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Prologue
From its inception, the Canadian Mines Branch, now
CANMET has worked in conjunction with the minerals and
metals industries. In the late 1950s-early 1960s, CANMET
helped bring together Canada’s mine, mill, and smelter
operators, as well as primary and secondary manufacturers,
to discuss their respective needs and aspirations, and
importantly, how CANMET (then The Mines Branch) could
better assist Canadian industry. As will be evident from the
present chapter and other chapters in this book, CANMET
contributed significantly to Canada’s metallurgical industry.
The formation of several new and innovative professional
organizations was a direct result of these meetings.
Interestingly, this early collaboration amongst other efforts
led to the creation of the Conference of Metallurgists
celebrated in this book, with the first such conference held
on September 4-7, 1962 at McMaster University, Hamilton,
as discussed elsewhere in this book. It is of interest that
the Chairman of this first conference was Dr. John Convey,
Director of the Mines Branch of the then Department of
Mines and Technical Surveys, Ottawa. The Canadian
Mineral Processors was also formed as a result of
collaboration with the Mines Branch, with the first
conference (originally a group of Canadian gold producers)
held at the Mines Branch in January 1962 in Ottawa.

Introduction
The Canada Centre for Mineral and Energy Technology
(CANMET) was founded on the 15th of January, 1975, in
recognition of the broadening interests of its predecessor,
the Mines Branch of the Department of Energy, Mines and
Resources. The motivation to form this new division was
not only the rapid growth of the Canadian energy
industries, but also the increasing desire for technological
innovations.
The idea of such a formation, however, was likely
under consideration when the Department of the Interior
appointed a Superintendent of Mines in 1901. At that time,
Canadian mineral industries began an expansion which
continues to the present day. The initial growth was such
that the industry began to demand the technical assistance
of the federal government in order to solve challenges
with mineral processing, smelting, and refining. (Assistance
with mining was not required until much later). Thus, in
response to increasing demands, and with The Geology
and Mines Act of 1907, the Canadian Department of Mines

was formed.
Initially there were two branches in the newly formed
department: The Mines Branch (which was transferred
from the Department of the Interior), and the Geological
Survey of Canada (which had been formed in Montreal in
1842 and later relocated to Ottawa in 1891).
This chapter is a condensed version of the recent book
on one hundred years of the Mines Branch/CANMET by Dr.
John Udd (2010). The photographs included in this article
have been taken from the above book and are used with
permission. For additional details on photo sources, the
reader is referred to the above book. It is noted that the
book prepared by Ignatieff (1981) on the occasion of the
75th Anniversary of CANMET in 1982 remains a useful
reference.

Early Technological Developments
The primary endeavour of the Mines Branch was to
respond to the challenges created by a fuel distribution
problem in a vast, cold country. In 1912 work began on the
bituminous shales of New Brunswick and on the tar sand
deposits in the Peace and Athabasca country of northern
Alberta. The development of extraction technologies
continues to the present. It is probably one of the greatest
contributions that the organization has made in the past
100 years.
During World War I, the production of metals was vital
to the war effort. To ensure the continued supply of metals
and minerals, the Imperial Munitions Board turned to the
Mines Branch to be “The millers and assayer for the Board
in all matters pertaining to the supply of metallic ores and
minerals.”
Few persons are aware of the fact that there are, and
were, a great many small- to medium-size mineral deposits
in the Ottawa area. In 1917, the Ore Dressing Laboratory of
the Mines Branch was operated on a 24-hour basis for the
processing and concentration of molybdenite to extract
molybdenum – a metal used as an additive to strengthen
the steel used in armoured plating.
Of particular interest was the reawakening and
resurgence of the Canadian iron ore industry with the
opening of Algoma Ore Properties Limited and Steep Rock
Iron Mines in 1923.
The aftermath of World War I led to a decline in the
demand for metals, resulting in a depression for the
minerals industries. The gold industry, however, flourished.
Between 1925 and 1931 it was reported that the work of
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the Ore Dressing and Metallurgical Laboratory had
increased by over 230%. Likewise, by 1935, 50 new gold
mills had started production, most using the processes
developed by the Laboratory.
Not every sector experienced a depression. Rich
deposits of silver and pitchblende had been discovered at
Echo Bay, on Great Bear Lake. In 1930 a shipment of 20
tons from this discovery was sent to the Mines Branch for
hydrometallurgical treatment. By 1933 a carbonate
leaching process, using a sodium carbonate solution to
extract the uranium, had been developed by the Mines
Branch.
By 1937 there were 172 minerals milling plants in
Canada, 143 of which were in operation for the treatment
of gold ores. It has been said that there were only a few
mineral processing plants in Canada in which the processes
being employed were not improved by the Mines Branch
and its successor, CANMET.
In 1939 World War II broke out in Europe. Once again,
the Mines Branch was involved in work and research
related to the production of metals for the war effort. At
the same time, the focus of the Physical Metallurgy
Laboratories of the Metallic Minerals Division was on the
production of equipment for the war. It was only after the
war ended that the Mines Branch was able to disclose the
details of one of its most important contributions to the
war effort – the development of secret equipment used to
detect the presence of submarines.
The Physical Metallurgy Research Laboratories, a
state-of-the-art facility, opened in 1942. Initially these
were formed to carry out metallurgical research and
development related to defence in collaboration with
Canadian metal industries. This facility was the location for
new and innovative materials research and testing, and
thus was given a full suite of equipment to conduct
research. The laboratories were equipped with: melting
furnaces, a foundry, and equipment for a rolling mill, die
casting technology, extrusion, heat treatment, and creep
testing. After early successes, an experimental foundry was
added over the course of 1944 and 1945. Within this
extraordinary research facility, new tracks were developed
for tanks and universal carriers, military-ready
snowmobiles evolved, and many new parts were
developed for aircraft, torpedoes and other military
projectiles. Furthermore, new developments in welding
were developed in order to prevent corrosion.
For the Mines Branch, World War II presented
numerous challenges, including the provision of
technological support for the development of better
metals, alloys, materials, armaments, and the related
processes for these. All contributed to the success and
safety of allied troops.
Shortly after the war, the Branch became increasingly
involved with industry-based projects. One of the first
among these was a result of a meeting in 1946 between
the Chemical Construction Corporation of New York City
(Chemico), Sherritt Gordon Mines, and the University of

