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INTRODUCT ION

Worldwide, the plastics industry is growing at the rate of about 10%
per annum as compared with 3% per annum for the steel industry(l). This is
only one factor which contributes to making high polymers one of the fastest
expanding fields of chemistry. It has been claimed(z) that 40% of the
chemists and chemical engineers in the United States are employed in some
aspect of the macromolecular industry either relating to natural polymers, such
as cellulose, lignin, natural fibers, proteins or starch, or to sypthctic
polymers such as plastics, fibers and elastomers, or to the consuming industries
such as the manufacture of adhesives, sealants, protective coatings, films,
mouldings, extrusions, rigid and flexible foams, rubber goods, textiles, or
paper. Another estimate(z) suggests that 70% of the graduates in chemistry and
chemical engincering will begin employment in the macromolccular based
divisions of the companies for which they are employed.

If one disregards natural and synthetic fibers and natural polymers
such as cellulose and lignin which are.more properly reviewed by other Committces,
there still remaihs ; very sizeable industry devoted to the synthesis and
characterization, or utilization and conversion of synthetic elastomers, plastics
and resins.

Some idea of the rate of growth of research in this field can be obtained
from the proliferation of the literature(3). Chemical Abstracts published just
under 30,000 abstracts of original articles in 1946 and just over 180,000 in

(4)

1966, a sixfold increase. Over the same period the Journal of Polymer Scicnce



and its various divisions grcw from 600 pages in 1946 to nearly 9,000 pages in
1966, a growth rate morc than doublc the average. This was accomplished in
spite of compefition arising from the formation and equally phenomenal growth
of a number of other polymer journals, and an increase in the page size of the

journal itself.

HISTORY OF HIGH POLYMER RESEARCH AND DEVELOPMENT IN CANADA

With such growth taking place one can wonder how Canadian participation
fared over the same period. A recent review(S) showed without a doubt that
many aspects of polymer science were being actively pursued across Canada.
Nevertheless, there were many gaps and serious problems.

Industrial activity in the polymer industry goes back over 100 years(6’7).
As early as 1854 rubber footwear was manufactured by a company which was the
forerunner of Uniroyal in Canada. Conversion of cellulose nitrate began as early’
as 1906 and production was undertaken during the following decade by Canadian
Explosives Limited whose products found their way into such early synthetic bascd
materials as paints, films, and coated fabrics (Fabricoid). However, the first
truly synthetic high polymer was phenolformaldehyde resin produced in Canada in
1909 by a company owned by the pioneer Canadian scientists ﬁ.T. van der Linde
and Dr. W.G. Cohoe. The most spectacular advance was made by Dr. F.W. Skirrow,
G.0. Morrison and later Dr. K.G. Blaikie of Canadian Electro Products,
(Shawinigan Chemicals Limited) who in the decade following 1917 discovcred vinyl
acetate, and the polyvinYl acetals which were to lead the way in the truly
synthetic high polymer industry for some time.

In 1925 Courtaulds introduced rayon, in 1928 Canadian Cellanese produced
cellulose acetate, and in 1931, Canadian Industries manufactured cellophane,

all based on the natural high polymer, cellulose.



The pressure of wartime nceds and activities encouraged new enter—
~prises. In 1939, just before the war, the Naugatuck Division of Dominion
Rubber started production of the first synthetic rubber in Canada, Thiokol,.

a polyalkylene polysulfide rubber of use in fuel resistant applications as in
scalants, gaskets and tank liners. In 1941 Shawinigan Chemicals Limited
branched out into polyvinyl chloride and its copolymers through Canadian Resins
and Chemicals. However, the major growth and diversification was to come at
Sarnia, Ontario, where Polymer Corporation Limited came into being in 1942.

The story of Polymer Corporation Limited may be found in numerous
references(g). It is sufficient to record here that through the foresight of
the late Honourable C.D. Howe, and a committee under Mr. J.R. Nicholson, a
completeiy integrated coﬁplex of synthetic rubber producing facilities was
financed by the Canadian Government according to a mater plan integrated with
that of the United States. Subsequently this group of plants formed the nucleus
of the present Polymer Corporation Limited operations. Soon other industries
established synthetic polymer production facilities nearby, particularly Dow
Chemical of Canada Limited,Du Pont of Canada Limited, and Imperial 0il Enter-
prises Limited. |

