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CMSC 2017 Conference Location 
 

School of Electrical Engineering and Computer Science (SITE) 
 

800 King Edward Avenue, Ottawa, ON, K1N 6N5 
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Chair’s welcome 

On behalf of the organizing committee, it is my great pleasure to welcome 

you to the 29th Canadian Materials Science Conference, CMSC2017, hosted 

by the University of Ottawa in Canada’s national capital. This conference, 

which started in 1951 as the Canadian Metal Physics Conference and became 

the Canadian Materials Science Conference in 1989, now covers many topics 

in advanced materials processing, properties and applications. 

This year’s CMSC conference brings together more than 120 delegates who 

will present their latest work in areas of research spanning from chemical, 

electronic, magnetic, and mechanical properties of materials to materials 

synthesis and processing. The conference features two keynote speakers and 

nine invited speakers. We are delighted to have Prof. Javier Llorca from 

IMDEA Materials in Madrid, Spain, give the D.K.C. MacDonald Lecture.  

As with previous CMSC conferences, this edition maintains a strong student enrolment where young 

researchers have the opportunity to present their work in front of their peers, to interact with leading 

scientists and colleagues and to broaden their professional network. CMSC2017 will feature a 

networking lunch where students will have the opportunity to meet representatives from industry, 

academia, and government laboratories.  Three prizes for best student presentation and best poster will 

be awarded to students at the closing session of the conference. 

In addition to the technical sessions, a workshop on Focused Ion Beam is organized the day before the 

conference by the Canadian Center for Electron Microscopy and various socializing event are taking 

place during the conference. 

I also hope that you will take advantage of the conference to spend some time to visit Ottawa. Canada is 

celebrating 150 years! A lot of fun activities and events are going on in Ottawa in June! 

This conference would not have happened without the help of many contributors. I would like first to 

thank our organizing committee for their efforts and advice in preparing CMSC2017. I am particularly 

grateful to Kayla Greydanus, our program coordinator, for her countless hours spent on all aspects of 

the conference, from setting up the conference website to preparing the budget to taking care of the 

conference logistic. I also wish to thank the Technical Program Chairs, Vladimir Pankov and Ron Miller 

for their help in organizing the conference sessions. Thanks to Qi Yang, the Industry Relations Chair for 

seeking industry participation at the conference. Thanks to Isabelle Catelas and Mohammed Yandouzhi 

our Poster Session and Short Course Chairs. Many thanks to the Canadian Centre for Electron 

Microscopy at McMaster University for organizing the short course on Focused Ion Beam. Thanks to 

Brigitte Farah and Greg Richards from MetSoc for guiding the conference organization.  

Finally, I would like to thank our sponsors and exhibitors for their generous support. 

I wish you all an engaging and fruitful conference and a wonderful stay in Ottawa! 

Best regards, 

  

Arnaud Weck 
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Conference Logistics 

Breakfast: Served in SITE 1st floor from 7:30AM-8:00AM June 21,22 and 8:30AM-9:00AM on June 23. 

Lunch: “Packed to go” Lunches will be served in SITE 1st floor from 12:00PM – 1:40PM June 21 & 22 

Breaks: Morning coffee and snack breaks will be from 10:40AM-11:00AM June 21,22 & 23. Afternoon 

coffee and snack breaks will be from 3:20PM- 3:40PM June 21 & 22. All services will be at SITE 1st floor. 

Internet Access: Wireless internet access is available across campus using an “eduroam” account. An 

open access account is also available, please select “guOttawa”, no password is required. 

Emergencies Contact: From any campus phone, dial 5411 for campus security. Please dial 911 for 

emergency assistance from the police. 

 

Social Events 

Tuesday, June 20 - 2017 MetSoc Student Night 

6:00PM 
Café Nostalgica, University of Ottawa Campus 
 

Myriam Brochu, Chair of MetSoc Student Activities, invites MetSoc student members 
participating at the Canadian Material Science Conference to a Meet and Greet! This will be an 
opportunity to meet in person with MetSoc Students from all across Canada.  Our current 
MetSoc Student Chapters will exchange ideas on student activities and Chapter organization. 
Appetizers and drinks will be served throughout the evening. 

 

Wednesday, June 21 - 2017 Boat Cruise & Dinner 

6:30PM-8:30PM 
Ottawa locks (between Parliament Hill and the Chateau Laurier Hotel). 
 
Enjoy an evening on the Ottawa River, offering majestic views of the City and culinary delights, 

this evening will be one to remember. Socialize with attendees of the conference in a relaxed 

setting while enjoying the views of the National Capital Region! 

Boat launch will be at 6:30PM sharp from the foot of the Ottawa locks (between Parliament Hill 

and the Chateau Laurier Hotel). 

Dinner will be served buffet style and you will receive 2 free drink tickets with registration, the 

bar is cash only. The duration of the excursion and dinner is 2 hours, returning to the locks at 

8:30PM. 
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Thursday June 22 - Canadian Museum of Nature Cocktail reception and Dinner 

6:00PM-9:00PM 
Canadian Museum of Nature, 240 McLeod St, Ottawa, ON K2P 2R1 
 
The Canadian Museum of Nature is a delightful venue for dinner. Its fusion of historic and 

modern rooms with dramatic backdrops is sure to entice. Experience history, elegance and a 

castle-like ambience during this evening. 

The cocktail reception will be held at 6:00PM in the two-story rotunda, which serves as an 

exhibition gallery showcasing Canadian Wildlife Photography winners of 2016. Enjoy the 

photographs while socializing with fellow participants of CMSC 2017. 

Dinner will be served at 7:00PM, the multiple course dinner is cause of celebration alone. With 

time after the dinner for exploration of all museum exhibits. Attire is semi-formal. 

 

Student Awards 

First, second and third place awards will be given at CMSC 2017 for research presentations made by 

students. Awards will be given for best oral and poster presentations. Entries will be judged on the 

quality of both the presentation and the underlying research. The awards consist of a certificate and a 

cash prize and winners will be announced at the award ceremony on June 23rd 12:00PM. 

$400 1st Oral Presentation 

$300 2nd Oral Presentation 

$200 3rd Oral Presentation 

$300 1st Poster Presentation 

$200 2nd Poster Presentation 

$100 3rd Poster Presentation 

 

CMSC 2017 Committee Members 

Conference Chair - Dr. Arnaud Weck, University of Ottawa 
Technical Program Chair - Prof. Ron Miller, Carleton University 
Technical Program Vice-Chair - Dr. Vladimir Pankov, National Research Council Canada 
Poster Session Chair - Prof. Isabelle Catelas, University of Ottawa 
Short Courses Chair - Dr. Mohammed Yandouzhi, University of Ottawa 
Industry Relations Chair - Dr. Qi Yang, National Research Council Canada 
Program Coordinator - Kayla Greydanus, University of Ottawa 
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Keynote Speakers 

2017 D.K.C. MacDonald Memorial Lecture 

Prof. Javier Llorca is director and founder of the IMDEA Materials 
Institute and professor and head of the research group “Advanced 
Structural Materials and Nanomaterials” at the Polytechnic 
University of Madrid. A Fulbright scholar, he is Fellow of the 
European Mechanics Society, member of the Academia Europaea 
and has held visiting positions at Brown University, Shanghai Jiao 
Tong University and at the Indian Institute of Science.  

 

His research activities have been focused in the systematic application of computational tools 
and multiscale modeling strategies (in the range from nanometers to meters) to establish the 
link between the microstructure and the macroscopic mechanical behavior of materials. 

In addition, he has played a very active role in the transfer of technology to Spanish and 
European industries. One of his most relevant contributions in this area has been the 
development of multiscale modeling strategies for composite materials. They constitute the 
foundation of the modern techniques of virtual testing, which are starting to be used by the 
aerospace industry to minimize the number of costly mechanical tests to characterize and 
certify composite materials and structures and to optimize their performance. 

His current research interests – supported by an Advanced Grant from the European Research 
Council – are focused on the development of multiscale modeling strategies to carry out virtual 
design, virtual processing and virtual testing of metallic materials for engineering applications, 
including the experimental validation at different length scales, so new metallic alloys can be 
designed, tested and optimized before they are actually manufactured in the laboratory. 

Metal Physics Award 2017 

Gianluigi Botton received a degree in Engineering Physics and a PhD degree 
in Materials Engineering at Ecole Polytechnique of Montreal. He was 
Postdoctoral Fellow in the Department of Materials Science and Metallurgy 
at the University of Cambridge from 1993 to 1998. He joined the Materials 
Technology Laboratory of Natural Resources Canada (NRCan) in 1998 as a 
research scientist. In 2001 he moved to the Department of Materials 
Science and Engineering at McMaster University where he holds a Tier 1 
Canada Research Chair in Electron Microscopy of Nanoscale Materials. He is 
recipient of the 2017 Faculty of Engineering Research Achievement Award 
at McMaster University. He was selected for Hsun Lee Research Award of 
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the Institute of Metals of the Chinese Academy of Sciences. He is Fellow of the Microscopy 
Society of America, he received the Brian Ives Lectureship of the ASM in 2009, the CAMBR 
Lectureship at Western University in 2013 and the NABMM Scientific Merit Award at NRCan. 
Dr. Botton established, and currently leads, the Canadian Centre for Electron Microscopy a 
national facility for ultrahigh-resolution microscopy. He was President of the Microscopical 
Society of Canada and he is Editor of Microscopy, and on the editorial board of Micron, two 
international journals dedicated the development and application of microscopy methods. In 
2007, he organised the Canadian Materials Science Conference at McMaster University. 

Metal Chemistry Award 2017 

Dr. Frank Cheng is a Professor and Canada Research Chair in Pipeline 
Engineering at the University of Calgary. He is an internationally 
recognized researcher in Corrosion Science and Engineering in oil/gas 
and pipeline systems. Frank’s research interests include three 
interrelated topics, i.e., pipeline corrosion and micro-/nano-
electrochemical measurements, pipeline integrity management, and 
advanced materials technology.  

Frank is serving as the Chair of NACE International Task Group 521 
"Testing of non-shielding property of pipeline coatings to cathodic 

protection", and the Treasure of NACE Foundation of Canada. He was the Country (Canada) 
Leader of NACE IMPACT Study Program, the Chair of NSERC Site Visit Committee on Industrial 
Research Chair in Nuclear Materials Corrosion, and the Guest Editor of the Special Issue on 
Pipeline Corrosion of the journal Corrosion Engineering, Science and Technology. He was the 
sole Canadian member of the U.S. National Academy of Sciences Committee on Pipeline 
Transportation of Diluted Bitumen, providing technical recommendations to U.S. Congress on 
Keystone XL pipeline project, of the British Columbia Ministry of Transportation Panel on 
Kitimat West Douglas Channel Corridor Analysis, and of the Canadian Pipeline Roadmap 
Steering Committee. 

Frank is the recipient of the 2014 NACE International H. H. Uhlig Award, the 2015 Shi Changxu 
Award of the Chinese Society for Corrosion and Protection, and the 2017 Supervision Excellence 
Award of the China National Scholarship Council. He was elected as the Fellow of NACE 
International in 2016. 

Frank is the author of 2 books, 4 book chapters, 165 journal articles and 75 conference papers, 
as well as 23 invited plenary and keynote talks in international conferences. 

