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SYNCPSTO

This report contains an account of the Project TRI-081-8FB (8F/IDy undertaken, over

the period March to July, 1972, by United Nation' Consultamt in Plastics, J. E.8. Whitney.

The Plastics Industry of Trinided and Tobago is surveyed, in relation to the delineation

of possible areas for expansion and the role of the Caribbean industrial Research

institute reviewed. Recommendations ace made relevant to these aspects and

further. short term United Nations assistance recommended.
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INTRODUCTION

The function of the expert, as set out in JOB DESCRIPTION TRI-081-SFB (SF/ID)

included:

Surveying the plastics processing industries of Trinidad & Tobago in order

to assess their expansion potential and the potential for establishing new ones, with

a view to:

1'

Identify ing various plastics products which should be considered for manufacture

in Trinidad & Tobago and prepare an assessment of their economic feasibility.

Assess the potential market for such products not only in Trinidad & Tobago but also

in the CARIFTA area and other countries.

Recommend an appropriate process, various raw-materials including those from
the petrochemical industry, and equipment for the manufacture of such products.
Assess CARIRI's role in the promotion of the plastics industry and recommend
various services which CARIRI should aim at offering, including the facilities

needed for such services.

The following modifications were made to the Job Description which necessitated

extending the duty tour from three months to four months.

1.

In addition to visiting plastics processors visits were made to a representative
selection of plastics consumers in order to facilitate the assessment of markets.
Concentrate upon and delineate those areas offering maximum potential for

expansion, primarily in terms of import substitution.




The final results of the survey would be in the form of pre-fuasibility recom-
mendations rather than full scale feasibility studies.

Present a Seminar for CARIRI staif on the Classification and Major Applications

of Plastics and reproduce it in a form suitable for internal publication.
Coordinate the organization of a one doy Symposium on Plastics Technology
containing contributions from the University ot the Weast indies aad industry.
Prepare a paper on 'Reinforced Plastics” for contribution to the Symposiuv:mn.
Subscribe to the public relations exercises designed to extend the knowicdyge
of CARIRI's activities throughout industry by participating in radio and
television hroadcasts.

The expert would like to acknowledge the willing cooperaticn he received from all

members of CARIRI staff and complinient the managemeat on gathering together suca

an effective team. In particular his grateful thanks are due to the Direcicr and

Co-Director, Messrs. Ellvlsédahl and Hollis Charles; his countervarts, Messre.
Garry Voss and Sidney Thomas and the secretariai staff for their willing eifocte

in typing the Seminar papers, Symposium papers and this report.

SUMMARY OF RE COMMEXNDATIONS

THERMOPLASTICS CONVERSION

As existing and intended couverters aiveady have pilans for expansion and diversificaticg
expansion, at this stage, can reasonably be left to them.

A coordinating body should be forred for thix sectos to promote such activities as nira 4
of injection and other moulds, dissemination of information as plant cepacities and

avoldance of over-duplicaticn of prcducts.




A feasibility study on the possibility of local manufacture of cast polymethly
methacrylate sheet in order to expand the already existing thermoforming

applications by vertlcal integration.

SYNTHETIC RESIN MANUFACTURE

Feasibility studies on the possible establishment of a synthetic resin manufacturing

unit (or units) for the manufacture of:

a. Oil modified alkvd resins and unsaturated polyester resins.

b. Vinyl polymer and co-polymer latices.
Prior to considering the feasibility of manufacturing phenolic and aminoplast
resins either the manufacture of bagasse board and/or the manufacture of such
thermosetting resin conversion products as decorative laminates and automotive
filters, should become established.
Feasibility studies of the manufacture of decorative laminates and automotive
filters, initially from imported pre-impregnated papers.
If these ;lve a positive result the feasibility of establishing a paper and fabric

impregnating unit should be studied.

THE ROLE OF CARIRI

CARIRI should malintain its effort to strengthen its liaison with educational and
government bodies in order to maximise the use of its technical services. As an
interim measure organize or collaborate in the organization of, symposia in
plastics.

CARIRI should acquire and review their existing equipment against British Standard

and A,.8.T.M, specifications for plasticse materials and products.




CARM! should entond ita patont infermation sorviess by soquisition of selested
British Patont Abridgoment velumes, akter having aoquired and atudied the
Keyword and Classified Indices.

CARIRI should engags the services of s lesal industrial chemist, enporiensed in
plastios technology .

EMRIHER UNITER NATIONS ASSINTANCE

iis rde that further short term assistanse, ia aceserdance with the

Job Desoription st out on page 00 of this repert be given to CARIRI,
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MAIN SECTION

In conducting the survey of the Plastics Industry in Trinidad and Tobago a prel iminary

study of published statistics (1) revealed their inadequacy. Based upon the Standard |

Industrial Classification Code they are derived purely from data obtained from

Customs & Excise, giving no direct indication of domestic production and grouping

all imported plastics raw-materials together with certain plastics finished-products

under one heading 'Synthetic Plastics Materials'. It was therefore deemed

necessary to rely mainly upon information obtained dur ing interviews in order to

establish actual usage of plastics.

Published statistics have however been tabulated in Table 1 to indicate overall trends.,

Per capita consumption of plastics, based upon aggregating items, 1 to 8, having

deducted direct exports, has risen from 5.09 lbs. in 1966 (population assumed 994, 850)

to19.4 lbs. in 1971 (population assumed 1,027, 000). These figures are uncorrected

as they include synthetic resins incorporated in paint and varnish media a high propor-

tion of which is exported. Assuming an average synthetic resin content of 25% in
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TABLE 1

IMPOKT - EXPORT STATISTICS MATERIALS EMBODYING : LASFICS AND RESINS

A. IMPORTS (1bs x 1,000,000 unless otherwise stated)

iI.TI
599.01.01

$99.01.02
641.07

841.07
821.09.99
661.09.091

899.07.01
899.07.02

B. EXPORTS

599.01.01

§99.01.02

641.07

841.07
821.09.98
661.09.091

899.07.01
899.07.02

Product

Synthetic plastics
materials.

Plastics sheeting for
household use (Sq.yds
x 1,000,000)

Impregnated and coated
paper and paperboard
(Includes laminates)

Plastic clothing
Plastic furniture

Plastic building
materials

Plastic tableware

Plastic household
articles

Synthetic plastics
materials

Plastic sheeting for
domestic use (sq.yds
x 1,000,000)

Impregnated and
coated paper and
paperboard

Plastic clothing
Plastic furniture

Plastic building
materials

Plastic tableware

Plastic household
articles

TOTALS (Excluding 599.01.02)

IMPORTS
EXPORTS

BALANCE (Imports
over Exports)

1966

1967

3.651

1.159

0.6676

0.04086
0.2430

0.0656

0.00784
0.00351

5.161

0.0985

§.063

5.038

0.7132

0.06705
0.2767

0.1740

0.00782
0.00267

8.253
0.1297

8.123

¢.0870
¢.0002

0.0207
0.00139

8.472
0.3%019

$.170

1969
9.451

2.249

6.745

0.313

0.0017

0.0116

0.065
0.0317
0.0542

0.0488
0.00104

17.535

0.4620

17.073

1970
10.614

1.900

0.0206
0.0357

0.0406
0.0165

17.583

0.4911

17.092

0.0045

0.02°%

17.741




exporied paint and varnish media these figures are adjusted to .03 and i8.8 lbs.

respectively. While even the revised figures cavnot be regarded as having

o absolute meaning comparison of the 1966 figure with the per capita consumpt.on ‘n

other developing countries (2) indicates that Trinidad and Tobago enjoys an averagely

high consumption.

TABLE IJ, Plastics Consumption in 20 developing countries, 1966.

Country Population Per Capita Country Population Per Capita
(million) (lbs/head) _ __{milliom) (ibs /hovd)

Algeria 12.1 1.87 Argentina 22.7 7.18
Brazil 83.1 1.90 China (Taiwan) 12.8 1.28
Columbia 20.3 1.98 Congo 16.0 0.82
Gambia 3.8 1.08 India 498 0.240
Indonesia 107.8 0.204 Iran 5.8 2.03
Kenya 9.6 6.88 Lebanon 3.8 13.4
Malaysia ] 0.679 Mexico 44.1 0.3
Morocco 13.7 1.72 Pakistan 108 0.36¢

* Phillipines  33.4 3.3 Thalland 3.8 1.0

A United Arab

Republic 30.1 0.9¢ Venesusla s.0 e




As & large proportion of the items (mported under 599.01. 01 are such that they
may be converted and exported under other headings the: figures for the balance

of imports over exports do not give an acourate plicture. .

The agparent flattening of the growth curve from 1869 to 1971, in additicm to reflect-
ing the political disqulet occurring during this period, could also indicatc possible
agproaching saturation of cortain loocal markets. In particular, the sharp growth
from 1968 could be indicative of the encroachment of plastics into fleids previously
hold by traditional materials with a significant degree of saturation by 1869/71,
This slituation being typified by the use of decorative luminates in the manufacture
of furniture. 1t can therefore be expected that future growth in such flelds ia

Hhely t0 reflect a truer picture of actual market expansion.

The sise of the Trinidad and Tobago market is such that, even allowing for tho

possibility of exporting to other CARIFTA and other coumtries within ressonable




distance; (s such that for any particular item of manufacture only one manufacturing

unit may enjoy viability. It {s also necessary that the relatively high degree of
protection such as is at present afforded, particularly during the initial stages of
growth is maintained. Such protection, however, must be carefully gauged to ensure
that it is not used to facilitate the manufacture of materials of inferior quality or at

inflated prices.

The area surveyed oan be conveniently sub-divided into thermoplastics conversion

and fabrication products, classified in terms of processing techniques, and synthetic

resin usage over a range of applications.

Thermoplastics Conversion Products

This section comprises the manufacture of products by moulding, extrusion and

related processes in which the basic starting materials consist of imported com-~

pounded moulding powders. The forming, fabricating of imported sheet both

imported and indigenously manufactured film, and the conversion of imported




fibees other than in the manufacture and conversion of synthetic fibre fabrics. Por

oonvenience the uge of thcrmoplastics emulsions is discussed In Sectlon 3.2 of this

report.

Some twenty-one organizations involved in this sector were visited, ranging from

relatively large concerns engaged in extrusion and moulding processes to small

oomoerns engaged in relatively simple operations such as thermoforming.

I goneral the larger and medium crganizations were found to be elther affiliuted

to or subsidiaries of larger overseas concerns who in many cases exercised

vigilance in respect of process control and quality control of finished products.

The sanie over seas organizations assumed a high degree of responrsibility with

regard to supervisory and operative training. particularly during the introductory

ostages of new product manufacture,
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in the more capital intensive conversion processes, particularly injection moulding

and extrusion, considerable concern was expressed regarding the high cost of such

tools as moulds and dies (n relation to the sizse of the local and CARIFTA markets.

Owing to the scarcity of trained toolmakers in Trinidad and Tobago uimost complete

rellance had to be placed un imported machinery and tools. Among the injection

moulders some plans are already being made to sxploit the posaibility of obtaining

moulds on a loan or exchange basis and undoubtedly such a practice should be persued

to maximum advantage.

Polyvinyl chloride and vinyl chloride co-polymers

Consumption and Trends

With ourreat consumption of PVC compounds in plasticised and rigid PVC and

viaylohlor ide-acetate co-polymer (n the order of 1,380 tome p. a. . all of which (s

imperted, it s doubtful whether indigenous compounding would be justified at this

time, partioularly as | would iavolve heavy duty compounding equipment. No




oxamples were found of production involving the use of PVC pastes,

With the exception of gramophone record compounds, in which the scrup frow de-
flashing and trimming was in the order of 35%, «ll respoudenis re-cycied a stbe

stantial proportion of their scrap.

A mmber of respondents had been in operation for a relatively short period, thus |
the figures obtained are insdoqu#te to provide meaningful forecasts of future PVC

sonsumption. Among the organizations which have commenced operation during

reoemt years, it has been the practice to lnitlally cater for the Trinidad and Tobego

market them expand into the CARIFTA market. Expanasion into other muarkets, such

as South America, (s difficult as these are frequently highly protectod by import

esstrels. This situation (s parallelled with the other sectione contalned i this repnrt,

Albhough with expansion In production of existing lines and diversification consumption
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of PVC compounds might well double during the next five years, it ie not possible

to foresee a likelihood of polymer manufacture being justified.

Imported PVC film and leathercloth is being used in a variety of fields, particu-

larly in furniture manufacture (upholstery), household goods (tablecloihs, curtaining
eto.) and in automotive assembly (upholstery and linings). In the last instance it is
imported in the form of shaped profiles sometimes high frequency bonded {0 a backing
layer. This highfrequency welding technique has been established in Venezuela tut it
{s understood that the plant {s not working to capacity. A very minor interest hes
been expressed in manufacturing bags and inflatables by high frequency welding. In
view of the scattered nature of the markets for film and leathercloth no gpecific study
was made of thig area. It was accepted that gonsumptlon was not adequate to justiry

indigenous manufacture in the light of the high capital intensity

E sion plans

Certain organizations visited were either In the planning stage for incrscsing pro-




duction of items currently being manufactured or diversification into other lines.

The latter embodied the following proposals: Blow moulded bottles for soft

drinks etc. A know-how deal is under consideration with an Austrian firm already

manufacturing in Venezuela, This could also embrace such ltems as feeding
bottles in polycarbonate. Another firm Intends to install an additlonal machine

specifically for this purpose.

Footwear: The flrm manufacturing injection moulded PVC sandals is considering
extending its equipment to handle expanded PVC and is acquiring a facility to manu-
facture PVC Wellington boots. In this latter item they consider that the market,
mainly among oll-fleld workers and in agriculture could be in the order of 150,000

pairs,

Expansion n the capacity for {nsulated cable is also under consideration. Of perhaps

the greatest importance has been the recent acquisition by one respondent of a Henachel

High S8peed Mixer. This is currently being used for their own powder blending of U-PVC




compounds on a limited scale but they foresee the possibility of extending ite use

to embrace _ compounding on a trade basis.

Polyolefines

Of the firms visited the total consumption of polyolefinee is currently in the order
of 3,135 tons p.a. distributed between :

Low Density Polythene - 1,250 tons p.a.
High Density Polythene - 798 "

Polypropylene 160 " "
Despite the rapid growth in the manufacture of film it would appear tuai siguificaat
quantities continue to be imported in the form of film as such and in the forrm of
simple bags. As by far the largest amount of this is for packaging purposes its
wee is distributed over a wide runge of tndustries. In order that estimates could
be made for the quantities involved it would be necessary to undertake » separate
survey. On a quality basis it would appear that the clarity of indigenously prcducod
LD polythene film is inferior to that of some imported grades. With the advent of

pow blown film extruders and the possibility of improving qualities the kLithertc rap'd




expansion in polythene film production should continue.

During the survey one manufacturer interested in obtaining polypropylene battery
boxes was visited. He was consequently put in tough with an injection moulder who
had a machine of adequate shot weight capacity. The possibility of the battery

manufacturer's parent company supplying the necessary moulds op a loan basis is

now being oonsidered.

High density polythene is finding extensive use in the manufacture of various bottles

and containers. This market continues to expand not only from the aspect of import

substitution but also with continuing encroachment into glass containers. One manu~

facturer is currently negotiating for the manufacture of magnesia and liver salts

bottles in polythene.

A major detergent manufacturer cannot completely obtain his requirements from lopal




sources and s continulng to hinport u proportion of his Y, U, polytacns uettie

requirements.

Polypropylene and, to a lesser extent, higi density polythane, are coutinviy io

encroach upon the use of sisal and maalla in the manufacivrs of ropes 0 corenge,

Currently however all the yarn used for this purpose ts imported, 7The pessibility

of using indigenously manufactursd wwisted, fibrillnied polvpropylete fiim is betty

osnsidered. The use of polypropylense monofilament yarn is conth:eq to eordaye

applications whore supsrior abrasion resiscance is required,

The largest film manufasturer effected & comsiderable vxpancion in capacity by

asoquiring the lay-flat tubing plant of another 1nanufacturer, whea thcy went o

lauidation. Thua, it {s possibie that thely copital investment Lo produgitan catio

eoniributed to their profitability.

I the produstion of poiycleftne flims, piants ave dietvituted throvghou: tive
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Caribbean and the North Fastera coast of $muth America,  Thus orhels fout o

be somewhat geographically restricted. Curremtly thove is ne sigriticant g s )
production of pigmented heuvy gauge LD polythene film, mosi of it Leiny tmporic
from the Jamaican plant of « largo manufucturing compary, who «itiough having =

can manufacturing plant {r Trinidad and wide interosis in the plostic s 18

United Kingdom, do not contemplate local plastics conversion.

3.1.1.8, [Expension plans and potentials

In the field of polyolefines it appears that the greatest intervst in exp-reisa vy

diversification lice in fibrillaiion of polypropylene and th manuiactur= of end

products, such as, woven sacks therefrom. Suek sacks have sigaificons pute.ciad

use in packaging commodities includirg sugur, fertilisel s un banancs and ore

eurrently being imported under the trude name "Valeron',

One firm of sales and import agents imtend to nvedt n plastics couversica and

ave currently negotiating with u Canadian organizatizn which gpacialiaw» inlooce
[




3.1.3.
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scale injection moulding, particularly household articles. The object of their

association would be to obtain know-how and effect  an interchange of moulds

on a reciprocal contract hire basis. Planned production runs of 50, 000 to

60, 000 items per mould are envisaged with estimated sales rising to TT$2,700, 000

during the third year of operation. Although potentially using a variety of thermo=

plastics, the use of high density polythene, imported from Puerto Rico, would

predominate.

Styrene polymers and copolymers

Although injection moulding of small items in general purpose grades of polystyreme

is being carried out, it is on a comparatively small scale and caters for the local

market almost exclusively. One item predominates, the disposable forks used for

'Chicken N Chips'. One small manufacturer, who is primarily a manufacturer of

polymethylmethacrylate signs is successfully supplying the market in conasequence

of which he is likely to face competition in the near future as the market is probebly

{nsufficient for two moulders.
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A plant for the manufacture of foamed polystyrene articles was established by a
manufacturer who has since disposed of it to another organization and concentrated
on the manufacture of foamed polyurethane. The second manufacturer appears to

be successfully operating the process but is only utilising 25% of his potential capacity.