The historical importance of the establishment of Polymér Corpofation
Limited, and the growiﬁg of the Sarnia petrochemical industry, is severalfold.
Firstly,production began in Canada of the basic monomer units for many synthetic
high polymers; butadiene, styrenc, and isobutylene at first; later ethylene and
propylene; and still more recently vinyl chloride and acrylonitrile, with
potential for still further diversification. Secondly, the initial butadicne-
styrene copolymers, butadiene-acrylonitrile copolymers and isobutylene-isoprene
copolymers produced by Polymer Corporation Limited formed the basis of an

extensive series of related elastomers, thermoplastics, and blends. Thirdly,



Dow Chemical of Canada limited, which was originally involved in the production
of styrcne at Polymer Corporation, set up its own styrene unit in the mid
1950's to supply its polystyrene unit which had utilized sfyrene from Polymer
Corporation Limited since 1947. Dow subsequently started production of styrene
copolymer latices and polyethylenes to be followed shortly by Du Pont of Canada
in the latter field. The establishment of new units has continued, with
Imperial 0il Limited still more recently starting production of polyvinyl
chloride in Sarnia, based on purchased monomer.

Outside of Sarnia two centres have bécome active. Polyethylene was
made first in Canada at Edmonton by Canadian Industries Limited who were later
joined by Union Carbide in Montreal, bringing the producers of polyethylene in
Canada to four. Since tﬁe second world war production of acrylic fibers (Orlon)
and of polyamide fibers (Nylon) has started in the Montreal-Kingston area based
on imported monomers. A beginning was made towards domestic courses of
monomers for these fibers when acrylonitrile for acrylic fibers became available
from Imperial Oil Limited at Sarnia.

While Canadian production of the basic, large volume synthetic elasto-
mers, plastics and resins is an accomplished fact, there has not bcen continucd
growth into the new specialty fields. Indeed some older, well established
products such as silicones, fluoroelastomers and fluororesins, the acrylate
and methacrylate resins, polypropylene, as well as the whole generation of new
plastics such as the polycarbonates, polyacetals, polyphenylenes, polyphenylenc
oxides and sulfides, polysulfones, polybenzimidazoles and rclated types, the
polymeric carbens, the ladder and spiro polymers, and numerous others which
have arisen predominantly during the space age research in the United States,
are still neither being produced nor studied actively in Canada.

This encouraging but nevertheless incomplete industrial activity has



had a comparable but less extensive counterpart in the ficld of academic
rescarch.  Rescarch started carly, certainly under Dr. G.S. Whitby who was

at McGill from 1920 to 1929 and at the National Research Council from 1929

to 1939. Indeed Dr. Whitby's early work on rubber and polystyrcne represents
truly pioneering research on the colloidal and macromolecular natufe of these
then novel structures. Dr. A.C. Cuthbertson of Mount Allison University
studied polyvinyl acetate in the 1930's but otherwise little evidencé of
academic interest in the new field of high polymers was to be noted for some-
time. Elscwhere in the world the science necessary for the impending rapid
advance of the field was being developed by scientists of I1.G. Farben in
Germany, and to a lesser extent those of Standard 0il of New Jersey, Goodyear
Tire and Rubber Company,-Firestone Tire and Rubber Company, B.F. Goodrich Tire
and Rubber Company, Dow Chemical Company, and E.I. DuPont de Nemours and Co. Inc.,
as well as by such well known names in the fields of high polymer research as
Staudinger, Mark, Flory, Huggins, Melville, Treloar, Gee, Salomon and Medvedev
to name only a few.

These early research efforts were to receive tremendous assistance from
the massive synthetic rubber programme in the United States at which time such
pioncers as Marvel, Kolthoff, Ferry, Maron, Kharasch, Debye, Philippoff; Tobolsky,
Heller and many others started active research. This same impctus was given to
Canadian research effort since, as part of the agreement whereby Polymer
Corporation Limited was set up, there were agreements to establish in Canada
both a basic research group and ; development group to support this endeavour.

The basic rescarch group was administcred by the National-Research
Council and sponsored elastomecr resecarch at various universities under the
guidance of scientists such as Winkler, Rinfret, Cragg, Sivertz, and Ivey. Al-

though the support by the National Research Council has ccased to be separatc



from the normal rescarch granl system, a number of thosc now receiving supportl
for high polymer rescarch belong to an Associate Committce‘on High Polymer
Research which meets to discuss common problems and until recently, sponsored
the highly successful Canadian High Polymer Forum. Several new research
groups are being formed which will undoubtedly play significant roles in the
future in the expansion of academic research.

