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Coal, Petroleum, Explosives,

Petrochemicals and Lubricants

COAL

Coal research in Canada is extended over the whole field of contemp-
orary coal science and technology. This width of coverage is essential to neet
the immediate practical needs of the industry, and to provide some hope for

" improvement, The chemical research and development work related to coal (with

which this survey is concerned) is a much narrower subject and excludes research
effort in the fields of exploration; geology, mining, economics, tran5port$tion,
and to a large extent, beneficiation,

As coal is a bulk commodity in a highly competitive market, the funds
that are generated within the coal mining industry for progress have to be

entirely spent to improve the mining, transportation or the quality of the coal

by the elimination of mineral matter and by screening to achicve the required



8ize distribution. For this reason, chemlical research and
development on coal s almost exclusively carried out by
government agencies that are concerned with the developmsnt of
the country's mingral resources, This state of affairs is not
peculiar to Canadsa, but exists all over the worid., It i3 un-
likely that any great change in this set of clrcumstances will

take place in the next five-year verlod in Canada, though the

demand in North Amerlca for distillate fuels 1s Increasing at
such a rapid rate that the major oll companies have become

much more interested in securing coal reserves as a potential
source of synthetlc 11iquid fuel., This may bring about some
chnange in the tradition2l pattern of research on coal in the
United Statesg; howewver,in Canada within this period of time, 1t
is not expected that Canadian oll companies will be Interested
in coal from this point of view;~rather, c¢oal lands wlll be
purchased as potential sources of coking coal for the Japanase
market,

In Canada, the government agencles concerncd with
chemlcal research and development work on coal, are: the Alberta
Research Council in Edmonton, the Fuels Resecarch Centre of the
Mines Branch, Department of Energy, Mines and Resources in Ottawa
and the Nova Scotia Research Foundation in Halifax, Bach avency
has retained full and exclusive control over 1ts programming, and

the development of problems selected by it for Investigsotion.



There 13, héwever, broad co-ordination and effectlve effort to
minimize duplication, as well as to dovetail‘the programs to
yield the greatest benefit through the Canadian Advisory
Committee on Coal Research,

It is somewhat difflcult to estlimate exactly the
amount of money spent per annum on chemical research and develop-

. ment on'coal, as some of the facllitles are shared with oill;
however, 1t is less than $600,000 per year, or under one per cent
of the dollar value of annual sales,

The distribution of personnel working on chemical
research and development projects related to coal is shown in the
following table.

Alberta Western | Fuels Nova Scotla

Researchh [Regional Research Research
Council Lab, EMR Centre, EMR Foundation

Professionals 8 1 11 1
Techniclans 4 1 16
Administrative

Support 3 3

Comparatively large groups of experts are required
" to undertake research and development on coal, because it is a
very comvlex substance of varilable compozsitlon, The equipment
required by this variety of experts is expensive, so that this
type of research can only be conducted in or near a maJor centre,

It is the reallzatlon of this fact that has led the Canzdian stieel
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companies and several coal companles, as well as,/a tar
processor,tb cembine to form the Canadlan Carbonizatlon Research
Assoclatlon, This organization undertakes research on coal as
related to the metallurgical industry at the Fuels Research
Centre in Ottawa, This type of collective action has been
encouraged by the Mlnes Branch as a sound approach for a small
country in areas where there 1is an écute shortage of skilled
speclalists.

In concluding thesé general remarks on coal research,
it 1is important to zmphasize that 1n splite of the actlvitles of
the Canadlan Advisory Committee on Ccal Research, the Canadian
Carbonlzatlon Research Assoclatlon, the Research Council of
Alberta and the Fuels Research Centre, there is no room for
complacency., Co3l rescarch in general and chemical researcn on
coal, in particular, may well suffer a severec blow with the
disappearance of the deinion Coal Board. This organization
gave financiasl support to universitles and provinclal agencies
to pursué research designed to assist the coal 1Industry.

