(64213 department profile

© Copyright ChE Division of ASEE 2023

CHEMICAL ENGINEERING AT THE
ROYAL MILITARY COLLEGE OF CANADA

JuaN G. BELTRAN

Royal Military College of Canada  Kingston, ON K7K 4B4

Figure 1. The Royal Military College of Canada campus in Kingston, Ontario.

INTRODUCTION

The Department of Chemistry and Chemical Engineering
at the Royal Military College of Canada (RMC) is located in
Kingston, Ontario, halfway between Toronto and Montreal.
The RMC campus lies on a picturesque peninsula overlook-
ing Lake Ontario at the junction of the St. Lawrence River
and the Cataraqui River (Figure 1).

RMC is a national military university offering degrees in
Social Sciences, Humanities, Science, and Engineering to
approximately 1200 undergraduate students and future of-
ficers of the Canadian Armed Forces. Civilians may apply
for graduate programs; about 650 students are currently en-
rolled in masters and doctoral programs. Classes are offered
in both of Canada’s official languages: English and French.

THE UNIVERSITY WITH A DIFFERENCE

Established by an act of Parliament in 1874, The Royal
Military College of Canada opened in 1876. The first struc-
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ture built for RMC was the Mackenzie Building (Figure 2).
The building is named in honor of Alexander Mackenzie,
Canada’s second Prime Minister and the founder of the col-
lege. " Before joining RMC, recruits enroll with the Cana-
dian Forces (CAF) and choose a military occupation in the
Royal Canadian Navy, the Canadian Army, or the Royal
Canadian Air Force. Under the paid education program, the
CAF covers tuition, textbooks, and academic equipment.
Officer Cadets receive a full salary, medical and dental care,
and paid vacation. Every month of subsidized education will
require two months of military service.™ Most students will
be commissioned as officers in the CAF and follow a mili-
tary career upon graduation (Figure 3). After release from
the CAF, some graduates have achieved renown as astro-
nauts, politicians, scholars, and writers.

The College is fully residential, and Officer Cadets are
immersed in military culture. RMC education consists of
four pillars: Academics, Military, Physical Fitness, and Bi-
lingualism. Two organizational structures work in parallel to
ensure success: the Academic Wing and the Training Wing.
The Academic Wing resembles the collegial organization
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found at any other recognized university. The Training Wing
oversees the Officer Cadets’ military training and physical
fitness.

The Academic pillar is unique. The College Core Cur-
riculum mandates a minimum number of math and science
courses for all degrees. Students are also required to study
Canadian history, language and culture, political science,
international relations, leadership, and ethics. Overall, en-
gineering students take well above the humanities con-
tent mandated by the Canadian Engineering Accreditation
Board. This extra academic load aims to prepare well-round-
ed individuals. In addition to English or French language
courses (in their first official language) as part of the Core

Figure 2. Built during 1876-78, the Mackenzie Building presides

over RMC’s Parade Square.

Figure 3. Officer Cadets dressed in scarlets during
the 2022 Commissioning ceremony.
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Curriculum, the Bilingual Pillar requires that all students
can perform their duties in their second official language. A
dedicated office on campus ensures this bilingual standard is
met and provides courses and evaluations as needed.

The Officer Cadets live together, organized as a unit of the
Canadian Forces, led by the Director of Cadets (Colonel)
and ultimately by the Commandant of the College (Com-
modore or Brigadier-General). Appointment to leadership
roles of increasing responsibility is a fundamental part of at-
tending RMC. Physical fitness routines and participation in
sports are mandatory. Student life at RMC is physically and
mentally demanding, and Officer Cadets must learn very
quickly to prioritize and manage their time effectively.

THE CHEMISTRY AND
CHEMICAL ENGINEERING
DEPARTMENT

The primary goal of the Department
of Chemistry and Chemical Engineering
(Chem/Chem Eng) at RMC is to provide
programs supporting the CAF. We pride
ourselves in offering a student-centric ex-
perience, and our high faculty-to-student
ratio allows us to provide a personalized
educational experience.

Introduced to RMC in 1948, the chemi-
cal engineering program is part of the
joint Chem/Chem Eng department. The
first chemical engineers graduated in
1952, and the bachelor of engineering
is a four-year residential degree. Recent
cohorts have had between four and 20
students. All engineering students have a
shared first-year curriculum and choose
their specific program as sophomores.
As a tradition, the department hosts the
Lab Coat Ceremony, which is a welcome
party to salute our newly enrolled second-
year Cadets (Figure 4).

The chemical engineering program is
accredited by the Canadian Engineering
Accreditation Board (CEAB) and has
evolved steadily to reflect advances in the
field. In 2012, after an in-depth review of
the undergraduate curriculum, we imple-
mented an outcomes-based educational
experience with a continuous improve-
ment mentality. Emphasis was made on
increasing engineering design and mili-
tary content. We also increased oppor-
tunities for student feedback throughout
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Figure 4. Class of 2025. The department hosts an annual party to welcome second-year Cadets
Each student is presented with a lab coat to mark their entry to Chem/Chem Eng.

the program. This plan was implemented be-
tween 2012 and 2018. The program continues
to improve. Changes currently underway in the
capstone project include hands-on work using a
small pilot plant and an enriched coaching prac-
tice whereby students follow an apprenticeship
under the guidance of a professional engineer.