British Columbia (UBC). Chemico specialized in the creation
of ammonia and nitric acid plants, and it also provided
assistance to Sherritt Gordon and UBC to design a nickel
extraction plant for the production of concentrate at the
site of the recent discovery of mineral deposits at Lynn
Lake, Manitoba.

Figure 1. The Fuels Research Laboratories Building,
Department of Mines, 562 Booth Street (right), and the
Materials Technology Laboratory, 568 Booth Street (left).
The latter, formerly known as the Physical Metallurgy
Research Laboratories, was completed by the Bureau of
Mines in 1943 (Photo by the author, 2006)
A new laboratory was established in 1947-1948 to
conduct research on high temperature phase equilibrium
systems as applied to ceramics. The development of this
laboratory perhaps marked the beginning of the
progression of the production of metals from being an art
to becoming a science. Research included studies of
casting and foundry techniques and, in particular,
partnership with industry in the first casting of new
magnesium alloys. In addition, progress was being made in
the development of new alloys that could be used under
exceptionally high- or low-temperature conditions.
Concurrently, the Branch was researching and
experimenting with techniques for welding structural steel
under winter conditions at Churchill, Manitoba while
conducting studies on “tin plague”. Tin plague may be
defined as the disappearance of tinning in cans under
Arctic conditions – thereby necessitating the destruction of
affected food.
The development of a pilot plant in Ottawa came to
fruition just three years after the accomplishments at Lynn
Lake (1949). Thereafter, many new plants quickly emerged
using processes refined by the Branch. One of these
processes was a new methodology for pressure acid
leaching, which was first used at Port Radium in 1952. The
process was so successful that by 1954 it was used at
several locations including Beaverlodge, Gunnar, Bancroft,
and Elliot Lake. These innovations represented a huge
contribution to the development of the uranium industry
in Canada, and earlier, to the Manhattan Project (which
was the code-name for a project developed during World
War II for the production of the first Atomic Bomb).
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Figure 3. Abasand Plant, McMurray, Alberta, Plate IB, p. 37,
Drilling and Sampling of Bituminous Sands of Northern
Alberta, Vol. 1, Results of Investigations 1942-1947, Mines,
Forests and Scientific Services Branch, Bureau of Mines,
Department of Mines and Resources, Ottawa, King’s
Printer and Controller of Stationery, Report No. 826, 1949
The new Mineral Processing Division was created in
order to focus on the beneficiation of ores at both the
laboratory and pilot-plant scales, together with work on
minerals in the non-metallic, industrial minerals, and
construction categories.
Within the Extractive Metallurgy Division, the goal was
to discover new and different methods of treating ores,
including both hydrometallurgical and pyrometallurgical
procedures. In the former, both pressure leaching and ionexchange were being used to treat the uranium ores from
the dozen operating mines in Elliot Lake, Ontario.
The Physical Metallurgy Division concentrated on the
behaviour of metals at low temperatures, and on the
development of the strong and light metals which would
be needed for space technology. A milestone in metal
physics occurred in 1959 when, during the formation of
twin crystals, a phenomenon of plastic deformation in
some metals was observed and recorded on film. It was
thought that this might provide some insight into plastic
deformation. Radioactive tracers were used to follow the
movement of impurities in molten aluminum, tin, and lead
during the growth of individual crystals. Research was also
underway to study the embrittlement of metals under
stress at high temperature, nuclear reactor components,
and powder metallurgy. Of particular interest was a major
initiative towards the development of the titanium metal
industry in Canada, which was conducted between 1951
and 1959.

The 1960s
By the 1960s, an aspiration for fundamental research to
play a more dominant role in Canada signalled a new shift
in direction. In the Physical Metallurgy Division, basic
research was conducted on the crystal structure of metals
and alloys.

The Canadian Government Specifications Board
Committee on Industrial Radiography assigned the Mines
Branch a new portfolio in 1960.
This new endeavour consisted of the supervision of
the examination and certification of industrial
radiographers. The Branch continued to train Royal
Canadian Air Force personnel in the theoretical and
practical aspects of radiography. This in turn resulted in
the inauguration of an official certification process in 1961,
with examinations for junior candidates held in Toronto,
Ottawa, and Montreal. Written and practical tests for
senior candidates were held in the Non-destructive Testing
Section at the Booth Street facility in Ottawa.
In the Extractive Metallurgy Division, research and
development focused on finding ways of reducing the
amount of sulphuric acid consumed in leaching, the
applicability of pressurized leaching methods, and the
control of cyanidation circuits. In one outstanding
experiment, and through the introduction of modifications
and automated controls, the consumption of cyanide was
cut in half.