The Coal Board also wag empowered to conduct speacial
studles and retzin consultants to secure cost estimales of
speciflc metallurgical operations that might benefit coal,

Unlcas some other agency can be found to carry out
this portion of the activities of the Coal Board, the veold thus
created will have serilous repercusdgions on coal research, With-

ocul modest sushained research fuads, 1t would e Lupossible te



Interest Canadlan universities, and it will be increasingly
difficult to starff the existing research organizations with
Canadian personnel., It follows that the progress made, as
indicated by the following review of current recearch and

development work on coal, will fall into decline,

RECOMMENDAT IONS

1, In the light of the proposed dissolutlon of the
Dominion Coal Board, it 1s recommended that the Department of
Energy, Mines and Resources assumes those responsibilitles and
powers essential to conduct the research and development
functions formerly exercised by the Coal Board,

2. To maintain an acceptable level of coal expertise
in Canada, related to coal processing for the metallurglcal
industry, it 1s recommended that an endowed chair at the
University of Alberta be conslidered in the field of fuel tech-
nology. This would fall most logically into the chemical

engineering department, and could be linked with the coal

R

sclence undertaken at the Research Council of Alberta,

3. At the federal level, equipoment and expert versonnel
masc e maintainsd to insure that a satisfactory dinlosue can be
continued with the Japanese, This is essentisl if the'present
export market for coking coal to Japan 1s to be kept up and

exnanded.



L, As there is no training avallable in coal science
in Canada, 1t Is recommended that training positions be
established for coal research at the Fuels Research Centre,
For example, the establishment of the followling suggested
positions would give very material support to current research
programs: |

Two summer student posltions at the university level,

Two positions that could be used with the sandwich
dourses presently established at Waterloo Unlversity,

Two positiohé.fé;'training students at the technical
institute level.

One position that could be used for traininz the
permanent staff at the Fusls Research Centre, Thils would permit
a member of the staff to be sent to the International Flame
Research Laboratory at Ijmuilden, Holland, as well aS/ﬁgo the
British Coal Utilization Research Associatlon, the Coal Tar
Research Association, and other institutes of international
standing.
5e New and more flexible financial arrangements should
be examined that would permit national laboratories, such as,
the IFuels Research Centre, to glve more effectlive tralning and

technlicel aid to industry.
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PETROLEUM, PETROCHEMICALS AND LUBRICANTS

The chemical research and development activities in
the field of petroleum are very largely carried out in Canada by
companles that are owned by international o1l companies that
have dlversified Interests and extensive research and develop-
ment programs. The Canadlan companies can draw, to a considerable
extent, on the expertise of the parent organization to select
processes and operations that willl be pfdfitable in the Canadilan
environment., Relatively minor amounts of research, in terms of
'financialagxbenditures, are conducted 1in the laboratorles of
government agencies and those of the universitles, The types of
research in 1ndustry, government and unlversity differ, and this
wlll be brought out when considerilng each area,

In Canada, during 1965, there were reported to be
thirty companies oonducting chemlical research and development
in this particular area to establish new processes or improve
versions of established processes for the Canadian market. (1)

The main concern of the petroleum industry is to
establish and maintain profitable operations. It is quite under-
standable that Canadlan petroleum companies associated with
International companies would attempt to apply and adapt the

technology already developed by the parent company to Canadian

(1) DBS Industrial R & D Expenditures in Canada 1965, Cat. #13-527



conditions,  In this particular industry, this has been done

in the past, and is belng done at present to Canada's advantage.
This 1s brought out by the statlstical data of the Dominion
Bureau of Statlistics., What 1s not brought out by this informat-
ion 1s that the oll companies in Canada are diversifying their
interest into petrochemicals and metallurgy in & manner that
shows conslderable imagination., It is to be hoped that the

economlic climate will encourage thls healthy trend.

