of.Dipl.In9.Dr.k.~.Jesseni9 
P.Liptak 
~tof.Dipl.In9.W.Mahr 
Prof.~ipl.Ing.Dr.F.f4ayer 
FL Ir>· .F.Xennerstorfer 
Prof .;1pl.In9.Dr.lf.Muschik 
FOL :ng.G.Minarovich 
Ass .M.Pfaff 1 
Ing.A.nevesz 
In9.H.~ichter 
Inq,J,S.::hermann 
FOL Ing.£.Strohmayer 
FL Inq.E.wern 
Univ.Doz.Oipl.Inq.Dr.E.Woqrolly 
Pr~f.In9.Ma9.H.Wolanek 

Assiatar.ce and Preparation: 
F.Bartoaka 
f"OL F.Beran 
OSR FOL K.Blazek 
H.Braunsteinor 
8.DOrr 
FL G.Freyor 
G.Grosamayer 
Asa.E.Helfart 
Fe E.Jahn 
P.Liptak 
St.LOblich 
FL In9.F.f4enner1torfer 
Inq.w.mchel 
J.4'1.M.Pfaffl 
In9.A.Revesz 
In9.H.Richter 
Inc;r.J.Schermann 
A.Schmidt 
FL H.Seifert 
H.Wilhelm 



S. SUBJECT LIST 
5.1. INTRODUCTION 
5.1 .1. THEORY (Plena::y Session) 

IO 

Technoloqy Transfer and Development 
Trends in Poly~er Enqine~~ing 
Trends in Polymer Science 
Princi?les of r.ould Design 
Principles of Control Enqineering 
Plastics hpplication £ngineerinq 

5.1.2. PRACTICE (Small Group Uork) 

Compounding 
Computation 
Controlling 
£:i::trusion 
Finishing 
Foaming 
Injection and Compression cioulding 
Machining and Forming 
Computer Aided l·lould Design 
Polymer Chemical .\nalysis 
Polymer Physical Analysis 
Quality Control 
Reinforced Plastics 
Trouble Shooting 

5.2. SEMINAR 
S.2.1. SPECIAL S~IALL GROUP DISCUSSION 

Quality Control 
Polymer Science 
Injection Moulding 
Extrusion 

Hours 

2 
12 
10 
10 

4 
6 

6 
10 

8 
10 

4 
5 

10 
6 
4 
2 

10 
6 
4 
2 

8 
8 
8 
8 

5. 2. 2. SPECIAL PRACTICAL EXPERIMENTS I Sr.ta 11 grout> work) 

Quality C"1ntrol 
Poly~er Engineering 
Injection llouldinq 
Extrusion 

5.3. GROUP f.IODERATION 

~election of Priorities 
rlethods of Probler.1 Solving 

8 
8 
8 
8 

4 
4 

Total: 172 hours ................ 
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6. LBCTUU ROTES 

6.1. DESIGN OF LECTURE NOTES 

The lecture notes have been adapted and developed in accordance 
with UNIDO, with the participants and with the experience of 
seventeen pr09ra111111es since 1970. 
To aeet the qeneral, practical and theoretical needs of the 
participants three levels of comprehensive infor.ation are ~ffert 
at 1344 paqes in form of 

- qeneral lecture notes 
Saechtlinq (International Plastics Handbook) 

- special lecture notes and 
- research papers 

For this pr09raaune some lecture notes have been reprinted. 

~--- -·---· ·-- --· .._. __ . 
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6.2. GEllEltAL LECTURE NOTES CT~eoretical introduction! 

nn-Y-OGY TRAllSFER AllD DEVELOPllENT 
l!.Bubeny 

The Global S1tuat1on (selected Ind1catorsl: 
World 1Jevelop111ent :-teport - Population - :ion-!<enewaole Resources -
~nerqy - &:..lucat1on - Income 

Principles ot i..levclo!J(~ent: 
:hstor1cal .. :a;;cls - i.lc\."clo:.xnent Analysis 

Tecl'ln.3lO<J"f Trar.sr: er: 
Assuir.i;..t1ons- !J..!f .n1tions - Concepts - Cost of Tecl'lnoloqy 1'ransfer 
- C~a~3cter1st1c ~t1mul1 an~ jarr1crs - Effects 

Uoc~nit?nts: 
i.:oJe ot t:o:1.1.ict - tJ;:1:u <.:l.1:;~1l1cat1on - :•at1onal Paper of Austria 

:.ioaCLi ot ;.lkC\ltlO:":: 
.~acro-L.r·v•1l ~on,11t1on:; - .!1cro-l.e•.rcl Conditions - Plastic~ ·1·ech-
"lOl<>G'! - Pl.ist ic:; '..l•.!•.rr,lo;>m•?nt ,\ct1v1ties 