Frank earned a PhD degree in Materials Engineering at the University of Alberta in 2000. 
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Invited Speakers 

Prof. In-Ho Jung, McGill University 

Prof. Glenn Hibbard, University of Toronto 

Prof. Keith Pilkey, Queen’s University 

Prof. Warren Poole, University of British Columbia 

Prof. Doug Boyd, Queen’s University 

Prof. Hatem Zurob, McMaster University 

Prof.  Kathryn Grandfield, McMaster University 

Prof.  Roger C. Newman, University of Toronto 

Prof.  Nikolas Provatas, McGill University 

 

 

Program at a Glance 

TUESDAY, JUNE 20, 2017 
12:30-1:00 Registration - SITE Rotunda 

1:00-5:00 CCEM Workshop – SITE Room C0136 

“Advance FIB Characterization" 

Speakers: 

Nabil Bassim: Dept. of Materials Science and Engineering, McMaster University 
Tong Leung: WATLab, Chemistry, University of Waterloo 

Mike Phaneuf: President, Fibics Incorporated, Ottawa 

3:20-3:40 BREAK - SITE 1st Floor Café 

(Coffee and light snacks provided) 

5:00-5:20 Closing remarks - SITE Room C0136 

6:00 Evening Event-MetSoc Student Night - Café Nostalgica 

(RSVP required) 
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WEDNESDAY, JUNE 21, 2017 
7:00-7:30 Registration - SITE Rotunda 

7:30-8:00 Breakfast - SITE 1st Floor Café 

8:00-8:10 Conference opening - SITE Room B0138 

8:10-8:55 Keynote speaker - SITE Room B0138 

 Parallel Sessions 

 SITE Room B0138 SITE Room H0104 SITE Room A0150 SITE Room G0103 

9:00-10:40 Nanomaterials, 

Nanotechnology, and 

Materials for Energy 

and Environment I 

Session Chair: 

Michael Jakubinek 

Materials Synthesis, 

Processing, and Joining I 

Session Chair: 

Gobinda Saha 

Mechanical Behaviour, 

Performance and 

Properties I 

Session Chair: 

Amy Hsiao 

 

10:40-11:00 Coffee Break + Poster Viewing (SITE 1st Floor + Atrium) 

11:00-12:00 Nanomaterials, 

Nanotechnology, and 

Materials for Energy 

and Environment II 

Session Chair: 

Yaser Abu-Lebdeh 

Materials Synthesis, 

Processing, and Joining II 

Session Chair: 

Michael Jakubinek 

Mechanical Behaviour, 

Performance and 

Properties II 

Session Chair: 

Glenn Hibbard 

Modelling and 

Simulation of 

Materials’ Structure 

and Properties I 

Session Chair: 

Nikolas Provatas  

12:00-1:40 Lunch – Networking (H0104, A0150, G0103)) 

1:40-3:20 Nanomaterials, 

Nanotechnology, and 

Materials for Energy 

and Environment III 

Session Chair: 

Gobinda Saha 

Materials Synthesis, 

Processing, and Joining III 

Session Chair: 

Ali Merati 

Mechanical Behaviour, 

Performance and 

Properties III 

Session Chair: 

Isabelle Catelas 

 

3:20-3:40 Coffee Break + Poster Viewing (SITE 1st Floor + Atrium) 

3:40-5:20 Nanomaterials, 

Nanotechnology, and 

Materials for Energy 

and Environment IV 

Session Chair: 

Qi Yang 

Nuclear and High 

Temperature Materials I 

Session Chair: 

Taylor Robertson 

Mechanical Behaviour, 

Performance and 

Properties IV 

Session Chair: 

Warren Poole 

Modelling and 

Simulation of 

Materials’ Structure 

and Properties III 

Session Chair: 

Kuiying Chen 

6:00-9:00 Dinner Outing - ticket required 

*Keynote speaker 45 min, Invited speaker 40 min, Oral presentation 20 min (including 5 min for 

questions) 
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THURSDAY, JUNE 22, 2017 
7:00-7:30 Registration - SITE Rotunda 

7:30-8:00 Breakfast - SITE 1st Floor Cafe 

8:10-8:55 Keynote speaker - SITE Room B0138 

 Parallel Sessions 

 SITE Room B0138 SITE Room H0104 SITE Room A0150 SITE Room G0103 

9:00-10:40 Electronic, Optical, 

Magnetic Materials 

and Properties I 

Session Chair: 

Ali Nasiri 

Nuclear and High 

Temperature Materials II 

Session Chair: 

Taylor Robertson 

Mechanical Behaviour, 

Performance and 

Properties V 

Session Chair: 

Hatem Zurob 

Modelling and 
Simulation of 

Materials’ Structure 
and Properties IV 

Session Chair: 

Kuiying Chen 

10:40-11:00 Coffee Break + Poster Viewing (SITE 1st Floor + Atrium) 

11:00-12:00 Electronic, Optical, 

Magnetic Materials 

and Properties II 

Session Chair: 

Zengtao Chen 

Ferrous and Non-Ferrous 

Alloys, Polymers, Ceramics 

and Composites I 

Session Chair: 

Bertrand Jodoin 

Mechanical Behaviour, 

Performance and 

Properties VI 

Session Chair: 

Glenn McRae 

 

12:00-1:40 Lunch (SITE 1st Floor + Atrium) 

1:40-3:20 Electronic, Optical, 

Magnetic Materials 

and Properties III 

Session Chair: 

Vladimir Pankov 

Ferrous and Non-Ferrous 

Alloys, Polymers, Ceramics 

and Composites II 

Session Chair: 

Yunfa Zhang 

Mechanical Behaviour, 

Performance and 

Properties VII 

Session Chair: 

Doug Boyd 

Materials in 

Medicine, 

Biomaterials and 

Bio-inspired 

Materials I 

Session Chair: 

Keith Pilkey 

3:20-3:40 Coffee Break + Poster Viewing (SITE 1st Floor + Atrium) 

3:40-4:20 Poster Session (Atrium) 

4:40-5:25 2017 D.K.C. MacDonald Memorial Lecture by Prof. Javier Llorca – Room B0138 

6:00-9:00 Dinner Outing - ticket required 

*Keynote speaker 45 min, Invited speaker 40 min, Oral presentation 20 min (including 5 min for 

questions) 
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FRIDAY JUNE 23, 2017 
8:00-8:30 Registration - SITE Rotunda 

8:30-9:00 Breakfast - SITE 1st Floor Cafe 

 Parallel Sessions 

 SITE Room B0138 SITE Room H0104 SITE Room J0106 SITE Room G0103 

9:00-10:40 Electronic, Optical, 

Magnetic Materials 

and Properties IV 

Session Chair: 

Vladimir Pankov 

Ferrous and Non-Ferrous 

Alloys, Polymers, Ceramics 

and Composites III 

Session Chair: 

Yunfa Zhang 

 Materials in 

Medicine, 

Biomaterials and 

Bio-inspired 

Materials II 

Session Chair: 

Kathryn Grandfield 

10:40-11:00 Coffee Break (SITE 1st Floor) 

11:00-11:20 Award Ceremony – Room B0138 

12:00-12:20 Closing Remarks 

*Invited speaker 40 min, Oral presentation 20 min (including 5 min for questions) 
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TECHNICAL PROGRAM – WEDNESDAY, JUNE 21, 2017 

 

Conference Opening 

8:00-8:10 - SITE Rotunda 

 

Metal Physics Award Lecture 

Wednesday 8:10-8:55 – SITE Room B0138 

[K1] Probing the Structure and Properties of Nanoscale Materials with the Transmission Electron 

Microscope 

Gianluigi Botton, McMaster University 

 

Transmission electron microscopy is an invaluable technique to study the detailed structure and the 

chemical state of materials at unprecedented spatial resolution. In today’s modern electron 

microscopes, it is possible to tackle problems requiring the highest energy resolution to detect losses 

down to 70meV, and highest spatial resolution, down to the angstrom level, so that atomic resolved 

spectroscopy with high spectroscopic sensitivity and resolution can be obtained. This leads to the 

potential of covering excitation phenomena from the mid-infrared, soft-X-rays and even hard-X-ray 

regime. In this presentation, various examples of applications of electron microscopy will be given to 

highlight how microscopy and spectroscopy are essential to understand the properties of a broad range 

of materials such as nanocatalysts, metallic alloys and functional oxides. 

 

 

PARALLEL SESSIONS 

Nanomaterials, Nanotechnology, and Materials for Energy and Environment I 
Session Chair: Michael Jakubinek 

Wednesday, 9:00-10:40 - SITE Room B0138 
 

[WA1] Enhanced heavy metal adsorption in nanofiber membranes incorporated with metal-organic 

framework nanocrystals for environmental applications 

Johnson Efome (University of Ottawa) with D. Rana, T. Matsuura, C.Q. Lan 

Zr (IV) and Fe (III) based metal-organic frameworks (MOFs) were enmeshed in polyvinylidene fluoride 

(PVDF) electro-spun nanofibers to produce nano-fibrous MOF membranes (NMM) for environmental 

applications. The pristine MOFs showed high adsorption capacity for lead ions and mercury ions from 

the aqueous solution. The Fe (III) Based NMM exhibited a high flux of 348 Lm-2h-1, with permeance of 

248.57 Lm-1h-1bar-1 and permeability of 0.44 Lm-2h-bar-1µm. At room temperature, the NMM could 

treat 395 ml of 100 ppb Pb (II) solution, while maintaining the permeate Pb (II) concentration to the 

drinking water standard (< 10 ppb). Due to the high compatibility between MOF and PVDF nanofibers, 

MOF was not detected in the permeate even after four cycles of adsorptions and desorption 
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experiments and more than 90% of the NMM adsorption capacity was retained. This excellent filtration 

performance and re-generability of the membrane coupled with the hydro-stability of the MOFs 

suggests that the NMMs have a potential in water treatment by membrane adsorption. 

 

[WA2] Effect of doping and particle size on hydrogen absorption properties of BCC solid solution 52Ti-

12V-36Cr. 

Amol Kamble (UQTR, QC, Canada) with Pratibha Sharma, Jacques Huot 

The effect of chemical composition and particle size on the first hydrogenation of BCC alloy 52Ti-12V-

36Cr were investigated. The alloy was studied in the undoped state and doped with 4%Zr.  Three particle 

size ranges were selected: less than 0.5 mm, between 0.5 mm and 1 mm, and bigger than 1 mm.  It was 

found that doping reduced the incubation time by more than two orders of magnitudes. Smaller particle 

size also reduces incubation time but only by a factor of three. The intrinsic hydrogenation kinetics were 

also significantly enhanced by doping. Moreover, there is some synergetic effect between doping and 

reduction of particle size. It was also found that incubation time depends on the average particle size 

and not on the distribution of particle sizes. 