As Canadian Forces members, most of our un-
dergrads will pursue a military career. Some will
continue to graduate or medical school while in
the Forces; others will continue to climb the ranks
until retirement. A few have returned to the de-
partment as civilian professors after completing
their doctorates.

At the postgraduate level, Chem/Chem Eng of-
fers master’s and doctoral studies in chemical and
materials, environmental, and nuclear science
and engineering. Postgraduate student numbers
fluctuate near 20 at the PhD level and 40 at the
master’s level.

Engineers, chemists, and biologists work to-
gether as faculty, reinforced by a few military of-
ficers (Mil Fac). Typically, Mil Fac stay with the
department for 3 to 5 years. Our faculty member
numbers oscillate around 20; half are full profes-
sors, and the other half is evenly split between
associate and assistant professors (Table 1). Ten
technicians support teaching and research in
Chem/Chem Eng. The joint chemistry and chem-
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TABLE 1
RMC Chemistry & Chemical Engineering Indeterminate Faculty
(Indeterminate corresponds to tenure-track at other universities.) *!

Rank

Philip J. Bates

Professor, Interim Principal

Juan G. Beltran Professor
Francois Caron Professor
Paul K. Chan Professor
Emily C. Corcoran Professor

Sarah A. Creber

Assistant Professor

Kevin Jaansalu

Associate Professor

Patrick Julien

Assistant Professor

Fiona Kelly

Associate Professor

Shem Lau-Chapdelaine

Assistant Professor

Olivier Lebel

Professor

Jason Loiseau

Associate Professor

Cecile Malardier-Jugroot

Professor, VP Research

Mariya Marinova

Associate Professor

Danny Pagé Professor
Jennifer Scott Associate Professor
Kela P. Weber Professor
Barbara A. Zeeb Professor

Frank Zeman

Associate Professor, Department Head
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ical engineering structure provides attractive collaboration
opportunities, instills creativity, and fosters research mo-
mentum (Figure 5).

Chem/Chem Eng is housed in modules 4 and 5 of the Saw-
yer Complex at RMC. Recently, the Sawyer Complex under-
went a Can$100-million-dollar renovation, setting it apart as
a state-of-the-art facility. Over 3000 m? of laboratory space
are dedicated to undergraduate teaching and research labs.

Our secondary goal is to carry out research primarily in
support of the CAF and the Department of National Defence
(DND) but also for the benefit of society at large. Faculty
research interests have a broad scope, including contami-
nated site remediation, wetlands, phytoremediation, nano-
materials, energy storage and circular economy, biomass
conversion and biofuels, gas hydrates, energetic materials
and reactive gas dynamics, polymers, nuclear fuel design,
materials for the nuclear industry and nuclear small modular
reactors. Groups vary in size, and large groups (40+ people),
such as the Environmental Sciences Group (ESG), operate
annual budgets in excess of Can$4 million. This group sup-
ports DND units across Canada. In 2021, ESG was awarded
“Project of the Year” by the Strategic Environmental Re-
search and Development Program in the United States.

We bridge academia and government as part of the fed-
eral government and a chartered university. Two department
members teamed with the Canadian Science Policy Centre
and Canada’s Chief Science Advisor to bring forth “Science
Meets Parliament Canada” ¥ (adapted from an Australian
initiative). ™ This program selects researchers from across
the country to meet with Members of Parliament, Senators,
and Cabinet Ministers. The outcome: connecting research
outputs to public policy.

The Nuclear Reactor

Our small nuclear reactor, SLOWPOKE-2, went criti-
cal in September 1985 and was refueled in 2021 at a cost
of over Can$9 million (Figure 6). The reactor is used for
undergraduate and graduate teaching at RMC, training Ca-
nadian Armed Forces personnel, and research that supports
the DND and various other federal government departments.

Figure 6. Cherenkov effect (glow) from
the SLOWPOKE-2 nuclear reactor at RMC.

Figure 5. A relaxed snapshot of Chem/Chem Eng faculty and staff at the end of the 2022 Fall semester.
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Ammunition Engineering

The Chem/Chem Eng department houses the Ammunition
Engineering Program (Ammo). Ammo was established at
RMC in 2012 following a four-year pilot period. The pro-
gram offers an Ammunition Technology Certificate and a
Master of Engineering. Content tailors to CAF officers and
civilians linked to the DND. Military students from allied
countries have also participated in the program. Topics in-
clude energetic materials, physics of explosions, propulsion
in guns and rockets, ballistics, weapon systems, and ammu-
nition management. Demonstrations always hit the target
(Figure 7).

and a personalized education. Best of all, everybody knows
and helps everybody.
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Figure 7. An-end-of-year tradition, Chem/Chem Eng opens its doors for a Holiday Extravaganza.
Staff and students from the RMC community spend the afternoon enjoying demonstrations

Chemical, Biological, Radiological and Nuclear
(CBRN) Defense Minor

Very popular among Cadets, the minor on CBRN defense
includes fundamentals, protection, detection, and decon-
tamination methods. CAF officers can also apply to study
CBRN through an exclusive certificate program. A dedicat-
ed Chemical Protection Group researches next-generation
personal protective equipment against CBRN threats.

IN CLOSING

Chem/Chem Eng at RMC enjoys a congenial atmosphere
where the military meets academia to yield unique synergies
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