~~r~onai vucst1ons 

PLASTICS CHEMICAL TECHNOLOGY 
E.W09rolly 

Class1f 1cat1on ot Plastic Materials 

t'ors:iation Reactions 

r'unct 1ona 11 t y 

Polymerization 1ieact1•,ns: 
Addition l-olymerizat1on lt'ree radical mectianism - Ionic mecha­
nism! - Condensation ~olymerization - Copolymerization - Auxilia­
ry :wterials for Polymeri7.at1on 

l'hyuc•1 uenav1our r.f Plastics 

Seconoary <K>nas: 
1>upers1on forces - LHpolar-orientation t'orces - Glass 1'ransition 
- or1ttle Point - Elastomeric State 

'•'heri:iop last ic:s: 
Polyolefines, Polyethylenes and Copolymers - Degradation of Poly­
ethylene-Polypropylene CPPl-Modified Polypropylene-Copolymers 
with Ethylene Ct:PM and t:PDMI - Polybutene -1 IPBI - Polyisobuty­
lene IPll:ll - Poly -4-methylpentene -1 CPMPI - Unsaturated Poly­
olefines - Trends in Research and Development 
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Polyvinylchloride (PVC) and Copolyaers - Plasticized PVC - Modi­
fied PVC - Coapounds (Blends) 

Pol:·styrene (PS) and Copolymers - Expanded Polystyrene (EPS) 

Acrylics - Polyacrylonitrile (Barrier Plastics) - Polyacrylates -
Polyaethyl.ethacrylates (PMMA) - Polymethacryli•ides 

Polyethers - Polyoxymethylene (POM) - Polyethylenoxide (PEO) 

F-Polymers - Polytetrafluorethylene (PTFE) - Polytrifluorchloro­
ethylene (PCTFE) - Copolymers 

Silicones - Hethylpolysiloxanes-Phenylpolysiloxanes (PSI) 

Polya•ides (PA) 
Polycarbonates (PC) - Polyterephthalates 
leneoxides (PPO) - Polysulfones (PSU) 
(PPS) - Polyethersulfones (P~) 

The.riaosets: 

(P:::T, P8T) - Polypheny­
- Polyphenylenesulfides 

Phenol/For.aldehyde Resins (PF) - Urea/Forinaldehyde Resins (UF) -
Melamine/For.aldehyde Resins (MF) - Unsaturated Polyesters (UP) 

Polyepoxides (~P) 

Polyurethanes (PUk) - Diisocyanates-PU Elastomers-Relations be­
tween Structure and Properties of PUR-t-lanufacture and Properties 
of PUtt-Foams 

High Teiaperature t(esistant Polymers: 
Polyimides (PI) - Polybenzimidazole - P~lyimidazopyrolone IPyronl 
- Polycyclobutadiene 

Flaiae Retardancy of Polymeric Materials 

Auxiliary Chemicals 
Health Hazards and Toxicity 

Degradation and !>tabiliz;,tion 

Enviro11111ental liehaviour of Pl~stics Materials 

Plastics Waste ;.1ana9ement 

Reclamation, Recycl1n9 and Reuse of Plastics Waste 



n.ASTICS UISICAL ftCllllOLOGY 
B.llabay 
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Pla•tic• Technoloqy: 
PolY119r• - Cycle Proc:••• - Model Matrix - Quality - Technoloqical 
State• - Conver•ion Proc:•••e• 

Molecular structure: 
Description - Linear Macr0110lecules - Cross-linked Macr0110lecules 
- Ther.odyna•ic• of Molecule• - De9radation of Molecule• 

supra110lecular Structure: 
Molecular Arran9 ... nt - AllOrphous Structure 
Structure -
Crystalline Structure 

- MeSOll'lrphous 

Rheolo9y: 
Definition - Elasticity - Viscosity - Viscoelasticity 

Polpers: 
Cla••ification - Desi9nation - Survey - Standard Ther110pla•tics -
ln9ineerin9 Ther1110plastics - Specialty Therinoplastic• - Ther.o­
plastics - TherllOHU - lli9h Temperature rHistant Polyaien 



IS 

Additives: 
C011patibility ond Efficiency - Antioxidants - Liqht Stabilizers -
Heat Stabilizers - Enhancer - Colorants - Flame Retardants 
Antistatic Aqent~ - Biostabilizers - Blowinq Aqents - Nucleiatin~ 
Aqents - Activacors - Plasticizers - L·.1bricants 

Coapoundinq: 
Terms - Particle Size Reduction - t-lixinq - Pelletizinq - COl!l­
poundinq Para•eters 