 

[WA3] Y type hexaferrite nanomaterial: New catayst for nitrous oxide decomposition 

Barkat Ain (National Centre for Physics, Islamabad, Pakistan) 

The study presents innovative findings of the newly synthesized Y-type barium hexaferrites in the field 

of catalysis. The barium hexaferrite, Ba2Mg2Fe12O22 and its four doped analogues 

(Ba2Mg2Fe12−xAlxO22, Ba2Mg2-xCoxFe12O22, Ba2Co2Fe12-2x(Zr,Ni)xO22 and Ba2Co2Fe12-2x(Ti, 

Mn)xO22) were synthesized by sol-gel and microwave assisted solution methods. The high 

concentration decomposition of nitrous oxide (N2O) was targeted first time, for the hexaferrites, as the 

reaction of interest, due to its usage as multi-purpose propellant for aerospace technology. Separate 

doping of Al and at 873K without using microwave radiations. However, the use of microwave further 

decreased this temperature to 583K in Co substituted series. In general it was established that the 

microwave irradiation significantly improved the catalytic activity of the prepared catalysts. In a nut shell 

all the prepared samples served as efficient Co increased the catalytic efficiency and stability for the 

samples prepared by conventional sol-gel method. However, in case of Al substituted samples the 

catalytic activity was adversely affected on exposure to microwaves. The Zr–Ni co-doped Ba2Co2Fe12-

2x(Zr,Ni)xO22 (x = 0.2–1.0) series was synthesized by conventional sol–gel and microwave heating 

methods. Catalytic decomposition of N2O was achieved at temperatures of 873 and 973K for microwave 

and sol–gel prepared samples, respectively. In conventional sol-gel synthesis the co-doping of Ti-Mn in 

Ba2Co2Fe12-2x(Ti, Mn)xO22 (x= 0.2-1.0) was found best among all the studied catalysts and N2O was 

decomposed completely catalysts for N2O decomposition with good efficiency and remarkable stability 

at high reaction temperature. One of the achievements was introduction of microwave technology with 

significant improvement in the desired properties. 
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Materials Synthesis, Processing, and Joining I 
Session Chair: Gobinda Saha 

Wednesday, 9:00-10:40 - SITE Room H0104 
 

[WB1] Characterization of Laser Cladded AISI 420 Martensitic Stainless Steel for Additive 

Manufacturing Application 

Mohammad K. Alam (University of Windsor) with Afsaneh Edrisy, Jill Urbanic  

Additive manufacturing (AM) is a unique solution for creating layer-based 3-dimensional physical 

objects. AM process can be utilized now to “print” a range of functional components using different 

types of metallic powders or composites. Laser cladding is one of the AM processes that utilizes laser 

power to melt the coaxial metallic powders to coat part of a substrate or to make a near-net shape part 

in layers by layers. AISI 420 martensitic stainless steel is one of the potential alloys for additive 

manufacturing as the mechanical properties of these steels can be tailored by heat treatment. They 

provide excellent wear resistance and high surface hardness required for aerospace applications as well 

as for the die and tool repair. However, the laser cladding is a complex metallurgical process that 

involves transient heat transfer and highly non-equilibrium solidification. This research investigates the 

microstructural evolutions, microhardness and the residual stress profile in a single bead laser cladding 

of 420 martensitic stainless steel. Cross sectional metallography of the sample revealed three distinct 

zones namely the bead zone, the dilution zone, and the heat-affected zone (HAZ). Scanning and 

Transmission Electron Microscopy (SEM/TEM) revealed internal twinning and high density dislocations 

in the lath martensite. XRD analysis confirmed the presence of eutectic delta ferrite as second phase, 

retained austenite and metallic carbides like Cr23C6 phases. This research will help to understand the 

strengthening mechanism in the laser cladding of 420 stainless steel. 

 

[WB2] The effects of drilling conditions on the performance of the coolants during the drilling of Ti- 

6Al-4V alloy. 

Tanny Tran (University of Windsor) with O.A. Gali, KR Januszkiewicz, P. Zhao, J. Larsh, A.R. Riahi, A. Edrisy 

This experiment is to look at the effects of wear under various conditions. From the experiment the 

outcome will determine which lubricant has the least amount of wear at different cutting conditions. 

The equipment used in this experiment includes a CNC drill machine, along with a lubrication system 

and a data acquisition system. The lubrication system uses the flood coolant condition which outputs 

fluid at a constant 20 mL/min. The cutting speed varies from 600 – 5000 RPM and the feed rates vary 

from .01 - .3 mm/rev. The data acquisition system measures the torque and thrust force applied during 

the drilling operation. The drill bit used was made of cobalt steel with a diameter of 3.9 mm while the 

work piece consisting of Ti-6Al- 4V alloy. The experiments had a constant hole depth of 5 mm. During 

drilling, the nozzle was positioned to feed the coolant where the hole is located. The torque data 

collected showed spikes when the hole was drilled. On the torque graph, the spike occurring at the end 

of the plateau was related mostly to the chip ejection but when the spike occurred at the beginning of 

the plateau it was mostly related to the adhesion or instant lubricant breakdown. The drilling test 

consisted of four lubricants at the various cutting speeds and feed rates listed above. After drilling, 

analysis was done on the tool tip to determine the wear, using optical microscopy and SEM. The optical 

microscopy included taking various profiles of the drill bit before and after drilling. SEM was used to 
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investigate the adhesion of titanium to the cutting edge and chisel. The outcome of the experiments 

helped to rank the performance of the lubricants as lubricant A was performing better than lubricant B 

when drilling at 3200 RPM at 0.05 mm/s. At 1160 RPM and 0.15 mm/s, lubricant D outperformed all of 

the other lubricants, although lubricant C came close. At 3200 RPM at 0.05 mm/s, the torque data 

showed that lubricant A had lower torque and no sudden change in torque. Whereas, lubricant B 

showed a rapid increase in torque and higher overall titanium adhesion. For the drilling condition at 

1160 RPM and 0.15 mm/s, lubricant C and lubricant D displayed lower torque values than both B and A. 

Additionally, lubricant C and lubricant D had less titanium adhesion than lubricant A and B. Although, 

this was just a preliminary experiment, it shown that the lubricant have important role on the quality of 

drilling and the lifetime of the drill bit. Overall drilling at a higher speed even at a low feed rate can 

cause rapid failure and more adhesion as opposed to drilling at a lower speed with a faster feed rate. 

 

[WB3] Additive Manufacturing of Armstrong Process Titanium and Titanium Alloy Powder using Cold 

Spray 

Daniel MacDonald (University of Ottawa) with Bertrand Jodoin 

Titanium and titanium alloys are ideally suited for aerospace applications due to their unique 

combination of high specific strength, excellent corrosion resistance, biocompatibility and performance 

at high temperatures. However costly raw material processing, high reactivity, and poor workability 

limits its widespread use. Production of complex titanium parts through additive manufacturing (3D 

printing) is promising but there are still many barriers to overcome before reaching mainstream 

commercialization. 

The cold gas dynamic spraying process offers the potential for additive manufacturing of large titanium 

parts due to its reduced reactive environment, its simplicity to operate, and the high deposition rates it 

offers. A few challenges are to be addressed before the additive manufacturing potential of titanium by 

cold gas dynamic spraying can be reached. In particular, it is known that titanium is easy to deposit by 

cold gas dynamic spraying, but the deposits produced are usually porous when nitrogen is used as the 

carrier gas.  

In previous work, it the potential of commercially pure titanium powder produced with the Armstrong 

process was shown. In this work, the potential of using titanium alloy Ti-6Al-4V powder is investigated. 

The components are produced by combining low pressure cold spray using nitrogen as the carrier gas 

with powder produced using the Armstrong process. The microstructure and mechanical properties of 

additive manufactured titanium components are investigated. 

 

[WB4] The Effect of Intermediate Annealing on the Texture Evolution of a Non-oriented Electrical Steel 

after Skew and Cross Rolling 

Mehdi Mehdi (Canmet MATERIALS/University of Windsor) with Youliang He, Erik K. Hilinski, Afsaneh 

Edrisy 

Non-oriented electrical steels are widely used in electric motors and generators as core materials to 

amplify magnetic flux and thus enhance the conversion of electric energy to mechanical energy or vice 

versa. The magnetic properties of the lamination core have a significant effect on the energy efficiency 

of the motor or generator. In order to produce the magnetically favourable <001>//ND texture (the θ 
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fibre) and suppress the unfavourable <111>//ND (γ-fiber) and <110>//RD (α-fiber) components in non-

oriented electrical steels, two unconventional cold rolling schemes (i.e. cross rolling and skew rolling) 

were employed in this study. These two rolling schemes have shown potential in significantly changing 

the deformation textures of non-oriented steels. In order to suppress the formation of the <111>//ND 

texture, the electrical steel was annealed for 30 seconds at 650 °C in order to achieve a recrystallization 

fraction of ~60% after cold rolling. The steel sheets were then cold rolled again at 10% reduction and 

annealed again at 750 °C for 10 minutes. The evolution of texture of the non-oriented electrical steel 

was characterized during all the processing stages and was compared to those produced using 

conventional rolling schemes.  

 

[WB5] A Die Attach Preform Based on Ag@Sn Powder with a High Re-melting Temperature 

Hongtao Chen (Shenzhen Graduate School of Harbin Institute of Technology, Shenzhen, China) 

In this paper, we propose a novel die attach material based on Ag@Sn powder for power devices 

operating at high temperatures or in other harsh environments. The preform can be reflowed at 250 °C 

(18 °C above the Tm of Sn, 232 °C), but the resulting bondline can sustain high temperatures up to 400 

°C with a high shear strength due to the high re-melting temperature of the formed Ag3Sn (Tm = 480 °C) 

after the complete consumption of the outer Sn layers. In addition, the formed bondline exhibits 

excellent electrical and thermal conductivities due to the embedded Ag particles in the 

interconnections. The interconnections also exhibited excellent reliability under thermal shock cycling 

from -55 °C to 200 °C because of the increased bondline thickness and inherent ductility of the Ag 

particles embedded in Ag3Sn. 

 

 

Mechanical Behaviour, Performance and Properties I 
Session Chair: Amy Hsiao 

Wednesday, 9:00-10:40 - SITE Room A0150 
 

[WC1] Wear behavior of Fe3Al-TiN-TiB2 HVOF coatings: a comparative study between in situ and ex 

situ powder processing routes 

Fabrice Pougoum (École Polytechnique Montréal) with Thomas Schmitt, Ludvik Martinu, Jolanta-Ewa 

Klemberg-Sapieha, Sylvio Savoie, Robert Schulz 

In the present study, the tribological properties of High Velocity Oxy-Fuel (HVOF) coatings prepared 

from Fe3Al-based composite powders were investigated. The iron aluminide matrix of the composite 

powders was reinforced with TiN and TiB2 particles made using two different processing routes: a) an in 

situ method where fine ceramic particles were formed in the matrix by the reaction between Ti and BN, 

and b) an ex situ method where preformed coarse TiN and TiB2 particles were added to the matrix. The 

tribomechanical performance of the coatings was assessed using indentations and pin-on-disc wear 

tests. Compared to ex situ samples, the Fe3Al-based coatings strengthened with in situ ceramic particles 

exhibit higher microhardness and wear resistance regardless of the sliding velocity. The presence of 

voids, cracks and scratches/grooves in the wear track of the in situ coatings and the coating material 

transferred to the corresponding counterpart suggest that coatings with fine reinforcing particles fail 
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predominantly via delamination and adhesive wear mechanisms. In the case of the ex situ coatings, the 

presence of a significant amount of hard ceramic particles within the wear track indicates that abrasive 

wear plays a dominant role in the degradation mechanism. Oxidation wear also contributed to material 

removal at high sliding velocity since transfer materials inside the wear track contain a high oxygen 

content compared to the unworn region regardless of the coating type. 

