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The Hon. R. B. HaNsoN,

Chatrman, Committee of the Privy Council on
Scientific and Industrial Research,
Ottawa, Ontario.

SIR:

I have the honor of presenting to you herewith the Seven-
teenth Annual Report of the National Research Council, for the
fiscal year 1933-1934.

In accordance with the requirements of the Research Council
Act, this report contains the report of the President and a state-
ment of the receipts and expenditures of the Council during the
year under review.

Your obedient servant,

H. M. TORY,
President, National Research Council.
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SEVENTEENTH ANNUAL REPORT
| OF THE

NATIONAL RESEARCH COUNCIL

REVIEW OF THE ACTIVITIES OF THE NATIONAL RESEARCH
COUNCIL

Introduction

On March 31, 1934, the National Research Council completed the
seventeenth year of its existence. In the last annual report reference was
made to the fact that during the year the new laboratories of the Council had
been formally opened and work started therein. During the year under
review the equipping and furnishing of these laboratories, a difficult and
tedious task, has been continued and has necessarily absorbed a considerable
portion of the time of the technical staff, limiting somewhat the time devoted
to research problems. The situation in this regard was rendered more difficult
by the fact that lack of sufficient junior laboratory assistants caused larger
demands on the time of the research staff than could otherwise be justified.

The research work carried on under the authority of the Council during
the year can be classified as follows:—

I. Researches conducted in the National Research Laboratories.

II. Researches conducted under associate committees, assisted re-
searches in university and other laboratories, and under
scholarships.

ITI. Analysis and testing, conducted in the National Research Labor-
atories.

IV. Reports prepared for individuals and business organizations,
necessitating examination of scientific literature; and replies
to inquiries for scientific information.

I. Researches Conducted in the National Research Laboratories

During the year 87 researches, including those reported last year as
unfinished, have been under way in the National Research Laboratories.
Thirty-four were completed; substantial progress was made in 16 others;
the remainder, mainly new undertakings, are in the early stages of their
development. The work on the incomplete researches is being continued as
rapidly as time and opportunity permit. Some of the researches completed
have a direct bearing on the utilization commercially of certain of our natural
resources, others apply to the perfection of processes already in use, while
others have a direct relation to agriculture and the industries related thereto.
Plans for the commercial development of some of these results are being
undertaken.

Among the completed researches might be mentioned the following:
the defrosting of refrigerated products; the suitability of Canadian clays
for oil refining; the bonding of rubber to metal; the mechanization and
standardization of baking tests; a stream-lined locomotive; the chemical
investigation of Canadian weeds poisonous to livestock; a comparative

9



10 REVIEW OF ACTIVITIES

study of the suitability of Canadian wools for the manufacture of cloth;
the determination of more efficient and economical procedure for power
laundries in the washing of cotton fabrics; a refractory lining for steel furn-
aces: a new refractory brick designed to stand severe metallurgical conditions;
some new and very promising results in connection with the magnesian pro-
ducts industry have been obtained; the investigation of certain problems
in connection with the stability of aircraft floats has been completed for the
Department of National Defence; a photoelectric method of determining
the velocity of projectiles has been devised and its application to the practical
measurement of such velocities has been demonstrated; a new type of appar-
atus for baking tests which can be applied to small quantities of grain has
been perfected, which will result in a great saving in time in plant breeding
operations; a study has been completed on the causes of premature seeding
in turnips; tests to determine the better of two models of proposed prevent-
ative patrol cruisers for the R.C.M.P. have been completed and put to
practical use; a research to determine the cause and to correct the instability
in aircraft used for photographic survey work has been finished and will be
put to use by the Air Force. |

Among those researches on which substantial progress has been made
might be mentioned: a new method for the preparation of carbon black from’
natural gas; the preparation of new forms of maple products, with the object
of creating an enlarged market for that commodity (practical application is
now being made of some new processes devised); the preparation of a bitumen
suitable for use in the rubber industry from the natural bitumen from Alberta;
certain new processes in connection with the problems of the asbestos industry
have been practically completed; investigation of certain problems in con-
nection with the tanning industry; a more economical method of distillation
to be applied in the oil industry; the development of an apparatus for the
study of plant growth under controlled conditions; the effect of aging and
heat treatment on seeds; a systematic study of the wheat plant in the hope
of finding significant compounds.

A complete statement of the situation in all of these investigations has
been prepared and submitted to the Council, stating in each case the subject
of research, the purpose for which it was undertaken, the progress made and
the results obtained. Further discussion will be found in other sections of
this report.

Vi Researches Conducted under Associate Committees, Assisted Researches in
University and other Laboratories, and under Scholarships

A. Associate Committees

The ramifications of the work done under associate committees are
indicated by the number of bodies co-operating with the Council. These
include the Federal Department of Agriculture, the Canadian Society of
Technical Agriculturists, Macdonald College, the Nova Scotia Agricultural
College, Oka Agricultural Institute, the Ontario Agricultural College, the
University of Alberta, the University of British Columbia, the University
of Manitoba, the University of Saskatchewan, the Canadian asbestos pro-
ducers and manufacturers, the Federal Department of Mines, the Quebec
Department of Mines, the Canadian Engineering Standards Association, the
Board of Grain Commissioners for Canada, McGill University, Queen’s
University, Toronto University, the Department of National Defence, the
Eastern Canadian Laundryowners’ Association, the British Leather Manu-
facturers’ Research Association, the Tanners’ Association of Canada, the
Imperial Bureau of Agricultural Parasitology, Fort Qu’Appelle Indian Health
Unit, the Queen Alexandra Sanatorium, the Canadian Marconi Company,



REVIEW OF ACTIVITIES 11

the Canadian Radio Broadcasting Commission, the Department of Marine,
the Department of the Interior, the Canadian Co-operative Wool Growers,
the British Wool Industries Research Association, the Canadian Woollen and
Knit Goods Manufacturers Association. Representatives of most of these
organizations serve on one or more of the Council’s research committees.
Under these committees large researches are undertaken which would not be
possible for a single individual or for a group representing a single science.
Further, in this way the services of scientific bodies and personnel are util-
ized in the solution of problems at the minimum of cost to the country.

The following list of subjects on which research is being conducted under
these committees will indicate somewhat the scope of their work: the study of
methods for combating losses due to animal diseases; the improvement of
methods of standardizing and conditioning asbestos and the development of
new uses for asbestos and the associated waste material; the scientific study
“of those phases of coal composition and testing related to coal classification
and the determination of the uses to which Canadian coal can be put most
profitably; the study of methods for reducing the losses due to plant diseases;
the determination of possible commercial products from the gas now being
wasted in the process of making gasoline in Turner Valley; a unified pro-
gram of research on wheat and wheat quality in the prairie provinces; a
study of the value of the various insulating materials on the market in Canada
and the possible production of suitable products from Canadian materials;
the development of commercial products from the magnesian minerals in
Canada; a study of the incidence of dangerous parasites in the livestock
and in the wild life of Canada in order to establish methods of control; a
study of the whole problem of the prevention of tuberculosis in man and
animals and especially to determine the value of B.C.G. vaccine for the
prevention of this disease; a study of the distribution of the most destructive
weeds occurring in Canada in order to provide, if possible, methods for their
eradication; determination of the relative value of Canadian wools in com-
parison with wools imported from other countries; a determination of the
methods of improving the quality of Canadian wool with a view to its more
extensive uses by Canadian manufacturers, etc.

A Complete statement of researches carried on under associate committees
and of the progress made to date will be found beginning on page 63 of this
report.

B. Assisted Researches

During the year grants in aid of research were made to 13 professors
who applied for assistance in connection with researches which were being
conducted in their own laboratories. The subject of research in each instance
was approved by the Council. It is regretted that many applications that
were worthy of the support of the Council had to be refused because of the
financial position of the Council. It is hoped that in the near future grants
in aid of research in this way can be put once again upon the same basis as
they were a few years ago. A statement of work done under these grants
will be found beginning on page 111 of this report.

C. Scholarships

During the year 17 students held scholarships under the Council. Of
these, six were bursaries, six were studentships and five were fellowships.
It is regretted that financial conditions are responsible for a great reduction
in the number of grants to graduate students pursuing their studies under the
Council, and it is hoped that in this connection also it may be possible, in the
near future, to restore the situation to where it was a few years ago.
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A complete list of scholarships awarded and the subjects of research
will be found beginning on page 117 of this report.

III. Analysis and Testing, Conducted in the National Research Laboratories

A major phase of the work of the National Research Laboratories is that
of the analysis and testing of a variety of products. In the main, these are
related to researches in progress. One laboratory of the Division of Chem-
istry is wholly devoted to this work. In addition to work relating to researches,
testing in relation to the standardizing activities of the Council, at the request
of government departments and commercial firms who desire to establish
the quality of their materials, has grown to be an important part of the work
of the Division of Physics and Engineering. The following will indicate the
type of work now being carried on: type approval testing of electric meters,
for the Gas and Electricity Inspection Service; the precision calibration of
electrical instruments for universities, public utilities, power companies, etc.;
standardizing surveyor’s tapes and allied measures for government depart-
ments and the public; the systematic checking of lengths of laboratory
standards; standardizing cement and other sieves; testing and adjusting
surveying instruments and air cameras; testing photographic shutters and
measuring the constants on air cameras; standardizing hydrometers of all
kinds for government departments and the public; standardizing thermo-
meters of all kinds for government departments and the public; temperature
calibrations of measures for the Weights and Measures Inspection Service;
measurement of power of windmill used to drive agitator of insecticide hopper
for aircraft dusting; testing to determine the content, leakage and contamin-
ation of radium tubes and plaques; intercomparison of radium standards to
keep the National Research Council working standards precise and up-to-
date; time rating of watches and chronometers; inductance and capacity
determinations, for the Radio Broadcasting Commission, radio companies,
universities and others; determination of heat insulation qualities of com-
mercial building materials; temperature standardization in either the plat-
inum resistance or thermocouple ranges; testing of various optical instru-
ments and devices for government departments and companies; installing
and testing various electrical devices for all the divisions of the National
Research Laboratories; testing aviation fuel for the Department of National
Defence; testing aircraft engine lubricating oil for the Department of National
Defence; the calibration or repair of some 261 aircraft and allied instruments
for government departments and 32 for commercial firms; calibration of the
offictal Dominion Meteorological Service anemometer; the study of 29
inventions in the Division of Physics and Engineering in order to give the
inventors an opinion on their value; testing thorium and uranium in the
radium-bearing ore from Great Bear Lake for mesothorium and other im-
purities; a great variety of analyses of cements, clays, pigments, soaps, etc.
This activity of the Council is destined to grow greatly if methods of stand-
ardization are developed as expected.

IV. Reports Prepared for Individuals and Business Organizations

During the year under review the demands made upon the Division of
Research Information have grown to such proportions as to make additions
to the staff of this division in the near future an absolute necessity. Over
100 reports of a technical character dealing with industrial problems have
been prepared for members of our own technical staff, individuals interested
in agricultural and industrial development and business organizations requir-
ing technical help. The intensive examination of the literature of any tech-
nical subject requires time, technical skill and understanding and in most
cases a knowledge of the major European languages. Into this division come
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for review most of the major scientific journals published in Europe and
America, having relation to the work of the three laboratory divisions;
namely, Physics and Engineering, Chemistry, and Biology and Agriculture.
The subjects dealt with are related not only to the progress of pure science
but also to the development of science in industry in so far as industrial
organizations permit of publication. While some of the reports mentioned
above were short and related to problems of no special difficulty, many of
them were of an exceedingly technical character requiring an intensive review
of a large amount of literature, resulting in reports of considerable length.

In addition, the Division of Research Information is responsible for the
Canadian Journal of Research, twelve issues of which were published during
the year under review. The editorial work connected with this publication
is a task of major importance and responsibility.