Figure 4. In their search for practical methods of refining
low-grade oils and bitumen, technicians make use of a
hydrogenation pilot plant. Seen here is the plant’s
electrically heated, insulated reaction chamber as it is
lowered into the outer pressure vessel (Report for the
calendar year 1957, p. 63)
Concurrently, with the participation of the Mines
Branch, the Metallurgical Society of the Canadian Institute
of Mining, Metallurgy, and Petroleum (MetSoc) was
created and its first conference was held in Hamilton, in
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September 1962. The history and development of MetSoc
is described elsewhere in this book, and the conference
series which began in 1962 is celebrated with the present
volume.
A conference of mill superintendents from 20 Eastern
Canadian gold producers was held at the Mines Branch
earlier that year, in January of 1962. The success of this
conference was such that it evolved by 1968 into a series
of annual conferences of the Canadian Mineral Processors
(CMP); since 1981 it has been a constituent Society of the
Canadian Institute of Mining, Metallurgy and Petroleum
(CIM). The CMP conferences for many years were held at
the Mines Branch every January, but since about a decade
ago are held in January at an Ottawa hotel venue. Also
during 1962, and with the support of the newly formed
MetSoc, the Mines Branch funded and supported the
establishment of the Canadian Metallurgical Quarterly, a
scientific journal that would publish research and
development papers on extractive and physical metallurgy.
In both instances the Mines Branch/CANMET was
instrumental in bringing operators together to discuss their
needs, concerns, and achievements. These meetings and
discussions resulted in the formation of Divisions of the
Canadian Institute of Mining, Metallurgy, and Petroleum:
the CMP, and MetSoc.

been returned to the reverberatory furnace for the
purpose of copper recovery. The collection of this data was
a first in the history of copper metallurgy. Interestingly, for
the two industrial researchers involved, this work helped
spark their idea for a new smelting process that developed
into what is now known as the Noranda Process, a
development described elsewhere in this book in the
Pyrometallurgy Chapter by Diaz et al.
In 1965 the metallurgical laboratories pioneered the
use of X-ray fluoroscopy to study the flow of molten metal
in moulds. In the same year, pilot plant studies were made
of a bottom-blown oxygen converter, the forerunner of the
“Q-BOP” furnace. Subsequently, the furnace attained
world-wide usage for steel production. This process
received MetSoc’s Innovation Award in 1991 (Annular
Tuyere, refer to Appendix 2 in the present volume).
In the Extractive Metallurgy Division, following two
years of annual conferences with mill superintendents
from gold mine operations, the Canadian Gold
Metallurgists Committee was formed, and a third
conference was held in Ottawa. These conferences were
planning sessions, not only for the installation of automatic
controls in the processing circuits of gold mills, but also the
development of standardized metallurgical tests.
Unfortunately, a shortage of personnel and facilities
resulted in a delay of the necessary research.
During the latter part of the decade, the Extractive
Metallurgy and Physical Metallurgy Divisions were
researching electro-plating technology, metal corrosion,
casting and solidification, forming and fabrication, alloy
metallurgy, and welding.

Figure 5. A laboratory flotation cell is used for batch testing
of ores (Report for calendar year 1957, p. 59)
In 1963 research was directed towards finding a
solution to the casting and warping of steel moulds at a
large producer of aluminum ingots and investigating the
failures of metallic parts, such as eyebolts on emergency
parachutes, boiler tubing, ship propellers and aircraft
engine exhausts. Within the year, 123 persons were
certified as junior radiographers, while 40 received the
senior certification. Records confirm that by 1964
approximately 35% of the work was being conducted for
industry, and the remainder for government and agencies.
In the Mineral Sciences Division, studies were completed
regarding the niobium-bearing deposit at Oka, Quebec. In
one study, a radiotracer was used and successfully traced
in an experiment at a copper smelter in which the slag had

Figure 6. Equipment used in the concentration of ilmenite
from iron titanium ores. A high-intensity magnetic
separator is seen in the foreground (Report for calendar
year 1957, p. 47)
One notable conclusion from the research was that
bacterial leaching was equally as effective in extracting

57
The Canadian Metallurgical & Materials Landscape 1960 to 2011

uranium from the ores of Elliot Lake as the strong sulphuric
acid leaching process that was currently in use. Other
studies underway at the time involved sulphide ores, highstrength steel, concrete, brittle fractures, and the use of
nickel for coinage (silver coinage was in the process of
being replaced by less expensive metals).
An outstanding accomplishment from this time was
the development of the Leigh solid oxide (calciumstabilized zirconia) probe for measuring the dissolved
oxygen content of liquid steel. By 1969-1970, Leigh
Instruments Limited was marketing their probe system
worldwide.
By the late 1960s, Canadians were becoming more
aware of pollution and pollution abatement. Avoiding
atmospheric pollution by sulphur dioxide therefore
became a high priority for the Branch. The resulting
sulphur dioxide control strategies that evolved for the
operating companies are discussed in the chapters on
copper and nickel in the present volume.