 

[WC2] Corrosion Resistance Analysis of Laser Fabricated Hydrophobic Stainless Steel Surfaces 

Ali M. Nasiri (Memorial University of Newfoundland) with J.A. Jaffer, C. Cui, X. Duan 

In this study, hydrophobic 17-4 PH stainless steel surfaces were fabricated to investigate the correlation 

between hydrophobicity and corrosion resistance and to evaluate the laser engraving method of 

fabricating hydrophobic surfaces. Three hydrophobic surfaces were produced, one of which was the 

base metal applied with a hydrophobic coating only, while the other two were roughened by engraving 

the surfaces followed by applying hydrophobic coating. The difference between the two engraved 

surfaces was a small variation in the engraved pattern. The engraved surfaces exhibited improved 

hydrophobicity with higher contact angles (142°-147°) than using the coating alone (114°) and the base 

metal with no coating (84°). Potentiodynamic polarization testing in 3.5 wt.% NaCl solution at 25°C was 

performed on the surfaces and the results indicated that the corrosion rate of the coated sample was 

50% lower than that of the base metal, while the corrosion rate of the laser engraved surfaces was 

higher by one order of magnitude than that of the base metal itself. This higher corrosion rate was due 

to the laser engraving process exposing the surface to high temperatures causing depletion of Cr on the 

surface as a result of migration of this element into subsurface layers.  

 

[WC3] A Comparative Study of Microstructure and Corrosion Resistance of Additively Manufactured 

AlSi10Mg and Aluminum A360.1 Die Casting 

Parisa Fathi (Memorial University of Newfoundland) with M. Mohammadi, X. Duan, A.M. Nasiri 

The main purpose of this study is to compare the corrosion behavior and microstructure of AlSi10Mg-

200°C manufactured using Direct Metal Laser Sintering (DMLS) and aluminum A360.1 die casting. 

Additive Manufacturing (AM) or “3D printing” refers to processes used to synthesize three-dimensional 

objects from CAD data in which successive layers of material are formed under computer control. AM 

offers to create parts with complex net-shape structures at an affordable cost with least lead time. For 

this study, several AlSi10Mg-200°C cube samples were additively manufactured using an EOS M290 

machine through DMLS technique. In addition, the same size cubes were cut from an aluminum A360.1 

die cast ingot. The corrosion behavior of the two alloys was analyzed utilizing potentiodynamic 

polarization testing in a 3.5 wt.% NaCl solution to mimic sea water environment at 25°C. Further, the 

microstructures and composition of the samples were investigated using Optical Microscopy (OM) and 

Scanning Electron Microscopy (SEM) equipped with Energy Dispersive X-ray (EDX) spectroscopy. The 

results indicated that the corrosion resistance of the alloy processed through DMLS technique was 

significantly better than the cast counterpart. The improvement in corrosion resistance of the additively 

manufactured alloy was attributed to the homogeneous and uniform distribution of the alloying 

elements in the aluminum matrix in the form of a solid solution with a minimum amount of second 

phase particles, which limited the galvanic corrosion to take place. 
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[WC4] Increasing the corrosion and wear resistance properties of low alloy nitrided steel by ion post 

oxidation process 

Juan Carlos Diaz Guillen (CONACYT Corporacion Mexicana de INvestigación en Materiales S.A. de C.V., 

Mexico) with J. A. Díaz-Guillén, R. Muñoz-Arroyo, M. Alvarez-Vera, J.L. Acevedo-Davila, I.S. Ibarra-Interial 

Ion nitriding process of low alloy steels has been identified as beneficial plasma assisted thermochemical 

treatment for increasing mechanical properties as hardness and wear resistance.  Surface properties can 

be enhanced by formation of a surface and sub-surface layers arrangement constituted by hard iron 

nitrides in the upper region and alloying elements nitrides dispersed in the lower zone. In the preset 

work an oxidized third layer is synthetized on the dual nitrided arrangement in order to get an additional 

increasing in wear and corrosion resistance of AISI 4140 low alloy steel. Influence of time and treatment 

temperature during oxidation process on surface properties were evaluated through Pin-on-disk wear 

test and Polarization Potentiodynamic  curves, while structural characteristics of oxidized layer where 

analyzed by the use of x-Ray diffraction analysis and scanning electron microscopy coupled with WDS 

technique. Results shows a smooth and homogeneous oxidized layer deposited on nitrided surface 

which modifies to enhance, the wear mechanisms occurring and electrochemical corrosion response in 

reference to only nitrided steel. These results let to validate the duplex treatment as an industrial 

alternative for implementation in the short term.     

 

[WC5] Abandoned Pipelines as Anodes in Cathodic Protection System 

Isam Al Zubaidi (Industrial Systems Engineering, University of Regina) with Mustafa Athwini, Redha Al 

Deraisi, Mohammed Al Senan, Hussameldin Ibrahim, Derek Leach 

This study investigated the lifetime of abandoned pipelines as anodes under different conditions for the 

cathodic protection of new installations. An abandoned natural gas pipeline was used as anode in 

cathodic protection for new natural gas pipeline installation. The old and new pipelines are made of 

carbon steel and have the same composition. Different configurations of impressed current cathodic 

protection were developed and implemented using coated and non-coated pipelines with one or 

multiple anodes. Also, different anodes filling materials were used such as brine, soil/brine, and 

soil/brine/acid. The corrosion rate of anodes were observed and determined over a period of two 

months by monitoring the current and the weight of anodes and cathodes. The reference electrode of 

Cu/CuSO4 (saturated) was also used to check the protection state of cathodes. DC rectifier was acting as 

a power supply and is adjusted so that the potential of the structure is sufficiently negative to reach the 

immunity region, as indicated by the reference electrode. In addition, the soil properties were 

determined. It was found that the abandoned pipelines provide efficient and cost effective cathodic 

protection. The calculated lifetime of the anode filled with soil /brine /acid was found to be 

approximately six years. 
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Nanomaterials, Nanotechnology, and Materials for Energy and Environment II 
Session Chair: Yaser Abu-Lebdeh 

Wednesday, 11:00-12:00 - SITE Room B0138 
 

[WD1] Investigation of the passivity of electrodeposited nanocrystalline nickel-iron alloys 

Leo Monaco (University of Toronto) with Rana Sodhi, Gino Palumbo and Uwe Erb 

Recently, nickel-iron (NiFe) alloys with nanocrystalline grain sizes have been developed with significant 

performance improvements for a number of mechanical properties including wear resistance and 

strength. In this study, electrodeposited nanocrystalline and conventional polycrystalline NiFe alloys 

were investigated to further understand the effect of grain size on their corrosion behaviour. The poly- 

and nano- crystalline NiFe alloys had similar nominal compositions (Ni, 85Ni-15Fe, 80Ni-20Fe and 45Ni-

55Fe); however, the electrodeposited nanocrystalline materials were found to contain sulfur impurities 

at significantly higher concentrations than their polycrystalline counterparts. 

Potentiodynamic polarization testing of polycrystalline and nanocrystalline Ni-Fe alloys in deaerated 1 N 

H2SO4 at 25°C showed similar active-passive-transpassive polarization behaviour, with the 

nanocrystalline alloys exhibiting slightly reduced passivity as characterized by enhanced passive current 

densities, a more anodic passivation potential and an increased critical current density. These 

differences in passivity, as observed on the polarization scans, diminished with increasing Fe content. As 

such, it was of interest to further characterize the passive layer on these alloys through surface 

analytical techniques. The objective of this study was to compare the slight differences in passivity 

observed between the poly- and nano- crystalline NiFe alloys, while considering effects of grain size and 

the contribution of sulfur to the observed behaviour. X-ray photoelectron spectroscopy was utilized to 

investigate the differences between the passive films formed on the poly- and nano- crystalline alloys in 

terms of passive film thickness and chemistry. 

 

[WD2] Examining the co-relationship between process parameters and energy during high-energy 

mechanical alloying process to synthesize nanostructured Al2O3-NiCr particles 

Lipika Nath (University of New Brunswick) with Gobinda Saha 

High-energy mechanical alloying (HE-MA) is an efficient method for producing nanocomposite powder 

particles suitable for application in high velocity oxy-fuel (HVOF) process. In the first phase of this 

project, a detailed design of experiment (DoE) was carried out to study the optimal parameters required 

for processing microcrystalline Al2O3-Ni(Cr) blended mix for (1) the reduction of  the alumina crystal 

grain size to a nanometric level, and (2) for reinforcing the Al2O3 nano-grains into the micron-sized 

Ni(Cr) alloy binder [1]. Now in the second phase, the aim of this project is to study the ball-to-powder 

energy transfer phenomena during the HE-MA process with a new design of experiment (DoE). This is a 

significant work, as energy evolved during alloying has a tangible effect on progressive grain size 

refinement. Throughout this project, various batch specimens of powders are collected and 

characterized to study the particle morphologies using scanning electron microscopy (SEM), high-

resolution transmission electron microscopy (HR-TEM), and X-ray diffraction (XRD), respectively. Energy 

released during milling process are calculated using the ‘kinetic energy model’ first proposed by Burgio 

et al. [2]. Moreover, the aim of this present work is to find out the correlation between process 
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parameters and energy and having a good understanding of the HE-MA process in terms of repeated 

fracturing and cold welding by varying milling parameters e.g milling time, ball to powder ratio (BPR) 

and weight composition of precursor powder particles. 

[1] Nath, L., Saha, G. C., 2017, “Synthesis and characterization of nanocrystalline Al2O3-Ni(Cr) particles using high-energy 

mechanical alloying process”, Surface & Coatings Technology, In Press. 

[2] N. Burgio, A. Iasonna, M. Magini, S. Martelli and F. Padella, 1991, “Mechanical alloying of the Fe−Zr system. Correlation 

between input energy and end products”, Nuovo Cimento, vol 59, pp 459–476. 

 

[WD3] Effect of sub-stoichiometry on catalytic behaviour of group V nanocarbides 

Om Prakash Pandey (Thapar University, Patiala, India) 

Transition metal carbides (TMCs) are versatile materials used in wide variety of applications such as high 

speed drill bits, snow tires, electrical contacts, alloying element, heating elements and as electro 

catalysts in fuel cells. Among all the TMCs, the group IV and group V carbides show strong non-

stoichiometric character due to the cubic nature of the host metal. This non-stoichiometric but stable 

nature of these materials exists over a wide range of carbon concentrations and thus can allow for the 

large concentration of vacancies. Traditionally group V carbides are used for ultra high temperature 

applications such as rocket nozzles, electrodes for electric arc furnaces, space crafts and handling of 

molten metals as well as radiation resistant materials. Apart from the traditional applications the TMC’s 

due to their unique band structures find applications as electro catalysts in fuel cells as a replacement of 

the noble metals such as Pt, Pd, Ru. The non-stoichiometric nature of these compounds results in their 

electronic band structures and hence their catalytic performance being dependent on the carbon 

content within the lattice. Currently these materials are considered as promising candidates to replace 

the costly noble metal catalysts in fuel cell applications, dye sensitized solar cells (DSCs) and microbial 

fuel cells (MFCs) etc. The present work highlight the dependence of sub-stoichiometry of group-V TMCs 

(NbCx and TaCx, x=carbon content present inside the lattice) on photocatalytic and electrocatalytic 

performances, respectively. Nano NbCx and TaCx have been synthesized in a specially designed 

autoclave at low temperature (600°C–800°C). The variation in the stoichiometry of the compounds has 

been achieved by varying the synthesis time and temperature. The lattice carbon content has been 

calculated with the help of rietveld analysis of the XRD and XPS data. The photocatalytic behavior of 

NbCx(x=0.799-0.959) has been characterized studying the degradation of methylene blue (MB) dye. The 

results reveal that degradation increases with the increase in amount of carbon present inside the 

lattice and NbCx (x=0.959) shows the better results of dye degradation. The electro catalytic activity of 

nanoTaCx(x = 0.89-0.99) has been characterized by studying the HER (hydrogen evolution reaction) in 

acidic medium. The results reveal that low C concentration (x = 0.89) samples give better results for the 

HER. 
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Materials Synthesis, Processing, and Joining II 
Session Chair: Michael Jakubinek 

Wednesday, 11:00-12:00 - SITE Room H0104 
 

[WE1] Sagging Resistance of Warm Formed Aluminum Brazing Sheet 

Michael Benoit (University of Waterloo) with Ramneek Kaur, Mary Wells, Haiou Jin, Sooky Winkler 

While brazing of clad aluminum (Al) alloy sheets has been the main method of fabricating automotive 

heat exchangers over the last few decades, the relatively limited formability of these sheets has recently 

become a concern as vehicle manufacturers use progressively thinner sheets to reduce vehicle weight. 