Continuous Processinq: 
Classification - Continuous Casting and La•inatinq - Calandering 
- Extrusion 

Discontinuous Processing (~.oulding): 
Classification - Liquid Phase Moulding - Coiapression Mouldinq 
Transfer Moulding - Injection Moulding - Blow Mouldinq 

Fabricatinq of Semi-finished Goods: 
Technical Terms - Machining - Forming - Asseiably - S~:;>arating 

Finishing: 
Painting - Printing - Metallizing - Hot Stamping - Elllbossinq 
Irradiation 

Application: 
Systematic Development of Application - Standards 

Waste 

Recyclinq: 
Equipment - Cuttinq •ills - Reprocessinq Lines - Extruder Screen 
Chan9ers - Incineration - Outlook 

PLUT1C8 lllCBMICAL mGillmillG 
R.BillillCh, R.Reveaz 

Extrusion: 
Extruder Plants and -Dies - Pre-set El ... nts - £1 ... nts of the 
~xtruder - Annexed Equip!lents - Principles of Extruder Die Desi9n 
- Plants and Moulds for Blow Mouldin9 

"ouldinq of ·J'hermosets: 
,rocessin9 Techniques - Machines - Additional Equipl!ent - Moulds 
- Desi9n of Compression Moulded Parts 

Injection Mouldin9: 
Techniques - Machines - Additional Equipments - Moulds 



lmUl.D DBSIGll 
a.Billiscb 

General: 
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Injection Hould - Classification of Irjection Moulds - lletbodical 
Mould DesiCJll - Size of Mould - Flov Patb/lfall Tbickaess Rate 
Nuaber of cavities - Arra1\9e11ent of cavities 

FeediRCJ: 
Sprue DesiCJll - Runner Design - Gating - Pin Gate - Edge Gate 
Sp>:11e Gate - Fil• Gate - Diapbra911 Gate - RiRCJ Gate - Tunnel Gate 
- Sprue Puller Pin Gate - Ante-Cballber Type Pin Gate - Sprueless 
Moulding - Insulated Runner - Hot Runner 

l'OLDllll PHSICS 
B.Dragaun, B.~ik 

Morphological Structur • 
Structure an.1 Morphol09y - Models of Crystalline Structure 
Expressions of Crystallinity - Experi .. ntal Methods 

Uifferential Thermal Anal7ais: 
Introduction - Applicatton of DTA - Principles of DTA 
Evaluation of DTA Cu~es - caloric Informations - Thel'llOlletric 
Information Applicetions - Physical Transitions - Chemical Reac­
tions 
Concluding Rellarks 

PLASTICS APPLJCATJO. DGlllEEltJllG 
w.a.Je•••ni9 
Plastics Survey 

Shearmodulus T .. perature Function: 
Plastics, Materi•ls for Construc~ions - The:'llOplastics - Ther.o­
sets - Collposits - Hybridsyste111s 

Long-ti .. Behaviour (Static) 

Stress-strain Behaviour Depending on T .. perature - Test Speed and 
Moisture 

Econ011ic Asp~ct~ 

Plastic Points, Tolerances 

Construction of Models and Prototypes 

Basic Principles for Mechanical Calculation: 
T .. porary Variable Deformations - Char~cteristic Di•ensional 
Functions 
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Reactive Resin Systems 

Desi~n of Constructional P3rts: 
Friction and Wear - Snap-fit Joints - Pr~ss-fit Joints 

Ultrasonic Plastic Assemhl;· 

Outsert Technik 

Scre<1-f1t Joints 

Plastic Scre;is 

A.ihesive Joints 

aJlftROL DGIMEERilfG 
G.Kinarovich 

Open-Loop-Control: 

Voltage Supply: 
Supply for Power-Unit - Supply for Control-Unit 

Standardized COnnection-o ... _;>oiDS and Symbols: 
Connection-Diagra11s - Wirirg ~•1111bols 

The Use of Instr11111ents for Measuring the Current, Voltage 
and Resistance: 
Test La11p - Multi111eter 
Functional Description of a Reversing Contactor Coiabination 

Auto.a tic-Control: 

Definitions 

AutOlllatic Control-Syst8111 and Block-Diagra11 

Transient Response of a Controlled tte.ber 

Tnperature Dehaviour of a Barral-Z·>ne, Controlled by Two-Step 
Action Controller, without Feedback 

Tns:-crature behaviour of a Controlled Member vith Two-Step 
Action Controller and Feedback: 
Feedback - Optimization of the Feedback 

Electrical Methods for Measuring the Tnperature: 
Measuring by Means of a Ther11oeou~le - Resistance-Ther1110111eter 