Finally, during the year, 28 scientific papers were published by members
of the Research Council staff in the Canadian Journal of Research and 22
papers in other journals, Canadian and foreign. In addition, approximately
3,000 inquiries from individuals and business firms were answered by letter,
some of these requiring an intensive study of literature and technical investi-
gation. Over 3,000 tests were made on materials submitted by government
departments and business firms. Tests for commercial firms are undertaken
only where the test is related to some phase of an investigation in which the
Council is interested, but not where the work could be as well done by ordinary
commercial laboratories.

In presenting this report attention is called ‘to the fact that the Council
had its staff only partially organized when the economic depression began
and it has been carrying on, with increased demands in every branch of its
activities, with $125,000 less than was available before the new laboratories
were opened. This is not mentioned as a complaint for the circumstances
are thoroughly understood and appreciated. The full benefit of the work
which the Council is striving to do cannot, however, be realized until a much
enlarged staff is available. The present staff has worked enthusiastically
and faithfully under a serious handicap for want of junior assistants and
competent laboratory technicians. That so much has been accomplished is
deeply appreciated.

Outlook

The progress of the work in the laboratories, a consideration of the
inquiries received, the growing body of information being accumulated con-
cerning the natural resources of Canada and the possibilities in regard to the
expansion of old and the establishment of new Canadian industries, are all
continually disclosing new lines of investigation which could be followed up
with advantage to the future of Canada. The present financial conditions,
however, have put a definite limit upon the work which can be undertaken.
The laboratory staff has continued to devote itself enthusiastically to the
research projects in hand with the result, as the details in later pages of this
report will show, that highly creditable progress has been made during the
year. ‘

Looking to the future, it is suggested that every indication points to an
even more intensive application of science to industry, including agriculture,
than in the past. This will apply not only to the better understanding of the
materials entering into industry and their possible improvement, but also to
the training of men who will be in technical control. Standardization will
also play a most important part. There is the further fact that in all prob-
ability for a period at least the doctrine of national self-sufficiency will be an
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important factor in determining economic policies and that consequently
advantage will lie with those countries possessing important natural re-
sources which are in a position to use them most economically.

I. A Survey of Resources ‘

Using past experience as a guide it is suggested that until a systematic
attempt is made to see our natural resources as a whole in relation to our own
requirements and the world’s demands, we must of necessity work more or
less in the dark. Our present methods of industrial development have not
only resulted in a great deal of haphazard effort, waste of energy, and material
loss, but have resulted in a large proportion of attempts at industrial develop-
ment failing in the first instance for lack of knowledge. As a consequence
new and substantial developments have often been hindered for lack of
confidence growing out of previous failures. It has been estimated that the
ratio of successes to failures has been not more than one in four and in many
cases success has followed only after bitter experience and a final resort to
more efficient technical methods. This is especially true of industry resting
on science. It would appear, therefore, that one of the first problems to be
undertaken is an intensive study of the known natural resources of the
country with a view to determining their possible development (a) to meet
our own internal requirements, (b ) to provide for the extension of our external
trade, (¢) to serve as a basis for research to meet the foregoing requirements.
This would necessitate a careful study of all available reports and other
sources of information, followed by surveys where necessary. It is believed
that federal government departments, the universities and provincial organ-
izations would co-operate to this end and that the preliminary steps could
be undertaken at small cost. Work could be begun in those provinces where
the need 1s greatest.

I1I. Research for the Construction Industry

For some time past urgent representations have been made to the
National Research Council from organizations and individuals concerned
with the welfare of the building and construction industry in Canada, regard-
ing the present lack of and the necessity for research in this country on prob-
lems of that industry. Formal petitions that such work be undertaken have
been received from the Canadian Construction Association, the Royal
Architectural Institute, the Canadian Hospital Council and the Canadian
Manufacturers Association. These petitions point out, among other things,
that the construction industry is the third largest in magnitude and import-
ance in Canada; that only meagre scientific data are available regarding
materials and practices used in construction in the Dominion: that the lack
of suitable facilities in Canada encourages the use of foreign bureaux which
adversely affects the use of Canadian materials; that bureaux in the U.S.A.,
England, or Germany cannot adequately serve the Canadian construction
industry since much of the information available is not applicable to Canadian
conditions; that the main physical difference between the Dominion as it
i1s today and as it will be a century from now will be the result of construction,
and that the establishment of a laboratory for the study of the quality of

building materials and 'equipment would be most conducive to economy and
increased efficiency in construction.

The National Research Council has expressed the opinion that work
should be undertaken in this field at the earliest possible moment, and that
the necessary expenditure would be extremely small compared with the
benefits derived both by the construction industry and the public generally.

It 1s hardly necessary to state that in no phase of industrial activity has
greater change taken place in recent years than in the construction industry,
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especially in regard to the materials used. This has given rise to a new set of
problems associated with the industry for which no systematic solution has
been sought in Canada. These include standardization of materials to reduce
cost of production, suitability of materials for special uses, ventilation, heat-

ing, lighting and other factors affecting the health and happiness of those who
dwell and work in buildings.

Much work has been done in other countries where, as stated above,
climatic and other causes make the information unsuitable for Canadian
conditions. An important part of such work is devoted to the question of
the comfort of the users, another part to the type and quantity of materials
to ‘be used in construction, and a third part to the reduction of costs of pro-
duction, especially to bring the cost of suitable housing into relation to
community needs.

It will be urged that this is a legitimate field for private enterprise. It
1s not contended that such is not the case, but in so far as private enterprise
must of necessity confine itself to such activities as can be put on a profit-
making basis, it is suggested that the public interest is sufficiently great to
warrant a full share of the associated research work being assumed as a public
responsibility. In the final analysis private enterprise cannot be expected,
in a country like ours, to make itself responsible for the accumulation of
knowledge vitally necessary to the comfort and happiness of a whole people.
In Great Britain a systematic study of every phase of the construction
industry has been undertaken by the Department of Scientific and Industrial
Research at public expense at an approximate cost of £40,000 per year.
The need 1s just as great in Canada.

III. Agricultural Wastes

In a previous report attention was called to the fact that a survey had
been made of existing agricultural wastes with a view to determining whether,
by research, these wastes could be utilized in a manner profitable to the
farming community. Some of the problems that were suggested for solution
by this inquiry are of major importance and would take some years of study.
A beginning has been made on several such problems but until financial
conditions make it possible to employ additional highly trained specialists
and to secure the necessary rather expensive equipment, great progress cannot
be very well looked for. In such major researches quick results cannot be
expected, but it cannot be doubted that the accruing benefit in the long run
would more than compensate for the time and money spent.

An illustration of this is seen in a new fabric recently put upon the
market in Great Britain, ‘‘creaseless cotton.”” The head of the firm interested
in the business employed two scientists, a physicist and a chemist. In a
recent book Professor Julian Huxley tells the story thus: ‘“He took in one
hand a piece of wool fabric, in the other a piece of cotton fabric of the same
size and weight and crumpled both pieces into a ball. Then he opened his
hands again. The wool, with its natural elasticity uncreased itself but the
cotton stayed crumpled. ‘I want you,” he said, ‘to make cotton fabric which
will behave like wool. Take ten years if you like.” They tried everything
from India rubber and back again. Eventually they got a synthetic sub-
stance whose molecules would slip nicely into the cotton fabrics and give
them elasticity.”” It took 14 years before the new fabric was on the market
but it was a tremendously profitable research, a good illustration of what
time and the application of scientific methods will do.

As an illustration of a short-time result, one might quote the Council’s
experience in connection with the magnesian products research, where,
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although the investigation is still going on, within one year results were
obtained which were of material benefit to the industry and made possible

1ts continuance.

IV. Standardization

The movement for standardization which began in the 80’s of the last
century and which has assumed national proportions in every industrial
nation—intensely so in Japan—will play a much more important part in
industry in the future than in the past. The creation of industrial standards,
as distinguished from fundamental standards, began in 1901,in Great Britain
with the founding of the British Engineering Standards Association, sup-
ported by the Board of Trade, the industries concerned, and with the scientific
support of the National Physical Laboratory. Since that time there has
been a rapid organization of commercial standardizing bodies in all the
industrial nations of the world, looking to the establishment of standards of
quality, measurement and performance. At the present time, 20 nations—
namely, Netherlands, Germany, United States, Switzerland, France, Bel-
gium, Canada, Austria, Italy, Japan, Hungary, Australia, Sweden, Czecho-
slovakia, Norway, Poland, Finland, Russia, Denmark and Rumania—have
organized industrial standards associations and 12 other countries are now
in the process of being organized.

Running parallel with this development has been the rise of research
councils, part of their responsibility being the maintaining of standards,
co-ordinating standardization efforts and carrying on research in relation
thereto. These have been developed in Great Britain, United States, Ger-
many (recently re-organized on lines similar to the Canadian organization),
France, Italy, Japan, Russia, Canada, Australia, New Zealand, and other
countries.

Briefly, some of the major practical purposes of the standardization
movement are:— :

(1) To aid accuracy in industry through uniform and correct measures:

(2) To assist commerce in size standardization of containers and pro-
ducts;

(3) To promote justice in daily trade through systematic inspection
and regulation;

(4) To furnish an efficient control for industrial processes in securing
reproducible and uniformly high quality in output;

(5) To secure high utility in the products of industry by setting an
attainable standard of quality;

(6) To furnish a scientific basis for fair dealing to avoid disputes or settle
differences;

(7) To promote truthful branding and advertising by suitable standards
and methods of test;

(8) To promote precision and avoid waste in science and industry by
affording quality standards by which materials may be made, sold
and tested;

(9) To clarify the understanding between maker, seller, buyer, and
user as to operative efficiency of appliances and machines, thus
making exact knowledge the basis of the buyer’s choice:

(10) To insure effective design and installation of utilities of all kinds;

1 el promote safety, efficiency, and convenience in the maintenance
and operation of such utilities. |
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.For some years good work has been done in Canada by the ‘Canadian
Engineering Standards Association, a corporation of industrial concerns
organized for the purpose “of co-ordinating the efforts of producers and
consumers for the improvement and standardization of engineering pro-
ducts.”” On the passage of the Research Council Act in 1924, the Council
became the official standardizing agency of the Government of Canada. In
order to secure the co-operation of the Canadian Engineering Standards
Association, the main committee of that body was made an associate com-

;élittee .cl)f the Council, and has upon it representatives of the National Research
ouncil. | |

At the last Imperial Conference recommendations were made looking
to the establishment of commodity standards in each of the Dominions, thus
facilitating the exchange of products of recognized quality. The aim was not
to make a set of standards in the Dominions identical with those in Great
Britain unless it was perfectly feasible so to do. The desire was to make
possible purchase on the basis of a standard of quality which each would
recognize. In Great Britain the British Standards Institution has been given
the right to use as a trade mark the title “‘British Standard,” and the sug-
gestion was made that corresponding positions should be taken by the
standards organizations in the Dominions, so that ‘‘British Standard,”
““Canadian Standard,” ‘‘Australian Standard,” etc., would become an assur-
ance of quality. |

Since that time two steps have been taken by the National Research
Council of Canada: (1) An Associate Committee on Chemical Standards
has been appointed and negotiations have begun with the chemical industries
of the country, looking to action in the direction suggested. An examination
is now being made of the chemical standards in use in comparison with those
of other countries. (2) Later in the year a survey was made of the depart-
mental specifications now in use in the various government departments,
looking to the establishment of common standard specifications for govern-
ment purchasing. As a result of the inquiry all the departments have con-
sented to the establishment of a committee for the purpose of drafting govern-
ment purchasing specifications. This effort is now being organized and will
go forward as rapidly as possible. It is believed that by this means the cost
of materials purchased by the Government can be greatly reduced without
adversely affecting the producers of the materials purchased. In Great
Britain and the United States it is an established practice for government
departments to purchase according to specifications in order that they may
secure the maximum value for the money spent. It has been estimated that
savings amounting to $100,000,000 annually have been made by the Federal
Government of the United States by buying on specification, and that a like
proportion of savings could be made by the small purchaser under the same
conditions. The real problem is the establishment of specifications in which
the consumer’s as well as the producer’s point of view will be recognized.