STATISTICAL INFORMAT ION

As the petroleum industry 1is composed of competing
private companies whose relative competltive position is
dependent upon their research activities, it is quite evident
that the nature of the research effort cannot be discussed in
more detall than 1s available in tables supplied by the Dominion
Bureau of Statistics. This data is compoged of Information
supplied by thirty companies in the petroleum or petrochemical
busliness, The latest year for which the tabular data is
complete 1s l965;_consequently, this 1s the year to which the
following remarks apply.

The totafeexpenditures‘for intra-mural research were

)1, qi9, 050
$22,726,000, These were met from $X757674,000 derived from
Canadlian sources and $4,807,000 from foreign. This Iintra-nural
research effort was augménted by $3,133,000 of extra-mural

researci:, This additlonal research was largely conducted by

X c«.( v G‘C'H'L + (";I‘(;u{gl
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. Canadian subsidiary companies 66,3%, Canadlan consultants 16.4%,
provincial research councils 9.3%, universities 6.85% and a |
small residue of other educational institutions and federal
government laboratories.

During the year 1965, the payments of royaltles on
patents, licences, and technlcal knéw—how by the reporting
companies was $2,581,000; whereas, there was no fevenue derlved
by these companies from theilr own patents; licences, and
technical know-how.

The distribution of current funds spent on intra-
mural research and development shows that out of a total of
$11,715,000, $2,374,000 were spent on research related to
refining processes; $55,000 were spent‘on instrunent develop-
ment; $1,579,000 on petrochemical products, and $7,626,000 on
the improvement of fueis, 1ubricahts, asphalts, and other
products. |

To physically carry out these programs, a total
technical labour force'of 273 engineers and sclentists was
employed-~of thié, the largest single group was composed of
165 chemical engineers and chemlsts,

As mentioned earlier, the dominant emphssis 1s upon
application and development, Tﬁis is brought out in the
statistical infoermation on the currernt iatra-maral research and

development expenditures by type of activity, which shows that
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$335,000 were spent on basic.research, $8,625,000 on applied
regearch, énd $2,755,000 on development work. The number of
sclentists and enginecrs engaged in each of these activities
is also shown, so that 1t is possible to calcalate the amount

of the expenditure in each area per professional scilentist,

Type of Activity Fundamental Appliead Development

Current Intra-mural

Expenditure

Thousands of $ 335 8,625 2,755
Number of

Scientists 9 1786 a6
Expenditure per

Scientist . 37.2 L8 .5 32

Thousands of §

(b.B.S. Industrial R & D Expe?gitures in Canada 1965,
Cat. 13-527, Page 322, Table 14 - Pheec g0 Table 2.6
J b 'ﬁ/ 3

A similar t&be of.abproach was uced to relate the
current expenditures for intra-mural research and devélopment
in a given field of science to the numher of scientists in
that field, Tha@»data yielded such wide fluctuations in the
average current research and development expenditure per
sclentist in tne various disciplines that it is clear that a
much more detalled examination of the clrcumstances causing

these fluctuatilons 1s required to extract any zenuine meaning.
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On the average, the current research.and development
.expenditure per year per engineer was $32,800 and per scientist,
it was found to be $50,000,

It may be worth notiﬁg here, for future reference,
‘that forty scientists and engineers were reported, in 1965, as
being employed in the area of petroleum and natural gas product -
ion. Of this number, éﬁgg;géglwere listed as belng chemists and
chemical engineers, This techhical group will almost certainly
have grown substantlally in the last three years, and 1In view

of the Middle Zast situation, the growth may be expected to

accelerate,

RESEARCH ON PETROLEUM AND RELATLD TOPICS IN THE UNIVERSITIES

| It may appear somewhat odd that petroleum, which
gives rise to so much chemistry in 1ts refining and utilization,
1s not 1itself studied in Canadian universities, This 1s because
it 1s a naturalidegradation produﬁt containing countless
compounds. The study of 1its composition involves formidable
separation problems that are not considered to be of much
educational valué, and require complex analytical facllitles to
make’aﬁy appreclable progress.