Controllers: 
Continous Controllers - Two-Position Controllers - Electronic 
~ntrollers - Thermocouple as Detecting-Element - Resistance­
Ther..,,.eter as Dedecting Element. 
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6.3. GWDa.L LBC'l'UllB mrBS \Practical Introduction) 

CC.pounding Methods 

Additives and Foraulations: 
PVC Stabilizers - Action of Beat Stabilizers - Groups of PVC 
Stabilizers - Lubricants - Processing Aids - Inpact Modi~iers 
Fillers 

CC.pounding Machinery 

Mixing Procedure: 
Sintering of PVC - Aqgl011erating of PE-chips - Coloration 
Drying 

Test Methods: 
Bulk Density - Heat Stability Tests - Static Tests - Dynamic 
Tests - Plastoqraph - Mixing Rolls - Rhe011eter 

OOIG'USSIOll IKIULDillG 
R.Billiseb 

Toggle Lever Press 

Up-Stroke Press: 
Tabletting - Preheating 

100 to:1-Laboratory-Press: 
CC.pression Mould for Testing-Cups - Determination of Closing­
Ti .. (Closing Force) - Determination of curing Ti .. (Stiffness) 

160 ton Down-Stroke Press: 
Boiling Test 

COlll'U'l'ATIOll 
r ... yer, •• rreisl•r 

General Facts 

Structure of a Computer 

Proqra .. in9 Operations 

How the COllputer Counts 

Description of the Z80 Microprocessox Systems 
llellory Allocation - rloppy ~iskett•• - Data Fil•• - system start­
up - Warm Start and Drive &election - Directory 



19 

The Prograa.i119 Lanqua9e BASIC: 
Int~oduction - Operatcrs - Iaportant Instructions and Colllaands 

Exaaple: 
The Problea - Flowchart - solution of the Problem 

EXTRUSI<a 
a ...... z 

Productic;1 of Tubular (Blow) Film 

Extrusion of Blown Double-Layer Filas 

Production of Floorin9 

Blow Mouldin9 

Production of Riqid PVC Pipes 

Production of Pipes 

PTNISHING 
"· 'C' 

l ,.d Metal Coating 

Vacuum Metallizinq: 
&Jase Coatinc; - Vacuum Metallizing - 'l'op Coating - Tcst-ncthoas 

Electropla ti :'lg: 
Holdinq - Part Desiqn - Preliminary ·rroatmcnt - ClcanirFJ - acn:u­
tizing - Nucleiation - Electroless Plating Initial ~lectroplatin·1 
- Pinal Electroplatinc1 - Applications - ·rost i·lethods 

Appendix: 
Process Sequence for Plating AIJS-Plastics - r'ormul.ltl.on~ 

FOAMING 
H.Hubeny 

Classification of ~!astlc roams: 
,..terial - Stiffness - C:ell norpholo'l'i' - Dcnut;• - lJc:ns1t/ :irn­
tribution - Fabrication Procesn 

Properties 



Processing: 
Expandable Bead Methods - ~eactive Foam Houlding - Thermoplastic 
Foaa Moulding - Foaa Extrusion 

Polyurethane TecbnolOCJY: 
Polyurethanes - Mould Materials - Practical Exercises 

Adjustlllent of Processing Paramc:ters: 
Box Mould - Processing Tempeature Y.ould Temperature - Adjustment 
of Pressure - Internal Pressure Clamping Pressure - Loss Factor -
Coo?ing Ti .. - Machine Protocol 

Orientation - Mechanical Pro;Ntrties: 
Test Bars - Injection Moulding Machine - Processing Conditions -
Interpretation of Test Results 

Foa.ed Ther110plastics: 
Introduction -Production of Mixtures - Test Panels - Physical 
Properties - Possibilities in Design of Machine and Equipment 
Produ~~ion of Panels - Machine Protocol 

The Principles of Process Control in Injection Moulding: 
General - Internal Pressure - Influences on Internal Pressur~ 
Influences of Internal Pressure on the Quality of Products 
C:O.puterprogr.... for the calculation of cooling ti.. - Location 
of the Pressuresenaors in the Testbar - PYT-Diagra• for Poly­
styrene - Machine Protocol - Surveyor s Protocol 
Siiaultating Diagr .. 

llACllDDIG AllD Pl.1UDIG 
s.stromayer 
Machining: 
Cutting - Guillotine Shears - Drilling - Screwing - Turning 
Planing - Milling - Filing - Grinding - Polishing 

Welding: 
Press-Welding - rleat-I~pulsice Welding - High Frequency Welding -
Hot-Gas Welding 

For•ing: 
Bending - Whirl-Sintering - vacuum Forming 

Workshop - Drawings - Work instruc~ions 
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l'OUJID llllSICAL AllALTSIS 
8.Drap ... B.llascblk. 11.Radax. B.Ba:awteu.r 