Warm forming has proven to be a viable method to improve clad Al sheet formability. However, there 

has been little consideration for how warm forming impacts brazing of the sheets. Clad Al sheet 

comprised of a modified AAA3003 core and AA4045 clad was stretched to predetermined levels of strain 

at room temperature, 150°C, 200°C, and 250°C. Brazeability was assessed through the commonly used 

sagging test, where sagging distance is defined as the deflection of the free end of a clamped sample 

after exposure to a brazing cycle. A non-linear relationship between sagging distance and applied strain 

was observed at all forming temperatures, and sagging distance increased with forming temperature. 

Large sagging distances were correlated with non-recrystallized core microstructures and high levels of 

liquid clad alloy attack due to the phenomenon of liquid film migration (LFM). Sub-grains observed 

directly ahead of the re-solidified liquid clad suggested the driving force for LFM was stored deformation 

energy. Conversely, forming conditions with small sagging distances had coarse, recrystallized 

microstructures with negligible liquid clad attack. The current results indicate that brazing may be 

hindered if warm forming is performed over 150°C, by extending the range of strains where LFM can 

occur. 

 

[WE2] Effect of Non-Polar Oil on Fine Hematite Flocculation and Flotation using Sodium Oleate or 

Hydroxamic Acids as Collectors 

Hao Li (University of Alberta) 

The effect of non-polar oil on hydrophobic flocculation and micro-flotation of fine (-20 µm) hematite 

were studied when sodium oleate, octyl hydroxamic acid, or oleyl hydroxamic acid was used as a 

collector. The micro-flotation test was carried out with a modified Hallimond tube under natural pH and 

kerosene was used as the model oil. Focused Beam Reflectance Measurement (FBRM) coupled with 

optical microscopy was performed to monitor the real-time evolution of hematite particles during the 

flocculation. In addition, contact angles and zeta potentials of hematite were determined and used as 

parameters in the extended-DLVO theory estimation. The results of micro-flotation test showed a 

benefitting effect of kerosene at a higher collector dosage regardless of collector’s type. The flocculation 

results indicated that the particle aggregation induced by sodium oleate or oleyl hydroxamic acid was 

much larger compared with octyl hydroxamic acid. The addition of kerosene further enhanced the 

aggregate size differences. The extended-DLVO theory estimation was applied to explain the differences 

in the flocculation behaviors. The results indicated that the hydrophobic interaction energies between 

hydrophobic hematite particles induced by sodium oleate or oleyl hydroxamic acid were much 

significant than by octyl hydroxamic acid. With kerosene’s assistance, those aggregates further to 
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approach to a much larger size due to stronger hydrophobic interactions between hematite and 

kerosene droplet.. 

 

[WE3] Study of Cold Sprayed Aluminum Adhesion Mechanisms on 300M Steel Substrates 

Aleksandra Nastic (University of Ottawa) 

The Cold Spray (CS) process has been developed in the mid-1980s and has since been used for coating 

production and non-structural repairs as an additive manufacturing process. It uses a converging-

diverging nozzle to expand a preheated pressurized gas stream to supersonic speed. Micron-size 

metallic particles are injected in the flow and accelerated to velocities typically ranging between 300ms-

1 and 1200ms-1 before impacting the substrate surface. Upon impact, the particles deform under high 

strain rates as a result of adiabatic shear instability and adhere to the substrate or previously deposited 

layers. The process operates at temperatures below the particles melting point, which prevents phase 

transformation/chemical reactions of temperature-sensitive materials. The mechanical performance of 

CS deposits/repairs depends on the adhesion strength onto the substrate surface. Since the particle 

impact process time is in the order of nanoseconds, in situ observations are extremely challenging to 

achieve and as such, the events leading to bonding at the particle/substrate interface are almost 

impossible to observe experimentally. Despite the difficulties, various substrate surface treatment 

methods have shown to modify and enhance the coating adhesion strength, which has led to an 

increased interest in the study of coating/substrate interactions.  

The current study examines the influence of substrate surface finish on the particle/coating adhesion 

strength and deformation process. Adhesion strengths of CS aluminum coatings on 300M steel for 

various substrate surface finish (obtained using polishing, grit blasting and forced pulsed waterjet 

(FPWJ) processes) are studied experimentally and modeled using FEA.  

Experimental and FEM results reveal that adhesion is purely metallurgical for depositions generated on 

polished surfaces and gradually shifts to mechanical anchoring for increasing surface roughnesses, 

irrespective of the surface treatment method used. Additionally, particle impact FEM results indicate 

that preferential properties, such as high temperature, contact pressure and PEEQ, which are 

prerequisite for metallurgical bonding, are reached primarily at the interface of impact occurring on 

polished surfaces.  

 

 

Mechanical Behaviour, Performance and Properties II 
Session Chair: Glenn Hibbard 

Wednesday, 11:00-12:00 - SITE Room A0150 
 

[WF1] Corrosion and Environmental Effects on Novel Poly(N-ethylaniline) Self-Healing Coating 

Clayton Harding (University of Prince Edward Island) with Amy Hsiao, Alaa Abd-El-Aziz, Rabin Bissessur, 

Douglas Dahn, Chris Kirby 

Although hexavalent chromium is used to make excellent corrosion resistant coatings for the aerospace 

industry, chromium has been found to be carcinogenic and harmful to the environment.  This has led to 

the development of alternative coatings, such as sol-gel coatings due to their high adhesion to alloys and 
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their corrosion resistant properties.  In order to further increase corrosion resistant characteristics, the 

addition of conductive organic polymers has shown to be effective. Another method for increasing the 

corrosion resistance of a coating is with the addition of microcapsules with self-healing compounds. A 

hybrid poly(n-ethylaniline) sol-gel coating with microcapsules filled with poly(dimethylsiloxane) was 

subjected to a salt-spray chamber at room temperature and cyclic temperature testing varying between 

5 and 50℃, following the ASTM B117 standard for operating a salt spray apparatus.  Additional testing 

was completed on the effect of humidity on coating integrity using the ASTM D2247 standard for testing 

water resistance of coatings in 100% humidity.Corrosion resistance of the coating, and the role of the 

microcapsules for self-healing, were characterized using electron impedance spectroscopy (EIS).  The 

surfaces of the coated substrates were monitored using scanning electron microscopy (SEM),  and the 

encapsulation efficiency of the capsules were determined using solid state nuclear magnetic resonance 

(SSNMR).  Thermal stability of the coatings were determined with the use of thermogravimetric analysis 

(TGA) and dynamic mechanical analysis (DMA).The following presentation will discuss the benefits of 

this novel corrosion resistant coating. 

 

[WF2] Water droplet impingement erosion of different turbine blade materials 

Abdullahi K. Gujba1, Hany Kirols1, Mohammad S. Mahdipoor1, Dmytro Kevorkov1 and Mamoun Medraj1,2 
1Mechancial and Industrial Engineering Department, Concordia University, Montreal, Quebec, Canada 
2Mechanical and Materials Engineering Department, Masdar Institute, Abu Dhabi, UAE 

Water Droplet Impingement Erosion (WDIE) is of great concern to the power generation because it 

results in failure of steam turbine blades, and gas turbine compressor blades. WDIE is a result of 

liquid/solid interaction at high speeds. Droplets in the 50-200 μm rage cause severe deterioration to 

turbine blades resulting in reducing the efficiency due to aerodynamic losses. In this presentation, WDIE 

mechanisms of Martensitic 12% Cr stainless steel, TiAl4V and TiAl, widely used alloys in the power 

generation industry, are discussed. WDIE experiments were performed using a state-of-the-art erosion 

rig, which was designed based on the ASTM G73 standard. Liquid/solid impingement parameters 

including impact speed, impact angle, droplet size, and number of impacting droplets are controlled in 

this test rig. In addition, different types of nozzles (single-ray, multi-ray and shower-head) can be used. 

Microstructure of the solid materials and their mechanical properties in relation to impact pressures 

played notable role in damage evolution. A novel approach for representing WDIE results has been 

developed in this work. Introducing applied energy intensity as a new measure of erosion exposure and 

presenting erosion results in terms of applied energy intensity was found to be a comprehensive 

approach, as it covers most of impingement parameters. This approach enabled comparing results 

obtained using the same rig for different materials as well as comparing results from different rigs. 

 

[WF3] Failure analysis of hammer premature wear during barite rocks crushing 

Mouna Kallel (National Engineering school of Sfax) with Khaled Elleuch 

The crushing process in mineral industry is a well-known basic technical operation for manufacturing of 

powders. However, the continuous service of crushers under severe operating conditions provokes 

premature wear of some crusher components. In this work, a case study of hammer premature wear 

during barite rock crushing had been conducted. Failure study of worn hammer surfaces after one week 

of service life and barite rocks examination had been performed in order to identify and analyze the 
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failure mechanisms. Optical microscopy and scanning electron microscopy (SEM), energy dispersive 

spectroscopy (EDS), compression test and Vickers test were used for micro-structural and mechanical 

characterization of materials brought into contact. It was found that barite rocks represent irregular 

shape, angular edges, silica amount and low hardness. A general view comparison between an unworn 

and worn hammer shows a great material loss occurs in the hammer which changes the hammer shape 

leading to crushing process dysfunction. Microscopic analysis of worn hammer surface reveals several 

wear features such as cracking, grooving, wear debris and cracked carbides. The main failure mechanism 

of hammer material was found to depend on crushing operating conditions and it associates both 

microcracking and microcutting.  

 

 

Modelling and Simulation of Materials’ Structure and Properties I 
Session Chair: Nikolas Provatas 

Wednesday, 11:00-12:00 - SITE Room G0103 
 

[WG1] The Effect of Bridge Geometry on Seam Weld Microstructure in Aluminum Porthole Die 

Extrusions 

Yu Wang (University of Waterloo) with Yahya Mahmoodkhani, Jingqi Chen, Nick Parson, Mary Wells, 

Warren Poole, Mei Li 

As aluminum becomes the material of choice for light weighting vehicles, the ability to manufacture 

complex extruded profiles with the correct mechanical properties becomes paramount. In porthole die 

extrusion, which is used to produce complex aluminum cross–sections, seam welds result from the 

rejoining of the material streams in the welding chamber of the porthole die. The joining phase and 

hence the seam weld quality are strongly influenced by the thermomechanical history in the welding 

chamber. These process conditions can be adjusted by die design and in particular the bridge geometry 

used in the welding chamber. In this research, the commercial Finite Element (FE) package DEFORM was 

used to analyze the effect of bridge die geometry on the thermomechanical history experienced by the 

material to form the seam weld and resulting microstructures along the weld line. Extrusion 

experiments were also conducted using Rio Tinto Aluminum’s instrumented extrusion press in 

Jonquiere, Quebec for these different die geometries and extrusion parameters to see how the die 

geomotry affected the weld properties of the extruded strip. The extruded strips were characterized by 

a series of techniques, such as tensile tests, metallography and Electron Back Scattered Diffraction 

(EBSD). Experimental results were compared to the DEFORM predictions to understand the effect of die 

geometry on porthole extruded sample’s microstructure  and mechanical properties especially in 

regions close to the weld. 