The demand for high-impact polystyrene sheet, particularly for vacuum formed
refrigerator liners has expanded rapidly and is confidently expected to continue to

more than double by 1974,

Attempts have been made to produce injection moulded disposable cups, plates and
snow cone cases from multi-impression moulds. These however did not show a

high enough profitability and were abandoned about two years ago.

3.1.8.3. Expansion plans

Injection Moulding. One company ls in the process of installing a 76 gm. moulding




machine to produce small items including combe, screwecap clogures, industrial
containers and pill boxes, maluly in general purpose and high impact polystyrens.
They intend to order later this year a vacuum forming plant to produce containers

for food etc. and bottles by the bonded halves technique.

A Pencil Factory, who have hitherto assembled ball point pens frem imported

components, are currently {nstalling 8 machine to injection mould the clear tarrels.

Two Sign Manufacturers have ordered injection mouiding equipment (8 oz. vhot

weight) to produce disposable forks, lce cream cups otc,

xtrusion and Vacuum Form

Two organizations are considering the raunufectvre of expanded polystyreve cheel,
by the amnular extrusion process, for vacuum forming. One compavy interda to a
start vacuum forming egg bones, and drinking cups first from imported shecet

before {inalising on manufacturing thelr owr shest.
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One firm (s considering extruding High impact polystyrene sheet imitially for its

own conversion and then for the local market. In this project it is possible,

however, that they may seek the collaboration of a prominent extruding organization.

Both 8ign manufacturers who are currently vacuum forming PMMA are considering

extending their operations to include vacuum forming articles from ABS and High

impact polystyrene.

One firm who is at present solely concerned with paper conversiom (cartons, drink-

ing straws etc.) (s currently negotiating for the purchase of equipment to manufacture

drinking straws (n High impact polystyrene. They are also purchasing vacuum form-

ing equipment for drinking cups which will most probably be fabricated from polythene

and polypropylens.

Polymethyl Methacrylate

Thermo-forming of PMMA (s entirely based upon the use of imported cast sheet,




malaly 'Perapex’'. Emtrusion grades of shon do m‘t sppenr to be used, ~ithougn
should the demand for now-illuminated dlwplay articles and signs deveiop, econamic
censiderations might well bring about its ncceptance on a limited soale.

Viaits were made to and discunsions held with :

Threo sign manufacturers.

Two light fittiag manufacturers.

The majer import agent for 'Perspex'.

An ontrepreneur who was interested \n the possibility of manufscturiag
cast shoet.

a ssnsequence the following tentative estimetes of the CARIFTA market for cust

shoot were made
Trinided and Tobage 200,000 TTE® p.o. 4,000 sheots
Jamalcs 200, 000 8,000
Berbados & Guysna 200, 000 4,000
Other islands 90,000 1,000
100, 000 6,000 _
Theoe figures sre based upon the production of aheat of average thickness 1/t a

e 3/08" ot BOTTE por S K. x 4 R, shest. On the basis of the ourrent uee of shear
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ia Trinidad such a target oould be expected to be achieved in three or four years.

Allowing for the re-use of monomsr produced by depolymerizing scrap this would
sonsume approximately 16 tons of virgin monomer per annumi.

CARIRI has submitted a proposal to the entreprensur that they wndertuke a compinte
feasibility study for such a project. The process is described in a report (4) {asuca
by UNIDO. This report gives an sxcellent gutdc. to the process but omits to include
reference to the partial use of monomer produced by the depolymerization of poly-
methyimethacrylate ncrnp..whlnh can make a siguificant contributicn to the viability
of the process. Should such s procou.bo undertaken it would ¢nable other items 1o

be cast in PMMA, such as rods, tubss, blocks etc. end facllitate the csiablishment

.d an encapsulation industry for the production of souvenirs and display items.

Expansion Plass
Sign manufacture in PMMA (s considered likely to continue expandlug with tha a

smallest manufacturer shortly moving iato & new 1.D.C. factory and undertaxing

mere thermoforming. Despite the loss of the lighting contract the manufactirer
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3.1.3. 4.

concerned is confident that increasing their range of light fittings would lead to

increased use of PMMA sheet.

Possible Encroachments

One sign and lighting manufacturer is considering the possibility of partially re-

placing PMMA by cellulose-acetobutyrate in order to obtain an advantage by

purchasing in rolls. This s currently being evaluated for certain smaller lenses

in the U.K. It is probably too flexible for use in display signs. = While PMMA

is quite satisfactory for strip lights and 5 and 260 watt bulbs, it distorts under

the heat generated by 400 watt bulbs and one firm is seeking an alternative material

for this application. Polycarbonate was recommended for trials and partioculars of &

European manufacturer given,

Artificial teeth

Some 6 tons per annum of polymethyl methacrylate dough, syrup and monomer ls

consumed annually in the manufacture of artifical teeth. The canpany (s a fully




*

owned subsidiary, operates the process under mrict control from its Americau
parent to produce some 50, 000 teeth per day. While having an 80% share of the
Trintdad and Tobago market this represents only about 1% of their total market,

the bulk being exported throughout the world, particulurly to U.S.A., Europe,

Australia and New Zealand.

Srathotic Resing |

This section comprises a M of those markets n which synthetic resins are
employed as ingredients in other materials, there being no indigenous manufacture
of aynthetic resins of any typs. The object of this aspect of the survey beiny tc
oatablish the conditions necessary im order to assess whether the manufacture cf

oortala types of synthetic resin weuld be justified.

Some twenty-four visits were made to symthetic resin users, and reprosentative P

esloctions of manufacturers fabricating products embodying themosetting cesins

@ the oured state. The distribution of visits (s shown (n Table VII,
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TABLE YII

Distribution of Visits in the Synthetic Resin §eotor

Sector No. of Visits of Sector
Paint manufacture 4 100%
Adhesives 4 100%
Printing inks 1 100%
Foundries 1 33¢
Polyurethane foams s 100%
Automotive Assembly 1 33%
Decorative Laminate distribution 3 30% (approx.)
Fibre Board (Bagasse) 1 100%
Reinforced Plastics 4 100%

Unsaturated polyester body fillers ] -

Furniture manufacture 1 %

Poteatial raw-material manufacturers 3 -

For the purpose of assessing the feaslbility of resin manufacture it was decided to
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group syntheilc vesins acoording to the type of plamt ln which they con be most
comveniently manulactured. The basis for which was decided by the author's
experionce and major disadvantages accruing frcm using possibly unsatisfactory

oquipment.

QOrowp 1. Aligds and polyesters manufsctured iz high temperature (180°C tc
300°C) jacketed vessels, normally oil or dowtherm jacketed.

Qeewp I, Polymer latices manufactured in stoam jacketed vess2ls equipped for
rapid cooling, efficient sirring and means for delivering \iquid
ingredionts at controlled rates.

Grewp BI. Aldshyde based resins, vizs. phenolics and aminoplasts, manufactured
ia steam jacheted equipment at temperatures up to approximately 150°C.
regiring officient cooling and stirring.

While certaia resins from each group can be masufactured (n the equipment frem

ansther growp this (nevitably gives rise to problums of clesaing and cross-contamina-

tien, which in the case of pelymerisation producte can cause partial or even complule

tuhibition.

© el s o om m——— e
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3.8.1.  Alkyds and Unsaturated Polyesters

3.3.1.1 Paint and Printing Ink Manufacturers Alkyd Requirements

TABLE XIi
Oll Modified Alkyd Requirements

Recent Current

Alkyd Type Solids Growth Demand
Oll Length Descr iption % Solvent % p.a. T71/72 tons
Medium Linseed lycerol 70-75 Xylene & 25 300

white spirit (overall)

Long Soya pentaeryth- 70-75 " 100
ritol
Medium Linolenic rich " " Fastest 80
linseed - growing
Medium & Linseed glycerol - - ¢ 100
long
- Soya pentaeryth- - - " 25
ritol
- Safflower 12
Medium & Linseed glycerol* 70% w.8. 8x since aso0
long 1965 (overall)
- Others including soya- Var Var 80
penta and castor oll
- Styrenated alkyds - - 70
Printing inks imported ready pigmented based on alkyds 34
TO“‘I 1.141

*Solf-manufactured by fusion process in open pots #this would not inhibit purchase

from a local manufacturer provided that he was not competing in paint manufacture.
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In addition, the Manager of the Trinidad sales company of a large paint and resin
manufacturer was interviewed. They manufacture paints for the Caribbean areu

i» Jamaica. He was unwilling to disclose the information we reguired aw:l stated
that should his company decide to erect a synthetic resin plant in Trintdad they
would do so without assistance from any government organization.

Imports of paint (8.1,.C. 533.03 0l) and varnishes (S.1.C. 533,03. 02) for 1971
totalled 59, 857 gallons. Assuming conservatively that 26 of this comprised

alkyd vehicle, this would bring the total to a figure in the order of 1,300 tons.

The bulk of alkyds imported into Trinidad are supplied by a large Dutch manufactur-
or who compares favourably with other resin manufacturers, in Europe ard the

United States of America, in terms of price and quality. Typical prices were

quoted by respondents as follows :-
Medium oil length linseed glycerc! phthalate (70-18% solids in White spirit) - 33 cta,
TT per b, Assumed in lots of not less than 10 tons. Long ofl length soya pentaery-

thritol (solids as abdve) - 41 ots. 1T per 1b. do. Raw Materlals: Al raw materialy

would have to be imported for an indefinite period as the production of cven phthalic
ashydride is not currently planned and by-product glycerol from soap manuiucture is
exported, for refining, (n the crude state. A profile of alkydmanufacture is given

in Appendix II.
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Ungaturajed Polyesters

Currently unsaturated polyester resins are being used locally in the manufacture

of reinforced plastics and body fillers for automobiles.

Glass Reinforced Plastics

Although one company has been producing GRP items for a longer period than their

competitors, both of whom are currently concentrating on the manufacture of power

boats, they have been overtaken by them in terms of stated resin consumption. In
-,

addition to these organizations other plastics fabricators are studying the field and

ocarrying out experimental production.

Although the curremt consumption of unsaturated polyesters in GRP applications is

relatively amall, there is little doubt that this has a potential for continued rapid

expansion. It is also possible that manufacturers, on a amaller scale than those

listed, have been overlooked because of time considerations. Consequently, the

total given (n Table 9 should be adjusted to 150 toms. All the firms listed expressed

intentions to diversify by expanding their range of GRP products.




TABLE 1X

- CONSIPTION IN REINPORCED PLASTICS
3
3 a

tathod
spray-

Mamufaciuring

1971/72

(tems)

Consumption

Nand lay-wp !

5 (')

17
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Puture plans include:

Building Products - Bagasse board filled modules for construction
of recreation chalets etc. similar to those by Wight Plastics, UK.
who are using expanded PVC cores.

Public Transport - bus etc, seats.

Car bodies -~ have planned possible production of 8 GRP buggy body.

,Baths, sinks, bullding panels etc.
- Purpose built GRP furniture.

In the light of these considerations it is thought that resin consumption in GRP could

well reach 500 tons per annum by 1976/76.

Automotive Body Fillers

The main supplier of body fillers in Trinidad & Tobago is a large paint manufacturer

who distributes through a local agent. They claim to have a 75% share. While they were
unwilling to disclose quantities involved, it was stated that the value of their sales amounted
ocurrently to 1,200,000 TT$ per annum. Of their competitors they considered that the
smaller firm interviewed held 4-5% of the market, the remainder being distributed between

a number of smaller manufacturers. The smaller firm interviewed contended that the

market distribution is :
The large paint manufacturer 70%
Themaelves 10%

Others 20%

. e e e v . - - e —— W e e e m—— - o ot e ———
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Thefr current sales, which ﬁave been achieved during the last two years, are in
the order of 25 tons per annum. Accepting thelr figures, as being the most
coneervative, an overall consumption in the order of 250 tons per annum is probable,
This would represent approximately 150 tons of restn on the assumption of an appro».i-
mate 40% flller content.
As undoubtedly their use is well known to all automotive repair shops, it {s prchable
that this market is fairly saturated and further growth limited by such fectors as
Increase In the car population, the ability to export to CARIFTA and other countries
and a possible increase in 'do-it-vourself' car repairs,
On the basis of the large paint manufacturer's figures of 1,200,000 1bs. p.a., at
thetr current selling prices of 12 TT$ per gallon and 4 TT§ per quart; an average
14 TT$ per galion at a density of 1.2, their lalef would represent approximately
450 tons p.a. of body filler and an approximate total consumption of 270 tons p.a, of
resin. The current total consumption of unsaturated polyester resin is therefore .

in the order of from 300 to 420 tous p.a. This gives a total demand for oil modified

alkyds aud unsaturated polyesters in the order of from 1830 to 1730 tons.




Assuming a growth in the demand for alkyds in a conservative order of 6% p.a.,

the requirements by 1975/76 are ltkely to be (n the order of from 1, 870 tons to

give a combined forecast of from 2,470 tons by 1976/76. Assuming an average

batoh production time of 10 hours, including down time for cleaning etc., and &

working year of 6, 000 hours (50 x 5 days, 3 shifts), this would represent 80%

capacity for one 1,000 gallon or two 500 gallon kettles.

Synthetic Latlces

Particular attention is given in this section to polymer latices based upon monomers

which are capable of being reacted at ambient pressure. . Those latices em~

bodying gaseous monomers are produced by a more limited range of manufacturers,

frequently by continuous processes,

Of major importance (n this sector are polyvinyl acetate and vinyl acetate co-polymers,

both types being utilised mainly n the manufacture of surface coatings and adhesives.
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JARLE X

Concumption 3%

Latex Type & 8ollde Appliocation General Trends 1071/72
(tons) Pricos
Vac-vinyl versamate*® surfsce Rapid expanaion 300
5% Coatings
PVAC 58% Sinoce 1068 no
PVAC - high visoosity ) more than trebled
PVAC - low viscosity )  Adhesives since 1968, Growth 100('71)
VAC flexible copolymer ) ' rate meintaining
PVAC (n various viscosity
grades " commenced 1969 e0('") 50-100¢'TT
¥.0.B.
PVAC " packaging only 10('7hH
VAC-ethylhexyl scetate
oopolymer " :
pross sensitive minor quantities omly —
TOTAL: 860 tons

Notes: Ome surface coating manufscturer and one adhesive manufacturer use styrene-butadlene

latices. the former as an alternative to PVAC.

. This manufacturer le evaluating vinyl soetate-ethylhexyl acrylate oopolymer latex as an

alternative to viayl acetate-vinyl versamate copolymer,

Acrplics

A variety of copslymers of acrylates snd methacrylates are curreatly being used on a rapidly »

epanding scale i the surface oocetings fleld, partioularly in autemotive fintches. They .




feature such properties as:

Tallored properties which respect of flexibility and curability

Water solubility for electrophoretic application.
They may be produced as latices or in solution, Certain grades may also be
incorporated into polishes. Although currently their use by local manufacturers
is small growth may be likely to accelerate in the future. Current usage by
respondents amounts to some 25 tons. They would be capable of manufacture in
similar equipment to that used for synthetic latices. The use of synthetic latices
is expanding more rapidly than that of alkyds and should reach the 1,000 tons per
annum mark within the next five years. Consideration should therefore be given
to Indigenous production, possibly on a lower priority than that of alkyds and
unsaturated polyesters.
During the survey we were informed that two separate surveys into this fleld

have been carried out by U.K. resin manufacturers,

Aldehyde Condensation Products

The applications for resins of this class are distributed over a wide range of
industrial sectors. They may function, in the cured state, as binders in a
variety of manufactured products including:

Abrasive products such as grinding wheels.

Frictlon materials, including brake linings and clutoh facings.

Industrial and decorative laminates and bushings.

Automotive filters and battery separators.

Thermoset mouldings, via moulding powders as yet not manufactured here.
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They may, ‘[ necessury, be compounded with othor ingredients and sold in the
unourcd siate to manufacturors in such industrial sectors as;
Foundries, as sand binders.
Adhesives manufacturers, for packaging and use per s¢, or as modifiers
for other adhesives, e.g. synthetic rubber cements and sealing compounds
lamp cupping coments etc,
Pulp and paper manufaciurers es binders, wet strength additives and

impregnants.

Textile manufacturers und dressings, shrink resistant und crease resistant

additives,

Polish manufacturers as gloss cnd hardening agents.

Ruhber products manufactur‘ors as reinforcing and hardening agents etc.
In the former class such manufacturing industries have yet to be established in
Trinidad and Tobago pror to any demand for resin, but the Industrial Development
Council have prepared Industrial profiles on abrasive products and friction materiuls
which will be assessed later in this report. In view of the extensive use of duccrative
laminates in the furniture and other sectors an attempt has been made to assess
demand in order to obtaln ludications of the likely viability of indigenous manufacture
and of paper impregation and coating which could potentlally fucilitate tle nanufaciure
of automotive filters and battery separators, In this class the viability of manufaciure
of this type of resin may well hinge on the success of the bagasse board yroject which iz

about to go 'on streamn', this i also reviewed later in this report.
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TABLE XI
CONSUMPTION OF ALDEHYDE RESINS BY ADHESIVES AND SURFACE COATINGS MANUFACTURERS

Visit Consumption 1971/72
Report Application Resin Ingredient General (tons)
No. Trends
[
15 Stoving finishes Butylated aminoplasts 10
Marine varnishes Substituted phenolics 8
i.e. -p-t-butyl or
octyl phenol resoles
2 -do- -do- 10-15
§ Neoprene cements -do- Good growth 8-10
for bonding
decorative
laminates
Wood adhesives Spray dried U-F Steady 60
(furniture) growth
11 Neoprene cements Substituted phenolics - 1/4
Rubber reinforcing C.N.S.L. modified -1
(ply adhesion) phenolic ‘
12 Wood adhesives Spray-dried U-F Increasing  Bst'd 20
-do- Liquid phenolic 12
(hot or cold curing)
22 Neoprene cements Substituted phenolics * . 10
embodied in imported
adhesive

139 to
TOTAL <= -- 146 toms

l
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In the latter clusa the following contributing factors wore ascertained :

1.