Density Measure11ent 

Measurement of Melt Viscosity 

t-leasure11ent of K-Value 

t-1easure11ent of Viscosity - NlDlber and Determination of Intrinsic 
Viscosity 

Optical Microscopy and Preparation 

Electron Microscopy and Preparation 

Thermal Analysis: 
DSC-Differential Scanning calori .. ter - TMS-2 Thermo.echanical 
Analyzer - T'"vS-2 TherllOC)ravi•etric Analyzer 

QUALI'f'I CDftROL 
11 • ..ux 
Statistical £Valuation - Preparation of Speci .. n - Tensil~ Test -
Determination of the £-Modulus - Flexural ~eat - Modulus of Elas­
ticity (Flexural Test) - •tensile I111pact. Test - Iapact Flexural 
Test - Hardness - Shore Hardness - Vic•t Softening T .. perature -
ISO I R 75 - Martens Temperature - Oszillating TvistiDCJ Test 
Environaental Stress cracking - Pipe Testing 

UDrmca> PLAftICS 
•••• J ...... 19 

TMc>ry 

Resins 

Reinforc ... nts: 
fibrous and Wire Reinforc ... nts - Fibre Constructions - Nonwove 
constructions 

Pillers: 
Piller to Resin Bonding 

MllnufacturiDCJ Processes: 
Contact Mouldinq (Hand Lay-up, Spray-up) - Ba" Mouldir.g - vacu\111 
Da9 - Pre1sure Dag - Autoclave MouldiDCJ - Re1in Injection sy1t .. 
- Matched Die Mouldin9,C0111pression •touldin9 - Centrifugal Castint 
Proce1s • Continou1-Pultrusion Process • Continous-Laainati09 
Proces1 • Fila ... nt Winding Procels (cont.and di1cont.) • Injec­
tion Moulding 
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A~~·~=t~ :o ?~~ctiCJ! ~roccs~1ng: 

Sur::,:::::: _;._.~c.x:i~ - ":"opco,"lt - :-;oJcls - '.loulds - aelease Agents 

Ec:mor:ic Aspects and r•utur2 Out look 

6.4. SPECIAL 1..ECTURE NOTES 

DATA CONVERSION IN INJECTION MOULDING 
ff.Graf, F.Mayer 

General Rcmar~s 

Measuring Pressure: 
ficzoclcctric Transducer - Charge Amplifier 

Me<1sur1ng Temp~rature: 
t"l:Jctuat1on Compensation - Temperature Sensors 
'L· ... rmocouples - Plotter System 

~~asur1nq U1st~ncc: 

- Preheatable 

J:;:l.,ct 1w• :·:casuri11q Sensors - Carrier Freque11cy Amplifier 

(:oll"putcri !led :~ca sun nq: 
tJ1 ':I t.i 1 Vol t:nctcr - Interfacit - RS 232 Interface - System Como>u­
t•!r 



QUALITY CONTROL OF GRP-PIPES 
W.R.Jessenig 

Designation 
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Company Cantrel: 
Control of Goods Heceived - Resin Control - T~xtile-Glass ~est 
Filler Control - Reactant Control - Production Control - Regular 
Production ~ontrol - Handom Production Control - Acceptance Con­
trol 

External Control: 
Test Volume - Recording - Designation - Condition at Deliverv 
Measurements - Pipe Stiffness - Longitudinal Tensile Force 
Circular Tensile Force - Choica of Specimens - Expertise and Test 
Report 

NEW RURAL APPLICATIONS OF PLASTICS 
ff.Muschik 

Introduction 
Protection of Plants by ilets. 

Poils in Agriculture: Introduction - Flat Foils - "Hulch-!-'oils" -
Plastic-Covered Tunnel~ - Foils for Sealing - Uecycling of Foils 
- Greenhouses. 

Containers for Plants. 
Non ~lovons for nulch-Technique. 

Irrigation: Introduction - Spray Tube - Sprinkler 
Irrigation Plants. 

Waste Water and Drainage: Waste ~later - Drainage. 

Heating of Greenhouses. 

Storage of Agricultural Products: Storage of Wood - Storage of 
Fruit and Vegetables in Foils - Storage of Fruits and Vegetables 
in Sacks - Storage of Liquids and Food. 