The advantages accruing to the producing as well as the consuming
public from a proper scheme of standardization are no longer disputed by
anyone cognizant of the facts. The Society of Automotive Engineers of the
United States has estimated that the adoption of standards with respect to
materials, parts and methods saves the United States automobile industry
more than $750,000,000 annually, a fair share of which is participated in by
the purchasers of automobiles. This is almost wholly due to the production
of individual parts on a mass scale. A manufacturer of parts supplying twenty
or more automobile companies, by inducing them to accept the same pattern,
stated that he was enabled to cut his price in half and still have a larger
profit; while one of the companies buying from him saved $4,000,000 a year.

85150—2
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Entire industries in Great Britain and also in the United States are now
co-operating to simplify their products and eliminate superfluous variety so
as to meet the pressure of competition. In the United States, for example,
there has been a reduction of 939, in the number of types of paving bricks
produced, 819, in the number of types of metal laths, 929, in the sizes of
milk bottles, 889, in the sizes of hot water storage tanks, and other similar
reductions covering a large group of commodities in common use in the

country.

The reason for stating the above in this report is that if steps are taken
in the direction of general commodity standards in Canada, as doubtless will
be the case, under an established authority, it is evident that much technical
work, including analysis and testing, will have to be undertaken in the
National Research Laboratories.

The situation in Canada is complicated by the fact that certain authority
with regard to specification has been exercised by provincial and local authori-
ties. It 1s hoped that during the coming year conferences between provincial
and local authorities and the National Research Council may be held, looking
to co-operative action in the establishment of specifications and codes to be
used in common in the whole of Canada, especially in connection with haz-
ardous equipment, material and machines.

Membership of the Council

The term of appointment of the following members of the National
Research Council expired on March 31, 1933, in accordance with the pro-
vision in the Research Council Act requiring that appointments be for a
period of three years:—

Charles L. Burton, Esq., President, Robert Simpson Company, Limited,
Toronto, Ontario.

Charles Camsell, B.Sc., LL.D., F.R.S.C., Deputy Minister, Department
of Mines, Ottawa, Ontario.

A. L. Clark, B.Sc., Ph.D., F.R.S.C., Hon. M.E.I.C., Dean, Faculty of
Applied Science, Queen’s University, Kingston, Ontario.

A Frigon, B.Sc., D.Sc., AM.A.LLE.E., AM.E.I.C., Dean, Ecole Poly-
technique and General Director for Technical Education in the
Province of Quebec, 1430 St. Denis St., Montreal, Quebec.

Julian C. Smith, M.E., LL.D., Shawinigan Water and Power Company,
611 Power Building, Montreal, Quebec.

After careful consideration of a long list of persons suggested by the
National Research Council, and others suitable for appointment to these
vacancies, the Subcommittee of the Privy Council on Scientific and Industrial
Research recommended to the Government the appointment of Dr. G. S. H.
Barton, Deputy Minister, Department of Agriculture, Ottawa, and the re-
appointment of Dr. Charles Camsell, Dr. A. L. Clark, Dr. A. Frigon and Dr.
Julian Smith, for a term of three years. The appointments were made.

ek Staff
Resignations

During the year the services of one member of the professional staff
were lost to the Council. Mr. K. A. MacKinnon, B.Sc., resigned his position

in the Division of Physi.cs and Engineering to become a member of the tech-
nical staff of the Canadian Radio Broadcasting Commission.
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A ppointments

At the end of the year under review the professional staff of the National
Research Laboratories totaled 58; of these, 30 are holders of the doctor’s
degree in science. Every appointment on the Council’s professional staff
has been made after a thorough inquiry as to technical qualifications, experi-
ence and fitness for the particular task to which the individual was to be
assigned.

The following appointments were made during the year:—

John T. Henderson, B.Sc., 1927, McGill University; M.Sc., 1928, McGill
University; Ph.D., 1932 Un1vers1ty of London, En land holder of the
Delta Upsilon Memorial Scholarsh1p, 1929, and the Quebec Provincial Scholar-
ship 1930-33, was appomted to the staff of the D1V1s1on of Physics and
Engineering.  After receiving his master’s degree in Mathematics and
Physics at McGill University, Dr. Henderson took postgraduate work and
research under Professor Appleton at King'’s College, London, where he
received his Ph.D. degree. He then spent 15 years of research in the Radio
Station at Slough, England, and some time at the Sorbonne in Paris and the
Technische Hochschule, in Miinchen. Dr. Henderson superintended the
preparation of the National Research Council stations for the radio observa-
tions 1n the solar eclipse of 1932 and had charge, in person, of the station at

Vankleek Hill.

J. Stuart Johnson, B.Sc. (electrical engineering), was graduated from
the University of New Brunswick in 1933. After graduation he was engaged
as assistant to the professors in the mechanical and electrical laboratories of
the University. He was appointed to the Electrical Measurement Laboratory
of the Division of Physics and Engineering in January, 1934.

Apprenticeships

During the year a number of applications came to the Council from
graduates of technical schools and the universities to enter the laboratories
to work as apprentices. Most of the applicants were young men who had
sought and failed to obtain employment and who desired to improve them-
selves as much as possible, looking to future employment. After careful
consideration it was decided to take a number of such young men into the
laboratories on an appointment of six months, with the right of reappoint-
ment for another six months if their work proved satisfactory, the conditions
being as follows:—

1. That they would observe the same hours as the permanent laboratory

staff.

2. That no right of future employment was established.
3. That either party could terminate the arrangement without notice.
4. That the Council would not be responsible in case of injury.

In order that they might ensure to these students compensation by way of
improvement, commensurate with the work they would do in the laboratories,
vocational guidance was organized by the members of the staff so that a
regular toll of reading and study was made possible to those serving under
the scheme. Fifty persons entered the laboratories and worked for part or
the whole year under this arrangement. Many of those who took their first:
six months’ apprenticeship applied to continue for an additional six months.
Without question the plan worked out to the mutual advantage of both
parties to the agreement. Much work was accomplished in the laboratories
because of the presence of these men that could not otherwise have been
accomplished and at the same time they assured the Council that they had’
received benefits commensurate with the time of service. |

85150—2%
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Fifth Pacific Science Congress

During the year it was decided that the Fifth Pacific Science Congress
which was to have been held in Vancouver and Victoria in 1932 on the invita-
tion of the Government of Canada would be convened in June, 1933. The
responsibility for the program and the arrangements of the meeting rested
upon the Council. A committee consisting of the following was appointed
with the responsibility of carrying out the arrangements:—

H. M. Tory, President, National Research Council, Ottawa, Ontario.

F. D. Adams, Emeritus Vice-Principal, Emeritus Dean, Faculty of
Graduate Studies and of the Faculty of Applied Science, and LLogan
Professor of Geology and Palaeontology, McGill University, Mont-
real, Que.

L. S. Klinck, President, University of British Columbia, Vancouver, B.C.

S. J. Cook, Division of Research Information, National Research Council,
Ottawa, Ont.

S. P. Eagleson, Secretary-Treasurer, National Research Council, Ottawa,
Ont.

H. Barton, Deputy Minister of Agriculture, Ottawa, Ont.

R. W. Brock, Dean, Faculty of Applied Science, University of British
Columbia, Vancouver, B.C.

Chas. Camsell, Deputy Minister, Department of Mines, Ottawa, Ont.

C. McLean Fraser, Professor of Zoology, University of British Columbia,
Vancouver, B.C.

F. E. Lathe, Director, Division of Research Information, National
Research Council, Ottawa, Ont.

J. P. McMurrich, Professor Emeritus of Anatomy, University of Tor-
onto, and Chairman, Biological Board of Canada.

H. H. Rowatt, Deputy Minister of the Interior and Commissioner of
the North West Territories, Ottawa, Ont.

The first five members listed above were officials of the Congress.

The congress was attended by 409 persons representing 17 countries in
the Pacific area and lasted for two weeks, from June 1 to 14, 1933. More than
500 papers were presented at the various sections of the Congress. Following
the congress a tour was made of British Columbia and part of Alberta, during
which visits were made to their major industries. It is believed that not only
was the cause of science advanced by the congress but that a basis of mutual
understanding between the nations concerned was established, and that
commercial contacts were made that will be useful to Canada and -other
countries represented at the congress. |

A full report of what took place will be found on page 108 of this report.

Intercommonwealth Affiliations

During the year the affiliations with the British Wool Industries Research
Association, the British Leather Manufacturers Research Association and
the British Linen Industry Research Association have been maintained as in
previous years. On the closing down of the Empire Marketing Board an
additional obligation in connection with the responsibilities of the Empire
Marketing Board in Canada was undertaken by the National Research
Council, and pending a further conference on research between Great Britain
and the Dominions the present arrangement will continue.
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Interdepartmental Co-operation

It is a pleasure to report that there has been a steady growth of co-
operation between the National Research Council and the various other
departments-of government; for example, services have been received from
and extended to the Department of Agriculture, the Department of Mines,
the Department of the Interior, the Department of Marine, the Department
of ‘National Defence, the Department of National Health, the Department
of Public Works, the Royal Canadian Mounted Police, the Department of
the Secretary of State, the Department of Trade and Commerce, the Civil
Service Commission, the Canadian Radio Broadcasting Commission, the
International Joint Commission, the Tariff Board of Canada and the Can-
adian National Railways. ~

Summary of Financial Statement for 1933-1934

The sum of $404,500 was voted by parliament during the year under
review for the work of the National Research Council. However, because
of the difficult financial situation arising from general economic conditions,
the Council was requested to effect a saving of $25,000 from this vote. Con-
sequently, only $379,500 of the amount voted by parliament was actually
available to the Council during the year, and of this amount $379,499.93
was expended. The corresponding figure for the preceding year was
$408,829.91.

The National Research Council also received during the year from
sources other than parliamentary appropriation, additional revenue totaling
$65,114.23, as compared with $44,518.00 received during the preceding year.
The total revenue of the Council during the year under review was therefore
$444,614.16. The corresponding figures during the two preceding years

were $453,347.91 and $556,832.41, respectively.

The revenue received by the Council during the year from sources other
than parliamentary appropriation was derived largely from money paid to the
Council to be held in trust for use in the prosecution of research work specified
by the donor. A total amount of $43,497.67 was received from this source.
Of this amount $23,501.33 was derived from the Grain Research Trust Fund
established in 1928 to assist in work carried on by the Associate Committee
on Grain Research, $14,189.12 was received from industry, and $5,465.34
was contributed by the Empire Marketing Board toward the maintenance
of the Institute of Parasitology, which has been established at Macdonald
College. The sum of $3,287.10 was derived from fees covering tests carried
on in the laboratories of the Council, $13,989.74 represents unused balances
of grants in aid of research which were recalled, and $1,559.82 was received
from the sale of publications of the Council.

The total expenditure of the Council during the year under review
amounted to $444,614.16. Attention is particularly called to the fact that
it is necessary for the Council to provide for the salaries of its entire staff,
including the laboratory stat., from its appropriation. The expenditure on
salaries during the year under review totaled $266,160.63. Consequently,
the amount available from the appropriation for all purposes other than
salaries totaled only $113,339.37, this being considerably less than one-third
of the amount voted by parliament. '

The sum of $90,406.50 was expended on grants in aid of research or
directly for the promotion of research, as for example, international affiliations
with scientific and research organizations abroad. Of this amount $25,292.27
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was provided from the parliamentary appropriation, the sum of $21,616.56
was derived from special revenue, and the sum of $43.497.67 was expended

from trust funds for this purpose.