2,

4.

Fourdries: The foundry manager interviewed confirmed that his orgaulzation
«leo functioned as the distributor of products for a large foundry products
manufacturer and that none of the three foundries on the tsland use synthetic
resin binders. | His foundry and to a lesser exteat the others had adopted the

CO, process Involving the use of sodlum siticate as binder.

Pulp and Papor: No paper mills exist 2s yet. Tentatlve enqulries have beea
made of CARIRI with respect to establishiug a manufucturing process for pulp
moulded egg trays, from sorap newspriat. This project could ultlmately

involve the use of a urea-formaldehyde binder.

Textiles: Although there is a well established gurment industry no weaving is

carried out.

Adhesive and surface coat!gs manufacturers were visited and thelr use cf uldehyde

resins s glven in Table II.

Polishes. It was understood that although polishes of all types are imported
none are Indigencusly manufactured. In any event formaldehyde resing, in

perticular substitutcd phenol resoles, are only used in minor proportions.

Minor quantities of rubber reinforcing phenolics are being used in the manufactuce

of radial ply tyres, viz up to only 1} tons per annum. No visit wis made to tho

other rubler manufacturer,
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In consequence of these findings it becomes obvious that the manufacture of aldehyde
resins should be put on a lower priority than those in the other groups, unless such
manufacture (s preceded by the establishment of a relatively large capacity process,

such as bagasse board and/or decorative laminates.

Binder Requirements for Bagasse Board
The bagasse board plant Is scheduled to go 'on stream' in August 1972, It is
designed to produce 36 tons per day (10, 000 tons per annum) by the end of 1973, in

accordance with the following target schedule:

August, 1972 to January 1873 - 1 shift per day
January 1973 to June 1873 - 2 shifts per day
June/July 1973 - 3 shifts per day for 280 stream

days per annum,
It (s further anticipated that its capacity will be expanded to 48 tons per day, possibly
within two to three years.
For general purpose boards the binder will consist of a spray dried urea~-formaldehyde

resin to the following specifications :

Specific gravity at 20°C. 1,20 ¥ 0.05

Viscoslty at 20°C. 200 to 8,000 cps. at 50% solids,
pH 7.6 & 0.5

Free formaldehyde .0 ¥ 0.5%

Cure Conventional ammonium chloride

hardener.

P . [P o w cen et o e g i
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For special purpose, molsture resistant grades, ihe binder will consist of a
liquid phenol-formaldehyde resole.

With an average binder content of $3%, the distribution of general purpose to
speclal purpose boards s expected to be in (he order of 90 : 10,

Although the project is based upon the use of lmported resins it is understood that,
once established, preference would be given to the use of lndigenously prodaced
resins. Should this be achieved the use of spray-dried resin could be raodified

to a liquid Urea-formaldehyde resin to oliminate the re-constitution step.

With a binder distribution, based upon bone dry bagasse welght, of 8.8% for the
outer layers and 8.6% for the éoro. binder requirements for 10, 000 tons of hoard
per annum would be 1,400 tons of 1lguld resin at 60% solids content per annum.

A single resin kettle of 500 gellons capacity would be capable of producing about

8 tons per day of the types of resin binders used, on a three shift basis. Thus it
oould be expected to comfortably accommodate the quantitles envisaged, with
probably ;ufflclem space capacity to produce for other outlets. In order to main-
tain flexibility, however, it would be undesirabl2 to base such a resin uniton a
single kettle. It is most probable thereforo that udditionally a smaller kettle, of
for example, 250 gallons capacity should also be installed.

Board pressing (s bazed upon the use ol a four daylight 183 x 6 ft. hydraulic press,
in addition to which a single daylight veneeriug press hes bean installed. Operating
pressures are in the order of 130 p.s.l. (10 kg/sq.em.), which are insuffictent for
the production of decorative luminates, but marginally adeguate for In s'tu faclug

with resin pre-impregnated decorative sucface papcras.
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3.3.3.3. Decorative Laminates

In view of the apparently extensive use of decorative laminates in Trinidad and
Tobago, it was declded to undertake a preliminary assessment of this market.
Laminates are principally used in facing the cheaper quality furniture and
kitchen furniture. It is purchased both by furniture manufacturers and also,
through wholesale and retail hardware stores, by the public. Most of the island's
87 furniture manufacturers obtain it through a number of importing agents ranging |
from the importers of well known brands; Including 'Formica', 'Arborite’ and
'Warelte'; through to an indefinite number of agents factoring cheaper qualities
imported from countries throughout the world. From the survey it (s apparent
that the more expensive established brands have suffered a signicant decline in
favour of cheaper materials. Current imports and their trends are given in
Table 12.
Consideration is being given to manufacture locally by two importing organisations,
the possible

the first on/oquisition of a redundant 8' x 4' press instituted a market survey from

which he was unable to draw conclusions as to the overall sizse of the market and




ssawmpRYY) suyndod 30ey

(poagd) m 000°0ZS

2261803 000°0¥Z JTI3WIS PUBWOP JBWRIIN) wu | Lrurem ¥ X 01 8OTBI04, soysedn] *19L
(poxg)
x4 zL6T +000°0L2
QL wust 000°0LZ = | Ajurew s xZzI (vpoun))
y  0L6T 000°SL2 STI3INAS puUBEIP 1WIIIN) SNOTISA 03 dn » 9313042y, Snyaeds] £€
(pa14g) LI ¢
TLST Cwol[ITm *IL6T TTady pommsax -zt Yy
ZL/y y1o03 1 ‘0,61 P3uopurqe N (epean))
o3 1L/¥ 000°06S ‘8961 paliels - g0 rxg w3 TUTEST,, juels jzodwy 0os
{pazts
*239 [ITRAg saipew) I2IN)dBJUrE
zL/TL6Y 000°26 wisuedxs panuyiuc) wt/1 ¥ x3 ‘Auswidn N WOIJ We0J fid PUT danJruang 91
IeIA {3;5°bs) 33 X 13 SHIINOS *ON
19A0 SIS SPpuUal], [RIIUI sSSP IYL ﬁumum.mvm-mml 0 lo.mwuww‘u—uon xzodoy
-uarj e SWO ISUIMIQ (s)smmy puszg IISTA

SIN0dI 1ISIA 40 AMVSNMS - SAVNRNT SALIVEOON
T Vi




S.2.3.4.

- 49 -

its degree of saturation. The second on the basis of a package deal including
know-how, including two impregnating machines and starting from imported raw
papers and resins. The justification for this approach including an assessment
of the current overall Trinidad and Tobago market as being in the order of 2 million
square feet of laminate per annum, and that export to the Caribbean and worild
markets was achievable. Inthe author's opinion, while it may be natural to
minimise investment capital by importing pre-impregnated paper and confining the
process to laminating trimming and sanding only, it s possible that If impregna-
tion equipment were installed it would lead to a greater potential for diversification
into other lines involving impregnated and coated papers and fabrics. With regard
to the package deal, described above, the use of two impregnators, for separate

{mpregnation of phenolic and melamine-formaldehyde papers, appears to be an

unnecessary luxury.

Automotive Filers and Battery Separators

Both automotive fllters and certain battery separaitors are based upen phenolie




- 50 -

hupregnated pocuus papers, In the lattor instunce the island's largest battevy
manufacturor stated that they usvd no paper separators but were commiited to
using PVC separators, of hoth the sintered type and the starch expanded type.
by thelr principals because of thelr superiority under tropical condittvas.
Having been approached by a cliemt, interested in manufzoturing ulr, fuel and
oll filters as replacements for commercial and private vehlcles, CARINY arve
ourreatly investigating the possibility of acquiring Informatlon as to neckage

deals involving know-how and plamt for production based upon imported pre-

impregnated paper.

Misoelianeous plestics and resias

In addition to the (tems deait with in sections 3.1 and 3.3 of this repcri thore s
an active growth a various polyurethame products. particularly foame fcov upliol-
stery and (nsulatlor and polyurethanes for surface coatlngs. Also CARIR! hag
become (nvolved (n a2 number of projects invelving such polymers as Lake aspnglt

and the polymeriation of orude oil, om which the author's advice was sought.
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Polyurethane Foams

Two organizations are manufacturing flexible polyurethane foam blocks and
matresses. Both are using polyethers obtained from America and using com-
binations of TDI, tertiary amines and water for simultaneous foaming and curing.
Their combined resin usage currently amounts to less than 400 tons per annum
but one of them only started production in February of this year. Experimental

production of rigid polyether foams (s being investigated by two companies. J

Polyurethane Surface Coatings

It is anticipated by one manufacturer that his demand for polyurethane modified
safflower oll for varnish manufacture n 1972 will be In the order of 17 tons and
anothe. manufacturer imports a similar product in the form of the varnish. A |
high growth rate for these products is expected, possibly at the expense of
varnishes based upon substituted phenolic - tung oll, Should, at a later stage,
quantities be sufficient to justify manufacture it is anticipated that they could be

made in the alkyd plant,
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Expanded Uses for Lake Asphalt

The Industrial Development Corporation had requested advice from CARIRI on
additional flelds of application for Lake Asphalt in view of possible declining use

in road surfacing. It was agreed to conventrate upor those aspects of its propertles
whioch differed significantly from those of ofl and coal bitumens. The following
proposals were made and actions taken ;

1. I view of the high mineral content of Lake Asphalt and the cxpense of ity

removal, investigation should be 1imited to those flelds in which t¢ was

acoeptable.

3. Inthe light of recent developments In sulphur polymers and their use,
particularly in the building of low cost houses, coupled with the future
avallabllity of sulphur from loecal oll c.lo-lulerlzntlo.w plant, aiteation
should be given to possible asphalt-sulphur comblaations. The sutnor
was aware of g-neral work In this fleld and was able toobtatin fusthe: biblio-
graphical information {rom the following :

Dr. Currell, the Polytechnlic of North Londen

The Sulphur Institute, Washington, D,C.
Shell (Canada) Ltd,
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The Polymerization of Crude otl

A local entrepreneur had acquired the rights to a new process for the rapid manu

faoture of a variety of materials, ranging from foams to moulded solids, by

modificatlon of crude oll by undlsclosed resinous products; presumed hy th:

author to be along the lines of Isocyanate termipated polyurethanes. CARIRT

had been requested by 1.D.C. to comment upon the genuineness of the process,

During discusslons with the entrepreneur it became apparent that his U,K. patent

agent was a cilant of the author. The author had conducted a prior art search of

U.K. patents in this fleld during late 1971 and obtained a copy of his repor" for

CARIRI. This document also contains items of possible relevance to 3.2.7

above,

Industrial Development Corporation - Industrial Profiles

Brake Lining Manufacture (Industrial Proflle No. 10).

With the desire to Increase the looal content of automoblles, (n which already

inoludes replacement tyres and battertes and will include them as inltial equipment
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moent of the viable area to be supplied and whether or not manufacture would need

to be restricted to selected sizes and types of linings.

3.3.5.8. Abrasive Cloths and Papers (Industry S8heet No. §)

From the aspect of synthetic resin consumption the requirements (n this fleld are
very small including only minor additions of phenolics and aminoplasts as hardeners
for animal glue and possibly alkyds for specialised grades of water-proof abrasive
oloths. Larger quantities of synthetics, particularly phenolios, are used in the

manufacture of grinding wheels and cutting disocs.

3.4, _Raw Muterials
Although the advantage of using indigemously produced raw- materials is obvious,
these are extremely limited and plans for the extension of the range somewhat

remote at this junoture.
In the Government of Trinidad and Tobago's Five Year Plan (1940 - 1973) the

poosibility of establishing a petroohemical complex is discuseed (4). It is
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recognized that the establishment of such a complex would be dependent upon

access to markets outside CARlIFTA. Should such a complex be established it is
clear that the proportions of materials produced utilised in indigenous plastics
processes would be of a low order. These might concelvably selected from the
following groups outlined in the Plan according to which group was selected. In
order to give an indication of perspective an order of the amount of polymer or inter-
mediate currently utilised (Category A) or required in the event of resin plant being
installed to meet import substitution requirements (Category B) is compared with the
probable capacity of a minimum viable sized plant, in Table XIII.

Prilled urea is produced by Federation Chemicals Ltd. Although primarily a fer-
tillser grade, its quality is adequate for the production of Urea-formaldehyde resins

for the bagasse project and other outlets. It is manufactured to the following

specifications:
Limits Normally Achieved
Total Nitrogen 46,6% Min,
Molsture Content 0.8% Max. 0.38
Bluret 1.8% Max, 1.3%
Free Ammonia (NH3) 150 ppm.
Ash 36 ppm.
Iron 1.5 ppm.
oil 5.0 ppm. 1.0 ppm.
Colour - Alpha Scale 3
Turbidity (810g) 7.0 ppm.
pH 7.0 to 6.8

Screen Size (U.S. Mesh) Passing 6§ - 100% retained by 30 - more than 80%.
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To preduse 1,000 tons of modium oil longth aliyd agproximately 130 tons of
glyoerol is required. Although ome of the local seap manufacturers produces
approximately 880 tons of orude (80%) glyoerol per anmum as a byproduct, the
mtamﬂuﬁm“h)ﬂlﬁyn‘hhn‘ltlamunowum.
luﬁooruomuuqut@ uwnsuitable for alkyd manufagture. Refined glyserel
ie imperted, 54 ota TT por b, , for use in telletry predusts ole.

Of partioular interest to the suther is Cashow Jut fhell Liquid, an unsatureled
phousiic material, which has quite wide usage ia the indusirial resins fleld, Apart
fren cashow trees bolug of commen cosurrense oa the island, there is ene small
plantation on the slepes of Mount 5t. Bensdist. The pessihility of mere entensive
ouitivation in order to produce eupertable quantitios of hernele, and ahell liguid hes
boon doalt with in a Repert, the conslusions of which appear somewhat nchulous.

ovhgtolukdtm however, this subjest was net pursued.

Irainiag » Fostics Teshholegy

W oll respondents interviewed ia the thermeplastios ccnverolon soster, & wae




statec ihet trelning {or a pertleuniar process hod been ziven cither by thair parert
company, the plant manufacture: or the polviner mun:fzcturer, and was subctoxtialiv
confired to the particulur operitions involv:i (n the mnec!/ic conversion nrocess.
Poxticularly among the more senlor executives this was supclemented v visits o
mejor plastics exhiblitona end aiiendarne at courees cvarzeas, While ar-=elng Liai.
largely because of pressure of -»ork, the aupport for formal coursea covering the
whale field of the technology, would moat iikely be lnsdequate, most respondents
thought that there was a need to expend the rance of theli kue—ladge of the nlastiae
fleld, It was generally considered that this could best be mct by ctiendance at
periodic aymposia or seminars on seleoted topics.

With this in mind a trial one day symposium wss crganized, the progiarmme for walch
is inntluded in Appendix ITI .

The Sympoaium, held on July 14, was attendad by soms 70 delegaies drawn fron: locai
tndustry, steff and students from the Uslveraity of the West 'ndler ard reprosentaiives

of the engin2ering nrofessien, architacis eud the Tlre Ser!ves.

-
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A swmall exhibition, held simultaneously, ia the reception area comprised a

selection of locally made plastics products, and representative trade literature

from the larger raw-matertals suppliers. Lists of CARIRI holdings of textbooks,
journals and monographs relevant to plestics techimology, together with the Plastics
Institute's list of monographs, were available for distribution. As a first symposium
of its type it was considered by both the organizers and delegates to have been highly
successful. The discussion periods, including the 'Open Forum', were recorded on
tape and copies of the full papers obtained by CARIRI,

As an introduction to plastics technology for the iniilal benefit of CARIRI staff, the
author presented a cne half day seminar. The papers were subsequently wrilten

up for presentation to CARIR! staff and delegates to the one dey symposium. This
document comprises Appendix V.

The following training programmes organized by UNIDO and other bodies were
discussed: .

'‘Symposium on Plastics Fabrication in Latin America’s Bogota. 20 November
to | December 1972, - United Natlons.

'Plastics Trairing Programme', Vierna, 4 September to 3 November 1872,
United Nations, .
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Tralning Seminars: New York Universily, A ser:ey of 11 separate five day
symposia, each dealing with e specitic aapect of plastice techrology, and
being repeated at least twice, has been orgarized to run throughout 1973,

At present there is no member of CARIRI stoff exporienced in Plastics

Technology. It was, however, considered that reprerentation et the Symposium

1. would be beneficial, consequently application was raade ior one of the Expert's

oounterparts, Mr, Gary N. Voss, to attend, Owirg both to pressure of work and

the proximity of the Plastics Training Programme 2, it was decided not to apply

for representation. Tralning seminarc of the Type 3, would be more advantageous

when CARIRI had an appropriate member of staff concentrating on Plastics Techuology.

4
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4.0 DISCUSSIONS AND RECOMMENDATIONS

4.1 THERMO PLASTICS CONVERSION

411 Discussion
Among the thermoplastics converters & very dynamic situation exists. Almost without
exception they have disctd ged plans for further expansion and diversification into
additional lines and conversion processes. Although in wost cases manufacture is
severely restricted by the size of the local markat aud the limitations imposed on
exports by tho existance of similar processes within the CARIFTA and other nearby
countrics.
Conversion processes are, of neceasity, on a significantly smaller scale of operution:
than those of the developed countries hhfrlng very much larger local markets.
The size of the 1ocal market at a population of 1,100,000 is such that a siugle organization
and, in exireme cases, a eingle plant item or evera mould can cater for a far larger na rket.
Thus where high capital costs are involved, cuch 28 imported 1oulde for injection and
compression moulding, they may conatitute a marked economic imbalaunce.
No example of compression or transfer moulding of thermosetting moulding powders was
found but one organization announced the intentton of producing gpeciaiised electricul
grade mouldings from such materials. |
In s number of cases imadequate attention gppureﬁ to have been paid to market considerations
bﬂor to investment in plant,: ~The pocsibility of overcapacity for a particular ltem, srising
from uncoordinated decislons to prodnce it by more thun one organization could creatoe
future difficulties. ' .
No heavy duty compounding equipment for thermoplustics was located, other than
a recently installed Henschel Mixer. It s most likely that the domand for exirusion
and moulding compounds in relation to the number o! diffcrent compoumls involved would nct

justify the high investment needed to 8et up & separate compounding organigation at this
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juncture. The extvaders who have acquired the lienschetl alixer haves however,

planned to link this with an extruder-mixer and, atter havinge fultilied their own
requiremerts for compound, cousider offerlag 1 compovading {eeility to other organizations,
Currently most of the converters purchase their compouncs fron the larger polymer
manufacturers, such as [.C.I. and Hoechst, thereby obtaining materiais of more
consistent quality than would be atiainable froin a trade compoundar, paricularly during
his early stages of operation.