 

[WG2] Process model for hardness prediction in AA6022-T4 friction stir weld 

Olga Gopkalo (Queen's University) with Xu Liu, B.J. Diak, Michael Booth, Adrian Gerlich 

Friction stir welding (FSW) is a mature material joining technology used in the aerospace sector, but it 

still faces scientific challenges in high production applications like automotive and particularly for heat 

treatable aluminum alloys. Frictional heat generated during the solid-state joining process creates a heat 
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affected zone (HAZ) that can respond negatively to further ageing treatments compared to the stir zone, 

thermo-mechanical zone or base material. Predicting this heat treatment effect remains difficult. This 

study presents a method to predict the hardness change in the HAZ of FSW AA6022 thin plate. The 

application of a kinetic model to thermal cycles is illustrated using the concept of the ″kinetic strength″ 

of the cycle, which describes the strength changes associated with the temperature distribution. The 

Shercliff-Ashby model [1990] was used to fit the hardness evolution associated with laboratory 

isothermal aging. Thermal cycles, measured across an actual weld instrumented with thermocouples, 

were modeled in terms of an equivalent isothermal treatment and coupled to the Shercliff-Ashby model 

to predict the hardness profile. Model prediction will be compared to experimental hardness 

measurements. 

 

[WG3]  Effect of Oxygen on Hydrogen Diffusion in Zirconium 

Pandula Liyanage (Carleton University) with Ron Miller, Nimal Rajapakse 

Zirconium alloys are used as pressure boundaries in chemical plants and nuclear reactors. In service, 

these alloys slowly corrode forming zirconium oxide and hydrogen, some of which enters the metal 

changing properties such as fracture toughness, and delayed hydride cracking if sharp flaws, cuts and 

nicks suffered during operation, and tensile stresses simultaneously occur. Optical micrographs suggest 

that the size of hydrides close to the metal-oxide interface can be smaller than in the bulk. Investigation 

of the diffusion paths in zirconium shows that atomic hydrogen will need to pass through octahedral 

sites in the hcp lattice. Near the surface, where the dissolved oxygen concentration can be ~30%, half of 

the octahedral sites in the lattice could be occupied by oxygen atoms, which block the paths available 

for hydrogen diffusion. In this study, we present ab-initio (DFT) calculations that show how oxygen 

impacts the path for hydrogen migration and increases the activation barrier for diffusion. The 

implication is that small hydrides are expected to form where the ingress of oxygen from the metal-

oxide interface is high, which would be most apparent for high-temperature components with long 

service. 

 

 

Nanomaterials, Nanotechnology, and Materials for Energy and Environment III 
Session Chair: Gobinda Saha 

Wednesday, 1:40-3:20 - SITE Room B0138 
 

[WH1] (Invited speaker) Nanoporous metals from electrolytic dissolution of metallic solid solutions: 

high-resolution characterization and routes to functionality 

Roger C. Newman (University of Toronto) with Ayman A. El-Zoka, Brian Langelier, Gianluigi Botton 

The literature on metallic nanomaterials has historically focused on particulates, but there has always 

been a parallel theme involving a curious phenomenon that occurs when a binary (or ternary) alloy is 

subjected to selective electrolytic dissolution of one or more of the alloy components. This is called 

dealloying, and was a historical corrosion problem in certain alloys such as brass plumbing fittings. In 

dealloying, the product is not a particulate material, but a bicontinuous solid-pore composite. 

Nowadays, the focus is on the potential applications of the resulting nanoporous metals, not the role of 
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dealloying in material degradation. In dealloying, the dissolution of the less-noble element(s) does not 

have to proceed along atomically narrow paths, which would be impossible. What happens is that the 

more-noble element moves out of the way by surface diffusion, thus creating channels that are wide 

enough for the electrolyte to penetrate. This is very well documented for simple systems such as Ag-Au, 

where gold surface diffusion is the relevant solid-state transport mechanism, and a robust atomistic 

model is available to explain the compositional thresholds that have been noted since antiquity [1]. 

The best method currently available to investigate such refined nanostructures is atom-probe 

tomography (APT). Recently, nanoscale chemically resolved images of the ligaments within nanoporous 

gold were published [2]. In this presentation, those data will be reviewed, along with new data 

presented on the even more refined nanoporous structures that are obtained when a third element (Pt) 

is added to retard the surface diffusion of gold. The implications of such information for future 

applications of nanoporous metals will be discussed. 

[1] D.M. Artymowicz, J. Erlebacher, and R.C. Newman, “Relationship between the parting limit for de-alloying and a particular 

geometric high-density site percolation threshold,” Philos. Mag., vol. 89, pp. 1663-1693, 2009. 

[2] A.A. El-Zoka, B. Langelier, G.A. Botton, and R.C. Newman, “Enhanced analysis of nanoporous gold by atom probe 

tomography,” Mater. Charact., vol. 128, pp. 269-277, 2017. 

 

[WH2] XPCS studies of collective dynamics and mechanical evolution in soft nanostructured materials 

James Harden (University of Ottawa) with Robert Leheny 

This talk will introduce x-ray photon correlation spectroscopy (XPCS) as a method for studying dynamical 

and mechanical behavior in soft nanostructured materials. In XPCS, the characteristic “speckle” patterns 

resulting from the scattering of coherent x-rays are auto-correlated to uncover collective dynamics in a 

sample. XPCS can currently be used to study the dynamical behaviour of non-ergodic materials on the 

nanoscale over a wide range of time scales (from 10^-3-10^3s).  Moreover, since x-rays are less strongly 

scattered by typical soft materials than by visible light, XPCS is able to probe dynamics of turbid samples 

that are inaccessible to optical methods such as dynamic light scattering and particle tracking.  This 

capability has led to successful XPCS studies of slow dynamics in numerous soft glassy systems, several 

of which will be discussed in this talk.  The recently developed rheo-XPCS technique for in situ studies of 

dynamics in response to applied deformation will also be discussed, and mechanical rejuvenation and 

over-aging phenomena observed in soft glassy systems subjected to deformation histories will be 

presented. 

 

[WH3] In situ TEM/STEM Study of Thermal Coarsening of Nanoporous Gold 

Ayman El-Zoka (University of Toronto) with Jane Howe, Doug Perovic, Roger Newman 

Nanoporous gold (NPG) is usually fabricated by the selective electrolytic dissolution (dealloying) of Ag 

from a binary Ag-Au alloy, or sometimes from a ternary alloy such as Ag- Au-Pt. The resulting ligament-

pore structure is bicontinuous and has many interesting properties and potential applications [1][2]. 

Coarsening of NPG after dealloying can alter its catalytic and functional properties considerably. Driven 

by curvature, Au atoms diffuse quickly along step edges, acting to smoothen the freshly formed surface 

[3]. Understanding the structural and morphological changes that occur during this process is vital to 

define the thermal and chemical environments where NPG can be utilized most successfully. 
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To provide a more in-depth understanding on this topic, we have carried out a comparative in situ 

TEM/STEM study of the morphological evolution of nanoporous layers with different precursors during 

thermal coarsening. In a Hitachi HF- 3300 environmental TEM/STEM, coarsening is studied by 

simultaneous secondary electron, bright field and dark field imaging. Coarsening in a reductive 

(hydrogen) environment is also compared with that in an oxidative (oxygen) one. The results reveal how 

the presence of Pt in the precursor causes a significant change in the coarsening mechanism, thermal 

onset of coarsening and coarsening rate. The distinction between the two main coarsening mechanisms 

observed, Ligament Coalescence, and Ostwald Ripening, is shown for NPG. 

[1] R.C. Newman, “2.05- Dealloying”, Shreir’s Corrosion, 2, 801-809 (2011). 

[2] A.A. Vega and R.C. Newman, J. Appl. Electrochem., 46, 995–1010 (2016). 

[3] J. Erlebacher, Phys. Rev. Lett.,106, 225504 (2011) 

 

 

Materials Synthesis, Processing, and Joining III 
Session Chair: Ali Merati 

Wednesday, 1:40-3:20 - SITE Room H0104 
 

[WI1] Real-time ultrasonic evaluation of abnormal grain growth in a plain carbon steel 

Brian Tran (The University of British Columbia) with Thomas Garcin, Matthias Militzer 

The control of austenite grain size distribution is an important factor governing the homogeneity of 

mechanical properties for steels and other alloys used in a wide range of applications. In the present 

work, the evolution of austenite grain size is in-situ monitored in an A36 steel during isothermal holding 

between 900°C and 1150°C using laser ultrasonics. In this technique, the attenuation of laser generated 

ultrasound is related to the mean grain size in the material. The laser ultrasonic measurements are 

compared with ex-situ metallography observations on quenched samples. In this steel, the coarsening 

and dissolution of AlN precipitates at 1000°C leads to a stage of abnormal austenite grain growth with 

the development of a bimodal grain size distribution. This stage corresponds to a period of high growth 

rate when measured by laser ultrasonics, suggesting that the technique is sensitive to the progression of 

abnormal grain growth stages. The findings are validated with a finite element analysis of ultrasound 

wave propagation in an anisotropic polycrystalline aggregate of controlled grain size distribution. The 

numerical analysis provides important insight into the scattering of ultrasound waves in a material of 

heterogeneous grain size.  

 

[WI2] Investigation of Non-equilibrium Microstructure in Ni-Cu Electrodeposits 

Xuchao Yang (University of Toronto) with Leo Monaco, Uwe Erb 

Ni-Cu alloys, such as Monel 400, are employed on a large scale in the marine industry due to their 

excellent corrosion resistance in natural sea water. In an effort to enhance the surface wear and erosion 

resistance of these alloys through Hall-Petch strengthening, nanocrystalline Ni-Cu specimens were 

synthesized by electrodeposition. However, surface and cross-sectional characterization revealed an 

unexpected microstructure variation that displayed separation into Cu- and Ni-rich regions. This is not 

consistent with the traditional isomorphous solid-solution phase diagram nor the recently proposed 
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spinodal phase separation in this alloy. Detailed microstructural characterization showed significant 

differences between the two regions in terms of chemical composition, grain size distribution, porosity, 

and hardness. Investigation into the formation of this unusual structure suggests the mechanism to be 

diffusion-controlled deposition of Cu ions due to poor complexation in the deposition bath. Steps to 

eliminate this unexpected and undesirable structure are proposed. 

 

[WI3] An investigation of manganese segregation in the as-cast structure of Dual Phase steels using X-

ray fluorescence spectroscopy 

Tasneem Mahzabeen (University of Waterloo) with Mary Wells, Joydeep Sengupta, Jackie Leung, Amir 

Noorafkan, Massimo DiCiano 

Formations of martensite bands at the centerline of sheets are precursors to potential failure of Dual 

Phase steel products. The underlying cause of band formation is attributed to the segregation of 

manganese during the casting process. This paper investigates the effects of manganese concentration 

and casting parameters on the spatial macro segregation present within the as-cast structure. A new 

experimental technique, micro X-ray fluorescence spectroscopy, was used to create elemental maps of 

manganese. The maps shed light on the behaviour of manganese segregation as a function of the 

selected variables in a qualitative and quantitative manner. 