The 1970s
In the early 1970s, solvent extraction was applied to
separate uranium from iron-containing solutions, thereby
eliminating the need for the filtering operation, and
reducing the cost of treatment. Solvent extraction was also
applied to the ammoniacal pressurized leaching process
then in use for copper-nickel-cobalt ores. One of the most
significant projects of the Extractive Metallurgy Division
was the application of bacterial leaching to sulphide ores.
By employing this process in the acid pressure leaching for
the concentrates, it was possible to recover sulphur in
elemental form – thereby reducing potential environmental damage.
The Physical Metallurgy Research Laboratories (PMRL)
studied the flow of liquid metal in sand moulds using x-rays.
This technique became standard practice in designing
gating systems to produce premium-quality sand castings.
As a vast country, Canada has always had a fuel
distribution problem. Petroleum resources are found in the
west, the north, and the east. Conveying these resources
to the centre has necessitated the development of a
national pipeline system. In response, CANMET has strived
towards solving challenges and creating solutions
regarding the structural soundness of the metals and alloys
used for the fabrication of pipelines. CANMET research and
development has been used extensively in the design of
pipelines in frigid Arctic conditions – such as the proposed
Mackenzie Valley pipeline. In the PMRL, the program on
pipelines began in 1971. It continues to the present day.
In addition to the work on pipelines, CANMET was also
conducting studies on the high-strength low-alloy steels
and aluminum alloys used in the manufacture of
automobiles. Not only were both lighter than the steels
being used in 1976, but the use of either would result in
reduced weight and fuel consumption. Work in this area
continues to the present day, and has expanded to

magnesium alloys.
On January 15, 1975, in recognition of the broadening
interests of the Mines Branch, a major reorganization took
place in which the name of the organization was changed
to CANMET (The Canada Centre for Mineral and Energy
Technology). The new Branch was comprised of four
divisions: the Energy Research Laboratories and the Mining
Research Laboratories located at the Bells Corners
Complex, and the Mineral Sciences Laboratories and the
Physical Metallurgy Research Laboratories located at the
Booth Street Complex. There were also satellite
organizations in support of these divisions scattered
throughout Canada.
By 1975 the use of the Image Analyzer was standard
practice in the Mineral Sciences Laboratories. The Image
Analyzer allowed for rapid determination of the
proportions of minerals present in a sample, and the size
of the particles. From this information, one could
determine the grinding conditions and liberation size of
the minerals necessary for the liberation from the host
rock. In one of the first studies, the Image Analyzer was
used to determine the qualities of iron ores from deposits
in the Peace River area.
Concurrently, work focused on hydrometallurgical
methods to treat sulphide ores continued, while other
studies included the conversion of mineral wastes, the
removal of harmful substances from mine and mill
effluents, the contamination of waters by mill tailings, the
absorbing qualities of clays (to remove polluting metals),
and the re-vegetation of mill tailings (Elliot Lake).
Through additional research, scientists developed a
method to eliminate the cracks in chromium during the
plating process. While being one of the hardest and most
corrosion-resistant of all metals, chromium was not widely
used for corrosion protection, as cracks, which became
pathways for corrosion, appeared once a certain thickness
of plating had been obtained. The new method enabled
the plating process to be sufficiently interrupted with a
frequency that prevented the chromium coating from
reaching the critical thickness.

Figure 7. Use of 250-KVA electric arc furnace
(Report for the calendar year 1959, p.59)
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By 1978, the Physical Metallurgy Research
Laboratories had achieved the development of the first
successful commercial application of a vacuum process for
the production of magnesium castings. Plans were also
being made for the commercialization of a foundry deoxidation technique for producing high-conductivity
copper alloys. Casting research was underway to develop a
method for the continuous casting of uranium bars. Other
projects included the development of a high-strength
cupro-nickel casting alloy for shipboard piping, and the
creation of a high-strength, low-alloy steel for use in
pipelines and lightweight vehicles of the future.

surfaces of engineering structures. This diffractometer was
licensed to Proto Manufacturing, who have continued to
develop and market the diffractometer to the present day.
The diffractometer has been used in a number of high
profile investigations, including the examination of stresses
in the World Trade Center in New York City after the first
bombing.

The 1980s
In the Metals Technology Laboratories (MTL, renamed in
1989, from its former name of Physical Metallurgy
Research Laboratories), priority was shifted to welding
practices and the development of stronger and more
weldable steel plates. Great expense had been incurred by
industry due to the failures of pressure vessels and other
structures. By 1980, an automatic ultrasonic inspection
system was designed and assembled. Simultaneously, a
new X-ray stress diffractometer was developed to permit
real-time and non-destructive measurements of the
residual stresses in structures in the field.
Over the years, the expense of reclaiming, stabilizing
and decontamination of former non-ferrous metal mines
had been steadily climbing. It was estimated that these
costs would rise significantly over the next 20 years.
Reducing not only these costs, but also the environmental
liabilities became a priority for CANMET and its partners.
Several research projects commenced to seek solutions.
Discussions began in 1980 regarding the establishment of
a three-year co-operative federal-provincial research
project concerning the long-term management of tailings
from uranium mines. These discussions ultimately resulted
in the National Uranium Tailings Project (NUTP, the
predecessor of collaborative projects addressing problems
related to the effluents from mill tailings). Two of these,
the Mine Environment Neutral Drainage (MEND) Program,
and the Reactive Acid Tailings Stabilization (RATS) Program,
were launched in 1988 and 1990 respectively.
During 1983-1984, a mobile foundry laboratory (MFL)
had been equipped to serve the Canadian foundry industry
by providing on-site facilities to analyze, evaluate, and
improve the processes and products of foundry operators.
The MFL, which received support from the Short-Term Aid
for Research and Technology program, was an excellent
technology transfer program, and received an Award of
Excellence from the Treasury Board Secretariat for its work.
It was reported that the Mobile Foundry Laboratory visited
some 120 Canadian foundries, providing complimentary
advice to small and medium-sized foundries.
At the same time, a portable X-ray stress
diffractometer had been developed, and a prototype
developed to provide measurements of the stresses in the