All revenue derived by the Council during the year from sources other
than parliamentary appropriation and including trust revenue, was applied
to the direct assistance and promotion of research work through grants in
2id of research. All other activities were financed from the parliamentary
appropriation. The sum of $9,160.00 was expended on postgraduate research
scholarships. The corresponding figures in the preceding three years were
$59,335, $38,490, and $17,605. The sum of $16,713.86 was expended on the
publication of scientific information including the Canadian Journal of
Research and the annual report of the Council.

The operation of the National Research Laboratories required an expendi-
ture of $45,097.50, the corresponding figure during the preceding year being
$52.932.09. The traveling expenses of members of the Research Council
and of all committees associated with the Council, and also the staff of the
Council, accounted for an expenditure of $10,012.56. This was $6,485.98
less than the amount expended on traveling during the preceding year, the
decrease being largely explained by the fact that increased financial pressure
forced the cancellation of meetings of several important committees associ-
ated with the Council and which under normal conditions should have been
held during the year. The administration of the entire organization and all
contingencies required an expenditure of $7,063.11. This was considerably
less than the corresponding figure for the preceding year, this saving being
effected through drastic retrenchment in the normal expenditure on office
equipment, supplies, and contingencies. It should be noted that the expendi-
ture incurred during the year under review on traveling and on administra-
tion and contingencies was considerably below normal requirements and
could not be maintained definitely at this low level without seriously inter-
fering with the efficiency of the work of the Council.

Financial Statement for the Fiscal Year Ending March 31, 1934
S. P. EAGLESON, Secretary-1reasurer '
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REPORTS OF LABORATORY DIVISIONS

DIVISION OF'B‘IOLOGY AND AAHGR‘ICULTURE
R NEWTQN, Dairector

The continued need for-economy prevented any expansion in staff during
the past year, but relative to- the number of workers the progress achieved
was very substantial. Moreover, the program of work was brought under
careful review to ensure its vital practical relation to the needs of agriculture
in the present crisis. While the National Research Laboratories may properly
be expected to stress fundamental research, the fruits of which form the
essential working capital of practical experimentation, though they may not
always be capable of immediate practical application, it is justifiable in times
like these to give the right of way to projects which promise the greatest
immediate aid in the rehabilitation of Canadian industry.

A large proportion of the work of the Division of Biology and Agriculture,
reported hereunder, is of fundamental value to the plant breeders of the coun-
try in their efforts to improve the yield and quality of Canadian crops, prime
factors in controlling profitableness and marketability. Other projects,
like those on weed control and the influence of weather on wheat yield, are
closely concerned with the practical problems of production.

Earnest consideration has been given to the possibility of assisting by
research in the restoration of balanced grain acreages and a more stable
agricultural policy in the prairie provinces. A program of barley research
was outlined and preliminary steps taken to give it effect. Studies on refriger-
ated transport have also been initiated, to assist in making Canadian meat
and poultry products more attractive to overseas buyers, and thus to make
moderate diversification of western agriculture more possible.

Much of the work has been done in co-operation with other institutions
and government departments, and not a little of it at the request of such
departments. The laboratory work on wheat gluten, reported by Dr. Cook
and Mr. Rose, was done at the University of Alberta, where Mr. Rose is
supported by a grant from the Associate Committee on Grain Research.
An important investigation of the determination of the moisture content of
grain by electrical instruments, by Dr. Cock and Mr. Hopkins, of this labor-
atory, and Dr. Geddes, of the Laboratory of the Board of Grain Commis-
sioners, was done at the request of the Department of Trade and Commerce,
and will be found summarized in the Report cf the Asscciate Committee on
Grain Research, page 77. Data on wheat yield and protein content, accumu-
lated by the Dominion Experimental Farms over many years and made
available by them to us, form the basis cf statisticel studies by Mr. Hopkins,
noted hereunder. The contact with Prcf. E. W. Crampton, of Macdonald
College, established through the study cf grain rations published last year
as National Research Council Report No. 28, has led to fi rther ccllaborative
studies on problems in experimentzal feecing tricls, rcted here by Mr. - Hopkins.
The investigation of “‘bolting” ir turrips, repcrted by Dr. Peto, was done
at the request of the Dominion Seed Brarch, Department of Agriculture.

Space forbids mention of many mincr services rencered other govern-
ment departments on request, but ore cf rather substantial size should be
noted, namely, the preparation by Dr. Mallcch of publicity pamphlets on

24
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wheat and flour for the use of the Department of Trade and Commerce.
Members of the division have also answered by letter many technical inquiries
from the country at large on all sorts of topics. - | | | ‘

Brief progress reports on the more substantial researches of the year,
prepared by the individuals concerned, follow. ot

Stgndardization of Experimental Baking Test

J. G. MALLOCH

The equipment of the baking laboratory was completed by the installa-
tion of a Sheldon air-conditioning unit. By its use it is possible to control
the temperature to within £1° C. and the relative humidity to within +29,,
and thus to eliminate the possible effects of fluctuating laboratory conditions
on the results of the baking test. Certain improvements were made in the
design of the punching and moulding machine, and subsequently over 1000
doughs have been successfully put through. The baking procedure has now
been mechanized as far as possible. The only operations which require
handling of the dough are the transfers between the machines and containers.
Extensive tests have shown that the accuracy of the results is much improved
by the use of the punching and moulding machine, but that further work will
be necessary to find and remove additional causes of variation and to make
the test unquestionably reliable. |

A low-temperature thermostat for storage of the yeast suspension and.
an automatic timing device to control the dough mixer have been designed
and constructed. -

Apparatus for Testing Small Samples of Wheat and Flour

J. G. MALLOCH

It is desirable that plant breeders should be able to obtain an indication
of the baking quality of their new wheat varieties as early as possible in the
breeding process, in order that they may save the time and expense involved
in carrying forward material which may later be found to be unsuitable.
To this end, experiments with a method of milling using 100 grams or less of
wheat have been undertaken. The method involves brushing off the bran
by a rotating wire brush and grinding the residue to flour in a plate mill.

A recording dough mixer which will measure certain characteristics of
flour using only 10 grams of material has been designed and constructed.
The utility of this machine for determining the correct amount of water to add
in baking is under investigation, and it 1s hoped that it may also be of service
in determining the quality of plant breeders’ samples. |

Apparatus for Plant Growth under Controlled Conditions
W. H. Cooxk ' ’

The chambers described in the last report were tested during the past
year for variations in temperature and light intensity. The light was found
reasonably constant at all points on the floor of the cabinet, but it tended to
decrease in intensity during the course of an experiment owing to the gradual
formation and accumulation of opaque substances in the enclosed distilled-
water screens. This has been rectified by substituting open-water screens,
which can be cleaned daily as a part of operation routine.



26 LABORATORY DIVISIONS

 The conditioned air enters through the bottom and passes out arognd.
the top. When operating at 70° F. a temperature gradient of about 0.75° F.
from floor to ceiling was found when the lights at the top were off, reversing
when the lights came on. By introducing recirculating fans to increase the
vertical air movement from 0.68 m.p.h. to a little over 2 m.p.h., this temper-
ature variation in space has been reduced to less than the variation in time.
The latter depends on the accuracy of the controllers, and has a standard

deviation of about 0.5° F.

The results of two experiments with wheat plants, grown in the chambers
to test them before making the foregoing modifications, showed a greater
variance between jars than within jars. As the latter should include any
experimental errors or genetical variations, it was concluded that growth
conditions varied in different parts of the cabinet. This, together with the
light and temperature variations noted, led to the changes in the apparatus
described above. A special germinator has also been constructed for pro-
ducing uniform seedlings for transplanting to the chambers.

Studies on the Gluten Proteins

W. H. Cooxk anp R. C. RosE

In studying the properties of the gluten proteins in relation to wheat
quality as affected by various factors, e.g., by heat used in commercial drying,
one of the fundamental problems is to secure the proteins in a pure form
suitable for investigation without changing them in the process of prepar-
ation. Viscosity changes are a sensitive test of change in gluten dispersions
and have been used in checking the behavior of gluten in new solvents.

The viscosity of gluten dispersed in the classical solvents, sodium hydrox-
ide and acetic acid, always decreased on storage or on heat treatment. Pre-
cipitation tests gave evidence of incipient hydrolysis on storage. In two
neutral solvents found capable of dispersing gluten, »iz., 309 urea and 129
sodium salicylate solutions, the gluten also decreased in viscosity on storage,
but increased under certain heat treatments, thus indicating a behavior
akin to the coagulation of albumins. As acids and alkali appear to cause
incipient hydrolysis, their effect on the gluten must be considered more
drastic than the coagulating effect of the neutral solvents.

Chemical Weed Killers

W. H. Cook

Preparation has been made for testing on perennials the chemicals most
toxic to annual weeds, as reported last year. Since perennial plants require a
long time to establish an adequate root system the actual tests have not vyet
been made.

An effort is being made to develop a more rapid method of determining
toxicity than the weed-spraying method previously employed. In order to
-avoid the complicating effect of such variables as soil and the genetic consti-
tution of such unselected plants as weeds, culture solutions and élite stock
Marquis wheat have been employed in these experiments. It was found that
the growth rate of plants grown at the same time in an ordinary greenhouse
was constant, within ordinary experimental error. When toxic substances
were added directly to the culture solution, the results suggested that the
decrease in growth rate with increasing dosage is related to the minimum
lethal dose. If the correlation is sufficiently close, it will form the basis of 5
more rapid method for determining toxicity. -
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Biochemistry of Rust Resistance

J. A. ANDERSON

The effects of hydrogen ion concentration, and of diluted extracts of
Vernal, Khapli, Marquis and Little Club wheat plants on the germination of
urediniospores of Puccinia gramanis tritici, form 21, were reinvestigated on a
larger scale.

There was considerable variation in the germination of the spores from
day to day with respect to hydrogen ion concentration. In consequence it is
impossible to outline the range of maximum germination with any great
precision. It lies between pH 5.8 and 6.3.

Studies were made of the germination of spores and the growth of germ
tubes in concentrations of 2.5, 5, 10 and 159, of the press-juice from each of
the four wheat varieties. Germination counts were made on a total of 160,000
spores. The data were analyzed statistically. The methods separated the
varieties in the majority of cases. In particular, it was shown conclusively
that Little Club extract has a greater inhibitory effect on germination than
extracts of Marquis and Vernal; that at lower concentrations, Khapli extract
has a greater inhibitory effect on spore germination than Marquis extract; and
that Little Club extract inhibits the growth of germ tubes to a greater extent
than extracts of the other three varieties. Since Vernal and Khapli are
resistant to form 21 whilst Marquis and Khapli are susceptible, the results
show quite definitely that there is no direct relation between' the inhibitory
effect of the press-juice on urediniospore germination or the growth of germ
tubes and the rust resistance of the variety.

Four classes of wheat, composed of hybrid lines from a Marquis X
H-44-24 cross, showing all four possible combinations of seedling and mature
plant rust reactions, were sown in the field and leaves collected at the three-
leaf stage and after heading. The dried tissue is being analyzed quantita-
tively. The results obtained to date show that such differences as exist
between the classes at the same stage of growth are comparatively small
and are not related to rust resistance.

Organic Constituents of Wheat Leaves

J. A. ANDERSON

The constitution of tricetin, a flavone coloring matter isolated from
Khapli wheat leaves, was reported in 1932. Tricetin occurs in the leaves as
the dimethyl ether, tricin. A study of the hydrolytic products and dyeing
properties of the latter indicated that it was 5, 7, 4'-trihydroxy -3’, 5'-di-
methoxyflavone (3’, 5'—dimethyl tricetin) and the constitution was con-
firmed by synthesis. 4

Time has not been available for further study of the water-soluble
coloring matter of Khapli leaves, although steps have been taken towards
the isolation of a considerable quantity of the crude compound.