The development side of the agreement was met by establishment at
Polymer Corporation Limited of a broadly based and rapidly growing Research
and Development Division, which undertook basic research, applied research,
and development, and gave rise to a separate Technical Service laboratory.
The large and modern laboratories in toto are able to synthesize new monomers,
polymerize these by freeAradical, anionic, cationic or coordination complex
catalysts to polymers, characterize these polymers as to molecular weight and
structure, fabricate these polymers into test pieces and within limits, fab-
ricate test items simulating consumer products.
Over the same period several other Canadian industrial laboratories(s)
established sections devoted to the study of high polymers. While not on the
scale of those at Polymer Corporation Limited, each in its field represents a
sizeable and powerful force. Some of those with research groups which have
significant research efforté onisynthetic high polymers include Canadian
Industries Limited, Du Pont of Canada, Shawinigan Chemicals, Domtar, Dunlop,
Uniroyal, Dow, Imperial 0il, Reichhold and Glidden. One should not omit the
fact that basic work is underway at the Division of Applicd Chemistry of the
National Rescaich Council and applied research is active in the Division of
Building Research of the National Research Council, thc Ontario Hydro-Electric

Power Commission Laboratories, and the Ontario Research Foundation.



Present Status

In dealing with rescarch and development in a historical way the
division of wérk betwecen Universities and Industries is not brought out clecarly.
In fact, industrial work has been centered largely, and correctly, around the
problems of synethesis of polymers and characterization of their propertics
with the view of extending their uses. Much of the University work has tended
to centre around structure and the broader physico-chemical problems which do
not enter into the sometimes restricted and confidential aspects of business
operations. Regardless of the nature and purpose of the work, interest in
macromolecular science has grown. Most of the university activity is centered
in small groups of one man with his students and assistants. However, special
mention must be made of the Division of Polymer Chemistry of the Department
of Chemistry of McGill University. There a group of four scientists leads a
team of over 25 working on all aspects of polymer science. This group works
closely with the Pulp and Paper Research Institute of Canada on the same campus
and allied to the Department of Chemistry although interested in natural polymers.
The interaction is most beneficial since the resources of some 80 scientists
including graduate students can be mustered.

Although various courses in polymer chemistry are available at
Universities at both the undergraduate and graduate level there is not yet
available a degree in polymer chemistry. Since degrees of this type are be-
coming more common elsewhere one can reasonably assume that polymer chemistry
will take its place alongside radiochemistry, biochemistry and the other inter-
disciplinarial branches of chemistry as a major subject in both undergraducte
and graduate courses. In the international scene this has long bcen noted

through the formation of the Soci¢ty for High Polymers in Japan, the Division



of Polymer Chemistry of the Amcrican Chemical Society, and the more rccenf
incorporation of a Division of Macromolecular Science in the Internation Union
of Pure and Applied Chemistry. In Canada the formation within the Chemical
Institute of Canada of a Division of Macromolecular Science should give
Canadians strong representation in international macromolecular circles and
stimulate interest in macromolecules.

In the absence of major schools of polymer science in the past, there
has been no accumulation of experienced polymer scientists. Most of those
who remained active classified themselves as physical or organic chemists
interested in high polymers. More recently a considerable number of polymer
scientists with long services in industry moved to McGill University, the
University of Toronto and the University of Waterloo to establish "instant”
high polymer activity. Nevertheless, much remains to be done to expand these
groups and to establish others by attracting to Canada and to University life
well trained and experienced individuals who can act as teachers and research
directors for the graduates who are destined for careers in polymer chemistry.
One of the opportunities for the Science Council is to establish chairs, depart-
ments or institutes of polymer science taking into account local interests and
local strengths. Also funds might be used to bring prominent polymer séientists
to Canada on sabbatical leaves or as vi;iting professors.

This immediately raises the problem of facilities and equipment. It is
fortunate, perhaps, that high polymer chemistry docs not require unusual
facilities or equipment but rather modifications of known items. Unfortunately,
the modifications are sometimes intricate and expensive so that instrumentation
plays a major role. While the well established laboratories have many of nuclecar
magnetic resonance, electron spin resonance, microwave, light scatteriﬁg, sedi-

mentation, rheological, differential thermo-analysis, thermbgravimetric analysis,



infrared, x-ray, and other equipment, no single laboratory is completely
equipped. Béyond the major centres of McGill University the University of
Toronto and the University of Waterloo, the equipment is qﬁite restricted in
nature as yet. Almost completely absent are specific instruments such as high
speed testing, torsional hysteresis, impact, rheological, and other equipment
designed tb characterize high polymers as distinct from small molecules. A
major infusion of capital equipment into the existing and new centres will be
required over the next decade at least.