Figure 8. The first laboratory at Elliot Lake, in the former
cafeteria on Rio Algom's Nordic Mine site
(Photograph by George Hunter, No. 53360)
In 1983 an International Conference on Pipeline
Inspection was held in Edmonton, with the sponsors being
the Metals Technology Laboratories of CANMET, the
Canadian Society for Non-destructive Testing, and the
American Society for Metals. Later, in 1988 and 1989, two
CANMET Pipeline Seminars were held in Calgary.
CANMET staff was now assessing the options for
modernizing the non-ferrous smelting industry,
demonstrating how the additions of trace elements could
improve the qualities of aluminum-zinc alloys, and
discovering applications for new rapid solidification
technology.
During the mid-1980s the senior management of
CANMET decided that cost-recovery targets should be
assigned to all of the divisions. These targets have been
increased as the years have passed and remain in place
today.
In 1986, the CANMETCOAT process was developed by
the metallurgical laboratories to produce excavator teeth
for the oil sands, where wear-resistant tungsten-carbide
and chromium-carbide coatings were applied by vacuum
during casting. Field trials of the coatings on the teeth of a
bucket-wheel excavator in the Alberta tar sands
demonstrated that the coated teeth lasted twice as long as
the best, conventionally cast teeth.
During the same period, the electroslag casting
process was adapted to provide low-sulphur steel shape
castings. In another research project, using the process of
de-aluminification, MTL developed heat treatment
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procedures for nickel-aluminum bronze castings to
improve their resistance to sea water corrosion.
By 1986-1987 year, the Mineral Sciences Laboratories
(MSL) were researching iron ores and potential
improvements for the recovery of metal in the copper and
zinc industries. A new concrete had been developed in
which half of the cement had been replaced by fly ash (a
result of the combustion of pulverized coal in thermal
power plants). Thus, in addition to reducing the cost of
producing concrete (a 15% - 20% decrease), a use had
been discovered for a mineral waste product. By the late
1980s, MSL had developed expertise in the application of
on-line expert systems for process control, and studies
were conducted at several major Canadian mining
companies.
Meanwhile, the Metals Technology Laboratory had
developed a new Automated Ultrasonic Flaw Imaging
System (AUFIS) which produced a three-dimensional image
of flaws in a material. It was being marketed under licence
from CANMET by Techno Scientific Incorporated of
Woodbridge, Ontario. The first use of the system was
reported to have been by the banking giant CIBC, who was
using it to detect foreign bodies in gold bars.
In addition, MTL had acquired a highly specialized ion
microscope, known as the CAMECA-4fSIMS (Secondary Ion
Mass Spectrometer), by which one could detect
remarkably low concentrations of impurities in minerals
and metals.
Furthermore, technologies and procedures were
developed for the melting and casting of weldable grades
of Monel metal, a high-damping propeller alloy. MTL also
developed a novel tundish system for continuous strip
casting of lead-antimony battery alloys for COMINCO.

Figure 9. Use of an electron microscope in metallurgical
investigations (Report for the calendar year 1958, p. 56)

The 1990s
During the early 1990s, and through a collaboration of
CANMET, Ontario Hydro, and Novacor Chemicals (Canada)
Limited, a new welding technique known as “temper bead
weld repair” for repairing cracks in thick-walled pressure
vessels was developed. CANMET further partnered with
the International Zinc Research Organization (ILZRO) for
the development and manufacturing of a zinc-aluminum
metal-matrix composite.
CANMET formed a consortium to address the need for
reducing the quantities of ammonia in mill effluents, and
by 1992 there were 12 members, with CANMET matching
the industrial funding and conducting research. The
organization also assisted Agnico-Eagle Mines and Cambior
with the control and reduction of cyanide at their
operations.
In 1992 the International Conference on Pipeline
Reliability was held in Calgary to mark the 50th Anniversary
of the Metals Technology Laboratories (Erickson, 1992;
Revie, 1992).
In 1992-1993, CANMET continued with pipeline
research and collaborated with the gas transmission
industry in order to study the conditions resulting in the
stress-corrosion cracking of pipelines. The Metals
Technology Laboratory was renamed Materials Technology
Laboratory, with the same acronym, MTL. Comprehensive
studies were conducted in MTL on samples of pressurized
pipes under soil conditions, which simulated those in
Northern Ontario and Alberta. During 1993-1994, an
international consortium composed of 19 members of oil
and pipeline companies began research to determine the
growth rate of external stress-corrosion cracks, while
another smaller group studied the techniques for
evaluating corrosion inhibitors.
The value of MSL’s MEND program had now increased
to $18 million. CANMET was providing the secretariat for
MEND for three federal government departments (Energy
Mines and Resources, Indian and Northern Affairs, and
Environment) within five participating provinces (British
Columbia, Manitoba, Ontario, Quebec, and New
Brunswick). This was one of the flagship projects of the
organization.
By 1994, the regulations regarding the effects of
mining effluents on the environment were being reviewed
by Environment Canada. With the goal of assessing the
adequacy of the regulations, two new programs were
created: AQUAMIN (Assessment of Aquatic Effects on
Metal Mining) and AETE (Aquatic Effects Technology
Evaluation). The final report of AQUAMIN was issued in
1996, while the AETE program began in 1994 and ended in
1998. Joining CANMET to lead the organization were the
Mining Association of Canada (MAC), Environment Canada,
Fisheries and Oceans, Indian Affairs and Northern
Development, and the provinces of British Columbia,
Ontario, Quebec, and New Brunswick.
For many years, an important part of the Mineral
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Sciences Laboratories has been the Canadian Certified
Reference Materials Project (CCRMP). This project ensures
that materials of certified composition (soils, sediments,
precious metals, ores, concentrates, tailings, and
environmental materials) are consistent, with the
standards being used to validate the accuracy and
precision of instruments.