Influence of Weather Conditions on the Growth and Yield of Wheat

J. W. HoPKkiNs

The statistical study of the relation between weather conditions during
the growing season and the resulting yield of wheat in central and southern
Alberta and Saskatchewan, mentioned in last year’s report, has been con-
tinued and extended. : |
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Plot yields recorded annually at a number of agricultural experiment
stations in this area show a significant correlation between yield and the
amount and distribution of seasonal rainfall. On the whole, above-average
rainfall is associated with higher yield, but the result of a given increment
of rain at different times is partly dependent on soil conditions. On fertile
soil rainfall just prior to harvesting results in a reduction of yield, probably
owing to lodging. The average summer rainfall sequence 1s very similar in
each of the above few districts. There is a moderate degree of correlation
between the amounts of rain recorded in different districts during the same
season, but the simultaneous occurrence of extremely wet or dry seasons
over the whole area seems infrequent. The maximum influence of precipita-
tion upon yield appears to be exerted during the month of June.

Temperature conditions during the growing season seem to be secondary
to rainfall in influencing yield. Above-average temperatures are generally
beneficial at the time of sowing, detrimental during mid-summer and again
beneficial prior to harvesting, but as in the case of rainfall, the effect produced
is influenced by soil conditions. No consistent relation is evident between
either rainfall or temperature and the relative yield of early and late maturing

varieties.

It is apparent that the yields secured are in all cases influenced by factors
other than those considered, and the precipitation during the autumn, winter
and spring months prior to sowing are being investigated in this connection.

An investigation of the relation between weather conditions during the
growing season and the protein content of wheat grown in western Canada
has also been begun. This was made possible by the acquisition of observa-
tional records accumulated over a period of 17 years by Dr. F. T. Shutt, late
Dominion chemist, Department of Agriculture.

Statistical Study of Routine Experimental Baking Results
J. W. HoPKINS |

Typical routine results supplied by laboratories collaborating with the
Associate Committee on Grain Research were studied with a view to ascer-
taining the degree of precision attained and to formulating an efficient system
of rejection and repetition of determinations. ;

Greater differences were revealed between the accuracy obtained by
the use of the same formula in different laboratories than by the use of different
formulas in the same laboratory. In all laboratories and by all formulas,
Instances occur of consistent differences between the loaf volumes obtained
from a given series of flours on two separate days. Such variation 1s, however,
haphazard in its incidence. The distribution of range in volume of approxi-
mately 150 sets of duplicate loaves baked in the Edmonton and Winnipeg
laboratories by each of two formulas was investigated. In both laboratories
the nature of the distribution yielded by the bromate formula indicated the
possibility of improving the accuracy of the mean by the rejection of out-
lying observations. The simple and malt-phosphate formula distributions
did not, however, differ significantly from the normal expectation.

Statistical Analysis of Results of Experimental Feeding Trials
| J. W. HOPKINS
In collaboration with Professor E. W. Crampton of Macdonald College,

a study of sources of variability in the results of experimental feeding trials
with swine was undertaken. A significant correlation between the initial



LABORATORY DIVISIONS 29

weight of an individual, its feed consumption, and the final weight attained
was demonstrated in the case of pigs of four different age groups covering
the range of commercial feeding periods. The relation between feed intake
and resultant growth exhibits a progressive change from the weaning to the
final fattening period., | |

It was shown that the “gain-feed” ratio commonly employed in inter-
preting the results of comparative feeding trials does not adjust the observed
final weights for variations in initial weight and feed intake as efficiently as
a statistical procedure based on the analysis of covariance. ‘Two papers
describing the results of this investigation and illustrating the statistical
analysis of the results of a comparative feeding trial with swine are in course
of publication in the Journal of Nutrition.

- “Bolting’’ or Premature Seed Setting in Turnipsv
F. H. PETO

Premature seed setting in turnips has caused appreciable losses to the
growers in certain years and very little is known as to the causal factors. At
the request of the Dominion Seed Branch, Department of Agriculture, an
experiment was designed to determine the influence of temperature on bolting.
The plants were grown in the greenhouse with all the growth factors kept
comparable, except temperature, which was varied for the different treatments.
The results clearly show the dominant effect of temperature in determining
the growth habits of the plant as well as the incidence of seed setting. For
example, turnips grown for the first 50 days at 50-55° F. and afterwards
maintained at 65-72° F. showed definite evidence of bolting after 70 days’
growth, while plants grown continuously at 65-72° F. developed normal
bulbous roots without any evidence of bolting after 130 days’ growth.

An extension of the above experiment is at present in progress, 1n coO-
operation with the Forage Crop Division of the Central Experimental Farm,
to determine whether a pre-seeding or vernalizing treatment would cause
turnips to bolt in the year of seeding. The seed was maintained at a high
moisture content in a partially germinated condition at temperatures of 1, 5,
and 9° C. for 21, 28 and 35 days prior to sowing in the field. This method
may prove to be suitable for the detection of strains with an inherent tendency
to bolt.

The Effect of Temperature on Chromosomal Mutation Rates in
- Cereals and Grasses |
F. H. PETO

The work outlined in last year’s report showed that heat treatments of
ungerminated seeds of cereals resulted in a marked increase in frequency of
occurrence of chromosomal mutations. Additional studies have been made
on the effect of abnormal temperatures at various stages of growth, in the
hope that fundamental knowledge may be obtained as to the effect of the
environment in bringing about genetical changes. Attempts are also being
made to develop a method of inducing chromosome doubling in plants. A
successful method should be very valuable to the plant breeder as a means of
conferring fertility on sterile hybrids in which the sterility is attributed to
the dissimilarity of the chromosome complements. |
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DIVISION OF CHEMISTRY
G. S. WHiTBY, Director

The scope of the division’s work during the year is outlined fairly fully
in the sections which follow. In these preliminary paragraphs attention may
perhaps be drawn to some of the items the practical significance of which
can be most readily appreciated.

It has been shown that clays exist in Canada which, especially when
suitably processed, are equal and indeed superior for use in oil refining, etc.,
to any of the imported clays now used, and as a result of the work a plant
has been erected for processing a domestic clay. It has been shown that the
waste natural gas of Turner Valley is capable of yielding carbon black equal
in quality to the imported black now exclusively used by the Canadian rubber
industry. It has been shown that by suitable treatment a bitumen for use in
rubber manufacture at least equal to the imported bitumens now used can
be produced from the “tar sands’’ of Alberta. A comprehensive study has
been made of the economic and technical feasibility of using surplus wheat
for the production of alcohel to be used in a blended gasoline-alcohol motor
fuel. The first systematic study to be undertaken on the short-fibre grades
of Canadian asbestos used as cement (for heat insulation, etc.) has been
carried out during the year. Standardization of the specifications of the
machine used in grading asbestos has been completed and received the approval
of the producers. It may be expected to reduce uncertainties in regard to
grading in the selling and buying of Canadian asbestos. Satisfactory pro-
cedures for tanning the substantial number of hides now available yearly
from the buffalo herd at Wainwright, Alberta, have been established. In
the field of textiles a method for measuring in quantitative terms the softness
or harshness of wool has been developed; a practical treatment has been
worked out and adopted by many laundries in Canada for cleaning the edges
of the double cuffs on shirts without damaging the fabric by scrubbing, and
a system has been put into operation, which, by means of ‘““test bundles,”
checks the efficiency of power laundries, and has already led to many of the
co-operating laundries improving their procedure to a point where reductions
in the strength of cotton fabrics of as little as 59, are suffered in a succession
of 20 washes.

The practical possibility of producing benzole, a motor fuel of high anti-
knock rating, from waste Turner Valley gas has been brought nearer, if not
rendered certain, by the further progress of work in the laboratories on the
subject. A new adhesive for bonding rubber firmly to metal has been devel-
oped, which will, it is expected, form the basis of a new manufacturing
industry. Studies relating to the production of dried apples have established
the conditions required to yield a product from Canadian apples equal and
indeed superior to the foreign products which at present command a sub-
stantial premium in the export market. A plant in which this information
will be applied has been built by a Canadian firm. Work on maple products,
which encounters the handicap that the season during which experiments
can be made on the production of syrup from sap 1s so short, has yielded
significant results in regard to the factors which decide the flavor of the
product, and has determined more exactly than before the best conditions
for preparing the super-flavored syrup previously developed in the laboratories.
The feasibility of making from raw sugar refined cane sugar syrup suited to
the jam and canning trades, without the use of methods and equipment as

elaborate as those necessary to make refined granulated sugar, has been
demonstrated.
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Investigations on the adaptation of Canadian magnesian rock to the
production of basic refractory linings for metallurgical furnaces have been
pursued steadily during the year and have been reflected in the use, both in
Canada and abroad, of the products for an increased number of purposes.
Interesting new alkaloids have been isolated from wild bleeding hearts. The
chemical 1nvest1gat10n of native plants has also included a study of the corms
of jack-in-the-pulpit. The seed fibre of milkweed has been found to be
unsatisfactory as a textile fibre. Investigation is being continued on other
economic possibilities of the plant. Following a disastrous fire in a match
factory, a scheme has been put into operation under which all brands of
matches produced in Canada are tested in the laboratories.

The staff has continued to meet for a period of one-and-a-half hours
each week for the purpose of keeping one another informed of progress in
chemical research generally throughout the world.. In addition, a monthly
lecture has been delivered by a member of the staff, with the same purpose
in view.

A tendency towards the employment of more chemists in Canadian
industry seems to be noticeable. It is observed with satisfaction, as the
effectiveness of these laboratories in assisting the development of Canadian
industry is facilitated by the presence of technical men in the industrial
organizations themselves. It could be hoped that more of the large firms
whose headquarters or affiliations are outside Canada would see the desir-
ability of maintaining research in addition to merely control laboratories in
Canada, as a few conspicuous exceptions already do.

As in previous years, the section on magnesian products has been under
the direction of Mr. F. E. Lathe, of the Division of Research Informatlon,
who has rendered very valuable help in this connection.

Absorption of Vapor by Solids

L. M. PibGEON

Certain porous solids such as charcoal, silica gel, etc., are able to take up
gases and vapor from air. The gas mask is a well known application of this
property, while commercial applications include the drying of air and the
recovery of volatile solvents. An apparatus has been developed to measure
the sorptive powers of any solid. In the year under review a research on the
sorption of alcohol, benzene, and water by silica gel has been completed and
the results pubhshed An examination of the sorptive powers of ‘‘active
silica,” a new sorbent developed in these laboratories, has been carried out,
the pubhshed results of which investigation are to appear shortly.

In conjunction with A. van Winsen, the sorption of water by asbestos
has been examined and an apparatus develo ed to determine the physical
effects of sorbed water. The results of these researches have been published.
Reference to this work is made under ‘‘Asbestos.”

The sorption of vapors by rubber and allied compounds has been examined
and results obtained having a bearing on the relation between vapor pressure,
concentration and degree of polymerization.