Coatin'). 
Technological Tr3nsfer. 
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QUALITY CONTROL AMO DAMAGE ANALYSIS BY llORPBOLOGICAL llETllODS 
B.Dragaun 

Int.:::-oduction: 
Definition of Quality - Increase in Quality - Technological Pro­
blem - Continous :~elt Viscosimetry - Polypropylene Pressure Pipes 
- Morphology 

:.iorpholoqical Methods: 
Optical :-!icroscopy - f:lectron Microscopy - X-ra1 Diffractior 
Wide-Angle X-ray Scattering (WAXSI - Small-Angle X-ray Scattering 
ISAXSI - Therrnoanalytical :~ethods - Calorimetric !-!ethods - Dila­
toe1etric :-!ethods - Spectroscopy - Infrared Jl.bsorption URI 
Electron Spin !:E:sonance 1:::s:n - !'!uclear :·lagnetic Resonance lm1R) 

Practical Application in Damage Analysis: 
Crack Formation in Polyethylene (PEI-Pipe - Irregular ~aractcr­
~stic of Polyehtylene (PEI Sheets during Finishing - Different 
Abrasion Characteristics of a Polypropylene (PP) Drive-Component 
- Differentation of Polyblends in various Polyethylene (PEI Types 
- Uiffarent Fracture uehaviour of Polypropylen/Polyethylen Copo-
ly::ier - Fracture in a l!oulded Part I f'i ttin<J I of Rigid Polyvif\yl­
chlorid I :•vc I 

ENVIRONMENTAL ASPECTS OF PLASTICS TECHNOLOGY 
E.Woqrolly 

Introduction 

U,;-,\ctivitic:; in the field of ::.:nviron:.1cntal Protection 

'I'he t:nvironr.mntal I:npact of Plastics; 
,\ir Pollction - The i>roperties ancl Effect of Pullutants - Ozone, 
its possible biological i::ffects and :~eduction in tne Atmosphere -
;;,\1:-Values - Formaldehyde Odor c1nd Health Problems within Resi­
dences - ·1•o;cicity of Pormalctenyde - The Vinyl Chloride Proulem 
.la:;te water 'l'reatment - Some Aspects of llaste Disposal - Plastics 
>·lastes in the Solid ;/astes Stream - Reclclim, Recycling and .~euse 
of Plastics - r:ecycling • .axtures of Plastics - Se;:>aration of 
Plantics fror.1 mixed llefuae - :.Hodegradation - The Technology of 
IHoclegraclablc , .. i l lors 

Tho Compctiveness of Plastics with traditional :iaterials after 
the 1973 Oil Crtsis 
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6.5. RESEARCH Pl\PERS 

DATA CONVERSION IN TECHNOLOGY AND MORPhOLOGY 

::::xtrusion: 
:;e• ?oss1::n:iucs of a Casc3:ie Ccr.trol of Extruders by Means of a 
Torsion-Sensitive Screv Tip - Continuous Measurement and Control 
ot 'llscosity t~rou'}!lcut t!'le Eztrusion Process - Novel Systecis for 
v1scos i!!v:try o! Pol :,~..:>r ~tel ts and So!utions 

lnJect ion :-toul.hng: 
The Principles of Process Control in InJeCtion Moulding - Degas­
sinc; of Plastics Y.aterials .:m Injection Moulding ~!achines 

!olorpholocr:t: 
A Com~arison of Critical ~longation as Determined by the ~ll 
Indentation :'.ethod and by Creep Test on Injection Moulded Rigid 
PVC Tes:: S;JeCi:::cns - T~.e Technology and Morpholoqy of Polypropy­
lene Pressure Pipes - :-iicrof ibri ls in Urittle-Fracture-Surfaces 
on :::sotact1c Poly!)ropylene at 4.2 t: - Shear-Induced -form Cry­
stallization in Isotactic Polypropylene - Determination of the 
Avram1 ~xoonent of ?artially crystallized Polymers by ~SC-(DTA)­
Analys1s - 1.;ualitative Analysis of !'.olecular Structure of Poly­
propylene f'1cres on the uasis of 1.-ray Di f frat ion Patterns 

POLYURETIWI STRUCTURAL FOAMS 

:;on-uestruct1v·~ ~ctcrr.iination of the Density Profile in Poly­
urethane Structural Foams - ~asuring and Jnf luencing of the 
~ns1ty Uistr1but1on in Polyurethane Structurel Foams - Statistic 
Exar.11nat·.on of Cell Size 01stribution in Polyurcthi\ne Structural 
t'oams 

RECY~LING 

The 1.1ei1a;riour of 1!ousehold kcfusc containinq PVC .n Incinerators. 
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7. Pl.MT VISITS 

To the special interest of the participants 18 plant visits 
duri119 the seven-week course in Austria has been organized by 
LltT-TGM. 
The selection of the plants according to the interest of the 
participants gives a regional and technical survey on the 
Austrian plastic industry: 

Anlogen ·. Mov.hmen · und Wertzeuobo11 Ges m b H 
A 40S3 Ho1d - l1n1/Ausl"O 
T~lefon 7229188401 
felex 2·1093 
Telefax 7229.' 89 6 69 