Figure 10. Testing pipeline to be used in Arctic conditions
(Departmental Annual Report, 1976-1977, p. 23)
To reduce governmental expenditures in the 19951996 fiscal year, a major reorganization occurred in many
government organizations. Relevant to this chapter was
the fusion of the Mineral Sciences Laboratories and the
Mining Research Laboratories of CANMET. Today, the unit
is known as the Mining and Minerals Sciences Laboratories
(MMSL).
Following an extensive research program on thiosalt
properties and destruction, CANMET and a number of
industrial and government organizations formed the
Thiosalts Consortium within MEND in 1995. The goal of
said consortium was to reduce negative environmental
effects caused by thiosalt contaminated mining effluents.
By then, the MEND program included no less than twenty
mining companies. Of these, one reported that the
program had been instrumental in effecting a $500 million
reduction in the costs of future decommissioning.
CANMET-MMSL was further involved in coordinating
the activities of several groups, including the Zinc
Processors, the Smelter Group, and the Copper
Electrorefiners. These groups provided excellent
opportunities for collaboration on subjects of mutual
interest by CANMET and the industrial participants. After
operating for over a decade, the Zinc and Smelter groups
disassociated, however the Copper Refinery Group
continues to successfully function to this day. A Lead
Nitrate Consortium had been formed to determine the
effect of lead nitrate and oxygen on gold leaching while
another project was assessing the suitability of using the

CANMET Ferric Chloride leaching process to recover
copper from a gold-bearing copper concentrate. An
additional aspiration was to recover the metals in waste
products resulting from the fabrication of steel – for
example, the dust associated with electric-arc steelmaking
and slags from basic oxygen furnaces. A United States
patent was granted to CANMET for a stabilization process
for basic oxygen furnace (BOF) slags.
In the Materials Technology Laboratory (CANMETMTL; the name had changed from Metals Technology
Laboratories to acknowledge the relocation of the
concrete materials group from MMSL), projects and
programs were restructured and organized into Advanced
Materials, Casting Technology, Manufactured Products,
Pipelines, and Steel Technology. To these, and in order to
expand the scope of activities, the ceramics group and the
concrete group were added. At this time, CANMET-MTL
was working toward the development of a completely new
manufacturing industry for advanced materials, including
metal matrix composites, ceramics, intermetallics, and
injection moulding of metal powders.
After a ten-year hiatus, the Mobile Foundry
Laboratory (MFL) was reactivated, and subsequently
visited approximately 20 foundries per year over the next
three years. On these coast-to-coast visits, MTL staff
identified methods for increasing productivity and
reducing costs, while recycling wastes and sustaining
operations. The MFL also conducted analyses to improve
energy efficiency during electric- and gas-heated processes
in Canadian foundries.
Unfortunately, within the same year, there had been a
major failure (due to stress corrosion cracking) in a pipeline
at Rapid City, near Brandon, Manitoba. The pipeline
incident raised MTL’s profile while the commissioning of
the CANMET Pipeline Field Loop (constructed through a
CANMET/industry consortium) had begun. By the following
year, the safety of Canada’s pipeline network had come
under scrutiny.
During the 1996-1997 fiscal year, CANMET-MTL
reported that in conjunction with Manitoba Rolling Mills
and the University of Alberta, a process had been
developed through which the quality and yield of products
could be improved, energy conserved, and the quantity of
scrap reduced. Concurrently, MTL had developed a new
hydrogen sensor and a preform technology in which
molten metal was squeeze-cast into a non-metallic
preform to produce metal matrix composites.
Fifteen years of research and development regarding
the use of fly ash in high-performance concrete culminated
with the opening of the Confederation Bridge between
New Brunswick and Prince Edward Island. Depending on
the location on the bridge, up to 30% fly ash could be used
to replace cement. Through its Advanced Concrete
Program, CANMET had become a worldwide technical
leader in the replacement of Portland cement with
industrial by-products. Several conferences and courses on
the subject of concrete were organized during the year.
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After 25 years of research into stress-corrosion cracking,
MTL had identified the factors that can reduce the
incidence of cracking in pipelines. A very long period of
research, which had initially attracted no industrial support,
but indeed had attracted heavy criticism, was vindicated.
The research results provided a greater understanding of
the effects regarding the growth rates of stress corrosion
cracks from pressure fluctuations, cathodic protection, the
pH of the soil, and the growth of bacteria. By the late
1990s, the replacement cost for the nation’s 160,000 km of
gas pipelines and 35,000 km of oil and product pipelines,
was estimated to be about $100 billion.