It 1is noteworthy that at thils stage in the develop-

ment of ﬁhe 01l industry, there 1s no organo-geocnenistry taught
in any of the unlversitles 1n Canada, A better understanding

of the gencsis of oil might well ennble large areas of sedimentary



rocks to be rulcd oub as potential sources of ¢il, and thus avold

unnecessary drilling and exploration,

o3

,0

Canadian universities are the reciplients of numerous

grants from the Petroleum Research Fund ol the amerilcan Petroleum
Institute, adminislered by the American Chemical Society, (2)

out of a total of approximately six hundred such grants made to
universitics in the Unlted States and throughout the VWestern
world, Canadian universities receilved seventeen 1In 1966. This
fund was established in October of 1GH4, and the amounts of money
paid out annually né grants have increasel from $164,367 to
$3,014,607 1in 1966, The type of work supported by these funds
covers an e;trcmely wide range of subjects from the constitubion
of asphalis to porphyrin chemistry, The resza arcnh to gualify for
a zrant must be of a fundamenftal nature and mus t enhance %the
teaching and training of students. An estimate of the total
annual value of thase grants to Canzdian univarsities would be

of the order of $136,00C.

One of %the pnroblems of securing a meaningiul indicat-
fon of the curren® research effort related to petroleuwn, is that
it would raraly te lisbed under petroleum or fuel, 3SufTice 1t to
soy thot comparatively llttle research activity related Vo
petroieun 1s %éking place in Canadlan unilversitics,

A somewhat different situation exists in the arca of

th= production of pctroleum, In the 113 of 1954, the Technlcal

(2) 11th Annuatl Beport on Rescarch, Under Sponscrsiio of The
Pebroleun fegserveon Fund, Admin1étulex by The .oazpizan Cheanle

Soxieby, Parlo? fnting august 31, 1666
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Advisory Committee of the Research Council of Alberta reccmmended
that the Provinoe of Alberta should be making a substantially
larger‘contribution in ald of fundamental research directed toward
Increasing the recovery from the ground of oll and natural gas.
The Alberté government agreed to support the plan on a continuing
basis at a level of about $100,000 pér year, provided similar
support was offered by industry. Thié support was granted, and
the Petroleum Recovery Research Institute was formed and
established in the Engineering Building of the Unilversity of
Calgary. The operating and capital expenditures of this Institute

were 20 and 90 thousand dollars respectively for 1966,

RESEARCH ON PETROLsUM AND RELATED TOPICS IN THE FEDARAL GOVERNMENT

A large proportion of the chemical research and
development related to petroleum is performed in two federal
government agenciles: the Mines Branch of the Department of Energy,
Mines and Resources, and the National Research Council,

The ilines Branch program is directed toward gaining =z
clearer understanding of the fundamental chemical structure of
Canada's 1ow~grade’petroléuh resources to provide a better basis
fTor the development of improved ﬁrocesses for treating this class
of crude oill,

Researchh on the physical and chemical structurs of
petroleun is conducted because of the fundamental importance of
understanding the behaviour of the nlgh-molzcular weight fractions

of petroleum in n=ny applications,
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A limited amount of organo-geochemical research is
undertaken at the Mines Branch to assist the Geological Survey
of Canada in the proper classification of naturally occurring
hydrocarbons, as well as//go give an indicatlon of the extent
of the metamoirpnic transformations that have taken place in
‘these substances, This type of information is helpful in
assessing the possibilitles of finding petroleum in a gilven
formation,

The applied research program 1s desilgned to find
impréved technigues of refining Canadian low-grade crude oils
by hydfogenation. This 1involves the development of better
catalysts and improved processes.