The growth of the local consumption of cast polymethyl methacrylate sheet for sizns and
lighting fittings should continue. The estimates of the current demand for the CARTFTA
countries s approximately 5000,000 sq. . per amum, Thie potentiel market

should justify a more detalled study with a view to estab!tshing an indfzcnous castirg
operation, Thus the opportunity for CARIRI to undertske a feasibility siudy on behalf of

a client organization should be persued.

RECOMMENDATIONS

As the existing thermoplastics converters have already anncunced plans for

expansion and diversification and a number of other organizations have also announced

Intentions or ordered plant “or conversion it is recommended that expansion in this

fleld, at this stage, is left to them,

The formation of a Trade Association or similar body, to coordinate thie sentor

of the industry and exploit to the maximum such activities as mou'd hiriny schermrres,
dissemination of information regarding plant capacities and the avoldaace of
duplication in manufacture. is recommendied,

The feasibility of establishinyg a plant for the manufacture of cast polvmetiyl

methacrylate sheet shouid be siudied in detali in tre iglt of process cgescribed in
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the United Nations Monograph No. 6.(3)» poasibly modtiled by the inoluston of a means

for preparing part of the monomer feed from depolymerized sorap.

HETIC RESINS
Ql_n_gnuion .

The current demand for ofl modified ulkyd resins, by surface coatings manufacturexs:
coupled with the current dermand and future growth potential of unsaturated polyesters
strongly indicates a need to conslder indigenous manufacuure of these rcsins. They

can be conveniently manufactured in the same equipment which would basically comprise:

L. A high temperature (2509 to 300° C.) jacketed reaction vessel, preferably in
statnless steel. Which may be oil or Dowthern jacketed or induction heated,

Equipped with:

{. Condenser adaptuble for reflux and distillation,

u. wide inlet to condenser.

i, slow speed (apo. 120 r.p.m.) stirrer - anchor type.
tv, fmmerslon cooling colls.

v, Temperature recorder.

vi, Charging marhold.

vil.  Inert gas line to proximity of base of vessel.

ix. Bottom discharge valve (flush geated).

8 Bursting disc.

=t. Valves, sight glasses, receiver, eto.

And optionally:

L A separator for axdotropic distillation.
i, A vacuum pump.

Should the reaction vessel be of 1, 00C gallons cspaclty it would be capable of producing
astiolpated local requirements &t least up to 1875/1Gs on a three shift basis, From the,

aspeot of flexibility, however, and reduction in poseible hold-ups; & unit based upon

two smaller reactlon vessels (s preferred.
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Svnthetic polymer latices, in particular polyvinyl ccetate and vinyl acctale copolymers,
are expanding more rapildiy than oil modified alkvds and their locil consumgition coutd
reach the 1, (00 tons per aunum mark within the next five vears. Assuming an average
batch time of five to six hours, Including cleaning znd a batch vieldof 1% tong, a 500
gallon reaction vessel cculd be expected to produce up to 1, 00C tons per annum on a
twenty-four hour shift basis.

A similar reaction vessel would also be satisfactory o the production of acrylic laticcs
and solution polymers, which are assuming increasing importanca in such fields as
automotive finishes and polishes.

The essential requirements of a suitable reaction vessel include:

t. Facilities for steam heating and rapid efficlent cooling.

i, Ffficient stirring, possibly at two speeds (129 and 250 r.p.m.).

iit, Facilities for continuous, gracual addition cf liguid ingredients
(monomer and catalyst soluticn) after the onset of polymerization.

iv, Efficient reflux ccrdensaiion.

v. Optlonal facilities for vacaum removal of residiual monomer,

The applications for aldehyde condensation products particularly pheno’~formaldehyde and
urea-formaldehyde are distributed over a wide range of industrial sectors which include
the manufacture of finished products in which they are cured as binders. Thus

their market i8, to a great extent, determined by thé existence of appropriate
manufacturing nnits. For this reason the declsion whether or not io encourage thelr
Indigenous manufacture could inttially hinge on the success of the hagasse hoard project.
Ultiraately, a restn demand could arise from producte derived from impregnated papers
which, should schemes for the indigenous manufacture of decorative \~minates and
automotive filters prove viable, ould be tnitially produced from impated pre-impregnata?
papers. Such products would create a potential demand for both phenol-forranldehyde and

melamine-formaldehyde resins.
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At this juncture it is considercd premature to consider ihe wmanuwfactire of the taete

intermedlate polyethers for polyurethune foam: preduction as, not oniy are the quuntities

used less than 400 tous per annum put they are produced on large scale by a limited

number of manufacturers in the developed countries. Should there be a reversion i

the declining popularity of polyester resins as a basts for pclyurethan: foams they could °

convenlently be manufactured n the alkyd plant.

The demand for pclyurethanes for surface coating applications, although currently small

in Trinidad and Tobago, s expected to rise apprecicbly, Those based upon polyurethanc

modified drying olls could also be manufactured in alkyd plant.

In anticlpation of the Increasing avallabllity of sulphur from the oll dasulphurization plaat.

which is at present veing constructed, and the concurrent need to extend the applications

of lake asphalt {t is recommended that zttention is gives to possible combinaticns of

these products on an exploratory basls.

The possibility of manufacturing solld polvmers and foams contalning reaction products

of orude oil connot be assessed untll the asignes has obtalred adequate patent cover and

is prepared to disclose his process. Although some of its applications may appear
to be exaggerated, it may well turn out to be an exciting development.

The industrial profiles, for the manufacture of brake linlngs and abrasive cloths aud
papers, prepared by the Industrial Development Corporation, tndlcat e the uoed for a
more detailed assessment of technical entainment to be made prior to, or cduriag thy

course of, the preparation of such documents.

Recommendations

A detailed feasibility studyshould be made of the desirabllity to astablizh a synthetic

resla manufacturing uult {cr units) for the manufacture of:
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8. O modified all:vd resins and unsatuczted polyeater realns,

b, Polvrmer latices. particularly thore bas:d npon poryvinylacetaia ard
vinyl acetate copoiymers,

Prior to considering the possibility of manufzeturing pherolic and aminoplast rocme
the following proces=es should be established:

a, Manufanture of Lsgasse hoard in such guaniity 28 wonld entail the use Gl
not loss than 1, 000 tops per aniura ~§ hindaor resia,

b. The manufacture of such thermosetiing resin convercion wrndulte an
decorative laminzter and avionutive filters, initially basad unon
pre-impregnited papers.

In respect of 4.2.2.2 b. Feasibility studies on the raanufacture of deccrative laminaics
and automotive filters should be undertaken. . {

If the resulis of the items in 4.2.2.3 are posiiive the feaeibllity of establishing a poper

and fabric impregnating unit should be studied,

THE ROLE OF CARIRI

Although it is appreciated that the torme of reference of the Expert are confined to the { ield
of Plastics Technology in the light of his broad axperience of Research and Ieveicpment
extending to other aspects of the chemical Industry, i Is inevitahle thzt certain commenis
may have more geueral application.
It is propozed to discuss the roie of the Caribbean Indugtrial Research Inatituto vnder the
following headings:

Industrial Promotion and Training.

Tcesting.

Imfornmution Services.

Steffing.
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Industrial Promotion and Training

During its two yeacs of existence CARIRI's name and reputation have developed ard it

ts now well known through Tr intdad and Tobago industry. Its relations with other
Government bodies arc well esiablished but, in the expert's opinion, it 18 possible

that more extensive use could be made of its tachnical expertise. Yor example 2

number of specific projects have beeu executed by CARIRI for the Industrial Development
Corporation, 1,D.C., but as the staif of 1.D.C. are mainly ceonomists it is probabls
that they could make more general use of the technical background cf CARIRI stufi,
particularly when drawing up Industrial Profiles ard executing Feasibility und Pre-
fousibility studies. |
A stronger liaison with Tecinical Colleges, both from the aspect of possible future staffing

of CARI®I] and in pinpointing the need for particular types of techinincians and craftsmen,

would be desirable.

The consensus of opinion among respondents, with regard to training in Plestics Technolozn

was that, at this stage there would not be adequate support for tormal courses but pericdic
symposia would be supported,in order to broaden knowledge of the subject snd promote inter-

course between workers in this sector. with the facilities available on the Univereity

. Campus and the relationship between CARIRI and vartous faculties of the University,

CARIRI should be well palced to organize symposia of this type. It was with these
oconsiderations in mind that the Sympostum on Plastics Technology was arranged,
Involvemant in the oigantzation of such functions should also serve the purpose of pro-

moting CARIRI within industry. .
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Testiug
Stnoe its (nception CARIRI has progressivly acquired a broad range of equinment for
undertaking mechanical, chemical and physical testing and one of its functions is to
offor this service to industry. Parallel to thig situction it is understood that a
Bureau of Stand ards ia shortly to be established, There is little doubt that CARIRI
is In an excellent position to make an effective contribution in thir respect, whiie at
the same time avoiding duplication of services.
Within the plastics sector of industry testing is greatly influenced by the folloving
considerations:
i Test schedules, particularly for products for use in techutcally
' demanding operations, are normaily ordained by appropriate published
standerds set out in natlonal or international specifications. The
most commoniy applied specifications in Trinidad and Tobago are
those of the British Standards Institution and the Araerican Society
of Testing Materials.
it. Largely because of the scale of operations in rslation to market
size and the high incidence of affiliation with larger overseas
organizations, it {8 common practice for most if rot all cf the
more sophisicated testing of finished products to be carried out
by the overseas organization.
While the advantage of having local facilities for carrying out comprehensive testing
sohedules is obvious, In most cases the use of thie fecility would require sppreval by
both the local firm and its overseas affillate. With independent crganizations, which
generally operate on a smaller scale than those with oversesns affliictes, thers is a
greater freedom of choice and CARIRI's services should be of greater immediate
benefit. In assisting and promoting new operations, in particulav, it is recogniseq

that promotion of quality control standards is one of CARIRI's functions.
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In predicting thuse seclors cf the plostics tadustry most likely to cail upun CARIRI's

testing facilities, these sectors in which techntcally demnandiag products are tkely to

be manufactured hy organizstions having litrle formal technical oriemtation are likeiy

to dominate. These ticlude reinforced plastics, insulants baced on foarnted procucts and
adhesives. Of possible particular importanee may be the bagasse hoard developrasnt (n .
which it is tmportont thet CARIRI should be In a position to gssist by carrying out the
necessary evaluulion tost scireduales during scaling-up operations and in collaboraiing

in the more routine guallty contrcl procedures.

Infornmtion Services

The potential importance of CARIRI's library and information services cannot be
overstressed. One of the major difficulties exper tenced in the Gaveioping courtries (s thut of
disaeminating and vetrival of technological informatiom, particularly that contained in
technological journals and patent literalure which ore uulikely io be housed in university
libraries. In the long term CARMI's information services could be regarded as a possible
nuclous for a national technological library, While appreciating that such & matter would
iavolve high policy decislons, the need for such an organization is, in the cxpert's opinion,
self-evident.

Advice has been given on extending the library's holding of piastics jouvrnale, monographs
éarticularly suitubly for reference and training, ong annually bound reviews, covering

a wide range of toplcs in applied chemiatry, which are particularly useiul as a sowrce

of prior art and rctrospective information. The classification and indeving of Britieh .

Patent Spacifications has heen discussed and suggestions made in accordance with the

recommendaiions given below.
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. 4881 m:wﬂoﬁ and Training

Currently CARIR] lacks sultable staff having experience in the plasiics field., With ths
probable continuing high growth of such sectors as reinforced plastics and thermoplastics
oonversion and implernentation of the feasibility studies recommended by the expert it
should be anticipated that the demands on CARIRI are likely to increase in this field.

A suitably experienced industrial chemist would also be able to imake a significant

costribution towards other, non-plastics projects,

Recommendations

CARIRI should maintain its efforts in strengthening its llaison with Technical Colleges,
mdustry, the Industrial Development Corporation and other governmental organizations
promoting small industries in order to maximise the use of its technical services.

UU‘I the demand justifies the organization of formal courses in Plastics Technalogy
cnﬁl should either organize, or collaborate in the organization of, periodic symposia

W Plastics Technology.

. .4.0.5.8 Tosting

CARIRT should acquire coples of all British Standard Specifications and American Society for
Testing Materials specifications relevant to the plastics sector and review its test
eguipment items to ascertain their suitability and limitations. Addit lonal equipment

oould then be considered according to likely demand and the shortcomings of their present

zange.
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4.3.2.4

4.4

Infornetion Services

CARIRJ should exicnd iis patent information scrvices by:
Acquiring the Keyword (1 volume) and Classified Indices (3 volumes) of United Kingdom

Patonts.

This should be followed by the acquisition of selected Clagsified Abridg ement volumes {n
the plastics and othev fleids.

CARIRI should engage the services of an industriul chemist, who possesses experience i
the production and application of plastics and capable, at leoast after initial support from a

ghort term United Nations expert, of undertaking technicz1 prejects in the plastics field

and carrying out feasibility studies.

FURTHER UNITLD NATIONS ASSISTANCE

It is recommended that further, short term assistance be given to CARIRI and the Govern-
ment of Trinidad and Tobago, m the forn: of a thort term expert in Plasiics Technelogys
in order to carry cut the following functions:

{ Link up with and give initial training to the industrial cheinlet,
who it is recommended that CARIR! engage and who would function,
inter alia, as the expert's counterpart.

il. Carrv out such feasibility studiss, recommended in this report,
as had not been undertaken by CARIR] as specific projectss auring
the interim period,

it Study the market, production and demand situation with respect to
cast acrylic sucets, aldehyde resins, vinyl pelymer cmuistons, Gosorative
laminates anc cther products derived from synthetic resin, impregnated
and coated papers and fabrics in the CARIFTA area.
L] |
iv. Agsist CARIRI in the organization of a further symposium or sominar in
Plastics Technology as a follow-up to the symposium hold on 14 July 1572,

v. Investigate the poteutial fer indigenous Cushew N ut Shell liquid and s
related and conversion producis.




4.4.1 JOB DESCRIPTION

Post Title
Duration
Date Required

Duty Station

Consultant in Plastics Technology.

Four months with possibility of extension.

As soon as possible.

St. Augustine, Trinidad, with passible travel within
country end other Caribbean islands procuzing
plastics and/or their conversion products.

The expert will cooperate with and assist in the
initial training of local counterpart staff in carrying

out economic feasibility studies in selected sectors of |

" the plastics producing and coversion tudustries, with

a view to making a detailed assessment of the potcatial
for thelr initiation or expansion. The conzultant will
also be expected to acsist in the organization of a
symposium uvn Plastics Technology to which local
industrial orgauizations, University staff and students,
and professional organizations will be invited to
attend and subscribe papers. The selected sectors

of the Plastics Industry will include the manulacture
of alkyd resins; particularly oil modified alkyds

and unsaturated polyester resins; expansion oi the
glass {ibro reinforced plastics acntor, the manu-
facture of cast methyl methacrylate skect and sther

related products, vinyl polymer latices and acrylic

~
'




Qualifications

Baskground Information

emulsion and solution polymers, decorative laminates
and other aldehyde resin conversion producis, pur=
ticularly those derived from impregnated snc zoated
papers and fabrics; the possibilliy of viilising cashaw
nut shell 1iguid and/or its conversion produete/ from
Jocal sources. The conzultant wiil, in particular be
expected to:

1. Complete detailed market studies in ihe soctore
lieted above, both with respect to Trinidad & Tobugo
and other countries within and adjaccat to the CARIFTA
area.

2., Prepare detailed surveys of process sconmnica,
investment required, site requirements aud facllities,
labour requirements, laboratory and testing require=~
ments in carrying out the feasibility studies,

3. Contribute to the promotion of CARIRI within the
plastics industry recommending any additioaal {acil-
ities needed to facilitale CARIRI's services to the
industry.

University degree in Chemistry with extensive
industri al experience at a senior level in plastice
technology with particular refercnce to the manufscture
of synthetic resins and their conversion products witn
a knowledge of {nternctional trends in the viastice

industry and marketing eveluation.

As Job Description TRI-0581-SFB (SF/ID).
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1.

4.
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This heading Includes synthetic vlastic materials, I clets, filin, flakes, foil, granules, '
digpensions, emulsions, lemels, lumps, plates, paste, protile shapes, solution, sticks

and strips as well as in cellular, laminated and liguid fcrm, Cloth or paper impregnated

with synthetic plustic materials and having the characteristics of plastics are Included In .

this heading. It excludes:

1. Cold moulding conipounds prepared fcom bituminous substances with mineral or

other fillers.

2. Reconstituted wood composed of wood shavings or cther wood waste agglomerated
with artificial resins or other organic binding substances.

3. Liquid polycondensation products wl:ich are not hardenable by heat.

4, Synthetic rubber.