The survey of rescarch in progress indicates that most of the studies
are on polymerization systems or polymers which have become well established
commerciaily. There is cemparatively little research work on the synthesis
of new monomers or polymers upon which future industrial growth can be made.
While work on improvements in the manufacture, use, and performance of exist-
ing types is commendable therc remains the fact that Canadian science and
technology is lagging behind that of many countries, particularly that of the
United States. It is even noticeable that Canadian industry has not exploited
available foreign technology, let alone developed advanced technology of its
own.

The statistical data show very clearly how the research effort is
distributed (Table 4.7-1, Table 4.7-2). Industrial laboratories appear to
spend about 14% of the total research and development funds;on polymers. This
expenditure is excceded only by that on metallurgical research, and is just
slightly grecater than the percentage spent on chemical‘engineering. Greater
than 60% of this effort is devoted to development, about 35% to applied research
and about 5% to basic rescarch. This distribution of effort is about right for
industry although onc might rccommend more basic rcsearch. However, industrial

performance far exceeds academic performance since the statistical data indicate



less than onc percent of university funds are expended on polymer research

and less than three percent of university staff are assigned to organic polymer
chemistry. Indeed industry appears to be spending three to four times as much
as the universities on basic research.

This surprising anomaly has several explanations. Firstly, academic
research has becn mostly of a one man-one project type which indicates a
breadth of interests but little real activity. Secondly, much of such activi-
ty has undoubtedly been absorbed into organic chemistry or physical chemistry
in the Departmental budgets which may explain why polymer chemistry costs only
one quarter the average. Thirdly, the major growth in polymer science in
universities has taken place very recently and may not, indeed, be reflected
in the sfatistics. Regardless of all the apologies, academic research on high
polymers lags far behind industrial activity, and rates very low in the overall
interests and activities of the University Community. Main growth and interest
appears to be in the Departments of Chemical Engineering. The distribution of
effort has been 80 - 90% basic research and the remainder applied research.
Perhaps with Chemical Engineering Departments expanding their efforts, there
may be more applied research in the future. A sixfold increase in academic
research would be needed to balance industrial activity, however, and this
growth is not immediately likely since it would involve changing the interest
of present staff.

It is certainly true that the output of graduates trained in polymer
science is in no way adequate for present needs or projected growth of the
industry if the demand for skilled personnel reaches that existing in the Uaited
States.

Government laboratories are inactive in the general field of organic

chemistry of high polymers although, as mentioncd earlier, various laboratories



have projccts of interest to this field but which arc classificed elsewhere.

This gap in government research has been noted as a significant one.

The Main Gaps

Two main gaps appear. One is work on new synthetic polymers and the
other is study of polymer complexes of biological interest. The importance
of synthetic polymers as materials from which to make substitute organs and
parts of organs may be so vital to our health that research duplicating
efforts elsewhere may be justified. There are several research groups ‘in
Canada whose efforts could form nuclei for greater effort in applying syn-
thetic high polymers to human health and comfort.

The United States programmes in military research, space exploration,
and atomic energy have encouraged an enormous amount of effort on new high
performance materials, besides enabling other materials in the range of perform-
ance of engineering plastics to receive acceptance. Thus a whole generation
of high performance plastics and composities useful for extrusions, mouldings,
coatings, fibers, adhesives, and sealants has evolved and become commercial.
Naturally the markets are very limited in Canada, the present materials are
jealously guarded proprietary products of large foreign firms, and there is no
background of experience here. Nevertheless, it scems reasonable that if
Canada is to maintain a position in the production of advanced transportation
and exploratory vehicles, some basic industry producing the improved materials
must be encouraged and, if necessary, supported financially and by research and
development effort.

(5)

This led the author in an earlier review'”™’, to suggest that a national
objective was nceded to form the nucleus for increascd effort and that a

possible objective was design and fabrication of living and working areas for



the northland and transportation systems connecting them cconomically. Emphasis

in the past has been on materials to withstand high temperaturcs in short-lived
vehicles for air and space travel. In contrast there is also need for materials
which will withstand low temperatures for long periods of time. A programme

for study of structure and properties particularly in the search for such

materials could be a national objective under the guidance of the National Research
Council, thec Defence Resecarch Board or some other organization, with the assurance
that if an adequate market devcloped there are industrial concerns able to under-
take production of materials for which there is no conflict with the patents of

others.