In the field of petroleum combustion, research and
development work ls conducted at the Mines Brench to develop
sultable additives thet will renmove the sulphﬁr trioxide
produced when sulphur containing fuels are burnt. Tne removal
of thils constituent from stack géses greatly reduces the
corrosion resulting from the formation of sulphurlilc acid in
the cooler parts of boilers, The elimination of the sulphur
frioxide also <¢liminates the acld-smut problem, wnhich 1s
troublesome Trom the point of view of atmospheric pollution,

The research program of the Fuels and Lubricants
Iaboratory of the National Resezrch Council is directed towarl
galining a clear insight into the performance of & wlde range

fuels and lupricants, The periormance chersclericblics miy

(4]

Ot
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be assoclated with new products designed for speclal service
requirements, or the examination of products that are known
to give risce to operating problems. Here the obJective is
to gain some fundamental chemical appreclation of the causes
of these difficultles, and to develop new solutlons to these
problems, As a rule, the problems arisilng in fuels and
Jubricants are not independent of the mechanical system in
which they are used, so that this environment must also be

studled in conslderable depth,

STATISTICAL INFORMAYION

W 74 Cash, c0¢
Of the total operating expenditures of $23,831,000

for the federal government intra-mural research and development
during 1966, the amount spent on petroleum-oriented research

is estimated to be of the order of $40C,000, 6r approximately
2% of the total. (3) The total scientific and technical
labour force to carry oﬁtAthese programs 1s estimsted at 41
man-years. The tlines Branch vrograms involve 22 man-years,

and the balance 1s assoclated wlth the research and development
programs of the Natlional Research Council., The Mines Branch
expenditures are'composed of $11,000 spent on baslic research,
$61,90C on applled research and the balance of (100

,90C wacg

used bo carry oul development programs. The distritutlcon ef

?

expenditures for the Nziional Resezrch Council is nobt available

at, this tine; however, by far the crezter oroporticn would Tall

into the z-111cl vezeoirch catvoesoi,

- R o
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SURVEY OF LUBRICATION RESFARCH IN CANADA

Although there 1s no CIC specilalty clasgssification
"number for lubricants, it seemed too important a toplec, from

the Canadian point of view, to pass over without comment,
particularly, as few countries possess such wide extremes in
climatic conditions as Canada.

In the field of lubrication, friction, and wear,
there 1is at present a very lilmited activity in Canada in funda-
mental research. Tne only substantial programs under way are
at the»University of British Columbia (Professor C. Brockley)
and at the Fuels and Lubricants Laboratory of the Hational
Research Council,

The importance of fundamental rce¢search in this
field is obvlous, since the 11fe of all well-deslgned machin-
ery 1s limited by wear; and friction in most cases produces
undesired heat, as well as{/;épresenting a loss in pover.

Thus, any limprovement in lubrication can show a very consider-
able saving to the whole econoumy besides allewing new attitudes
to machinery design.

The development work necessary 1in the formulation
and epplication of new types of lubricants and additives 1s
difficult in Canada, since tﬁe markets for advanced products 1is
much smaller than the Unlted States., For example, alrcraflt

engine synthetlc lubricants have besn successiully developed
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both in Bfitain and the United States--stimulated by the fact
that advanéed engines requlring these lubricanté are developed
in these countries. Only now has it become economically
feasible for one company in Canada to produce synthetic lubric-
antg, ahd this production is based entirely on Briltish and
United States research and technology. Additives for petroleum
olls are also almost entirely deveioped elsevhere, although
some of them are now manufactured in Canada, and some of the
applications are novel in Canada,

As 1n the case of the fundamental research, much of
the development work in the lubrilcatlon field is closely tied
to mechanlical enzlneering deslgn, particularly;xgbw that
engineers have at last been driven to the conclusion that
lubrication 1is an important aspect of the finished machine, and
must be consldered as part of the original deslzn.