==================;===============~ 
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Laboratory for Plastics Technology 

TECH INFORM 
Osterreichische Normungsinstitut 
ll-t02t-·-:ll·T-11R.21:1115315·T- tt!em 

WeurralJe I 9·23 ·A· I 200 Wien· Tel 10222135 21 06·0 · folf .. 13 t 82-1 

TEr.H91FOAM IUlwt In - Mellolildlel1, 
.... ~ und wirtlcll9llllcl 

Dilllplil*I .... Anfl9g8 ~IRNn dUn:ll; 
dmllli _...,. ... IU .._ .....,,_. 

n.. •d1191-• Plllll•lli- etfmlll. ......................... ~ ... .__ 
Die ..... n...-ii ............ KCllllllfne. .... _~ ...... dim._· -liiclrMlos-rMdl. Malmum Jll* Woll •U01Je11, ... • NnOllgl. Dlll9i 
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Im Rcthmen des 
19th UNIDO Trdittlng Prugrctmm~ in 
Plastic rechnology findet ctm 

Montag. den 24. Oktober 1988 
um 16.ou Uhr. im t.~nenadl des 
TGM eine 

v_o_r:.f_u.h_r:u_n_~ 

~omputeryestutzter L1teratur­
reilieTcne -niTC<fvertiP.aa-tn splcty 
'dj_rj_ii~lechinform-sfa-tl - -- -- --- - · 

Mtt frrun~l1ChPn Gru~en 
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I. D-mP'l'll-EYALUATION OF THE PROGR..~ 1970 - 1911 

Improvement of Cost Eff icienc:y 

- increase of cost efficiency of the proqrallile: 21 0 8 participants 
in the last five years 
- increase of cost efficiency by continued reduction of government 
contribution by selffinanced participants 
- government SU?port is basic help also for •iddle inCOlle countries. 
it sti•ulates private participation (help to self-help) 

Reginal Orientation to Africa and Par East 

- changes in the regional distribution following to the Austrian 
developaent policy 
- highest increase in lowest and low income countries in AF and PZ 

Priority to Lowest and Low Income Countries 

- successful technoloqy transfer of participants in middle income 
countries up to 1978 
- successful introduction of lowest and low income countries to 
the proqra-e 
- motivation for selffinanced ?articipants frOlll middle income 
countries 

Direct Structural Orientation to Industry 

- government contribution oriented to public and private companies 
- priorities of public coi:1panies in Far East and Middle East, 
priorities of private COlllpanies in Latin America, balanced in 
Africa 
- participants of institutes are increasingly financed by UNIDO 
and other development organizations 
- the government contribution stimulates direct industrial develop­
ment in lowest and low income countries and activiates indus-
try in middle income countries to vocational training 

Excellent Pr09ra11111e Design 

- UNIDO's international r.now How and facilities 
- LKT international is a leading European institute in training, 
testing, research 
- excellent feed back of participants 
- permanent improvment and adaption to the collective and individ-
ual needs of the participants 
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International Follow Up 

- direct continued co-operation wit:-& 18 countries 
- vocational trainin9 in C011panies 
- establisl'llaent of national training courses by proqramae partici-
pants 
- reqional seeinars, interregional co-operation 
- independend industrial activities 
- training/cost relation 

Technoloqy Export ~f Austria 

- Exports of injection woulding machines, extruders, moulds and 
other equipaent 1978-1987 in the re~ions cover!!d by the proqramme 
fro;a visited coapanies 
- exports of materials and additives 1978-1987 as above 

u 
...... : 

···.·. s 

G 

1970-77 78-82 83-87 Future 

Fiq 1: Structure of Contribution• 

U: UNIDO Projects, S: Selfsupport, G: Government 



.. 

.. . 

o.• 

Cl Total 1970 - 1977 

• Total 1978 • 1987 

Fi9 21 C!ulr9ea in the Regional Diatribution of Participant• ellAuatrian Contribution 1978 - 1987 
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9. SPllCllL EQUIPlll!llT FOR THE fttAillillG PllOGIWlllE 