Future Patterns

Without a national objective, what is the pattern likely to be? What
are Canada's needs? One can predict continued growth of acédemic research be-
cause of the interesting scientific problems which can be visualized. Several
groups(s) are being formed or are growing, specifically at the universities of
Simon Fraser, Calgary, Waterloo, Guelph, Toronto, McGill, McMaster and Montreal.
In addition, as the graduates from these schools accept appointments at other
universities it can be expected that new groups will form at these institutions
in turn. The Division of Macromolecular Science and the Canadian High Polymer
Forum,which is now part of the former, should form common meeting places for‘
those with varied interests, and might even in the future be responsible for a
journal of macromolecular science.

Perhaps under the stimulation of the discussions, some of the relatively
unexplored fields might seem attractive to one or other of the academic groups.
The subjects of addition and condensation polymerization have becen active a long

time. Certainly much good work can yet be done synthesizing and polymerizing



new monomers and studying the properties and siructures of the polymers. How-
ever, there is a place for centres of advanced study where new concepts can

be explored iﬁ much the way that ideas such as replica polymerization, oxidative
coupling, biochemical synthesis, or pyrolytic conversion have been studied in-
tensively by inétitutes elscwhere. One of the major tasks of supporting bodies
is to identify and support promising novel ideas at a time when thesec ideas

are so ncbulous that merely to define an objective is to lose the idea.

Over the next five ycars it is hoped that more emphasis will be given
to the introduction of undergraduate and graduate courses in polymer science
and more recognition of polymer science as a specialization at least comparable
to nuclear chemistry or biochemistry in its breadth and importance in a
university curriculum.

It is more difficult to visualize industrial trends. Undoubtedly
existing laboratories will expand and new laboratories will be formed. However,
the small size of the Canadian market suggests that industrial firms will not
venture very far into new materials but will be content to produce and market,
under licence if necessary, those materials which have attained some consumer
acceptancc in Canada. Somewhere along the line the specific needs of Canadians
must be recognized either by government laboratories or agencies or by industrial
rescarch groups.

The appeal is often heard that those industrial concerns who market
extensively in Canada should do some of their research in Canada. This may be
a good suggestion but with the sophistication of modern research a splinter
group may not be too effective unless very careful planning and coordination is
practiced. Nevertheless, a splinter group under favourable conditions can be

a happy solution to the problem.



Through such groups Canadians would contribute to the overall research effort
of the industrial concerns from their homeland and their research would find
worldwide use.v In actual fact the chemical industry in Canada, and certainly
those portions of it related to high polymers has been quite successful in
this very philosophy. Several companies have made major contributions to the
worldwide research and development effort from their Canadian Laboratories.
Such items as the adhesives for Terylene tire cords by Canadian Industries
Limited, the polyethylene process by Du Pont of Canada, the "beadlog"processx
by Dow Chemical of Canada, the EPT process of Dunlop Reséarch Céntre, and the.
various "firsts" claimed by Polymer Corporation Limited in the fields of syn-
thetic rubbers and thermoplastics are examples. The latter company introduced
polyblends made by latex blending, soluble catalysts for the polymerization of
cold rubber, oil extended Butyl and SBR rubbers, high gum tensile isoprene-
acrylonitrile rubbers, and synthetic trans-polyisoprene, and more recently
terminally reactive rubbers of a new type, all interesting new materials.

Other evidence of international cooperation is that of polyvinyl chloride
in the ESSO organization. The technical aspects of all of the affiliated
companies are handled from the Canadian organization. Not only is this obviously
a matter of efficiency since other rescarch and technical groups need not duplicate
facilities and information available from Canada, but it clearly demonstrates
that the Canadian research laboratories are on a par with the others. Other
global companies should be able to use variations of this principle.