There 1is, however, a considerable amount of work
done by the petroleum indigfry (by Imperial 011, British American
and to a smaller extent by Shell Canada) in the appiication of
lubricants to existing machinery.' This 1s a particularly diffic-
ult problem in the case of outdoor equipment imported {rom
countrles with warmer climates. In general, these problems ave
tzckled by the oll company research departments if sales are
likely to be high enough to Justify the expensc Involved; othor-
wise, the vork must be done by scme of thc guvefnm@nt lzborat -

ories 1f of sufficient natlonal or defence Intzrest,
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Many of the products involved are.used only in
comparatively small quantities in Canada, and in these cases 1t
1s obviously uneconomic to manufacture in this country, and this -
generally means, btoo, that no active development work on these
products is undertaken in Canada, This applies to both mineral
011l and synthetic-based aircraftnhydraulic flulds, most of the
aircraft greases and similar products, Activity here is limitegd

to solving of field problems which arise,

RECOMMENDAT JONS

In the private sector of the petroleum and petro-'
chemical industry, the problem ieg largely one of stimulating
more resecarch and development, This may be achieved by creat-
ing a favoufable econonlic climate that will encourage the
industry to scarcn for new products and processes,

In every development there occurs the difficult
period of reducing the process to practice., Govermmant assist-
ance and specilal tax concesslons are desirable to encodragc
venture capital, and to reduce the severity of financial loss
in the event of‘failure. It is not generally understood that
the bench-scale research 1s onz2 of the cheapest links in the
Innovation chain, amounting to possibly one-tentnh of the whole
cost of a succesaful innovation., It, therveforz,; 1s not wilse to
become invoived In bench-scale investigations tﬁat will cost a

hundred thousand dollars, unless there is a milllon dollars
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avallable to undertake the prototype construction, production,
market develépment, and sales, The risk of miscalculation and
poor timing 1s considerable, Schemes of taxation, which allow
rapld write-off of losases, are possibly the most equitable
method of assisting industry whether large or small,

The present incentilve schemes provided by the federal
government, such as, IRDIA, PAIT, NRC and DRB industrial research
grants are appreclated by industry. These 1ncentlve schemes
whilch encourage the 1nitiatlon of research are desirable to
maintain Canada‘'s competitive position; consequently, it 1s
recomnended that they be continued,

It is recommended that some collective attempt be
made by the Canzadlan petroleun industry to extend the grants to
Canadian universities made by the Petroleum Research Fund of the
American Petrolcum Institute, particularly, in the {ield of
secondary recovery, chemlcal engincering and organc-g2ochnemnisiry.

In the federal governnment laboratories, the rescearcn
on petroleum and related topics hes been held at a modest level
for many years, znd in certain areas there have been reductions
In the professionnl steflf., The traditional r¢le of the Mines
Branch: has bren Lo aseist the mlosrel Industry by evalvabing the
resources =nd conducling pllet-plan® investigations to glive some
s2nae of tne econdnle merit of lnnevatons., Certain asvects of

[ PN N LTI - 0 DU gy | ) 4 § oo~ e L T e TSR, - £y 4
periroliewns reseiare rizil be facllitated thocurrn closer assoniat-
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It 1is epecifically recommended that the facilities
avallable in the federal government laboratories dealing with
petroléum and fuel techmology be used more effectively in the
matter of ftraining students of both the technical institutes
and universitics during ﬁhe summer months, It 1s also import-
ant that provision be made for more libveral funds for thils
purpose, The present practicé of grouping the funds available
for summer student raining with those for permanent employees
will tend to eliminate the training of summer students
completely. The profcssional staff who are l1lnterested in
advancing their research projects/ﬂ;s qulckly as possible,
willl alweys choose a trained technician to work all year round,
rather than a suwmer student who must first receive training
and then has only a short time to advance tne research before
he returns to university,.

In view ¢f the urgency of training personnel in the
fleld of combustion science, as 1t applies to air poiluvtion, it
is recommended that funds be set aslde for post-graduate traln-
ing at the PFuels Research Centre, .