Alberta Bitumen
M. Katz
An extended, systematic study has been made of the conversion of the

semi-fluid bitumen of the Alberta ‘‘tar sands’ into solid products of various
consistencies by blowing air through the heated material.
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The relation between the physical consistency and chemical composition
of a series of blown asphalts varying from 60° C. to 169° C. in softening point
(ball and ring method), was studied. The products were separated into four
main components, (1) asphaltous acids and anhydrides, (2) asphaltenes,
(3) resins, and (4) oily constituents, and these were examined chemically
through the intermediate stages up to the finished product. It was .fpuqd
that the amounts of asphaltous acids and anhydrides decrease with rise in
fusing point of the bitumen. The oily constituents and resins also decrease
but the asphaltene content increases. The molecular weights of the oily
constituents remain practically unaltered during blowing; the resins increase
in molecular weight from 733 to 1012, while the asphaltenes show the largest
increase, 2219 to 4690. Only traces of oxygen are found in the products blown
for 6 to 8.5 hr. at 270° C.; the amount, however, increases in the later
stages of blowing to a maximum of 1.889,. The oily constituents do not
contain oxygen, which is distributed mainly in the resin fractions, with
smaller amounts occurring in the asphaltene fractions. The sulphur -and
nitrogen in the bitumen are distributed principally among the resins and
asphaltenes. The essential process in blowing bitumen with air is considered
to be one of condensation by removal of some hydrogen to form water, followed
by polvmerization—assisted by the sulphur in the bitumen—to products
of higher molecular weight. The work has been successful in producing from
Alberta bitumen products similar in composition and physical properties to
commercial grades of mineral rubber. -

The immediate practical objective of the above work was to produce
bitumen suitable for use in rubber manufacture. Bitumen (mineral rubber)
now used i1n the Canadian rubber industry is imported. Full details of the

work are given in a paper to be published in the Canadian Journal of Research,
April, 1934. - , |

Utilization as Mineral Rubbers

A careful study has been made of the behavior in rubber of four rubber-
soluble bitumens having softening points of 104, 133, 151 and 169° C. (b. and
r. method). For comparative purposes two commercial grades of mineral
rubber fusing at 149 and 168° C. have also been investigated. The plasticity
of milled rubber is altered to a smaller extent by additions of Alberta mineral
rubber than by that of the commercial grades of similar fusing point. The
latter yield softer stocks due to their high oil content. By chosing an Alberta
product of much lower fusing point, 7.e., blown for a shorter time, satisfactory
softening was obtained without reducing the strength of the vulcanized rubber
below that given by commercial grades of mineral rubber.

Vulcanized tread stocks containing Alberta bitumen show a higher
modulus than those containing commercial grades of mineral rubber of

similar fusing point. The Alberta bitumen stocks also show a lower perman-
ent set.

In a tread stock (carbon black stock) it is clearly shown that the modulus
of the rubber is increased with rise in fusing point of the bitumen. The aging

qualglies_ of the commercial and Alberta types of mineral rubber are com-
parable.

Asbestos

D. WoLocHOW, A. VAN WINSEN

S5 LE Process for the economic utilization of asbestos tailings, whereby
active silica and magnesium salts are simultaneously made, and which . was
mentioned in the previous report as having been carried through to the semi-
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commercial scale, has been studied further. Approximately 1000 1b. of
active silica has been prepared and distributed to be tested for various pur-
poses (drying gases, ingredient in Portland cement, etc.). One very interesting
application has been found in the medical field and this is being tested clinic-
ally. The commercial possibilities of the process are being studied by several
chemical manufacturers.

A comprehensive study of asbestos cements has been completed and a
detailed report prepared. This study had been undertaken at the request of
the asbestos producers and the report has been submitted to them. The
properties of asbestos cements which have been studied and which have been
related to the screen tests and apparent densities of the fibres, include the
consistency, covering capacity, shrinkage, density and thermal conductivity
of the various grades.

With reference to the studies on asbestos cements, the staff designed and
built a special testing machine to determine the modulus of rupture of various
asbestos-cement slabs. ~

Further study was made with reference to the use of asbestos as a filler;
special highly fiberized, closely screened fibres of low grit content were pre-
pared and methods of preparing such fibres were studied, the Pulp and Paper
Division of the Forest Products Laboratories kindly rendering assistance.

Experiments are being made to determine the apparent density of
asbestos fibre at various pressures, with the object of developing a supple-
mentary method of grading asbestos fibres.

A report on the screening action of perforated plates, with particular
reference to their possible use in the Quebec standard testing machine, has
also been submitted to the producing companies.

In order to obtain first-hand information on the use and value of asbestos
as an electrical insulator, visits were made to a number of Canadian manu-
facturers of electrical machinery and wire and cable. Data thus obtained
proved of value in estimating the possibilities of asbestos in this field and the
effects of the magnetic iron present in Canadian asbestos on its use as an
electrical insulator. In this same connection a study has been made of the
literature on the oxides of iron and on the occurrence and nature of the iron
compounds in asbestos. The methods suggested by several patents for the
removal of iron from asbestos have been examined critically and an improved,
simplified method is being tried out. ~

‘ In experiments on new lines, some very interesting results have been
obtained with asbestos tailings. Preliminary work indicates that good yields
of useful products may be obtained by the method used in the laboratory.

A study has been begun of milled asbestos fibre, using mineralogical
analysis and microscopic examination, with the object of obtaining data on
the fundamental make-up of the various grades of milled fibre.

Further work has been done on the standardization of the Quebec
standa-d asbestos testing machine. One new machine was built according to
the plans which were tentatively adopted in the previous year; this machine
proved to be satisfactory, hence the plans and specifications proposed by the
Council were finally adopted by the Associate Committee on Asbestos and
by the Quebec Asbestos Producers Association. Specifications for brass
testing screens as the standard for the testing machine were also approved
and adopted by these organizations. The complete specifications are now
being printed and will be available to the public at the cost of preparation.

85150—3
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Considerable work has been done to investigate the effect of the condition
of the screen cloth on the screen test result and a proposed procedure, as to
the manner in which a screen cloth should be attached to its screen box, has

been suggested to the industry.

In the course of this work on standardization of the testing machine it
was observed that the variable humidity of the fibre caused by ordinary
changes in atmospheric conditions had a considerable effect on its screen test
value. In order to probe the reason for this behavior a study was made in
conjunction with Dr. Pidgeon to determine the amount of moisture taken
up by asbestos fibre at different humidities, and also the rate at which this
adsorption takes place. Subsequently a study was made of the effect of
sorbed water on the physical properties of asbestos; as a result of these studies
a hypothesis has been advanced to explain the effect of humidity on screen
test results.

The staff has designed and built a template in order to facilitate the
checking of the Quebec standard testing machines.

Biochemistry
I.—R. H. F. MANSKE

There are numerous plants native to Canada, many of them poisonous
to livestock, which are known or suspected to contain substances of pro-
nounced physiological and pharmacological activity, and a program of investi-
gating these was begun in 1930. -

The results recorded in the last report have been greatly extended and
a number of new alkaloids have been found in those plants already investi-
gated. In the Fumariaceae family, two new plants have been subjected to
a careful examination. These are wild bleeding hearts (Dicentra formosa
and D. oregana), and both have yielded large quantities of hitherto rare
alkaloids, so that these are now available for pharmacological investigation.
The results have been published in the Canadian Journal of Research, four
papers having appeared during the year under review. Thanks to the co-
operation of Dr. V. E. Henderson, Professor of Pharmacology, University of
Toronto, several of the alkaloids isolated are being tested pharmacologically.

Among other plants of interest may be mentioned Menispermum can-
adense (Canada moonseed) which was obtained in large quantity. The total
alkaloids have been isolated, but their nature has not yet been determined.
The investigations of Delphinium brownii (tall larkspur) and Zygadenus
venonesus (death camas) have been continued.

An investigation of poison ivy poisoning is under way, but owing to
the necessarily slow progress of the dermatological work it is expected that
some time will elapse before positive results can be announced. -

II.—L. MARION

A study has been made of the non-basic constituents of Adlumina fungosa
(climbing fumatory), the alkaloids of this plant having been investigated
previously in this laboratory by Dr. Manske. The study of Mimulus ringens
(monkey flower) which had been started last year has been continued, and
has revealed the existence of interesting crystalline compounds and a saponin
which are being further investigated. An attempt has also been made to
isolate the poisonous constituents of Actaea rubra (red baneberry) and the
plant has been found to contain an appreciable quantity of 1-inositol, as well

as a crystalline glycoside which is insoluble in water. This substance is now
being studied. |
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A paper reporting results of the chemical investigation of the tuberous
Toots or corms of Arisaema triphyllum (jack-in-the-pulpit) appeared in the
Canadian Journal of Research for February, 1934.

- Magnesian Products
A. F. G, N. P. Pirt

The co-operative investigation on behalf of the Canadian producers of
basic refractories was continued during the year and considerable progress
was made. Laboratory work was directed towards improvement of existing
basic refractories and the development of new products for which demand
was recognized.

In order to meet special requirements of one large consumer in the steel
industry, a new type of clinker was developed. This showed very high
stability 1n respect to moisture attack, coupled with improved resistance to
basic open-hearth slags. Following successful laboratory and plant trials,
this material is now being made and sold on a commercial basis.

Notable improvement was effected in plastic basic refractories of the
type which are normally used with an added bond. Two products have been
brought to the commercial stage, viz., an improved ‘“‘ramming-mix’’ for more
general application where economy would result from monolithic refractories,
and also a special product designed primarily for the construction of tap-
holes in open-hearth steel furnaces.

In addition to the developments mentioned above, considerable work of
a more fundamental nature has been carried on. A large number of furnace
tests have been made with a view towards more closely defining the effect of
impurities and of various dead-burning agents on such properties as refractori-
ness, setting quality, slag resistance, etc. As a result of this work, it is expected
that the quality of clinker produced will be considerably improved.

While lack of building activity has continued to retard progress in the
use of plastic magnesia for flooring and other purposes, some production was,
however, obtained and a number of installations were made. This laboratory
has continued to act in an advisory capacity to users of this material.

Carbon Black

L. M. PIipGEON

Carbon black is an important raw material in the rubber industry, as
it has been largely responsible for the great resistance to abrasion and the
long life shown by modern tire treads. The carbon black imports into Canada
in 1929 were 14,039,959 1b. valued at $944,973, and in 1933 were 9,942 893
Ib. valued at $302,253. The British market has increased from 18,887,337
Ib. in 1928 to over 31,000,000 1b. in 1933. Carbon black is made by partial
combustion of natural gas, large amounts of which are available in the Turner
Valley in Alberta. During the year under review an experimental carbon
black plant has been constructed and a large number of samples of black
prepared from Turner Valley gas. The quality of the black and the yields
obtained compare favorably with those for natural gas in the U.S.A. The
presence of sulphur in the gas, however, presents a problem which must be
overcome before economic utilization of the gas will be possible at present
‘prices. Further -experiments involving special treatment of the gas, give
promise of results which may make profitable the production of carbon

black in Canada.
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Various methods of testing and evaluating blacks have been investigated,
including the optical method referred to in the previous report. |

Distillation
D. F. STEDMAN

(a ) Examination of Turner Valley Naphtha

About 80 gal. of this naphtha has been separated into small fractions
ready for final examination.

For this examination there has been developed a special type of distilling
column of high capacity which is about 10 times as effective as any previously
available, and which also holds up very little of the reflux liquid. This
column gives up to 25 theoretical plates of separation per foot of height, re-
tains but 1 cc. of liquid per sq. in. of cross section per theoretical plate, and
can now be produced in laboratory sizes from 1 to 5 in. diameter, the latter
size having a capacity of over one ton of benzene refluxed per day.

This column, combining high capacity with high efficiency and low
liquid tie-up, should find ready commercial application.

One of these columns, 16 ft. high and of 1 sq. in. cross section, has just
been completed for use with the naphtha and for general experimental pur-
poses; it i1s intended to use four such stills for this work, as close separations
are slow and laborious. |

(b) Isotopes

For several months an attempt has been under way to separate the iso-
topes of chlorine by fractional distillation, using earlier editions of the above
column, 6 ft. high. With this equipment it seems possible to obtain very small
separations of light chlorine from heavy, but the differences obtained are
so small, of the order of .03 unit of atomic weight, that exceedingly delicate
measurements are needed to detect it, and the work must be continued to be
entirely certain the effects are real. |

So far, carbon tetrachloride seems to give slightly light heads, and but
little separation through the main body of the distillation; 4.e., the sym-
metrical light form boils a trifle lower than the remainder, but the other forms
boil very close together. The separations attained were — .042 and 4 .006
atomic weight units.