However, research in smaller companies is less easily justified and
initiated. One of the major factors in introducing companies to research and
its value has been the National Research Council Industrial Research Assistance

Programme. This system whereby the expenditures on salaries are covered by grants,

xlarge slabs of expanded polystyrene formed from expandable beads of polysiyrcne
containing blowing agent.



providing the company supplies an approximately equal value of facilities and
services, has been utilized by largc companies such as Abitibi, Canada Packers,
Canadian Industries Limited, Chemcell, Columbia Cellulose, Dow, Dunlop, Glidden,
Imperial, MacMillan-Bloedel, Reichhold, Union Carbide and Uniroyal, as well as
comparative newcomers to research, such as Abrex Specialty Coatings, Canada
Glazed Papers, Canadian Technical Tape Limited, and Fiberglas Canada Limited.
These companies have obtained support broadly in thé field of high polymers.

An assistance programme of the Defence Research Board supports mostly "hardware"
projects, but some funds do assist projects in the high polymer field indirectly.
However, there is no appreciable support for high polymers of the types used in
space and supersonic vehicles or for use in unusual environmental conditions such
as high énergy radiation, high temperaturc, low temperature, ablative or abrasive
atmosphcres. The market for textiles, films and other products from the new
materials are met by imported products.

While these assistance programmes have been very successful in initiating
new research there has been a problem that a one-man/one-project type of study
resulted. Perhaps a more flexible procedure of support will evolve so that
industries may follow valuable leads more quickly, use experts to assist over
limited periéds of time, and change personnel and projects as the emphasis shifts.

In spite of the assistance programmes it is the feeling that Canadians
are not yet utilizing fully the technology evolved outsidc of Canada. There
may indeed be some tendency to try to duplicate or to circumvent existing tech-
nology rather than to licence a process and to expend funds thus saved on truly
new and novel developments. The size of the Canadian market does not assurc
sales largec enough to pay for extensive or expensive development programmes.

Thus in making innovations in the development aspects of the chemical industry

we must "think small" so that the product will be competitive cconomically.



Alternatively an aggressive export policy must be followed. However, basic
raw materials costs are often so much more in Canada than clscwherc that only
protection will allow a domestic industry to survive, and pfecludes exporl at
a competitive price.

Another facet of development which is extremely expensive is evaluation,
testing, and standardization. Equipment, particularly for such tests as
environmental exposurc is expensive and may not be required by any one company
- continuously. There would seem to be a place for an extensive and complete
testing facility in Canada supported by contract testing from industry and
government and, incidentally, available to university researchers on somec ap-
propriate basis. The funds released by elimination of duplication could be
used for other aspecls of research and development. Also this laboratory could
expand the work of standardization and speed up comparisons and acceptances.

The cost of construction and operation of a comprchensive testing
laboratory would depend greatly on the écope and the sophistication desired.

;oA st e -
A well-built laboratory of 10,000 5;‘15,000 square feetwgrea costihg about $500,000
would be ample for a beginning and could accommodatec both heavy and light pro-
cessing cquipment, analytical equipment, files, storage, and office areas.
Assuming a fﬁll time technical staff of four, one sccretary and ten technicians
an operating budget of $250,000 should be ample particularly if there are‘no
additional overhead or depreciation charges. Such a nucleus could grow both in
size and complexity as the demand for services increcased.

An initial capital budget of as much as $250,000 might bec desirable
followed by an ennual capital budget of perhaps $100,000 for a few years until
the resources had become adequate for the service performed.

It would be important to locate this laboratory where the technical

staff could have ready access to library facilities and also be near the rubber



and plastics processing industry. This would suggest a location in Toronto or
Montreal, pcrhaps in conjunction with some institution such as Ryerson in
Toronto or Ecole Polytechnique in Montreal, or one of the Universities.

The testing laboratory, or alternatively the National Research Council
could act in another capacity. It is obvious that stimulation of research and
development would result from the evolution of applications of high polymefs
that would benefit Canada. This requires collaboration between groups of
companies engaged in synthesis, fabrication, and end use, and often the customer.
For example, it seems improbable that casual coming together of the groups
necessary to develop the northland will ever occur. Rather some leadership must
come from an organization, probably governmental, which appreciates the problems
and can gain the cooperation of the group devoted to mining and manufacturing,
housing and transportation, and polymer synthesis and fabrication, as well as
government or municipal officials so that an overall programme is possible.
Arising from such cooperative development would be basic research projects of
interest to university staff.

Finally some means must be found to encourage the highly speculative
and costly development programmes which result from any successfui research. A
company should be expected to absorb some failures along with its successes but
for many companies it appears that the chance of failure is in itself a gréat
deterrent to action. Careful selection and evaluation of development projccts
may assist in reducing failures but this also greatly handicaps rapid advance
in the face of worldwide competition. Unrestricte