Lubrication is rather a neglected field for research
activity in Canada for a variety of reasons, most of which are
entirely ocutside the control of the petroleuwnm industry. As our
enginecering industry expands on its own,rather lhan as a nanu-
facturinz adjunct to foreign parent comprnics, there will be a

real necessity for advances in lubrication technolory, and 1V
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would be desirable that the research in both flelds proceed
together, The necessity for this 1s already becomlng apparent

/8y
in some Instances. An excellent example belng in the powver

’
saw and small two-stroke engine manufacture where the Fuels
and Lubricants Laboratory were recently consulted,

One of' the main handicaps to expanslon of research
work in the lubrication fleld is that it requires personnel
with a knowledge covering many of the conventional branches of
sclence, namely, engineering design, organilc chemistry,
physical chemistry, physics, rheology and metallurgy. It 1s
extremely difficult for a person 1In Canada and elgewhere to
obtain an education covering the relevant aspects of these
subjects and the biggest advance which could be made 1is to
increase output of the necessary personnel by encouraging one
of the Canadian universities perhaps not to contemplate a
complete degree course 1n lubrication enginering, but, at
least, to try to make available some of the other sﬁbjects
oriented towards lubrication, which would be useful to a student
interestcd 1n this type of work, The University of British
Columbia would bve the logical cholce for such a course, and
projecting the needs of government and industrial rescarch invo
the futuvre, 1t certz2inly shouvld present no difficulty to place
about tz=1 to twelve graduatez per year In extremely usaful

employment,
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RESEARCH ON EXPLOSIVIE SUBSTANCES

‘This brilef summary confines itself to the research
and development assoclated with the production of explosive sub-
stances., The research on the various aspects of combustion and
detonation of explosives falls in another area of this survey.,

The.companies engaged 1In the manufacture of explos-
ives in Canadaéare, for the mcst part, subslidiaries of inter-
national companies who are in a positlon to draw on the technical
experlence of the parent firms. The research and development 1s,
therefore, essentially directed to apply and extend thils know-
ledgé te meet Canadian conditions.

| In 1966, Canada manufactured 300 million pounds of
commerclal explosives, exéluding ammunltion and other gspecilalty
ltems. This production had an estimated retail value of forty
million dollars,

Quantitative information relating to Canadilan
explosives research operations are difficult to ob%tain, since
the number of commercial companies participating in research on

trial

Le>]

explosives is small,igtatistics tend to disclose indu

confidences, Also, as in other countries, the amount of

regearch on explosives carried out on behalf of the Department

of National Defence 3is not completely available., A very rough

estlmate of the total Canadian scientific manpowei engaged in
]

this type of work is 75 Bachelors of Science and perhaps 140

sclentists with hizher degrees,
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Most of the Bachelors of Scilence engaged 1in research
and development on explosives have recelved thelr ﬁraining in
explosives technology within their company or institution. It
is not possible for a person in Canada to obtain formal training
at a univefsity in this particular area of specialization. In
general, companies bulld up teams of experts to cope with the
diverse problems assoclated wlth expldsives technology. The
organic chemists look after the synthetic problems; the physical
chemists deal with the problems of stability, the kinetics of
the initiation and propagatlon reactions, Inorganic chemlsts are
usually assigned the problems of making the oxl1ldizing agents, and
the thermodynamicists are concerned with the questlons of

performance,

RECOMIENDAT IONS

The problems which occur in this partlcular area of
speclalization are typlcal of the difficulties encountered by
scientists in small specialized areas in Canada. The probliems of
communication are probably best solved through the Chemical
Institute of Cansda or through attendance of meetings of the
Comhustion Insticute,

It must also be pointed out that there exists a groot
lack of facilities for studying explosive phenomena, For miny
vears the Canadlan ixploslves Rescurch Laboratory has atioupted

4.

to acquiye a hlgh speed framlng camera to clarify wany of the



-2l

obscure problems assoclated with the propagation Qf combustion

and detonation in explosives, as well as, dangerous goods. To

date, 1t has not been possible to obtain the necessary funds

to purchase such a camera or to obtain the qualified personnel

to operate it. At this stage in Canada's development, 1t would
appear that a pooling of resources is required by interested

-parties.