Figure 11. CANMET's foundry
(Annual Report 1987-88, p. 5)
By 1997-1998, MTL’s Mobile Foundry, now in the
possession of a propane-powered vehicle, had visited 45
foundries since 1995. Significant cost savings and improved
yields had been achieved. In the same fiscal year, the
American Iron and Steel Institute (AISI) selected two
proposals that CANMET-MTL had submitted for possible
funding through the “Technology Roadmap Research
Program for the Steel Industry.” These proposals were
regarding the cold work embrittlement of interstitial-free
steels and the effects of residuals in carbon steel. Another
project currently underway was to develop lightweight
rolling stock in order to conserve energy and extend rail
life.
CANMET-MTL
had
also
demonstrated
that
electromagnetic stirring during the welding process
resulted in significant improvements in the welds. Partners
in this project were the American Association of Railroads
(AAR), CN Rail, Railwell of Montreal, and JME of Whitby. In
May 1997, CANMET-MTL came to an agreement with Fibics
Incorporated to occupy space at its facilities and to install
and operate a new high-resolution Focused Ion Beam (FIB)
microscope. This arrangement resulted in what may be the
first “incubator” company to have originated in Natural
Resources Canada.
During the 1990s, with support from the Copper
Development Association and the International Copper

Development Association, CANMET-MTL performed
permanent-mould casting of copper alloys and developed
three lead-free alloys (later known as “Envirobrass”) for
potable water applications. This led to a workshop on
permanent-mould casting and lead-free copper alloys at
CANMET-MTL, where 70 people attended from Canada,
the United States, and other countries.
In 1993, the first Banff Pipeline Workshop began an
uninterrupted series of biennial workshops that continues
to the present day. These workshops have played a
seminal role in the Canadian pipeline industry to discuss
issues on the integrity of pipelines. They also provide an
opportunity to focus on state-of-the-art technologies and
past experience in areas such as the design, construction,
operation, and maintenance of pipelines.
The Banff Pipeline Workshop has seen a five-fold
increase in participants, a solid indicator of interest among
Canada’s oil and gas industry. There have been several
notable accomplishments over the years. At an early
workshop, an industry consortium to develop technologies
for evaluating corrosion inhibitors was created. This led to
the development of the Rotating Cage and three ASTM
standards that specify construction and operating
procedures for evaluating corrosion inhibitors.
At another Workshop, an industry-government
consortium project that developed software for modelling
pitting corrosion was formed. The software was validated
in seven different pipelines and, along with the related
software, has been released for use by industry. A third
Workshop led to the development of long-term remote
monitoring of pipelines, which in turn resulted in the
development of Intelligent Systems for Pipeline
Infrastructure Reliability, or ISPIR, with industry partners.
The Environment Laboratory of CANMET-MMSL
commenced research at INCO’s Sudbury operation to test
the effectiveness of inhibitors to reduce the production of
sulphates in tailings impoundments. Meanwhile, the
Aquatic Effects Technology Program (AETE) produced
research results that were now in use for the design of a
new program to monitor the effects of liquid effluents on
the environment.
The Mine Environment Neutral Drainage Program
(MEND), formed in 1988, concluded in 1997. Because the
program had resulted in substantial savings in
environmental liabilities, with the collaboration of the
Mining Association of Canada (MAC), it was decided that,
in order to permit technology transfer, the program should
be extended for an additional three years. MEND 2000 and
the British Columbia Ministry of Energy and Mines
sponsored a workshop in 1998 on “Assessment and
Management of the Risks Associated with Metal Leaching
and Acid Rock Drainage at Mine Sites.”
Further accomplishments within the year included
responding to an urgent request for assistance from the
Hudson Bay Mining and Smelting Company (known as
HudBay Minerals Incorporated since 2004). Due to
complications and challenges with their mineral recovery
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process, approximately $100,000 was being lost every day.
Based upon recommendations made by CANMET-MMSL,
the company was able to make radical changes to its
flotation circuit  and the problems were solved.

The 2000s
To date, there are very few gold milling operations in
Canada that have not been improved by the support and
assistance of CANMET. In 2003, a mine in Manitoba noted
that their reduction of the use of cyanide had come “to the
point that its effluent treatment plant was no longer
required.” Since 1994, the consumption of cyanide has
been reduced by as much as 50% in mining operations,
resulting in large economic benefits and major
improvements not only to the environment, but also to
occupational health and safety. A Federal Partners in
Technology Transfer Award was presented to the
researchers in 2004.
CANMET-MMSL again provided assistance to INCO in
1993 by studying some of the hydrometallurgical processes
being tested at the company’s facilities for potential use at
the Voisey’s Bay operations. Simultaneously, CANMET was
working with COREM to reduce the loss of the minerals
being processed, and to improve the effectiveness of
grinding and energy efficiency. Later, in 2005, it was
reported that the strategic research alliance with COREM
had discovered that high efficiency conditioning (HEC) of
flotation pulp resulted in improved flotation efficiency.
Working in conjunction with a Canadian company in
order to potentially replace smelting with hydrometallurgical processes, CANMET-MMSL was researching
both on-land and underwater techniques for the disposal
of hydrometallurgical pressure oxidation leach residues.
CANMET-MMSL became a member of the Base Metal
Environmental Stakeholder Advisory Group (BEMAG) in
2005. The organization provides recommendations
regarding new proposed control regulations for the
emissions of sulphur dioxide and particulates from base
metal smelters. Furthermore, work was underway with the
Metal Mining Effluent Regulations Multi-Stakeholder
Advisory Group (MMERMAG) to review proposed revisions
to the regulations. MMSL also provided comprehensive
technical reviews for several major projects in Nunavut,
British Columbia, and Ontario.
Working with the Deep Mining Research Consortium
(DMRC), CANMET-MMSL performed laboratory studies on
new and innovative approaches to backfilling in mines (gel
was added to the backfill mix so that drainage would not
result from the fill).
During the same period, CANMET-MTL was
researching the transportation, construction, and energy
industries – each have been identified as being enormous
consumers of natural resources. With funding through the
Program of Energy Research and Development (PERD),
MTL coordinated the Canadian Lightweight Materials
Research Initiative (CLiMRI). Research was performed on