ALPI&IE, FRG: Extruders 
AVL, Graz: Electronic Control Syst-s 
BA'!'"i'ENFELD, FRG: Injection Houldin9 and illov Moulding Machines 
BATTENFm.0-FISCHEit, FRG: Blov 110uldin9 
Bo\HEhFEiJ> Kunststoffaaschinen Gabli. • Xottin9brunn: Injection 

i10uldin9 Hachines 
BAUER, Switzerland: Measuring Instrwaents 
dECJUtANJI, USA: IR-Equipment 
BIZERBA, Vienna: Silo-Installation 
B?tABEm>ER, FRG: •1•esting Equipaent 
BRANSOM, USA: Ultrasonic Uelding 
BllOSA, FRG: Control Instruments 
BUCHEJC-GUYEP., Switzerland: Presses 
BULL. USA: EDV-I:quipment 
ODnOLD, FilG: Expert Syste.a for Moldin9 
CEAST, Italy: Testin9 Equipment 
CSURCHILL, En9land: ~ater and Oil Circulatin9 Controllers 
Cli'ICINNATI liILACRON, Vienna: Zxtruders, Injection Mouldin9 vtachines 
COUDENHOVE UND HU3N~, Vienna: S?ray-U? :iachines 
DEllES, FRG: Pre-Treatment Instruiments 
DIETACIUiAIR, PUR-1liXi'lCJ and Dispensin9 Machines 
ENGZL, Schwertber9: Injection Kouldin9 Hachines 
EPSON, Japan: EDY-Equipment 
ERSA,Italy: Gaschror01at09raphy 
FBtf, Vienna: Procass Contr~l Systeas 
F~ANX, FRG: Testin9 Equipment 
FUCHS, Vienna: Mills 
GOERZ Electro, Vienna: Instruments 
GOTTFE~T, FRG: Rheol09ical Equipment 
HAACK, Vienna: Laboratorr Equip.aent 
HAGEDORN; ilAILLY, FRG: !fater and Oil Circulatin9 Controllers 
HARTi1ANli & SRAUi,, fRG: Control Syste;ns 
HASCO, Vienna: iie>ulds 
HEHSCHEL, FRG: Mixers 
HOTTINGiR, V.ienna: Torque Measurement Equ.'.:"Mnt 
JOOL, Japan: Electron ~iicroscopic Zquipnent 
JOZNS, F?.G: Control Systems and Recorders 
JUl'iO, "1.K.Juchheir.i, fRG: Control Instruments 
ILLIG, FRG: Vacuum For111in9 ;1achines 
KI£FEL, FRG: Film-Zxtruder 
KIS'fLE?., Switzerland: Piezo-()uarz Sl!nsors 
KRAUSS-MAFFEI, YRG: Foamin9, Extrusion, Recycling 
KRAUTKR'. .U:P, FRG: Ultrasonic Equipments 
K-TRON SODER, Switzerland: Oosa9e-Systems, 0osa9e-Cocnputer 
LINK, GS: X-~ay Analytical £quipment 
LUDIGE, FRG: nixer 
JIEOEK ; SCHOitNER, Vienna: Si9nator (I.larker) 
HETRAtlAT'r, FRG: Control Syste111s 
HETTLER, Switzerland: Analytical Instruments, Balance 
HIKETRONIX, Pulkau: :lectronic Equipment and Cocnputer 
MOLDfLOW, Australia: Export System for Moldin9 
NETSTAL, Switzerland: Injection Moulding .~chines 
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Oin'A, FaG: Ultrasonic ..ieasurin9 Systesas 
PAA2, Austria: ~lectron ilicroscopie Preparation 
Pa?RKIN-EUU::l, USA: Analytical InstrU11ents 
~&ILIPS, Vienna: Control Systeos and Recorders 
PoitOOIS'i'RI3UTI<>..r, Switzerland, Oosa9e ~ipMent 
PVL, Ualdhreitbach (Austria!: ~lectronic Equipment 
ilAP!., Austria: :IDV-i;easurin9 ;:quipaent 
R£ICHERT-.JUiiC, Vienna: ,:icroscopic C:qui.;x.1ent 
SATORIUS, Fae: Analytical Instruments 
SCHLU.taERGER, Vienna: Glectronic i:quitlll'ents 
SINGLE, FRG: ~ater and Oil Circulating Controllers 
STAIGZlt ' iCHILO, Fae: Instrlllllents 
STOUGllARD, o:in~rk: Instrw:M"~ts 
TESA'i'P.ONIC, Switzerland: ;.;easuring Equi,iment 
'tt'K: ~lC£P-.', Italy: ;:?::pert Systeo for .:Olding 
'1'IeDulArll:'I, i'!~G: Optical Instru.nents 
T'd0.:5'1'Z.'t, F'~G: Calanders, ?.oll •tills 
lnlILAilOa, Vienna: C:lectronic :::qui~ent 
~ftl'1'.:::?., Vienna, :>xtruder :-t ... ads for Cables, Oig1 ta! Proc.!ss ing 

Control Syste1o1s 
WITHOF, FlG: Control Systems 
WI'M'.Wit:, Vienna: !l.lt.!r Flow llequlator 
Z~IC~. i~G: Testing Equij:>l:lent 
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