8. Extruded artificial fibres, horsehair or straw.

Acrylics, Plastic
Alkyds

Aminoplasts
Aniline-formaldehyde
anilinoplasts

Bakelite, in primary forms

Casein, hardened
Celloidin

Cellophane

Celluloid

Cellulose acetate
Cellulose, Aceto-butyrate
Cellulose, Acetyl
Cellulose, benzyl
Cellulose, carboxymethly
Cellulose derivatives
Cellulose, di-acetate
Cellulose esters, inorganic
Cellulose esters, organic
Cellulose ethers
Cellulose, formyl

oo0oo0
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Cellulose, methyl

Cellulose, nitrate, except collodion

Cellulose. nitro, except collodlon

Cellulose, oxyethyl

Cellulose, propiorate

Cellulose, regenerated, excluding vulcanized fibre
Cellilose, tri-acetate

Cellulose varnish bases, dry or pasty extracts
Cellulose xanthogenate of

Chloride, polyvinyl

Esters, cellulose, inerganic
Esters, cellulose, organic
Esters, polyvallsl

Ethers, polyallyl
Ethyl-cellulose

Galalith
Gelatine, chemically hardened
Gun cotton

Melamine-formaldehgde

Novolaks
Nylon, in primary, usextruded forms

Paste, moulding of plastic mater{ als

Perspex

phenolics

Phenoplasts

Photographic film unsensitized, unperforated

Plastic materials, synthetic, in blocks, sheets, rods, tubes, powder and other primary
forms.

Plastic sausage casings, not seamed

Plastic starch

Plastic, transparent, for windows

~Plastics, artificial, in primary formsk

Plastics, artificial, serip of

Plastics, artificial, waste of

Plastics, lignin

Plastics, proteinic

Plastics, synthetic, in primmary forms

Polyacrylic derivatives

Polyamides

Polycondensation products, linear

Polycondensation products, plastic excluding liquid products which cannot be hardened hy
heat.

Polyettlene derivatives

Polyethylenes

Polyisobutylene

Polymerization prodeets, artificial resins or plastics, excluding-liquid polymere which
do not harden by heat, synthetic rubber,
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Polymethanes

Polystyrone

Polythene

Polyurethanes

Polyvinyl derivatives
Polyvinylidene derivatives
Protein derivatives, hardened

Resins, alkyd

Resins, aritificlal, in primary forms
Resins, aritficial, incorporating natural resins, in primary forms
Resins, coumarone-indene

Resins, melamine

Resins, phenolic

Resins, silicon

Resins, Silicone

Resins, urea

Resites

Restitols

Resols

Silicone fluids

Sili.cones, excluding silastics
Starch, ckemically hardened
Super polyamides
Thiourea-formaldehyde
Urea-formaldehyde

Viscose, not threads or fibres.

533-03 Prepared Palnts, Enamels, Lacquers, Varnishes, Artists colours, Siccutivus
Paint Driers - and mastics

| This heading consists of:

1. Colours prepared for final use

8. Paint driers, prepared

3. Dyes. prepared other than totled preparations
4. Enamels

8. Glases, ceramic
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6.

7.

10,

11,

12,

Lacguer §

Lustros, liquid

Certain mastics

Paints propared

Pearl essence

Pigments prepared f or final use

Varntalas cther than cosmetic varnishes,

00000

Cemsnt, resin

Colraring :n4ter, put up Iz packings for retail sals for use as dyes
Colomrs, amusemert. insliciag colours boxed with accessories
Colours, c~ramlc. vitrifiahle compounds

Coloars, govzche

Colomrs, bigr-toamper atuoe

Coloars mad~ up 1ot r—-4211 gale

Colonrs, prepared ior {inal use, excluding printers

Colowrs, reparad, for use In the ceramic, eramelling or glass industring
Colears, stud=ats, tncluding boxed with accessories

Colours, sub-snams=l

Cclears, svper-eramel

Colours, vitrifiable

Colours, water

Driers, varnish, prepared for final use
Driera, paint, prepared for {inal use

Dyes, household, othar than tollst preparations
Dyes, prepared, other than tollet preparations

Enamels
‘Emamels, ceramlc

¥illtag materials for painters use

Glazes, ceramic

Japans
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Lacquers

Lacquers, ccllulose
Lustres, liquid

Lustres, liquid, aluminjum
Lustres, liquid, chromium
Lustres, liquid, gold
Lustres, liquid, silver

Mastic, cellulose
Mastics, resin, cement

Opacifiers for use in the ceramic, epamelling or glaes tndustries

Paints, anti-fouling

Paints, anti-peeling
Paints, asphalt

Paints, bituminous

Paints, caseine

Paints cellulose

Paints, enamel

Paints, luminous

Paints, oil

Paints, prepared

Paints, varnish

Paints, rubber base

Paints, water

Paints, weather-proof
Pearl esseuce

Pigments for use in the ceramic, enamelling or glass industries
Plastic, marbel workers
Powder, iron, prepared as colours
Powder, prepared ascolours
Primers, prepared

Putty

Putty, glaziers

ghellacs, prepared

siccatives

Slips used to coat ceramic ware
Stopping mater ials for painters use

varnishes, cellulose

Varnishes, oil

Varnishes, other than cosmetic varnishes
Varnishes, spirit

Wood, plastic




- 6] -

Appeundix 1, Cont'd

o — B — e S it Wt | is e e D S G it Shn A <0 T

Bitun'inized or Asph.dted

Paper,

paperbeard and luminated paper impregnaied with syuthetic plasiic materiels

but retainiryg vhe characteristics of paper or paperboard are included in this item,

Boa.rd.
Board,

Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper.
Paper,
Paper,
Paper,
Paper,

ool0oo

building of pulp, bonded or impregnated
buildirg, of wood pulp, bended or impregnated

adhesive

art, coated

carbon- in bulk. rolls or shects
chrome

coated and varnizhed

coated. other thun bituminized or asphalted in rolls or large sheets
coated with albumen

coated with barium sulphate
coated wiih chalk

coated with dextrin

coated with gelatine

coated with glue .
coated with gy suulated cork
coated with gypsum

coated with metal powder
coated with pigments

Paper coated with sawdust
Paper, coated with shellac

Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Pay-r,
Paper.
Paper,
Paper,
Paper,
Paper,
Papor,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,

coated with starch

coated with synthetic resins, e.g., nitrogellulose

coated with textile dust

coated with waxes

coated with zinc oxide

design-printed

enamelled

externally reinforced with textile or wire

flock. i.e,, costed with textile dust

for wy apping ard writing, printed with colours, designs, motifs, stripes
for wrapping and writing printed with names of traders, produocts
gilt

graphite, other than imitation slate

grease proof

gummed

impregnated, excluding bituminized or asphalted

imprcgnated, translucent or transparent

impregnated with artificial resin

impregnaiad with chemicals
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Paper,
Papeor,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Papﬂl‘ ’
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,
Paper,

tinpregnated with insecticides, e.g.» D. D.T,
impregnated with otl

impregnated with waxes

indicator, e.g.s rubberized paper

jaspe

litmus

manifold, ofled

manifold, wuned

mica-coated

mineral coated, art primting

paraffir-coated

pole-finding

precelain

printing, high grade, coated in bulk

pricting, high grade, design printed in bulk
printing high grade, surface-coloured, in bulk
rubberized

salicylated

silvered

stear in-coated

stencil, inrolls or large sheets

marbled _

tracing » inrolls or large sheets
unsensitized photographic base

varnished

velveted

wulcanized

wallpaper base, impregnated

waterproof, not asphalted or bituminized
wrapping, oiled

writing, high grade, coated, in bulk

Paper, writing, high grade, design, printed , in bulk
Paper, writing, high grade, surface-coloured in bulk
Paperboard, coated and varnished

Paperboard coated, other than bituminized or asphalted
Paperbaird, coated with albumer

Paperboard ’
Plperboa.r dy
Paperboard,
Paperbo ard,
Paperboard,
Paperbaord,
Paperboard,
Paperboard,
Paperboard,
Paperboard,
Paperboard,
Paperboari,
Paperboard,

coated with barium sulphate
coated with chalk

coated with dextrin

coated with gelative

coated with glue

coated with granulated cork
coated with gypsum

coaled with pigments
coated with sawdust

cuvated with shellac

coated with starch

coated with synthetic varnishes, €.g.» altrooellulose

ceated with textiledust
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Paperboard, coated with waxes

Paperboard, coated with zine oxide

Paperhnard, grease proof

Paperboard, impregnated, other than bituminized or asphalted
Paperh.ard, impregnated with artiticial reain

Paperboard, impregnated with certain chumicals other than tar and bitumen
Paperboard, impregrated with insecticides e.g.» D,D,T,
Paperbcard, impregnated with oil

Paperboard, impregnated with waxes

Paperboard, impregnated, insulating

Paperboard, varnished

Paperbourd, vulcanized

Paperboard, vulcanized, in rods and tubes

Paperbosard, waterproof

Pulp fibre, vulcanized




- 84 -

APPENDIX _II

LIST OF MANUFACTURING ORGANIZATIONS VISITED

Viait No. Firm Aspect Affiliation
1. Styrotex Ltd, Thermoplastics moulding Subsidiary of Alstons Istd. '
2, Slesons (West Indies) Ltd, Resin User (Alkyds etc) Siseons Ltd. (U.K).
Paints. .
3. Spra-Glass Dlvision, Th&moplaatics moulding -
Trinidad Steam Laundry and resin user (GRP)
4, Plastic Foams Ltd, Resin user (PU Foam) -
5. Glastron Boats Ltd. Resin user (GRP) Under license to
Glﬂltl'onl U.s.A.
6. Handy Equipment Ltd. Resin user (Adhesives) Under license to
Borden Co, (U.K)
1. Berger Paints Ltd, Resin user (paints) Assoclate Company of
Lewis Berger Ltd. (UR)
8. Coates Bros. (Caribbean) Ltd. Resin user (printing inks) Subsidiary of Coat:s
Broc. (UK)
9. Century Eslon Ltd. Thermoplastics extrusion Associated with
and moulding Selkisui (Japan)
Marketing restricted
to CARIFTA.
10. E. Viera Ltd. Import agents Polymer Caribbean
11. Dunilop Ltd. Resin user (Adhesives and The Dunlop Co. (UK)
rubbers) Automotive re-
placement trends
12, Auto Chemicals Ltd, Resin user (Adhesives) -
13, Hi Grade Products Ltd. Thermoplastics moulder - e
14, Polymer Caribbean Ltd. Thermoplastics conversion  Member of Polymer
Imternational Group
18, 1.C.l1. Paints (West ludies) Resin user (Paimts) Subsidiary-Imperial

Ltd.

Chemical Industries
Ltd. (UK)




Visit No,

Firm

Aspect

Affiltation

16,

Narine Persad

Fibreglass Manufacturing
Trinidad Ltd,

Consolidated Appliances Ltd.

Texaco Ltd.

Advmoed Plastics Ltd,

Amalgamated Industries Ltd.

L. J. Williams

"East End Foundry

Doneon Ltd.
Metal Box Co. (Trinidad) Ltd,

Trinidad Footwear Ltd.,
Prof. Richards (U.W.1.)

Abmit Ltd.

Aome Motor Supplies Ltd,

Tbis Trading Co.

Lim Plastics

Myerson Mouldings Ltd.

Thomas Peake & Co. Ltd.

Resin uscr (PU foums) and
furniture manufacture

Resin user (GRP)
Thermoplastics sheet
converter

Raw Materials - plans

Thermoplastics sheet
conversion & mouldings.

Automotive Assembly

Resin user (adheaives)

Potential resin user

Thermoplastics sheet
converter

Packaging

Thermoplastics moulder
Bagasse Board Project

Battery manufacture

Resin user (body fillers)

Decorative laminates

Thermoplastics converter

Thermoplastics converter
(teeth)

Decorative Laminates.,

Part of a Jamaican
group.

Texaco International

Under licence to Evoac
Ltd. (UK)

Subgidiary of Alstins
Ltd, Agent for Foseco
Ltdt’ UK.

Subsidiary of Metal
BOX C'Oo Ltdo ’ IJ'K.

Part of Bata Grou)

Subsidiary of Chloride
Group. ‘JK.

Impo »is - "Laminate"”
Carada

Subaidicry of Myarson
Tooth C’Ool U S.A.

Import "Arborcite,”




Unilever Lid. UK, .

Subsidiary of Hawkinus

& Massey - formerly
owned by A, E.1, Group

Sherwin Willlams Ltd.

Visit No, Firm Aspact Affiliation
34, Federation Chemicals Ltd. Raw-materials (Urea) -
35. Lever Bros. Ltd, Raw-materials (glycerol) Subsidiary of
and packaging
36. Trinidad Rope Works Ltd, Thermoplastics fibre
converter & Tipson (Marlow
Ropes) Ltd., UK
31. Angelo Plastics Thermopiastics sheet -
fabricator.
38. Eastern Industries Ltd. Thermoplastics moulder -
39, Electrical Industries Ltd. Ther moplastics extruder Subsidiary of Neal
(cables)
UK, who still colla-
borate by testing.
40, Dr. K. Bahadoorsingh Entrepreneur (Thermoplast- -
ics interests)
41. International Recording Co. Thermoplastics converter -
Ltd. (Kecords) and packaging
42, gherwin Williams Ltd. Import agents (paints and
body fillers) U.8.A.
43. Caribbean Engineering Ltd. Thermoplastics sheot Subsidiary of Thorn
converter Electric, U.K.
44, Flexipak Ltd. Thermoplastics film Owned by National
converters (packaginry) Packaging Ltd,
Jamaira.
46. Super Pak Ltd. Thermoplastics film -
converters (packaging)
468, Natasha Co. Ltd, Thermoplastics converters -
47. Roods & Co., Lid., Entrepreneur (polymerization -
process)
48, Hoechst Ther moplastics raw materials

F‘rbw&l'kvz
Hoechst A. .




vi

49.
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Firm Aspect Affiliation
ghell Trinidad Ltd. Thermosetting raw materials Sheli International
Holland & UX,
Rooks Olifields & Engineering Assignee of crude oll -
Supplies Ltd. patent (Applied for)
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TELEPHONE INTERVIEWS

Gordon Grant & Co. Ltd. Decorative laminates (Formica)

Paper & Plastic Converters Ltd. " Thermoplastics extrusion -

m Gl“t & C°n| Ltdo! T“l'mopl&lﬂcl .h..to ‘OCOII m.! U.K.
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APPENDIX 111

CARIBBEAN INDUSTRIAL RESEARCH INSTITUTE

SYMPOSIUM
" PLASTICS TECHNOLOGY"

J. F. Kemnedy Lecture Theatre, University of the West Indies

' Arranged by CARIRI In association with the Faculty of Engineering, U.W.1, and the Assoclatlon of
Professional Engineers.

During recent years the Plastics Industry bas assumed progressively
increasing importance (n its' tmpact upon everyday life. 1its growth (n
Trinidad and Tobago has been such that a broader approach is necessary
to assess its {mplications,

The Symposium has been organized to bring together people from industry
and research who are concerned with further development and application
of the broad range of plastice materlals.

The concluding session s intended to take the form of an "Open Forum®”
during which participants ave invited to discuas specificproblemsz
associated with the industry. particularly during (ts formative stages.

Registration Fees: Inclusive of lunch and refreshments,
TT$ 15 per delegate
TT$ 5per student and University staff,




9.00 to 9,25 a.m.

9.30 a.m,

.40 a.m,

10.80 a.m,

10.30 a.m,

10.85 a.m,
11.08 a. m,

11 . 20 ‘. m'o

11 . 45. ‘. m.

11,88 a.m,

12,80 a.m,

13.80 a.m.

1.0 p.m,
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PROGRAMME
——r—

Reglstration of delegates

Address of Welcome Prof. I..E.S. Braithwalte, Pro-
Vieca-Chancellor, UWI; Moember of
Board of Managemeat, CARI?I,

Inauguration The Hon. George Chambars;,
Minister of Finance, Planuing
and Develcpment.,

MORNING SESSION
Chairman - Mr. Hollls Charles, Co~Director, CARIRI
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Although the gencral Jdefinition of Reinforced Plactics encompalses
substantially all systems of plastic binders in combination with fibrove
reinforcing fillers, which may rauge from cellulosic to carbor, it is
proposed to concentrate our attention upon th- Glass Keirforcod Vlostc
materials, GRP, which arc devived ma‘nly from combinatives of urLaTuL e
polyester resins with a variety of glass fibre reintfurcencnis,

Having outlined the unsaturated poiyester wesin sy:sirms iRy Seminar
Papers (Pages 23 to 25) ! now propose to censider «heir use and bchaviour in
the manufacture of reinforced compesites in the light of end-use @pplications

and types of reinforcement employed.

Resin Cure

Unsaturated polyester resins polymerize by means of a free-radicle
mechanism in the presence of peroxide catvalysts (see Semipar Paper piges S o
This reaction being characteriscd by the production of cxethernic huét
throughout its course. Diagram 1 indicates & typical temperature - time
pattern obtained by inserting a thermocouple into a voluwe of resin arjter
the introduction of catalyst and prcmoter. It will be noted that the onset
of gelation occurs quite early during the propagation stage ard that the
temperaturc continues to rise sharply aiter gelation, s¢metimes to above the
boiling point of the styrene moncrer. This phenomenan can lead to severe
internal stressing and crazirg ia both castings and rosin-rich arcas which
may be introduced by the faulty lay-up of composites. Beunuse of their
curing mechanism unsaturated polyesters are inevitable uiv iunibited thus
exposed surfaces require the use of barriers, such as celiophine, during ture.

The rate of gelation and cure is dependent upon 4 numbec of faciors aud
may be controlled hy attention to the following major contributicns:

Bulk of resin and surfacc to voiume racie.

Inhibitor content &nd maleic anhydride content
of the resin.

Type and proportions of catalyst and promoter
used.

9
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Catalyst - Promoter Systems

Cltllzlts

For many years the catalysts employed for curing unsaturated polyesters
where selected from a range of peroxides and hydroperoxides. More recently

810 initiators, such as 2,2'-azobisisobutyronitrile, have been introduced

but they have not yet significantly encroached on peroxides.  Selection of
& suitable catalyst for any particular application is dependent upen its
precise stability and form. Catalysts are invariably characterised by the
temperature range over which decomposition occurs, as indicated in Tabie 1
below.

TABLE I
Stability of Typical Peroxide Catalysts. (Approximate)

Half-Life (Minutes)

Type 85°c 100°C.