Tests on dichlormethane give rather the opposite effect,—no change in
the light heads, and heavy ends .023 atomic weight unit heavier than normal
chlorine. ’

/ .It 1s inte:nded to utilize the still with 16-foot column for a further exam-
ination of this effect before employing it for the distillation of naphtha.

Fruit and Vegetable Processing
N. H. GraAce

A number of problems relating to the dried-apple industry have been
considered. The important subject of sulphur dioxide content in relation to
colorz ﬁavor and retention of quality on storage has been studied. Optimum
conditions of treatment have been determined for apples which are to be
subJected. to rapid drying by modern methods. An experimental study of
resulphuring indicates that this is a method of treatment which is capable
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of effecting substantial improvement in the ordinary evaporated apple. The
operation 1s both simple and inexpensive, and gives a product which retains
its color over customary storage periods. | |

Special problems have been dealt with, such as the effect of slice thickness
on the rate of drying and the relative bulk on rehydration, the effect of
extremely low temperatures—such as winter temperature in western Canada
—on the quality of dried apples, and the packing under pressure of dried apples
of different moisture contents. Further, an experimental study has been
made of possibilities for the commercial application of a process which was
developed in these laboratories for producing dried apples of improved flavor.

A brief study of the dehydration of celery indicates an interesting possible
outlet for surplus celery in the form of dried products.

A detailed survey has been made of the general problems of the fruit
and vegetable industry in Canada, with special reference to research possi-
bilities. *

Advice has been given on the sulphur dioxide preservation of fruit and
fruit pulp and on the processing of raisins.

Gas Research

A. CaMBRrON, C. H. BAYLEY

The investigation of the thermal conversion of propane to aromatics in
high-chromium alloy tubes has been continued. Recycling experiments
carried out under a pressure of one atmosphere have shown that, when the
gas flow is highly turbulent, high rates of conversion can be obtained at
temperatures as low as 800-810° C., which is well within the range in which
high-chromium steel tubes can be used. Yields of 23.3 Ib. of crude benzene
per 1000 cu. ft. of propane put through have been obtained at 800° C.,
together with 10 1b. of liquids boiling ahove 200° C. The crude benzene
obtained under the above conditions contains about 649, benzene, 149,
toluene, 7.8% styrene and small amounts of cyclopentadiene, xylenes and
higher aromatics. The liquids boiling about 200° C. contain about 25%,
naphthalene and 12.59, anthracene, together with smaller amounts of mono-
and dimethyl naphthalenes, acenaphthene and phenanthrene.

The production of aromatics by the above process yields a residual gas
containing about 209, ethylene, of which gas there is produced about 33 1b.
per 1000 cu. ft. of propane put through. - 5

Estimates have been prepared of the cost of production of aromatics by
the above process and of the cost of production of alcohols. The estimates
show that there are distinct commercial possibilities in these directions,
provided an adequate supply of gas 1s assured.

Heavy petroleum oils can be broken down by a combination of heat and
pressure to give lighter and more valuable products. When these oils are.so
treated in the gaseous form the process is known as vapor-phase cracking.
During the year under review a rather extensive series of laboratory experi-
ments has been carried out on vapor-phase cracking under carefully controlled
conditions. Conditions necessary to secure high yields of aromatic constitu-
ents and hence high anti-knock rating in the cracked gasoline were ascer-
tained. Under these conditions the content of olefines in the cracked product
is reduced and that of benzene and toluene increased correspondingly.

' The standard method of producing synthetic ethyl alcohol from ethylene.z;;
a gas obtainable by the cracking of paraffin hydrocarbon gases or of oil
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vapors, 1s absorption in concentrated sulphuric acid followed by addition of
water and distillation. In an effort to improve the rate of absorption, the
possible value as catalytic agents of a large number of substances has been
studied, but with one exception no appreciable effect was observed. The
substances included molybdic, arsenic, beryllium and stannic oxides, selenic
acid, phospho-molybdic acid, diphenylamine, hydroquinone, pyrogallol,
nitrosyl sulphuric acid, aluminium sulphate. Systematic experiments were
also made on the influence of the rate of solution of ethylene on its rate of
reaction with sulphuric acid. -

Although high-chromium alloy steel tubes have been found suitable for
the thermal treatment of hydrocarbon gases and for the vapor phase cracking
of petroleum, as regards freedom from carbon deposition and heat resistance,
it has been found that this alloy gradually undergoes surface carburization
when the alloy is heated in the presence of hydrocarbon gases for prolonged
periods at high temperature. Such surface carburization brings about
structural alteration in the alloy and causes it to lose its resistance to air
oxidation at high temperature. A protective coating has been developed
which permanently protects high-chromium alloys against carburization
under the above conditions, and indications are that the use of such a coating
will add considerably to the useful life of such alloys when they are subjected
alternately to a carburizing and oxidizing atmosphere at high temperature.

Government Purchasing Specifications

A. F. GiLL

A preliminary study has been made of the procedure followed in various
governmental departments in connection with the purchase of materials and
supplies. This was directed primarily towards determining whether co-ordin-
ation and amplification of existing purchase specifications would be justified.
The conclusion was reached that there was considerable scope for collabor-
ation between different departments and that valuable economy might
result. Accordingly, steps are now being taken towards the formafion of a
co-operative interdepartmental committee to effect the necessary consolida-
tion.

Laundering

O. M. MoraGaN, B. J. KENALTY

A ““test bundle”’ service for power laundries has been started. Bundles are
issued for washing with white work and another type of bundle is issued for
washing with colored work. By the use of these test bundles it is possible
to check upon the efficiency of dirt removal and whiteness retention, tensile
strength losses are determined and the effect of the washing process on colored
fabrics 1s controlled. Certain laundries availing themselves of this service
have reduced their tensile strength losses as much as from 289, to 59%,; they
have increased the efficiency of their dirt removal from 75% to 989 and at
the same time have reduced.their washroom costs. ’

Some work has been started on the production of a cheap water softening
sand made from Canadian raw material originating in the asbestos mines.
To date no water softening sand of Canadian origin has been available. The
results from this piece of research are quite promising.

_In July, 1933, a series of thirteen wetting-out agents were applied to badly
stained cuffs and collars of shirts in a Toronto laundry. Out of this group

four were selected for their efficient stain removal and low cost. A pamphlet
was issued to all Canadian laundries informing them of these mixtures, their
preparation and use. Good results are reported.
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The effect has been investigated of drying, in air containing one and two
parts of sulphur dioxide per million, as in certain industrial city areas, cotton
fabrics wetted with solutions such as would be contacted in power laundry
rinse waters. The effects of humidity, temperature and light have been
examined and kept under all possible control. The sulphur dioxide has
been found to have little or no effect in producing deterioration of the fabric.

A series of experiments has been started to compare the efficiency of
washing done by power laundries with that done in small domestic washing
machines, the latter being performed by the Department of Household
Science, University of Toronto. These experiments are still in progress.

In connection with the service work for the industry, 325 reports have
been issued covering new and damaged fabrics, soaps, alkalies, water prob-
lems, etc. There have been 153 regular test bundles reported while an addi-
tional 130 test bundles have been used for special tests in various plants.

Leather
W. E. GRAHAM

The National Research Council was asked by the National Parks Branch
to undertake a study of suitable methods for tanning buffalo skins. A large
number of these skins are available annually; when tanned for coats and
robes they should provide a source of considerable revenue. Work done in
these laboratories has demonstrated that these skins can be successfully
tanned by suitable adaptation of standard methods for either alum or oil
tannage. Further details of the processes are under investigation and the
studies are being extended to the general problem of fur tanning.

A study has been undertaken of the evaluation of the wear resistance of
sole leather on an abrasion testing machine constructed in the shops of the
National Research Council. Some comparative tests have already been
made on leathers from plant experiments. Other apparatus for evaluating
the quality of leather has been installed.

An investigation has been started into the cause of the deterioration of
shoe upper leather so commonly found in the vamps. This deterioration is
associated with perspiration, and the present work has been directed to
finding out the chemical and physical changes which have occurred. These
studies will serve to direct efforts towards preventing the deterioration.

A study is in progress on the deterioration of upholstery leather in
industrial atmospheres. This damage is associated with the accumulation
of sulphuric acid in the leather.

Work has been done on the products of the destructive distillation of
waste leather as a means of utilizing the large amounts of this material avail-
able annually.

A considerable quantity of Canadian Staghorn sumac was gathered and is
being examined as a possible domestic source of tannin. The tannin content 1s
rather too low but further studies of its practical tanning value are being made.

A number of analyses of commercial leathers have been made and other
servicing problems have been studied for Canadian tanners.

. Two bulletins on methods of making leather which were started at the
end of the previous vear were completed and are ready for distribution in
either French or English editions. One bulletin on ‘“Home Tanning” gives
simple methods suitable for the purpose and the other “A Brief Description
of Processes of Making Leather’ gives in more detail procedures intended for
inquirers who wish to organize small but fairly complete community tanneries.
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Maple and Other Sugars
L. SkAzIN

The main conditions for the production of super-flavored maple syrup
according to the process discovered in these laboratories were established
during the course of the 1933 sap season, and independent judgment about
the quality of flavor developed was obtained from seven experts. It was
interesting to note from these judgments that the flavor of syrups prepared
according to the new process, when properly diluted with cane syrup, did not
differ from the quality of flavor of the ordinary syrup. Omne part of highly
flavored syrup gives the same maple taste effect as from 8 to over 20 parts
of ordinary maple syrup and should be of value in ice cream and confectionery
manufacturing. | :

An investigation into the formation of invert sugar in maple products
has shown that the inversion of sucrose depends mainly on the duration of
boiling, and also to some extent on the percentage of solids present in the
syrup. To produce maple products with minimum invert sugar it is necessary
to reduce the duration of boiling to as short a time as possible, especially at
higher concentrations of solids.

It has been demonstrated that a good quality maple icing sugar can be
produced from dark ‘‘Beauce’ sugar, if the sugar is redissolved and filtered
in order to remove the insoluble particles (mainly calcium malate) which are
responsible for the gritty taste of the product.

The feasibility of making cane sugar syrup direct from raw sugar for use
in jam manufacture and fruit canning has been studied, and a suitable process
developed. It was demonstrated that affinating of raw sugar followed by
treatment with 0.5-1.09; of good decolorizing carbon, produces a good
sugar syrup for the purposes in view. The color of syrup so produced is
equal to or even better than the color of syrup made by dissolving refined,
granulated cane sugar.

A study was made of the relative efficiencies of 17 samples of decolorizing
carbon now being used by industrial firms or public utilities in Canada for
decolorizing sugar syrups, vegetable oils and fats and for the treatment of
water supplies. These samples all represented imported products. A de--
colorizing carbon produced experimentally by a Canadian manufacturer was
tried out in comparison with the imported carbons (W. Gallay collaborating).

Little additional work has been done on honey during the year, but
communications received from technical men, especially in the United States,
show that the methods of determining the water content of honey which were
worked out last year in these laboratories, have been recognized as an 1mport-
ant step forward. (Miss H. D. Chataway.)

Milkweed

= MARIQN

The properties of the milkweed floss in respect to spinning or weaving
were investigated with the kind co-operation of one of the Canadian textile
manufacturing companies. While the cloth produced from a mixture of
ﬂoss. and cotton staple was not markedly inferior to an all-cotton cloth in
tensile strength, the difficulties encountered in the manufacture were numerous
and of such a nature as to render unattractive this use of the milkweed floss
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with the present standard equipment. The most serious drawbacks were
the handling of the smooth floss fibres, which afford no grip, and the high
loss 1n the carding operation due largely to the brittleness of the fibres.

Further work with milkweed 1s being directed towards an attempt to
isolate the bast fibres in such a way that they may be utilized. The plant
was collected at various periods of growth, 7.e., when in bloom, at the early
fruiting season, and when mature, in order to . ascertain the most suitable
time for collecting the material so that the fibres might be most readily
removed. The stems do not seem to be readily amenable to ordinary flax-
retting processes.