the use of metal matrix composites, powder injection
moulding for titanium alloys, metallic foams, magnesium
composites, fuel cells, lightweight thermal management
materials, casting of light materials, forming and joining of
metals, and the use of coatings.
CANMET-MTL also contributed to the Structural Cast
Magnesium Development project, a large multi-partner
project funded by the US Department of Energy to produce
a magnesium front engine cradle for an automobile. MTL
performed bolt load retention work and developed
corrosion coatings for magnesium alloys. General Motors
awarded the contract to produce the engine cradle using
high-pressure die casting to Meridian Technologies Ltd.,
based in Strathroy, Ontario. MTL was also part of the HighIntegrity Magnesium Automotive Casting initiative to
produce the lower control arm using a magnesium alloy
and contributed to novel grain-refining methods using
nanoscale grain refiners.
With funding from the Canada Climate Change
Development Fund (CCCDF), the organization worked with
the Confederation of Indian Industry in order to introduce
high-volume fly ash concrete into the construction industry
in the Indian sub-continent. By doing so, an enormous
reduction in the production of greenhouse gases may be
achieved.

Figure 12. A non-destructive testing technician conducts an
ultrasonic inspection of the landing gear of a CC144
Challenger aircraft (MTL Technical Review, 2003-04, p.33)
Over the years, and in order to be closely aligned with
Canadian industry, the Mines Branch, now CANMET, has
developed laboratories all across Canada. In July 2005 it
was announced that the Materials Technology Laboratory
(CANMET-MTL) would be relocated to the McMaster
Innovation Park in Hamilton, Ontario. The new state-ofthe-art facility was opened in February 2011.
During 2006 the Department of National Defence
invited CANMET to participate in the production of the
Canadian version of the Victoria Cross. The requirements
were unique in that the Honours Policy Committee of
Rideau Hall had stipulated that the medal should be
designed by Canadians, produced in Canada from metals
that would represent all of the regions of the country,
while reflecting the medal’s past, present, and future
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traditions. During the next two years, some of the staff of
CANMET-MMSL, using non-destructive testing methods,
investigated the compositions of the Victoria Crosses in the
collections of the Canadian War Museum. From these,
compositions were recommended for the Canadian
Victoria Crosses and the Authorized Museum Replicas that
would be produced.
Having determined the composition of the new alloy,
the team turned its attention to the production of the
Canadian Victoria Cross. On November 11, 2006, casting
trials were conducted at CANMET-MTL’s Experimental
Casting Laboratory to evaluate three casting process, and
ingots of the alloys were cast in January, 2007. The
Commonwealth Victoria Cross, known for its remarkable
level of relief and fine detail, was cast, and not die-struck.
To follow tradition and to achieve the same level of relief
and detail, the Canadian Victoria Cross is also cast. Among
the many casting methods available, the team chose the
investment casting process for its ability to produce
precision castings.
Using tooling produced by the Royal Canadian Mint,
CANMET-MTL’s Experimental Casting Laboratory produced
wax replicas required to make ceramic moulds for the
cross and suspender bars. These replicas were surrounded
in a pourable ceramic mixture (“invested”). Once hardened,
the resulting ceramic moulds were subjected to a dewaxing process followed by high-temperature curing. The
castings were produced by filling the ceramic moulds with
the molten alloy. New technical challenges related to alloy
fluidity and oxidation tendency had to be overcome. Other
casting defects were also resolved and pouring techniques
developed to cast Victoria Crosses with detailed relief and
tight dimensional tolerances.
The castings were trimmed using precision wire-EDM
(electrical discharge machining) techniques. The medals
then received a light hand-chasing by the Royal Canadian
Mint, followed by application of a patina to protect the
surface and achieve the unique colouring required for the
medal. Finished medals were sent to the Department of
National Defence for final mounting. The combined casting
and hand-finishing operations ensure that no two
Canadian Victoria Crosses are exactly the same. On May 16,
2008, the Canadian Victoria Cross was unveiled by the
Governor General of Canada and the Prime Minister, at a
ceremony in Rideau Hall. Attracting national attention, the
project was unique in the history of Canada and CANMET.



Summary

Revie, R. W., 1992, Preface for the International
Conference on Pipeline Reliability, (June), Calgary.

Over the years, CANMET’s metallurgical laboratories have
evolved to cover both physical and processes metallurgy.
As described by William Erickson (1992), former Director,
PMRL, the larger projects which took place during the
period from 1942 to 1992 were:









Research and Development on Magnesium alloys: to
improve foundry practices and to stimulate the use of
Canadian-produced magnesium
Collaborative R&D for Canadian foundries, with the
Steel Casting Institute of Canada and the American
Foundrymen’s Society
R&D on zinc galvanizing in support of Canada’s zinc
producing industry
Long-term research on the non-nuclear uses of
uranium
Materials Research & Development for fluidized bed
combustion, involving both NRCan (then EMR) and the
Nova Scotia Power Corporation
R&D on steel metallurgy and fracture mechanics, to
provide a basis for national standards for oil and gas
pipelines and welding procedures
Technology support to the Canadian gold industry
over a long period of time and still on-going
Development of extraction technologies for processing
the oil sands in Western Canada

These, and all of the other projects mentioned in this
chapter have resulted in an enormous body of knowledge,
and are a great service to all Canadians. The positive
financial impact on Canada of the activities described in
this article is enormous.
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