 

[WI4] Effect of the Deformation Parameter on the Dynamic Transformation of Substitutional Binary 

Alloy 

Ryotaro Shiraishi (McMaster University) with Hatem Zurob 

The dynamic precipitation of ferrite during austenite deformation above the Ae3 temperature, which 

was first reported by Yada et al. in the 1980s. These observations were later confirmed for a wide range 

of steel compositions and processing conditions. The aim of this work is to clarify the mechanism by 

which ferrite formation takes place above the Ae3 temperature. To that end, high-purity, interstitial free 

Fe-Ni and Fe-Mo alloys have been examined over a range of temperatures and strain-rates. The method 

used consisted of deforming the specimens above the Ae3 temperature using a deformation 

dilatometer. The length-contraction as a result of the reverse transformation of ferrite to austenite 

during isothermal holding after deformation was observed and used to quantify the extent of dynamic 

transformation during deformation. The experimental results are discussed in terms of a simple model 

for ferrite growth as a result of a mechanical driving force. 

 

[WI5] Dynamic Transformation of a High-Nb Pipeline Steel Under Simulated Plate Rolling Conditions 

Samuel Rodrigues (McGill University) with John Jonas, Clodualdo Aranas Jr. 

Plate rolling simulations under cooling conditions were carried out on an X70; pass strains of 0.2 and a 

strain rate of 1 s-1 were employed together with interpass times of 10.0 s, 20.0 s and 30.0 s. The mean 

flow stresses (MFS`s) behavior indicates that both dynamic transformation and dynamic recrystallization 

were taking place during straining. The critical strains for the initiation of dynamic transformation fell in 

the range 2 – 3%. It is shown that ferrite is formed due to straining since the first pass at 920 °C and the 

volume fraction increases as the temperature approaches the Ae3 line. 
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Mechanical Behaviour, Performance and Properties III 
Session Chair: Isabelle Catelas 

Wednesday, 1:40-3:20 - SITE Room A0150 
 

[WJ1] (Invited speaker) Information and the Materials Science and Engineering Paradigm 

Glenn Hibbard (University of Toronto) 

In general, Materials Science and Engineering is centered around change: how does matter evolve from 

one structural configuration to another?  We need to know how many topological and geometrical 

aspects of the structure (and their corresponding energy contents) are needed to explain the spectrum 

of potential behaviours (the properties). At the same time, we need to know how to build new 

structures that offer performance advantages in order to better address the materials-related problems 

surrounding us. 

If we follow Donald MacKay’s definition that “information is a distinction that makes a difference”, then 

the Materials Science concept of ‘structure’ illustrates the physical nature of information. In defining 

structure, we are numerically defining the information state of the system, or at least the state of 

information needed to provide a mechanistic model.  In this sense, the Process-Structure-Property-

Performance paradigm (Ppspp) provides the framework in which information of different types is 

stitched, one to another, in order to generate meaning.  

This talk will discuss some of the broader questions surrounding the Materials Science and Engineering 

paradigm.  In particular it will focus on how Ppspp acts like a type of universal node for materials-related 

information and it will use the sub-field of architectured materials to illustrate how we can make sense 

of information across organizational scales. 

 

[WJ2] (Invited speaker) A study on deformation of magnesium using instrumented indentation  

W.J. Poole (The University of British Columbia) with G. Nayyeri, C.W. Sinclair, S. Zaefferer 

In this work we have used a combination of spherical instrumented indentation and 3-dimensional 

EBSD-based orientation microscopy to investigate the deformation behaviour of individual grains in a 

magnesium polycrystal. The orientation of individual grains was determined from EBSD measurements 

for high purity magnesium. The effect of the indenter tip radius on the deformation response has been 

examined for indenter radii from 1 to 250 µm. The 3D microstructure under the indent was 

characterized using 3D-EBSD based orientation microscopy and rationalized in terms of underlying 

deformation mechanisms. It was observed that after accounting for indentation size effect, the critically 

resolved shear stress for basal slip in commercial purity magnesium and Mg-Al alloys could be accurately 

determined. This presents the opportunity to extract this property from polycrystalline samples for 

studies on alloy development. 

 

[WJ3] Rate dependent deformation behavior of sub-micron Au particles 

Mahdi Bagheripoor (The University of Western Ontario) 

Nano-size material systems and components are now regularly being fabricated for use in a wide variety 

of new applications. These systems exhibit mechanical properties that can be drastically different from 
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their macroscopic counterparts. Classic continuum mechanics based theories cannot describe the 

mechanical strength and deformation behaviour of such materials primarily because the sample size is 

similar to the size scale of discrete imperfections within the crystal. There is thus a need for 

understanding the fundamental operative plastic deformation mechanisms in such samples. Aiming this, 

nanomechanical testing was used to understand the operative mechanisms of plastic deformation in 

sub-micrometer size samples of ideal pure gold (Au) containing coated and noncoated surfaces. Various 

loading rates have been considered to understand the effect of deformation rate on the small scale 

plasticity. 
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Nanomaterials, Nanotechnology, and Materials for Energy and Environment IV 
Session Chair: Qi Yang 

Wednesday, 3:40-5:20 - SITE Room B0138 
 

[WL1] 3D Nanoscale Analysis by Atom Probe Tomography 

Brian Langelier (McMaster University) with Gianluigi Botton 

Determining 3D structural and compositional characteristics of materials at the nanoscale is of 

increasing importance in materials science.  Atom Probe Tomography (APT) is a microanalysis technique 

that has such capabilities.  APT involves the sequential atom-by-atom field evaporation of a specimen.  

Then, by detecting and measuring certain properties of the evaporated atoms, a 3D numerical 

reconstruction of the original sample can be generated with high spatial resolution and excellent 

elemental sensitivity.  Originally, APT was limited to conductive samples (e.g. metals), but the advent of 

laser-pulsed APT has expanded the range of suitable materials to include many various low-conductivity 

materials (e.g. oxides and minerals, biomaterials).  APT is also well-suited to work in concert with other 

analysis techniques, such as scanning and transmission electron microscopy, which complement each 

others’ advantages and disadvantages.  This talk will highlight how APT is being applied to materials 

research at the Canadian Centre for Electron Microscopy (CCEM).  Cases involving APT analysis of 

nanoscale materials will be presented, highlighting different ways in which APT data can be analyzed.   

Examples will be drawn from current research at the CCEM in ferrous and nonferrous alloys, metal 

oxidation, and other nanostructured materials. 

 

[WL2] Controlled Hydrothermal Synthesis of Pmn21 Li2FeSiO4 for Li-ion Battery Application 

Yan Zeng (McGill University) with Hsien-Chieh Chiu, Majid Rasool, De-Tong Jiang, Dominic H. Ryan,  

Raynald Gauvin, Karim Zaghib, George P. Demopoulos 

Lithium transition metal orthosilicates such as Li2FeSiO4 have been recognized as important alternative 

cathode materials for application in Li-ion batteries because of their high theoretical energy density, 

safety, and potentially low production cost. For the synthesis of Li2FeSiO4 nanoparticles, hydrothermal 

method provides a scalable route to produce materials with tuned composition and morphology at low 

cost and in an environmentally benign manner. We report a systematic study of the effects of critical 

parameters during hydrothermal synthesis such as temperature, reaction time, concentration, and 

additives on tailoring phase purity, size and morphology of the as-obtained Li2FeSiO4 particles. Products 

synthesized at 200oC for 6 hours can be indexed to low temperature orthorhombic Li2FeSiO4 with space 

group Pmn2¬1 according to synchrotron X-ray diffraction and Rietveld refinement. Variation of the 

synthesis parameters showed that increasing reactant concentrations strongly favours the formation of 

smaller particles. Nanostructured products with particle size of 400 nm were obtained in a precursor 

system containing 1.6 M of Li+. In addition, iron oxidation state was studied by 57Fe Mössbauer 

spectroscopy. The use of chelating agents was found to avoid the formation of impurities, minimize the 

oxidation of Fe(II) to Fe(III), and control morphology.  

Acknowledgments: This research is supported by a Hydro-Quebec/NSERC CRD grant. 
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[WL3] Materials challenges in Li-ion batteries: The story of silicon:graphite composites, high-voltage 

cathode materials and compatible electrolytes 

Yaser Abu-Lebdeh (National Research Council Of Canada) 

Increasing the energy density of Li ion batteries at an acceptable cost is very crucial for the mass market 

penetration of electric vehicles, grid-scale energy storage and next-generation of power electronics. In 

this presentation, I will go over the major barriers and current strategies to overcome them as well as 

the most recent materials chemistry breakthroughs to achieve this ambitious goal. I will present a very 

popular approach that is the incremental increase of the capacity of the commercial graphite anode 

material by integrating silicon into composites with capacities between 500 and 1000 mAh/g as a 

transient and practical alternative to the more-challenging, silicon-only anodes. [1,2] Recent theoretical 

work by my group have shown that only 16% increase in practical energy density can be achieved in Li-

ion full cells with the use of 15 to 25 wt% of silicon [3]. However, full-cell assembly and testing of these 

composites using standard cathode and electrolyte materials have proven to be challenging. At the end, 

I will present a new, holistic approach that should be followed to improve the different components of 

the Li-ion battery to render the 16% increase practical without any disruption to current manufacturing 

processes. I will include specific examples such as nano-structuring of silicon, surface modification of 

silicon and graphite, new functional binders and  fluorinated additives, new separators and  higher 

voltage cathode materials.  

[1] Chae-Ho Yim, Fabrice M Courtel, Yaser Abu-Lebdeh, Journal of Materials Chemistry, 1(28), 2013, 8234. 

[2] Nuha Salem, Matt Lavrisa and Yaser Abu-Lebdeh, Energy Technology, 4 (2), 2016, 331-340. 

[3] CH Yim, S Niketic, N Salem, O Naboka, Y Abu-Lebdeh, Journal of The Electrochemical Society 164 (1), 2017, A6294.  

 

Nuclear and High Temperature Materials I 
Session Chair: Taylor Robertson 

Wednesday, 3:40-5:20 - SITE Room H0104 
 

[WM1] The effect of temperature and stress on the lattice spacing around a notched Zircaloy-2 

specimen determined from X-ray diffraction 

S. Read1, S. Hanlon1, G. McRae1, C.E. Coleman2, B. Leitch2 
1Carleton University, Ottawa, Canada 
2Candian Nuclear Labs, Chalk River, Canada 

High intensity X-ray diffraction has been used to investigate lattice parameter and line width changes in 

a notched Zircaloy-2 compact tension specimen during thermo-mechanical cycling. It was found that the 

lattice spacing varied with temperature, in part because of thermal expansion, but also because of 

annealing of residual stresses. Lattice spacing was also observed to vary under applied tensile load. 