Permanence of Documents

Miss H. D. CHATAWAY

Following an inquiry from official quarters as to the probable permanence
of various government papers, extensive tests, both physical and chemical,
have been carried out in the laboratories on a wide variety of papers and a
number of inks used in different government departments. In this connection
the helpful advice of the Pulp and Paper Division of the Forest Products
Laboratories is acknowledged.

The study has prepared the way for the drawing up of standards in a
field in which, because of its complexity, they are badly needed.

Power Alcohol

C. Y. Hopkins

The possibility of using grain alcohol as a supplementary motor fuel in
Canada has been examined and a full report has been issued which deals with
both the economic and practical phases of the subject. The report includes
a survey of the use of alcohol in motor fuel in foreign countries, a review of
the properties of alcohol-gasoline mixtures, and estimates of the cost of motor
fuel containing alcohol as compared with ordinary gasoline.

Engine tests with a number of the mixtures were completed by the
Division of Physics and Engineering.

Water Tolerance of Motor Fuels Containing Alcohol

One of the objections to the use of alcohol-gasoline mixtures for motor
fuels is the possible separation of the fuel into layers upon accidental addition
or absorption of small amounts of water. This danger can be minimized by
adding a third liquid to the mixture. Benzene and isopropyl alcohol have
been suggested for this purpose and accordingly the value of each in prevent-
ing stratification was determined. It was found that isopropyl alcohol,
which can be produced from the waste gases of petroleum refineries, is much
more effective than benzene. The water tolerance of alcohol-gasoline mix-
tures was also determined, and the tendency of such mixtures to absorb
water from the air was found to be small, if not negligible. (With C. H.
Bayley.)

In order to ascertain the possible yield of alcohol from grain screenings,
a careful determination was made of the starch content of No. 1 feed screen-
ings, refuse screenings and certain individual weed seeds found in refuse
screenings. This work is being extended to include the lower grades of wheat.
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Refining and Bleaching Clays

W. GALLAY

The total annual value of refining and bleaching clays used in Canada 1s
about $300,000, virtually all of which is imported. A survey of promising
Canadian deposits was made and samples were collected from various dis-
tricts in British Columbia, Alberta, Saskatchewan, Ontario, Quebec and the
maritime provinces. —

There are a large number of individual fields of utilization for this type
of clay and it was found impossible to predict the efficiency of an unknown
material by specific physical or chemical tests. The plan followed was
therefore as follows. Direct contact was established with large manufacturers
in each field, unrefined products were obtained from them, and thep reﬁn;ng
and bleaching experiments were carried out under conditions closely 51my1at1ng
those used in industry. Large clay consumers were kept in touch with the
work continually. In one instance, experiments were performed on a semi-
industrial scale.

~ In the cases where raw Canadian clays were found to possess good
initial efficiency, the optimum activation treatment was worked out for jche
highest final efficiency. In each field of utilization, the Canadian materials
in both the crude and activated states were compared in efficiency with the
imported materials now in use. |

The following lines of utilization for these materials were investigated :—

Refining of lubricating distillates

Refining of cracked gasoline by the counter-current process and by the
Gray tower process

Bleaching of vegetable and animal oils and fats

Bleaching of linseed oil

Bleaching of pilchard oil

Recovery of various types of used dry-cleaning solvents

Reclamation of used insulating oil

Reclamation of used crank-case oil.

In all instances, the refined products were thoroughly tested in the
laboratory in comparison with standard products.

Two Canadian clays in particular have shown excellent results in many
of the above fields. One of them has proved to be superior to every imported

material in nearly all of these lines of utilization. A plant has been erected
for the activation of this material. ‘

Removal of Magnesia from Cement Rock
; A. F. GiLL

Some preliminary work was done on behalf of a cement company which
was desirous of lowering the magnesia content of limestone by chemical
means. Laboratory tests were made in connection with the removal of the
magnesia as a bicarbonate from a water suspension of the finely ground
material. The possibility of applying a selective calcination process to this
problem was investigated, i.e., partial calcines containing essentially all free
magnesia and various portions of free lime were treated with carbon dioxide
solutioq. Although it was found possible to get a fairly sharply defined
magnesium oxide and calcium carbonate mixture, better subsequent removal
of the magnesia was obtained when a substantial proportion of the calcium
carbonate was calcined as well. This was considered to be due to shielding
of the magnesium oxide by stable, undecomposed calcium carbonate.
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Rubber

M. KAtrz, T. R. GRIFFITH

The National Research Council was requested to investigate the problem
of the bonding to metal surfaces of fabrics containing rubber. This resulted
in the discovery of a new adhesive for the purpose. It is expected that a new
manufacturing plant will be erected in which use will be made of the process.

A carbon black prepared by Dr. Pidgeon in his experimental carbon
black plant was investigated as a rubber compounding ingredient. It was
found to be entirely suitable for general use in rubber compounding.

The properties of certain Canadian clays from Alberta and Quebec have
been investigated in rubber stocks in order to determine their suitability as
rubber fillers in comparison with standard grades of imported clays. Bentonite
was found to be unsuitable for rubber compounding because of its high
adsorptive power for vulcanizing agents. This resulted in greatly retarding
the rate of cure of rubber stocks. The behavior in rubber of various mixtures
of kaolin and silica was also investigated. The work is being continued in the
hope of finding one or more domestic clays (preferably located in eastern
Canada) equally as suitable for use in rubber manufacture as the imported
clays now used. "

During the past year the rubber laboratory has, with the aid of its
vulcanizing and testing equipment, answered a number of inquiries and
continued in its capacity of giving technical advice in regard to the manu-
facture of rubber goods. Some of these inquiries were related to the following
topics: plastic rubber, rubber stamps, rubber solvents, retreading of old tires,
manufacture of battery boxes, impregnation of cotton gloves with rubber,
reconditioning of overshoes, mineral rubber from blown petroleum residues.

‘ The mathematical work on the rubber stress-strain curve, mentioned
in the last annual report, has been completed and a lengthy memoir pub-
lished in the Canadian Journal of Research under the title ““A Mathematical
Treatment of a Theory of Rubber Structure.”

An article on ‘‘Synthetic Rubber’” written by G. S. Whitby and M.
Katz appeared in the November and December, 1933, issues of the “Journal
of Industrial and Engineering Chemistry.” Reprints of this article have to
date been requested from most English-speaking countries and from Japan,
Germany, Soviet Russia, Java, Sumatra, Italy and France.

Straw

L. MARION

The work on wheat straw has this year been concerned with the isolation
of a large quantity of lignin and a thorough study of the resin which is removed
by extraction with a mixture of methanol and benzene. It is important to
know the properties of the various constituents of this fraction of straw.
A considerable quantity of this extract, or so-called resin, has been found to
consist of lignin. This indicates that some of the lignin in straw is more
readily separated than the rest from cellulose and other constituents.
The resin also contains a small quantity of sterol glucoside, apparently
identical with that which has been obtained from the wheat germ. The largest
fraction of the extract is soluble in fat solvents (petroleum ether and ether)
and consists largely of glycosides, free fatty acids, a hydrocarbon, a mixture
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of sterols and a substance insoluble in methanol but soluble in benzene. The
last substance has a fairly low melting point (82°C.) and is a very good emul-
sifying agent. No resin acids whatever are present.

Survey of Chemical Imports

A. F. GILL

From information supplied by the Department of National Revenue,
an analysis was made of some of the larger groups of chemical imports with
a view towards selecting any significant items of a type which might be suit-
able for Canadian manufacture. Considerable information was obtained
and this is being used from time to time in connection with trade inquiries
and as a basis for possible developments. |

Studies of certain larger items among the chemical imports suggested
avenues of investigation and a number of them are being followed at the
present time. It is proposed that investigations of this kind be continued as
a regular feature of the program of the laboratories and that the work be
enlarged should occasion demand it. ‘

Trail Smelter Fumes Investigation

M. KAtz

Further work was carried out on this subject and supervision was exer-
cised over the field work conducted throughout the year. i

Wool

P. LAROSE, Miss A. S. TWEEDIE

A large number of time-consuming tests were made on samples of wool
sent by the University of Alberta in connection with experiments being
carried out to determine the effect of environment on wool.  These tests
included measurements of staple length, fibre length, crimp, tensile strength
and fibre diameter on 170 samples, as well as the determination of grease,
suint, dirt and yield of clean wool on these samples. Lr 6

An apparatus for testing the resistance of cloth to wear has been de-
veloped. A number of tests have been made with it on cloth made of Canadian
wool and cloth made of colonial—s.e., Australian and New Zealand—wool.
The results show that the wearing quality of the Canadian wool is just as
good as, if not better than, that of the colonial wool.

| A new method for measuring the compressibility or resilience of wool
was devised. This is another step in the establishment of testing methods
by means of which it will be possible to compare fully the quality or value of
Canadian wools with others. Some preliminary work has already been done
with this apparatus and will be published in the June number of the Canadian
Journal of Research. The apparatus has also been used successfully in the
laboratories with other fibres such as kapok, milkweed and asbestos. |

The fastness of a number of dyeings supplied by the U.S. Bureau of
Standards was determined in the fugitometer. This is work preliminary to
the setting up of standards of fastness to light. In this connection a meeting
of the A.A.T.C.C. Committee on Light Fastness was attended.

An investi.gation of wool wax was begun and some'W‘Qrké.a;rried o.ut.-OI'i
the change which the wax undergoes on standing. i
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A number of tensile strength determinations on linen yarn and cloth
and whiteness tests on the cloth were carried out for the Fibre Division staff
of the Experimental Farm in order to determine the effect of various bleaching
treatments.

Miscellaneous
1. Analysis. Among the analyses carried out during the year were:—

(a ) Inorganic analysis of cements, refractories, clays, pigments, metals
and solutions. (400 samples, 1200 determinations.)

(b) Analysis of cosmetics, soaps, washing compounds, fats, waxes,
starch and textiles. (60 samples—170 determinations.)

(¢ ) Water analysis, boiler compounds, with some study of boiler-water
treatment.

(d ) Continued study and analysis of antifreeze solutions with an investi-
gation into their possible use in a special case.

(e ) Compounds used in chemical hot water bottles, an explosive, some
products from the corrosion of metals, bitumen products for ash and sulphur,
paper samples for acidity and rosin. (C. W. Davis.) | ‘

2. Pitchblende. Samples of pitchblende from the Great Bear Lake
district were analysed for uranium, thorium and the rare earth metals.
Special attention was given the thorium determination since meso-thorium
can be considered an impurity in ccmmercial radium salts. (C. W. Davis.)

3. Maiches. In co-operation with the Department of Insurance and
Canadian match manufacturers, a systematic testing of matches was organ-
ized and 54 samples of matches were reported on. (C. W. Davis.)

4. Gasoline. Seventeen samples of aviation gasoline were tested by
standard methods in connection with a special investigation of anti-knock
compounds in aviation fuel. (C. W. Davis.)

5. Deodorants. The action of a number of essential oils and odoriferous
synthetic products as deodorants has been studied. The work was concerned
more particularly with masking the odor of turpentine. (L. Marion.)

6. Food for Ranch Beavers. Analytical examination of dried birch, alder
and poplar leaves was made to determine which would be the most suitable
food for the raising of beavers. (C. Y. Hopkins.)

7. Drying of Brewers' Yeast. In response to a demand for a special grade
of dried yeast for export, the different methods of drying yeast were reviewed
and recommendations as to the proper conditions of drying were made.
Yeasts already on the market were tested. (C. Y. Hopkins.)

8. Vitamins. Although no facilities are yet available for thorough
investigations of this nature, colorimetric assay for vitamin A content were
made on cod l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>