Benzoyl peroxide (Pasted in
dibutyl phthalate) 132 25

Lauroyl peroxide (Granular solid) 30 S

Methylethylketone Peroxide
(Solution) Short

t-butyl peroxybenzoate (Liquid) S days 18 hours

Promoters

While when effecting cure at elevated temperatures the peroxide catalyst
decomposes spontaneously, thereby initiating curc. In order to initiate cure
at ambient temperatures substances capable of inducing decomposition of the
poioxide rapidly must be introduced. The most widely used of these include
orgsno salts of polyvalent metals; such as cobalt and vanadium, tertiary
amines, such as N.N. dimethyl aniline and mercaptans, such as lauryl mercaptan.




Combinations

While daring the early days of reinforced plastics benzoyl peroxide in

the abseuce of a promoter was uscd for effecting cure at clevated temperatures
and in the presence of amine promoters for ambient teapersture cure, with
respect to thc lattev process, it has now lost its popularity in favour of

the metal salt promoted M E K. prroxide and cyclohexanone hydroperoxide
catalysts, which result in products of supc.ior colour. In general catalyst-
promoter proporticis ere maintained at msntwal levels, pro rate Lo the required
curing schedules. Normally, the amount of catulyst excecds 1% with the
promoter concentration being maintained at as 'ittle above 0.5% as porsivle.

As an indication the influence cf catalyst - promoier proportions upon

gelation times at various concentrations is illustrated in Tables II and I1I

below,

TABLE 11

N e

Effect of Variation in Promoter Concentration

Cyclohcxanone

Cetalyst M.E.X. Peroxidc (MEKP) iy droperoxide (CHE)

Resin  (p.b.w.) | 100 100 100 100 100 100 100 100
Catalyst -do- 2 2 2 2 2

Promoter ~-do- 1 2 3 4 1

Gel time at 20°C.
(minutes) 65 17 12 10

TABLE 11l

Catalyst M.E.K. Peroxide Cyclohexanone hHyiroperoxide

Resin (p.b.w.) 100 100 100 100 100 100
Catalyst -do- 1 2 3 2 3 4

Promoter -do- 2 2 2 2 2

Gel tims at 20°C.
(minutes) 90 40 20 25 17
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It should be noted that a direct compurison between Tables II and 1lI cennot

be made as in Table Il; the promotes was added in the form of a 1% cobalt .
metal siccatol solution in phthalate plasticiser, «nd in Table IIT as a 1% !
cobalt metal octoate solution in monomeric styrene.

In view of the sensitivity of the peroxide catalysts both towards heat
and in some cases towards shock and friction, they are normally marketed in
the form of pastes or solutions in water or phrhalate plasticisers, in the
former instance care should be taken to avoid drying out of the paste,
particularly between friction promoting surfaces such as glass stcppered
bottles.

Cobalt based promoters in the form of naphthenate, octoate or siccatol
are nofmally available as solutions, conteining 1% metal, in diamethyl
phthalate or monomeric styrene. More recently vanadium based promoters nave 1
become available. While being ccnsiderably more expensive than those based
on cobalt they offer advantages in terms of efficiency, i.e. economy in usc,
faster gelation and hence paler coloured products.

Resin Properties

The effect of major variants in unsaturated polyester resin formulations
are briefly described in my Seminar Paper (page 24). I do not propose to
enlarge on this aspect now, but outline the properties of selected resins in
the cured and uncured states. For this purpose I have chosen three typical
commercial resins.

Resin No. 1 - A general purpose polyester based upon propylene
glycol maleate/phthalate.

Resin No. 2 - A chemical resistant, high hest distortion grade
of isophthalic polyester.

Resin No. 3 - An antimony oxide filled, phosphate ester
plasticised, self-extinguishing resin for
structures conforming to fire-retardant
specifications. *
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TABLE !V

Uncured Resin Speci ficationt

sin No. Units 1. 1. 3.
Mppearance Transparent  Transparent  (paque
Wiscocity at 25°C. cs. 400 - 650 750 - 1,200 400 - 600
Welatile Content ] 36 - 40 39 - 43 -3
&id Value mgms. KOH/gm. 21 - 29 18 - 26 -
@lation Time * 8- 11

et 25°C. mins. 7.5 - 10.5 8.5 - 11.5

* Gelation time of 15 gm. sample containing 2 p.p.h. of en
MEKP catalyst and 3 p.p.h. of a cohbalt octoate promotear.




'*As Cast' Properties (Unfilled)
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TABLE V.

——

rmay w)

Resin No. i {Resin NN, iT Resan N9, 3|

Property Unit
— — I IR

Tensile strength p.s.i. 6,000 6,70 ; L,7%¢
Young's modulus p.s.i- §.5 x 10S 5.7 x 105 5.7 x :05
in Tension
Flexural strength p.s.i. 15,500 15,000 | 8,700
Modulus in Flexure p.s.i. 5.5 x 105 5.3 x 10S .4 x 105
Impact Strength ft. lbs/inch 0.25 0.28 c.12
(Izod) of notch
Brinell Hardness No. 35 30 27
(5mm ball 125 kg wgt.)
Heat Distortion Temp. * °c. 69-73 115 70-74
Water Absorption at mg. 16 24 18
23°C for 24 hrs.
Leaching at 23%¢ mg . Nil Nil 0.5
for 24 hrs.
Flexural Strength p.s.i. 12,100 12,000 7,340
after 2 hr. boil
Electrical Properties
Power Factor (1,000 0.001 0.0025 G.001 i
cycles at 23°C. ‘
Permittivity - do 3.22 3.00 3.15

e ius 15 e _ +nid - 15
Volume Resistivaty ohms/cm 1.34 x 10 1.25 x 1 1.25 2 10
Breakdown Voltage volts 350 340 400 \

Note - With the exception of *,
D648-56, all tests were carrie

which was tested according to A.S.T.M,
d out according to B.S.S. 273z,
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Reinforcement

In order to maximise strength and uniformity of composites the following
factors predominate:

1. The completeness of wetting of individual glass fibres.
2. Adhesion between cured resin and glass.
3. Continuity of reinforcing fibres, which may in certsin

cases be directional.
Absence of voids.
Avoidance of resin-rich areas and maximisaticn of the
reinforcement to resin ratio.
Item 1 - involves such considerations as resin flow in the uncured state
and elimination of deleterious binders and dressings involved in the

reinforcement manufacture, in particular starch based sizes.

Item 2 - The ultimate extent to which the glass-resin bond is maximised
is exemplified by the use of reinforcing glass fabrics in which the fibres
have been chemically treated in order to obtain primary bcnding. An example
of this is provided by volanising or treatment for example with methacrylato-
chromyl chloride. In which the chromyl chloride reacts with hydroxyl groups
on the glass fibre surface and the methacrylato group co-polymerizes into the
resin phase.

Item 3 - Can be demonstrated in many service applications involving the
use of glass fabrics and in the manufacture of pipes and tanks from continuous
glass fibre rovings.

Item 4 and 5 are inter-related as they are controlled by mechanical
factors during lay-up, in particular the removal of bubbles from and between
. each ply and the use of sufficient pressure to express surplus resin.

Reinforcing Materials

The two basic types of glass employed in the manufacture of reinforcing
materials are "A" Glass, a conventional soda glass of high alkalinity, and
“E" Glass a low alkali boro-silicate glass. "E" Glass is superior to "A"
Glass, particularly in respect tc transperency in the finished mqulding,




strength and resistance to weathering and acids.
Mainly from price considerations the use¢ of woven fabrics as major

seinforcements has declined in favour of bonded fibre mats and the like.

Nevertheless, cven in quite common place items it may be desirable to employ

lecalised areas of Fabric where stresses may be encountered during use.
min general purpose reinforcements in common use include:
~. Chopped Strand Mat.
Consists of strands of glass fibre threads, approximately
two inches long, laid down in randem pattern and held by &
suitable binder, usually polyvinyl acetate, It is the
most gencrally used reinforcement for hand lay-up techinques,
particularly for large objects. It is aveilable in both '"A"
Glass and "E" Glass in substance weights ranging from 1 oz

to 25 oz per square foot.

Needled Mat.

Consists of strands, approximately two inches long, randomly
laid ard held on to a glass tissue by mechanically needling
with glass threads. It is only manufactured in "E'" Glass
and is available in weights ranging from 1 oz to 4 oz.
Although having the advantage of freedem from binder it is
more springy and open than chopped strand mat and its use

is confined to applications where high resin contents are

acceptable.

Roving and Chopped Rovings.

Rovings consist of untwisted multi-strand continucus
filaments. They are supplied in the form of coils
known as cheeses, in weights ranging from 3 to 33 lbs,
in which the number of unwinding ends may be varied to
suit the application. Apart from the usc of rovings

in items produced by winding, continuously chopped

rovings are being increasingly employed in spray lay-up

techniques and in pre-forms for matched metal mouldings.

The




4. Surface Tissue.
Consists of a thin fibrous veil of lightly bonded staple
glass fibres. It is employed in hand lay-up and spray-up
techniques to provide & resin-rich surface and as a
barrier between the coarser mat fibres and surface gel
coats. In this manner it improves wcathering resistance

by preventing wicking.

Reinforcement Cord.
Cords of 1/8 and 1/4 inch nominal diameter can be used

for edge strengthening and provision of reinforcing ribs.

Moulding Technigues

Techniques employed in the fabrication of GRP items may be conveniently
subdivided into hand-lay up methods and mechanical methods.
Contact moulding by hand lay-up is the best known technique for

producing the widest range of items. It is normally effected in female

moulds which can be constructed from simple, cheap materials including

plaster, wood, cast resin (phenolic or epoxy), or glass rcinforced polyester
itself, or easily formed metal sheet, particularly aluminium. A convenient
procedure for prototype oT rone-off' tailored producticn items is to prepare
a plaster cast from either a wooden pattern or an item to be reproduced.
Essential requirements in mould preparation are:
i. With porous mould materials, particularly plaster and
wood, it is necessary to apply an efficient sealing
medium, the commonest of which include shellac and

synthetic resin lacquers of the cold-curing variety.

A release agent must be applied to the mould surface
before laying up. This could include a variety of
waxes applied from solution or paste form, aqueous
polyvinyl-alcohol solutions or, in the case of flat
or corrugated sheets, uncoated cellophane film.
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Outline of Hand Lay-Up Method:

A uniform layer of a catalysed thixutropic vesio wiich may, 1f reg ‘rved,
be pigmented, is applied uniformiy to the would interior at u spreud of
less than 400 gm/sq.m. Imicdiately after (he cnuet of gelation of this
coat the main reinforcement is applied and cataiysed resin poured over
and worked in by suitable roller to insure evcl distiibution and rewoval
of bubbles. The thichness of the woulding beiny Jetermined by the
number of layers and weight of the mat emploved. A layer of uncoatcd
cellophane is then applied over the entire interior surface of the
moulding to eliminate contact with air. Resin cure then proceeds at

a rate determined by catalyst/promoter concentrations and whether or

not supplementary heating is employed. When adequate cuve his beeu
achieved and the moulding has sufficiently cooled, it is extractud

from the mould and subjected to post-curing storage.

Spray-Up Process:

Is substantially similar to the hand .ay-up process cxcept that in place
of separate application of mat and :zatalysed retin chopped roviigs &ere
applied to the surface of the gel coat by means of an air spray-wvutler
Simultaneously catalysed resin is spray aprlied. When an adequate
layer of resin/glass has been applied consoiidation and removal of aiv
bubbles is effected by rolling. Where thick layers are roquired it

is preferable to effect a gradual build-up, consolidating and remcving
air between cach layer of sprayed ingredients.

Strength characteristics Latwoen the two techniques are not dissindlur
but the spray-up process of fers significant idvantages with rogard =0
labour costs, scrap reducIlon and uniformity. Either tecnniques may
be employed 1in the manufacture of items over a very wide range of s:ves.
With certain size limitations rubber bag techniques; in vhich eithex
positive pressure or vacuum is utilised; canr be employed to improve
consolidation, minimise resin consunption and fucilitate & reasonable

degree of heat cure.
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Matched Mecal Moulding:

In this process chopped rovi.gs are sprayed on to a pre-shaped wire

mesh former and lightly bound with polyvinyl acetate emulsion. The

preform is located in a female metal mould (steel or alumjinium)

catalysed resin is introduced and the male tocl applied at a pressure

in the order of 100 p.s.i. cure being effected rapidly at temperatures

in the order of 120°C.

This process is largely confined to the

production of small items such as safety helnets.

TABLE VI

!_t;gprties of Mould Construction Materials

MATERIAL APPROXIMATE PRODUCTION LIFE | FEATURES

Plaster Maximum 10 of f if adequately { Suitable for prototype and
hardened, e.g. by incorpora- | short runs only. Finish
ting a urea-formaldehyde usually poor. Must be
resin. sealed.

¥ood Maximum 50 off. Preparation depends on

expensive machining. Must
be scaled or varnished.

Fibre reinforced
plastics.

300 to 1,000 off.

Most popular - can be based
upon epoxy or polyester
resins with glass or sisal
reinforcenent. Amenrable to
heat accelerated curing.

Sheet Metal

Over 1,000 off if distortion
avoided.

Only suitable for simple
shapes. Very suitable for
heat curing.

Machined steel
or aluminium.

Indefinite

Initial cost high, usually
too heavy for large items,
can be readily hcated for
fast curing.

Amenable to pressure,




Properties of Glass Fibre Reinforced Polyesters

While the ultimate properties of reinforced plastics are dependent

upon & variety of factors the most important include:

1.

The volume ratio of fibre to resin: Physical properties reach

an optimum when consolidation climinates surplus resin. [v

hand lay-up techniques the maximum glass content achievabdle
without encountering a risk from voids is in the order of 40%

by weight. Pressures employed in matched die noulding increase
this value to about 50%. Rubber bag techniques give intermediate

values.

Reinforcement continuity and direction: Tensile strength and
modulus in the direction of continuous reinforcement is naturally
enhanced. Where required woven fabrics tapes and cords mzy be

utilised for particular effects,

Resin Type: Except in special situaticns involving the use of
more expensive epoxy resins or fibre treatments the various types
of polyester resins do not differ greatly in their strength
characteristics, unless they vary in their flexibiiity. Their
principal differences are directed towards achieving particular
properties such as chemical resistance, fire retardance,

transparency and economics.

As sections of mouldings incorporating fcr example gel ccat, surface

tissue and chopped strand reinforcement are not uniform, precisc strengths

and other physical properties cannot be exactly forecast. A reasonable

indication, however, is given by examination of the properties of flat

laminates based upon "E' Glass chcpped strand mat, gereial purpuse resin 2

containing 35% by weight of glass.




Properties oi Flat GRP Lamjnates

TABLE V11

(Average values atteinable under laboratory conditions)

Property Unit Valuc
Density lbs/in:5 0.54
Tensile Strength p.s.i. 2 x 104
Flexural Strength p-s.i. 2 x 10
Compressive Strength p.s.i. 2 x 10‘
Young's Modulus:
In Tension p.s.i. 1.2 x 106
In Flexure p.s.i. 1.3 x 106
Impact Strength- ft. 1bs/inch of notch 15
Izod.
Thermal Conductivity cal/sec/en/°C/em? 2.5 x 108
Coefficient of per °C. 16 x 1078

Linear Expansion.

-=-<-0000000~- - -~
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PaEr 1

FUNDAMENTAL ASPECTS CF CLASS1FICATION

"The noun plastic has been applied to embrace & wide range of poiymeric
materials which, in the finished state, are not and must not be plastic. At
some stage, however, during the formation of an article from a synthetic
polymer’c material it goes through a Plastic state.  Plastic is thus an
adjective describing this state of naving the capacity to flow under the
influence of external forces. The use of the more correct tevm Synthetic
polymerie materiale is, therefore, preferred and will be used throughout the
seminar, to avoid misunderstanding.”

If one considers the variety of synthetic polymers in terms of such
parameters as physical, chemical and mechanical propertics, chemical composition,
mode of synthesis it becomes obvious that their classification ma2y be effected
in a variety of ways. From the ccnsiderations imposed by time aloue I do net
intend to discuss this aspect but to demonstrate the most fundamental and
generally accepted classification which is based upon molecular structure from
which all their properties derive. In so doing it will be necessary to StArt
from scratch and consider in basic terms the derivation and synthesis of polymeric
materials.

Molecules can exist in the following forms:

i. Discrete entities of precise structure, shape,
composition and physical properties.  This
class is exemplified by all covalently bonded,
mainly organic, chemical compounds .

ii. Macromolecules which are linear in shape, based

‘ upon chains of carbon atoms or interdispersed

carbon and other polyvalent atoms such as oxygen.
This group is exemplified by the well-xnown class
of Thermoplastic; or heat fusible; polymers.
They are not precise entities as are those in
Group i, but inevitably consist of mixtures of
similar molecules of varying chain lengths and '
molecular weights.
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iii. Macromolecules having two-dimensional or planar shapes
again of imprecise size and shepe.  This group is
exemplified by such naturally occuring materials as
graphite and mica.

iv. Macromolecules of three-dimensional structure of
quite indeterminate molecular weights. This group
is exemplified by the end, or cured, products of the
thermosets.

In particular respect of physical properties under the influence of heat
mterials in:

Group 1. Have precise melting points, boiling points etc.
and generally dissolve to form newtonian solutions.

Group ii. Soften and become fusible over a temperature range.
NDissoclve to form non-newtonian solutions, particularly
at high concentrations.

Group iii. Have not been synthesised, those occuring naturally
being unaffected by heat up to their decompositicn
temperatures. Insoluble.

Group iv. Also insoluhle and infusible.

This main classification was first propounded by Kienle during the 1920's
es & result of studies made on the reaction between dibasic acids, in particular
phthalic acid and mono di and tri hydric alcohols, namely, ethanol ethylene
glycol and glycerol. (See Diagram 1).

MHence Kienle postulated that:
Reaction between two difunctional molecules gave rise to
linear macromolecules.
Reaction between a difunctional molecule and a tri functional

molecule or one of higher functionality than three gave rise
to a three-dimensional network structure (gel) eventually
leading to an infusible, insoluble product.

k
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Although he demonstrated his postulates Ly esterification reactions
betwecn polyfunctional alcohols and acids, the vranciptes apply irrespective
of the nature of the functional groups. Furthermore recacting molecules may
contain groups of mixed functionality. A molecule containing two groups of
differing functionality cupable ot co-reacting with each other is, therefore, .
able to form nolymers by head-to-tail reaction. This tvoe of polymerization
is exemplified by the formation of Nylon ¢ from - cavrolactam (Sec Diagram 2).

In the formation of thermosetting materials it is possible to select
starting materials possessing functionalities of varving degrees of rsactivity
in order to produce linear molecules in the initial steps, which can
subsequently be further reacted in order to effect cure or, in other words,
cross-link to the three-dimensional state.

A further important classification arises from the nature of the
reactive groups that give rise to functionality and the mechanisms whereby
they react to form polymers.

Polymerization Reactions

The term polymerization refers to addition reactions that is linking
without the evolution of hy-products. This is conveniently illustrated only
after a more detailed consideration of certain aspects of carbon chemistry:
Carbon is tetra-covalent, that is to say an atom of carbon is capable of
combining with four mono valent atoms or groups. In particular, Carbon
atoms are capable of linking to form chain or ring structures. The simplest
case of chain formation is that of the paraffin hydrocarbons (See Diagram 3).
It will be noted that the number cf carbon atoms in the chain has a d:rect
bearing upon the physical propertias of the molecule. Whereas in the case
of the paraffin series of hydrocarbons ail the valencies of the carbon atoms
are fully satisfied by attached hydrogen atoms, a similar series of hydrocarbons,
known as the olefines exists in which one pair of adiacent carbon atoms are

- deficient by two hydrogen atoms. The hond between these carbon atoms 1s

said to be unsaturated or Fthemoid. Chains of four or more carbon atoms can
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Y contain more than one unsaturated group and if two unsaturated groups are located
between adjacent pairs of carbon atoms thc unsaturatjon is said to be conjugated

. and possesses high reactivity., Certain hydrocarbens containing conjugated
unsaturation are the basic monomers for the production of many of the synthetic
rubbers.

Each ethenoid bond is difunctional and canpable of undergoing volymerization
terminal etheroid bonds having greater reactivity in this respect than ethenoid
bonds positioned towards the centres of mclecules. In certain circumstances the
terminal ethenoid group is known as a vinyl group. This is exemplifiod by the
greater difficulty experienced in effecting polymerization of such compounds as
3,4-butene.

While the polymerization of unsaturated hydrocarbon grouns forms the basis
of most of the well-known thermoplastics other groups are capable of undergoing
addition reactions by rearrangement of their constituent atoms. This most ccmmonly 5
occurs by the fission of strained rings as in the case of the epoxide resins or

weak bonds in rings as in the case of Nylon 6 formation.

Pelycondensaticn Reactions

If a compound A reacts with a compound B to form product C by elim:iuation
of water, or other low molecular weight by-products, the reaction is said to be

that of condensation. The simplest condensation reaction :is perhaps the
elimination of water between an acid and an alcohol to form an ester. This
precess being analogous to that of salt formation in the field of inorgamic
chemistry but, whereas in salt formation the reaction occurs spontanecusly on
mixing, esterification is brought about only by the positive remcval of water
between the acid and alcohol.
In the manufacture of the nylons we have an example of initial salt formation
Detween organic bases (diamines) and diacids followed by elimination of water from
. the salt to form the polymer. Salt formation occuring on mixing the two ingredicnts

and condensation occuring only on heating at high temperature. (See Diagram 4).
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Of major imnortance in the synthasis of thermosetting resins is the reaction
of aldehydes, particularly formaldchyde, with a variety of polyfunctional compounds

te form methylol groups which can subsequently co-rcact by condensation to cause
eslecular growth.

Although the major classification of synthetic polyaners is derived from

strwctural considerations and reaction types further suh-classification derives
frem such factors as:

The chemical class and nature of the starting materials
(building bricks)
In the case of polvmerization products:

The type of unsaturation in the monomer, in particular
polymers derived from monomers containimg conjugate
unsaturation such as bhutadiene, form the basis of the
synthetic rubhers.

Whether a single monomer is emnlcved to form a Homopolymer
or whether a plurality of different monomers are employed
to give Co-polymers which may, for example, be hinary or
ternary.

Whether substituent groups in the polymer chain are
rendomly directed (atactic), all directed in the same

way in respect of the polymer chain (isotactic) or
directed alternately in groups in different but regular
dirvections (syndiotactic).

By physical characteristics, in particular, the extent
of crystallinity a factor very much influenced by c.
above.

The physical state in which the polymerization reaction
has been offected, viz. bulx, solution, suspension or
emslsion.




In_she case of polycondensation products:

8.
>,

The nature of the condensation reaction.

The chemical type of starting material e.g. phenolic,
aminoplast, urethane etc.

Whether or not the product is curable.

The nature of its properties for example, oil
solubility, adhesive characteristics, chemical
resistance.

Structure of the cured product, particularly in
terms of its end use such as - composite, foam
or cast.
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THERMOPLASTIC SYN"I'HETIC POLYMERS

By far the highest provortion of products within this group are those
derived by polymerization, of thesc the following are of major importance:
Polyvinyl Chloride, and vinyl chloride co-polymers.
Polystyrenz, styrene co-polymers and styrene based
polymer blends.
Polyolefines,
Polymethyl methacrylate and acrylics.
Polyvinyl esters and derived products.
- Before discussing these individually it is advisable to briefly discuss
plasticization.

While certain plastics possess an inherent flexibility others may suffer
from such disadvantages as brittleness, excessive stiffness at the temperatures
which have to operate during the forming stages of processing, lack cf resistance
to fatigue, internal stresses. In order to offset these disadvantages

plasticization is frequently necessary and plasticization methods may bte fall
into the following classes.

External Plasticization

Involves the incorporation into the polvmer of a non-voiatile
plasticizer which is mutually compatible therewith.

Such plasticizers may be either high boiling compounds such
as phthalates of C4 to C12 alcohols, the commonest being Di
Octyl phthalate (DMOP) which is in fact di 2-ethyl hexyl
phthalate and Di isooctylphthalate (DIOP) which are the
general purpose plasticizers for PVC. Secondly, come the
phosphate plasticizers such as tricresyl phosphate which in
addition tends to confer a degree of fire-retardance, then
the esters of the saturated aliphatic di acids such as the
adipates and sehacates, vhich are particularly useful in
confering low temperature flexibility. Relatively low
molecular weight polyesters of adipic and sebacic acids
with ethylene or propylene glycols are also used,

especially when a high degree of resistance to migration
is required. (See Diagram 5).
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intarnal Plasticization

Effected by introducing o flexiblizing etc. eas-monomas |
prior to poiymerization.

A classic example of this technique ic given by the ure
of viny! chloride-vinyl acetate co-polyrec, coniaining
about 5% vinyl acetate in order to ensure adequate flow
t2 give exact reproduction in the manufacture of micso-

arooved gramophone records.

Polymer Blending

Polymers such as polystyrene cannot be effectlively
plasticized by conventional plasticizers, which rzduce
their hardness and increase their thormo-softening

characteristics.  Thus in order to enhance its Irpect

strength plasticization is effected by blending wth
cumpatible rubbers, 1in particular butadienc-styTeone
rubbers. This is effected either b direct blarding
in an extruder-blendcr ot by overcoating a butadicrne
styrene co-polymer latex with in-situ pelymerized
styrene.

POLYMERIZATION

The subject of polymerization is exceedingly broad and, owirg to spuer

}imitations, can only be dealt with in outlire. Polymerization -{ ungaiuvarsn
compounds is normally effected catalytically. Catalystis being of ‘'
free-radicle, ionic or Friedel-Crafis type For simplicity -nn huwolie

mechanism of free-radicle catalysis js outlined in Diagram 6. The ccmunneli
free-radicle catalysts are organic peroxides or hydroperoxides. AT Ty
initiation stage the catalyst splits into two free-radicles esch ¢f w1z’ €2n
open the unsaturated group by addition %o one carkan atem, the gctiei 2ant™e horny
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transferred to the other carbon atom in the group. This
moiety then functions as a free-radicle and as chain
growth proceeds the active centre is transferred along the
chain to a terminal position. This stage is known as
Propagation. Termination of chain growth can occur cnly
peutralization of the active centre by one of the
conditions described in the diagram.

Polymerization may be effected in any of the following ways:

1.  Bulk Polymerization - In which the mornomexr is
undiluted.
2. Solution polymerization - In which case the solvent

may be selected either so that:
(a) The monomer is soluble and the polymer
is insoluble.
(b)  Both the monoumer and polymer ere soiuble.

3. Suspension Polymerization - In which the monomer

is suspended in water with slow stirring, in the
form of droplets, by means of a protective colloid,
to give a polymer in the form of spherical beads.

4. Emulsion Polymerization - The monomer is emulsified

in water, by means of an emulsifying agent (soap) and
a protective colloid and then polymerized to a latex.
S. Heterogeneous Polymerization - In which the catsalyst

is in a separate phase from the monomer e.g. A gaseous
liquid monomer in contact with a solid catalyst.

MAJOR THERMOPLASTICS PRODUCED BY ETHENO1D POLYMERIZATION .

1. Vinyl Chloride ctc. Polymers (Diagram 7)

This class includes PVC itself, by far the most importent, vinyl ~alovide-
acetate co-polymers and polyvinylidene chloride.
PVC is normally produced by emulsion polymerization using

a peroxide catalyst. As the monomer is gaseous at normal
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pressures reaction i1s effected in pressure vessels.
PVC is characterised by its horn-like gqualities in
unplasticized (or rigid) state and its capacity to
tolerate a wide range of plasticizer concentration
i.e. up to at least 48% to give a wide variety of
products of varying degrees of flexihility and

extensibility from rigid to rubbery gels.

Vinyl chloride acetate co-polymers (already discussed)
are produced in a similar manner to that of PVC and

are used in various applications ranging from adhesives
and coatings to moderately rigid products (some bottles)
where enhanced flow during fabrication is demanded.

The co-polymer or vinyl chloride witn vinylidine chloride
(PVDC) is tough with very good flexihility and has
superior heat resistance to PVC is most commonly known
as Saran in the form of extruded threads used in the
manufacture of exterior upholstery {(Deck chair etc.

canvas)

The main disadvantage of PVC lies in its lack of resistance to heat and
U-V light, for this reason the incorporation of stabilisers - metal soaps etc.

for heat stability and polyphenols etc. for 1I-V stabilitv is invariably practiced.

2. Polystyrene (Diagram 8)

Styrene polymers and co-polymers form a very important group of materials

whose applications range from the widely recognised crystal cleer rigid mouldings
through to the synthetic rubber GR-S, this range includes:
Polystyrene produced by bulk polymerization in the prescnce
of free-radicle catalysts. Moulding powders (crystal) being
compounded with soluble dyestuffs extruded and cut into pellets.

Suspension polymers are also produced hut have not the same
degree of clarity as the bulk polymerized material. One

interesting class of suspension polymer are the beads produced
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for foaming. In this case the monomer is mixed

with the foaming agent (a low-boiling solvent such

as pentane) and catalyst dispersed in water
containing a suspending agent, usually polyvinyl
alcohol stirred to form the suspension and
polymerized in the form of spherical beads.

While polystyrene can be emulsion polymerized this

is not usually done as the particles do not coalesce
to form a film on drying, unless plasticizers are
added, which tend to cause tackiness and detract

from its thermal properties. High impact Polystyrene
is generally produced by emulsion polymerization onto
a synthetic rubber (GR-4) latex.

Styrene Co-polymers

The most important of these are:
ABS - a ternary co-polymer of styrene, butadiene
and acrylonitrile used extensively in the
manufacture of extruded sheet for vacuum forming.
Styrene-hutadiene co-polymer - in which the
styrene preponderates e.g. app. 62.5% styrene,
$7.5% butadiene which is used in the manufacture
of semi-hard rubbers as a modifier. Styrene-
butadiene co-pclymer in vhich the butadiene
proponderates e.g. butadiene 62.5% + styrene
$7.5% - for the important group of GR-S synthetic
rubbers. The general purpose replacement or
extender for ratural rubber.

3. Polyolefines (Diagram §)
This group of polymers comprises mainly: The polyethylenes (High and
Leow density) and polypropylene and more recently Poly 4-methyl pentene -1 (TPX-1.C.1)
Polyethylene - Low Density - This inherently flexible

polymer is produced by the polymerization of ethylene
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at high pressure; approx. 2,000 p.s.i.; in the
presence of a free-radicle catalyst.

Polyethylene - ligh Density - During the early

1950's Karl Ziegler discovered that ethylene could
be polymerized at low pressure in the presence of
modified Friedel-Crafts catalysts based upon
combinations of aluminium alkyls and mixed Titanium
chlorides (Ti®* and 7i®

was harder, more rigid and of higher density than

+) to give a polymer which

the conventional polyecthylene (i.e. app. .96 to 0.33).
It rapidly found application in mouldings, film and
sheet and particularly in hollow, blow moulded
containers.

The difference in properties between the two materials
is primarily due to the fact that becuase of the method
of polymerization the LD material contains a high
element of branched chains and is consequently
substantially non-crystalline in its nature i.e.
because of the chain branching the molecules do not
pack as closely as those of the unbranched material
and are consequently less susceptible to orientation
on drawing or passage through narrow orifices during
extrusion.

Polypropylene - Practically simultaneously with the

work of Ziegler, Natta in Italy discovered that similar
catalysts had the capacity to influence the path of
polymerization to effect isotacticity and the propylene
could be polymerized in such a manner that the pendent
methyl groups remained on the same side of the polymer
chain. Because of this factor the molccules in
polypropylene are highly regular and PP is characterised
By its high crystallinity. This characteristic is

exploited in many ways, particularly in fibrillated
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films, fibres and so-called Living hinges.  The
concept of tacticity, which is of particular
importance not only to the understanding of the
polyolefines but also of the behaviour of nany
elastomers, is shown in Diagram 10.

4, Acrylics (Diagram 11)
Acrylic polymers are derived from esters of acrylic acid or substituted

scrylic acid, in particular esters of methacrylic acid, the most important
monomer being methyl methacrylate.

Polymethyl methacrylate - During the 1930's I.C.I1.

invented the process of bulk polymerizing MMA between

sheets of glass to produce the clear, tough plastic
sheet known as Persperx.  Although PMMA is capable
of withstanding temperatures up to that of boiling
water without significant distortion, it is readily

thermo-formable at temperatures jusi above 100°c.

and can be shaped with simple tools prepared frowm
cheap msterials such as wood. In the unmodified
state bulk polymerized PMMA is difficult to adapt

to the injection moulding process. Injection moulding
grades of PMMA can, however, be produced by modifications
introduced during the polymerization process in order
to improve flow characteristics, typical of these is
the introduction of chain transfer agents tc control
molecular weight. The combination of clarity and
impact strength of PMMA mouldings is exploited by their
use in the manufacture of automotive lighting lenses.
Purther modifications can also be effectod to produce
special purpose grades of theet in order to achieve.
for example, improved standurds of fire-retardance.
Grades of cast polymer, capable of undergoing further
heat cure may be produced by the introduction of
polyfunctional co-monomers such as allyi methacry late.
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Acrylic Co-polymers - Of rapidly increasing importance

in the surface coatings field, binary and ternary
co-polymers embodying various groupings are produced to
give virtually tailor made properties. Basic effects !

being imparted according to the substituent group in
the monomer as follows: d

Acrylic esters More flexible than Methacrylic esters

Free acids (viz acrylic acid and methacrylic acid) - water

soluble.

Alcoholic Group , Hydrocarbon Radicle
Methyl : Rigid 1C atom
Butyl-n- Flexible 4 C atom

Butyl-t- Less than -n- but 4
improved solubility
characteristics

2%

.

Octyl
(2-ethyl hexyl) Highly flexible 8

These are summarised. (Diagram 12)

N Polyvinyl Acetate (Diagram 13)

Originally bulk polymerized PVAc was produced in the form
of a moulding powder (Gelva), largely owing to its low
softening temperature and relatively poor water resistance
this has now been superseded by other moulding materiails.
Bmulsion polymerized PVAc has, however, assumed considerable
importance both as a surface coatings binder and in tne
formulation cf adhesives. Perhaps, however, the most
interesting upplication of PVAc is in its use as an _
intermediate in the production of Polyvinyl Alcohol (PVA ’,
or PVOH). This is a water soluble polymer which finds o
application in the following fields:- ¥ sy

i. As a protective colloid (suspoending agent).
ii. In the production of water-soluble fibres
and films, which can be insolublised by
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by reaction with, for example, formaldechyde.
As an intermediate in the production of the
polyvinyl acetals by reaction with various
aldehydes the principle aldehydes involved
being:

Formaldehyde - to produce polyvinyl formal -

used in adhesives.
Acetaldehyde - Polyvinyl acetal - declining in
use.
Butyraldehyde - Polyvinyl butyral - used in
safety glass interlayers, insulating

varnishes etc.

MISCELLANEQUS POLYMERS (Diagram 14)
Polyoxymethylenes - These are stuble polymers of very pure

formaldehyde manufactured initially by Du Pont under the trade
name Delrin.  They are hard and tough with excellient abrasion
resistance and can be moulded to high precision.
Polycarbonates - e.g. Mkrolon - Farbenfabriken Bayer.

These are an example of polymers which embodied aromatic
elements in the chain itself and in consequence have
significantly higher softening ranges than those polymers
alresdy considered. In addition they are colourless and
possess excellent clarity. They are used in a range of
applicaticns including exterior light fittings (street lights)
and sterilizable items such as babies feeding bottles. They
are produced by the reaction of bisphenol A, (bis 4-4'

-dihydroxy-dibenzyl-propane) with phosgene (COCIZ) .

Polyethylene terephthalate

This linear aromatic polyester, discovered by Winfield & Dixon
is better known as the synthetic fibre Ferylene. Its use in
the fibre form (Mellinex) has increased very sharply over the
last 10 years because of the combination of very high strength,
clarity and flexibility it possesses.
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particularly as a result of the demands of the aerospace and aviation
industries much development has been directed towards obtaining polymers of .
progressively higher softening ranges. Much work has been done on the
preparation of polymers embodying inorganic elements in their chains. Wich
the exception of the Silicones, this work has not been highly successful and
the emphasis has now been switched to the production of a wide range of polymers
esbodying highly aromatic chains, e.g. polypyromellitic acid and polypyromellitides.

R
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Paper 3

THERMOSETTING _SYNTHETIC POLYMERS

Whereas the majurity of thermoplastics are recogniscd as such, maiuly
because they are directly employed in the manufacture of finished articles with
relatively little modification, thermosetting resins on the other hand are
frequently so modified that they tend to losc their identity in that ot the
finished product. For cxample, it is casy to recognise ua glossy tablic cioth as
Plastic but an abrasive wheel bonded by means of a phenolic resin is rareiy, ji cvew,
associated with plastics. Thus it is possible to wvegard the thzrmoseis as tiae

submerged section of the plastics iceherg.

The broad scope of the application of the more imporiant thermosci: is
outlined in Diagram 15. i
The largest class of thermosets, which have the broadcst application of all

plastics materials, is that of the aldehyde condensation products, the spplications
of many of these pre-dating those of the non-cellulosic thermoplastics.  These
products are based upon the capacity of aldehydes to combine with chemical groups
containing active hydrogen atoms to form methylol or substituted methylol groups
which, in turn condense with each other or with other active hyd-ogen atoms to form
methylene or substituted methylene linkages.  The active hydrogen atoms with which
the aldehydes react are principally located as follows:
(a) When benzene (cyclic C6H6) is substituted by a

hydroxyvl group (phenol) this group activates

the reactivity of the hydrogen atoms in the

positions ortho and para to it. An amino

group behaves in a somewhat similar manner to

the hydroxyl group but the aniline-aldehyde

resins have never achieved the commercial

significance of the phenolics.
(b) The hydrogen constituents of amino groups then-

selves are reactive towards aldehydes,
. particularly when they are enhanced by the

presence of an adjacent unsaturated bond, such
as occurs in urea with the carbonyl group or

melamine with unsaturation within the triazine

ring.
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These two types of activation lead to the two major groups of aldehyde recins,
namely the phenolics and the aminoplasts. It is proposed to consider the chemistzy
of the phenolics in somewhat greater detail than the other thermosets az this

presents a considerably clearer picture of the types of rcaction involved.

PHENOLIC RESINS

The basic chemistry of phenolic resin formation is presented in Diagrams 16
and 17. The fundamental difference between the single stage resins (Resoles) and
the two stage resins (Novolaks) is entirely dependent upon the iastability of the
methylol group under acidic conditions. If the initial reaction is effected with
acid catalysts the methylol groups condense so rapidly that contrcl cannot be
effected thus if the amount of aldehyde is sufficient, gelation inevitably occurs
prematurely.

In the formulation of phenolic resins, in addition to the use of or
modification by the phenol and aldehyde variants shown in Diagram:z 18 to 2C
other major variations may be effected as follows:

1. Resoles

(a) Formaldehyde ratio.
Generally the minimum amount of combined formaldehyde
necessary to achieve cureability is slightly less than
0.9 molar. As this ratio is exceeded, yields improve
and cure is accelerated up to about 1.5 molar.
Higher aldehyde ratios are employed in the formulation
of cold.curing adhesives which harden under the
influence of acid catalysts such as hydrochloric acid

y or para toluene sulphonic acid and in the manufacture

of cast phenolic resins ratios of up to 2.5 molar are
frequently employed.

(b) Catalyst.
While the normal catalyst for resole manufacture is
sodium hydroxide other basic catalysts are used to
obtain special effects, these include:
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Ammonium hydroxide - when used in conjuncticn
with low aldehyde ratics low melting solid
resoles may be obrained, having reducced
solubility in water but good solubilivy in
lower alcohols The electrical propertics L
of these resins are superior to chose caiisysed

with sodium hydroxide,

Triethanolomine - Frequenily usea to foraziete

resins having high watev dispersehility,

Barium hydroxide - Subsequently neutraliscd

with sulphuric acid and removed as barium

sulphate is used to produce salt-free, resivs

of low &sh content.

When conventional acid catalysts are emplcyed, such
as oxallic acid cor sulphuric acid, the resulving
novolak chains contain methylene linkages substituted
in both the ortho and para positions on the pi.enc!
nuclei. Various techniyues have bean discovered
whereby the proportion of ortho-ortho linkcges is

maximised. The most important of these it the use

of Group IIb metal salt catalysts, such as zaing
acetate. The importancc of the High Orsvic novelaks
lies in their faster cure coupled with superior fluw

characteristics.

While resoles are mainly employed in aqueous or alcoholic scluticn or as

wpplications, the main applications cf the novolaks include:

syrups of up to about 85% solids content for a very wide variety of irdustaeial

Moulding Powders:  The crushed novolak, togethar

with hexamine, reinforcing filler (mostly woclilour)

pigments, lubricants are compouided either on heated
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Tolls or in a heated extruder-mixer carefully
controlled to specific curing times and {low
characteristics, rapidly cooled and granulated

to specific screen sizes. Such powders, which
may be pre-formed as large pellets, are fabricated
by compression or transfer moulding. In recent
years injection moulding techniques havc al«o

been developed.

Powder Resins: Novolaks may be ground to mesh
sizes as fine as 200 mesh and blended with
suitably ground hexamine. Such combinations
form the basis of many dry forming operations
including abrasive wheels, clutch linings disc
and moulded brake linings.

Solutions: Solutions of novolaks in lower
alcohols are used in the pre-coating of sand
for the production of shell moulds and cores
for foundry use and in the manufacture of flame

cureablec sprays for coating foundry moulds.

AMINOPLAST RESINS

Of the aminoplasts the urea-formaldehyde resins are of considerable
importance as they represent the cheapest cf the thermosetting banders.  Thzy arc
almost invariably employed when product cost is the overriding factor. Their mest
important outlet is for general purpose wood bonding renging tfrom plvwood to
chipboard manufacture. The manufacturc of low-priced pastel siade mouidling
powders. U-Fs may be foamed during the curing operation usually oy nechanical
'whipping. In this form they are used in the preparation of thermal insulerion
within cavity walls, as foam blocks for flower display (Florgpa®) and. whex the
pores are filled with paraffin, as fire-lighters. 1n contrast to th: pheudtics
which tend to be brown in colour and have a tendency to yellow with wgz, the
aminoplasts are translucent white in colour. Unfortunately, the U-Fs suffer from

‘f

R 2O
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the disadvantage of poor water resiscance and durability. When these conditions
are demanded, the phenolics are usually employed. When high water resistance and
durability, coupled with pale colour, is demanded, me)amine-formaldehyde resins are
used. Typical examples of such applications are the usc of moulding powders based
upon melamine-formaldehyde resins in the manufacture of plastic tableware and the
use of melamine-formaldehyde resins in the surface papers of decorative laminates.
Other, perhaps lesser known, applications for aminoplast resins include:

Textile Sizes and Dressings - particularly to impart crease

resistance in drip-dry apparel.

Wet-Strength Papers: Uréa-formaldehyde-and more frequently

melamine-formaldehyde resins are added at the beater stage of

paper formation to impart high wet strength in items ranging

from bank notes to packaging and filter papers.

Fertilisers: Curcd U-F resins have been used as slow release

fertilisers as a nitrogen source for lawns etc.

In general the initial condensation products of aminoplasts have a higher
water solubility than those of the phenolics. On further condensation they form
colloidal dispersions and gels which are capable of undergoing syneresis. Their
solubility in alcoholic solvents may be enhanced by combining the methylol compounds
with lower alcohol, particularly methanol to give improved stability in methancl-
water solutions and with butanol to impart partial solubility in hydrocarbons.

The butylated melamine formaldehyde resins, plasticised with non-drying cil alkyds,
particularly from castor oil, form the basis of the stoving finishes employed in
the manufacture of such consumer durables as refrigerators.

The main aminoplasts are outlined in Diagram 21. The chemistry of resin
formation is rather more complex than that of the phenolics, certain aspects of it
being still rather speculative.

Although the initial methylolation reaction is effected under mildly alkaline
conditions, with further condensation being heat induced, final cure may be
catalysed by the presence of acidic materials, including phosphoric acid for foams,
ssmonium chloride for wood bonding or latent hardensrs for moulding powdsrs.
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Combinations of aminoplast resins with cellulose have remained important
sinze their commercial inception during the early 1920's. Cellulose remains the
most important filler for aminoplast moulding powders and at the cruder end of the
scale U-F resins are still used extensively as the binders for pulp mouldings,
typified by egg boxes.

EPOXIDE RESINS

Although epoxide resins may be prepared from a variety of dihydric phenols,
phenolic movolaks and the like, in practice the commercial resins are mainly based
upon the reaction of epichlorhydrin with bisphenol A. The typical reactions being
shown in Diagram 22. They are characterised by a unique range of properties having
a combination of chemical resistance, adhesive character and relative lack of

brittleness and low shrinkage during cure.

The molecular weight of thé resin, in the uncured state, is entirely
controlled by the proportions of reactants sclected. As their cure is dependent
largely upon the reaction of the terminal epoxide groups they are generally not as
highly cross-linked as many of the other thermosets, hence their capacity to
accommodate a higher degree of internal stressing.

Unlike the phenolics and aminoplasts, they are not capable of cure by heat
alone, but r-quire the action of hardening agents or catalysts.

Principal hardening agents include acid anhydrides, phenolic and aminoplast
resins, im the latter case, particularly, butylated meiamine resins. These
particular combinations are all characterised by the need for heat during the
curing operation.

The two types of catalyst systems by which epoxide resins can be cured under
ambient conditions include tertisry emines and Lewis acids, such as boroa trifluoride,
both of which contain a lone pair of electrons on the central atom which is capable
of initiating polymerization by rupturing the spoxide ring.
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Important applications of the epoxide resins include:

Reinforced plastics - by virtue of their adhesive capacity
the resin-glass fibre bond is of high strength and the
inherent chemical resistance of the cured resin is exploited
in the manufacture of such items as tarks for the chemical

industry.

Castings - The combination of low shrinkage, excellent
adhesion and clarity make the cpoxides eminently suitable

for the encapsulation of electrical and electronic
components. Larger caéting of epoxides filled with inert
mineral fillers have gained a considerable hold in the
manufacture of patterns, jigs and stretch tools, while their
chemical resistance has enabled epoxy castings to be utilised
in the manufacture of pipes, joints elbows and pump casings
for the chemical industry.

Adhesives - The use of epoxices in adhesives ranges from
domestic two-part cold curing adhesives sold in squeeze
tubes - the only really satisfactory type of adhesive for
repairing broken china - through to structural adhesives
for the aircraft industry.

Epoxy Esters, which have been developed as surface coating
media, are normally prepared by reacting drying oil fatty
acids with solid epoxide resins. In this reaction, both

. the hydroxyl groups and epoxide groups of the resin are
functional.

UNSATURATED POLYESTER RESINS

Unsaturated polyester resins are esscntially solutions of mixed glycol
maleate/phthalates dissolved in a vinyl monomer with which they co-polymerize
during the curing process to give clear, pale coloured infusible-insoluble
products. By far their main spplication is in the wanufacture of reinforced

+ e e, .
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plastics.

It was, in fact, the development of the unsaturated polyester system

which enabled the reinforced plastics field to develop to the extent which it has

today.

A typical general purpose resin, the preparation of which is outlined in

Diagram 23, would consist of a 60% solution of an ethylene glycol maleate/phthalate,

having an approximate phthalic anhydride to maleic anhydride ratio of 25 to 1, in

monomeric styrene.

Special purpose resins being derived from such a product by

combinations of variation in the proportions of the ingredients and substitution
of alternative ingredients, the most important of which include:

Variant

Increase in maleic content

Use of propylene glycol in place
of ethylene glycol.

Use of isophthalic acid in place
of phthalic anhydride.

Partial or complete replacement of
phthalic anhydride by tetrachorphthalic
anhydride or chlorendic acid.*

Partial replacement of styrene
by methyl methacrylate.

Replacement of styrene by diallyl
phthalate.

Addition of U-V stabilisers,
Addition of colloidal silica,

Effect

Improved reactivity, thermal stability,
rigidity and resistance to chemicals
and weathering.

Improved styrene tolerance i.e. lower
viscosity solids ratio.

Improved flexural strength and moduli,
Jower watcr abserbtion.

Fire resistance.

Improved transparency of glass fibre
composites.

Non-volatile monomer - used in
pre-impregnation processes.

Reduction of after-yellowing.
Imparts thixotropy.

* Chlorendic acid - the adduct of hexachlorcyclopentadiene and maleic anhydride.

Premature gelation during transit and storage is prevented by the incorporation of

ishibitors, particularly, hydroquinone.

.
]
.
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The resins may be cured by the addition of combinations of peroxide catalysts
and promoters either at ambient temperatures or by heating. The curing process
invariably involving an exothermic reaction. Typical catalyst-promoter
combinations being shown in Diagram 23.

The proportions of catalyst and promoter can be adjusted to give a wide range

of curing rates and normally are varied between 0.5 and 2.0% of the resin,

OIL MODIFIED ALKYDS

By far the most important range of resins used in the preparation of paints,
varnishes and lacquers are the oil modified alkyds, the world production of which
is in excess of 1 billion tons per annum. Modified alkyd generally are described
(see Diagram 24) as linear polyesters containing pendant fatty acid groups. This
description is an oversimplification of the most important group, the drying oil
sodified alkyds as during manufacture, polymerization, adduct formation and other
side reactions lead to a much more complex situation.

Alkyds are classified according to the following factors relating to their
composition:

1. Type of 0il modification - Whether drying or non-drying oil
fatty acids are used.
2. Proportion of 0il used - 'OIL LENGTH'
Phthalic Anhydride
0il Length 0il Content Content %
Short 35-4S8 sbove 35
Medium 46-55 ' 30-35
. Long $6-70 20-3C
. Very Long Above 71 below 20

3. Polyhydric alcohol ¢ ployed - A fairly wide range of polyols
may be used the most popular being glycerol and pentaerythritol,
less common polyols include, for example, dipentaerythritol and
trimethylolethane.
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4. The dibasic acid employed - Although ph

thalic anhydride

is by far the most commonly employed, isophthalic acid

has gained in popularity, and the nore fl
diacids such as adipic and sebacic are us
purpose formulations. Unsaturated acids

maleic anhydride and fumaric acid may als

exible aliphatic
ed for special
, particularly

o be enployed

as replacements of partial replacements for the phthalic

anhydride.

§. The precise fatty acid and/or oil used -
oils the following, roughly classified ac
reactivity, are:

Among the drying
cording to their

Iodine value Drying
0il (Unsaturation) Speed
Tung ) 170 Fastest
Linseed 180 1
Dehydrated castor 155
Safflower 140
Soys ' 135
Tall oil (fatty acids) 125 Slowest
Castor 85 Non-drying mainly used

Coconut 9

The manufacturing process outline described i
popular of u number of so-called fusion processes.
it has been found that better control may be exercis
stage by the addition of entrainers, particularly ar
sieotropic removal of the water of condensation.

of slkyds are possible. These may be based upon blending with other products such

for plasticising
butylated aminoplast
stoving finishes

n Diagram 24 is the most
During recent years, however,
ed during the esterification
omatic hydrocarbons to effect
Very many further modifications

as resin based materials, phenolic, aminoplast epoxy and silicone resins or the

chemical modifications involving, for example, styrenation or malienization.
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POLYURETHANES

The common reactions capable of being undergone by isocyanate groups, which
are described in Diagram 25, indicate some idea of the scope arising in the
preparation of polyurethane, polyureas and polyallophanaces, which provide tle

basis of polyurethane chemistry.

In view of the complexity of the reactions involved and the variety of
possibilities, it is convenient to classify the polyurethanes by their end-use

applications in the broad terms of:

Elastomers

Castings of varying degrees of flexibility anc hardness
Adhesives

Surface coatings

Rigid and flexible foams

which can be-illustrated by the following selected cxamples.

Elastomers:

Polyurethane rubbers, possessing a high order of chenical resistance,
abrasion resistance and durability can be prepared by the reaction of
long chain diols, polyester on polyether based, with excess diisocyanate,
frequently diphenylmethane diisocyanate to produce isocyanate

terminated chains which are then extended by reaction with glycols,
diamines or triols. During the chain extension reection, for

example with glycols, some interaction between the urethanz groups
formed and other terminal isocyanate groups, occurs tc initiate
cross-linking via allophanate groups.

Coatings:

Tough, chemical and abrasion resistant coatings based upon pol!yurethancs
may be classified as two part, ore shot or polyurethane oils.

The two part coatings comprising for example, a triol reacted with
excess diisocvanate to give isocyanate termination us one comporncnt
which then cures on mixing with a hydroxy terminated poliyesIer or

polyether.
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The one shot system is based upon a stable isocyanate terminated
pre-polymer which cures by reaction with atmospheric moisture.

The urethane oils are based upon isocyanate modified drying oils.
The 0il is alcoholised with glycerol to a mixture of mono and
diglycerides which are reacted with diisocyanate to increase their
molecular weight, final drying being effected by normal oxidative

polymerization.

Foans :

Originally flexible polyurethane foams were prepared by reacting
carboxy terminated polyesters, such as polyethylene glycol
adipate, with toluene diisocyanate which simultaneously effected
cure and liberated carbon dioxide. More recently, polyethers
have become popular as starting materials, in addition to being
hydroxy terminated, they also contain hydroxyl groups pendent to
the molecular chains. Cure and foaming being brought about by
the introduction of toluene diisocyanate and water, in conjunction
with a tertiary amine catalyst to accelerate the urethane reaction.
To produce rigid polyether foams the proportion of non-terminal
hydroxyl groups is increased to effect a higher degree of cross-
linking and the introduction of higher proportions of aromatic

nuclei.

‘.
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