Measurements were made at several locations along the plane of the notch to illustrate how the lattice 

spacing profile changes during thermo-mechanical cycling. Measurements of the widths of basal and 

prism plane diffraction peaks, and comparisons of the line spacings, for both the a-parameter and c-

parameter, with literature values of alpha-zirconium, at various temperatures, are used to demonstrate 

the effects of annealing and applied stress. This work determines the strain around a notch under load, 

which is a precursor to analysis of crack formation. 
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[WM2] The isothermal and cyclic oxidation performance of nickel-based superalloy IN738LC at 

elevated temperature 

Mallikarjuna Heggadadevanapura Thammaiah (University of Manitoba) with W.F. Caley, N.L. Richards 

This study reports the high temperature isothermal and cyclic oxidation resistance of nickel based 

superalloy IN738LC in ambient air at 900˚C. The samples were oxidized for up to 1000h isothermally and 

cyclically for 1000 cycles including 1h holding at temperature followed by cooling to ambient 

temperature.  Oxidation kinetics of isothermal and cyclic oxidation were determined by using a 

discontinuous thermogravimetric method, which permits mass change measurement under oxidation 

conditions. The net weight change results showed better oxidation resistance in the isothermal process 

compared to cyclic oxidation. From the resulting data, the isothermal oxidation indicated a parabolic 

behaviour whereas the cyclic oxidation showed similar parabolic behaviour for up to 300 cycles, which 

later deviated from a parabolic nature due to oxide scale spallation. From a kinetics standpoint, it is 

concluded that the oxidation rate is higher during cyclic oxidation than for isothermal oxidation. Effects 

of isothermal and cyclic oxidation on morphology, phase formation, phase dissolution and oxidation 

reactions were investigated by SEM, EDS and XRD. The microstructure of all specimens showed a 

bimodal distribution. However, after approximately 100 cycles, the cyclic oxidation specimens showed a 

decrease in volume fraction of the primary gamma prime precipitates and a corresponding increase in 

size of the secondary gamma prime precipitates. The SEM-EDS and XRD results showed that the surface 

of the oxidized specimens was enriched in Cr and Ti together with lower Ni levels suggesting the 

formation of Cr2O3, TiO2, NiO and Ni(Cr,Ti)2O4 on the surface. Further penetration of oxygen into the 

material through the oxide scale lead to formation of internal oxidation (Al2O3) and a precipitate free 

zone. 

 

[WM3] Precipitates in metals that dissolve on cooling and form on heating: an example with hydrogen 

in zirconium 

G.A. McRae1 and C.E. Coleman2 
1Carleton University, Ottawa, Canada 
2Canadian Nuclear Laboratories, Chalk River, Ontario, Canada 

Einstein’s theory for Brownian motion and Gibbs’ Phase Rule along with diffraction of high intensity X-

rays have been used to provide an interpretation of precipitation and dissolution in metals using 

hydrides in zirconium as an example. Hydrides precipitated, and dissolved during cooling, and at some 

temperatures, their amounts increased with heating. Hydrides were seen to precipitate without 

exothermic signals above the solvus temperature, and on heating, were found to be stable above the 

solvus temperature. Hydrides were inferred to form composites with the delta phase surrounded by 

gamma phase. These results are interpreted with Cottrell atmospheres of hydrogen atoms that relieve 

the stress around dislocations, and stresses around hydrides making them stable against dissolution 

leading to maxima in the amounts of hydrides with change in temperature. A vertical line corresponding 

to ZrH is suggested to be added to the equilibrium phase diagram to accommodate the Phase Rule. 
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[WM4] Stress hot spots in HCP polycrystals 

Hamid Abdolvand (Western University) 

The problem of hydrogen diffusion into the lattice of the polycrystalline materials has been a long 

standing problem, particularly to the nuclear industry. Such problem can potentially become critical in 

the presence of an externally applied load where such load distort the crystal lattice and enhance the 

rate of diffusion. On the macroscopic level, such load can result in the stresses that are lower than the 

material yield stress; however, at meso or nano scales, the corresponding localized stresses can well 

exceed the yield stress. Hence, measurement or calculation of such localized stresses are critical. In this 

talk, the application of High-Resolution Electron BackScatter Diffraction technique in measuring localized 

stresses at the grain boundaries and twin tips of deformed Zircaloy-2 will be discussed. The measured 

microstructure was also imported into a crystal plasticity finite element code for modelling localized 

stress fields. It is shown that the concentrations of dislocation density as well as stress are maximum at 

the intersections of twins. 

 

[WM5] X-ray Diffraction Study of Unstable Gamma Hydrides in Zircaloy-2 Pressure Tubing 

B. He1, G.A McRae1, C.E. Coleman2 
1Carleton University, Ottawa, Canada 
2Candian Nuclear Labs, Chalk River, Canada 

In the Zr-H system, the hydrogen terminal solid solubility exhibits an apparent thermal hysteresis, where 

the temperature at which hydrides dissolve is higher than the temperature at which hydrides 

precipitate. Hydrides are not observed above the apparent dissolution temperature on heating, or 

above the apparent precipitation temperature when cooling from a temperature where all the hydrogen 

is in solution. In the present study, high intensity x-ray diffraction has been used to investigate hydride 

precipitation and dissolution in Zircaloy-2 pressure tube material containing 12 ppm, 63 ppm and 113 

ppm hydrogen at various temperatures. Diffracted x-rays at the {111} position of gamma hydrides were 

found for all hydrogen concentrations at temperatures higher than the dissolution temperature, up to 

550 oC. These signals were unstable, repeatedly suggesting precipitating and dissolving, and contributed 

to a background ‘gamma glow’ diffraction signal at lower temperatures. These signals could be stabilized 

with an applied stress. The implications for using zirconium alloys as pressure boundaries will be 

discussed.  

 

 

Mechanical Behaviour, Performance and Properties IV 
Session Chair: Warren Poole 

Wednesday, 3:40-5:20 - SITE Room A0150 
 

[WN1] (Invited speaker) Micro(n)structural Engineering of Advanced High Strength Steels 

Doug Boyd (Queen's University) 

Advanced High Strength Steels (AHSS) have multiscale microstructures, which are obtained by specific 

thermomechanical processing (TMP) schedules. Examples of microstructural effects on deformation 

behaviour of AHSS from recent research on dual phase (DP)-, complex phase (CP)- and transformation-
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induced plasticity (TRIP) steels will be summarized. The specific phenomena considered in each case will 

be the development of internal (back) stress in DP steels, void damage evolution in CP steels and tensile 

properties of TRIP steels. Although the microstructures in these steels comprise features ranging in scale 

from nm’s to 10s of µms, it will be argued that the critical mechanical property in each case is controlled 

by features having a length scale ~ 1 µm. 

 

[WN2] (Invited speaker) On the Use of Composition Gradients to Control Localized Shear Fracture 

Hamid Azizi (McMaster University) with Xiang Wang and Hatem Zurob 

A medium carbon steel was partially decarburized to create a compositionally graded material consisting 

of a surface layer with 0.1 wt%C and a core with 0.4 wt%C.  The graded material was heat-treated to 

produce martensite and subsequently cold-rolled in the as-quenched state.  Localized shear bands 

developed within the core region during the rolling process.  The shear bands did not, however, 

penetrate the outer decarburized layer.   In this way, it was possible to roll 0.4 wt%C martensite, in the 

as-quenched state, to an equivalent strain of 2.4.  Annealing of the graded material resulted in a 

bimodal structure with nano-scale grains within the shear bands and micron-scale grains elsewhere.  

The detailed microstructure evolution during cold-rolling and annealing of graded martensite will be 

discussed in this presentation. 

 
[WN3] Effect of Microstructure and Particle Population on Void Damage Evolution in Complex Phase 

Steel 

Hayley Scott (Queen's University) with Keith Pilkey, Doug Boyd 

In recent years, increasing demand for fuel efficient vehicles has driven interest in the development of 

Advanced High Strength Steels (AHSS) for use in automotive components. The superior strength of these 

materials allows for the manufacture of thinner parts, improving vehicle fuel efficiency through weight 

reduction. However, this increase in strength is often accompanied by a decrease in ductility, resulting in 

damage-related failure during forming processes such as stretch flanging. Damage development in AHSS 

is influenced by several factors including second-phase particle populations and hardness deviation 

between phases. The significance of these factors varies between different types of AHSS, with little 

known about damage development in Complex Phase (CP) steel.  

In the current study, damage development in a grade of CP steel is studied through microcomputed 

tomographic (microCT) imaging of deformed hole tension specimens. Differences in void damage 

development are summarized for a set of industrially produced materials; however, these commercial 

materials vary substantially in their microstructures and second phase particle populations. In order to 

separate the influence of the particle population from that of the matrix microstructure, hole tension 

tests have been conducted on samples of industrially produced material which have been heat treated 

to produce a uniform ferritic microstructure. Differences in void damage development observed 

between these specimens are presented and related to differences in particle population. 
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Modelling and Simulation of Materials’ Structure and Properties III 
Session Chair: Kuiying Chen 

Wednesday, 3:40-5:20 - SITE Room G0103 
 

[WO1] (Invited speaker) Modeling Complex Phase Transformations in Solidification Phenomena Using 

The Phase Field Crystal (PFC) Methodology 

Nikolas Provatas (McGill University) 

This talk begins by introducing a class of density functional theories that employ both short and long 

range, rotationally invariant, multi-point particle correlations. Collectively, these models capture and 

extend the physics of past structural phase field crystal (XPFC) models. This allows for a progression of 

complex materials phenomena to be studied, ranging from pressure-induced phase transitions between 

vapor, liquid and solid phases to polycrystalline solidification and defect evolution in both complex 

metallic and non-metallic 2D solids. Results from three recent studies conducted using this new class of 

XPFC models will be presented. The first examines solidification shrinkage and cavitation in confined 

liquid volumes in late stage solidification. The second examines electromigration in metallic 

interconnects, focusing of stress buildup during confinement and void formation at grain boundaries 

and triple junctions.  The third case study examines the growth and defect structures in polycrystalline 

graphene on 2D surfaces. 

 

[WO2] Modeling Carrier Transport at Photocatalytic Semiconductor-Liquid Junctions 

Asif Iqbal (McGill University) with Kirk H. Bevan 

Photoelectrochemical (PEC) devices capable of converting sunlight into solar fuels hold out the promise 

of a renewable energy economic paradigm.   However, in order to systematically engineer PEC devices, 

several key scientific questions need to be addressed: in particular, the carrier transport process from 

semiconductor materials, where electron-hole pairs are generated by incident sunlight, to the liquid 

environment. In this work we attempt to address different phenomena driving water splitting at 

semiconductor liquid interfaces within the context of a mesoscopic drift-diffusion model.  Our approach 

is based on the coupled solution of Poisson equation and current continuity equation, commonly used 

by the solid-state community. In general, the results of this work are intended to drive the development 

of comprehensive engineering tools for the optimization of photocatalytic performance. 

 

[WO3] Location and quantitative evaluation of impact fatigue defect in metallic component with eddy 

current thermography 

Bahador Bahramimianrood (Sichuan University) 

Impact fatigue damage in metallic component will lead to changes of heat conduction and resistivity of 

material due to the change of material microstructure and stress distribution. If high frequency eddy 

current applied to an impact fatigue damaged component, it will cause localized changes in the induced 

eddy current flow due to non-uniform material characteristics. This paper presented an eddy current 

stimulated thermography approach to inspect and evaluate impact fatigue damage in metallic material. 

The inspection system and image process were introduced in detail.  
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According to principle of the change of thermal conductivity and resistivity caused by plastic 

deformation due to impact fatigue damage, the image sequences were analyzed to locate and 

quantitative evaluate damages in the sample. The results showed that impact fatigue damage of 

metallic components can be identified quickly and detected qualitatively by using eddy current 

thermography." 

 

[WO4] Annealing-Detwinning due to Thermal Fluctuation of Incoherent 

Hao Sun (University of Toronto) 

High strength and high ductility are two major desirable goals for metal and alloy. Most traditional 

strengthening techniques, such as grain size refinement in nanocrystalline metal, can introduce high 

strength but with the cost of losing ductility. This strength-ductility trade-off can be overcome by the 

introduction of ultra-fine twin boundaries in polycrystalline metal. Ultrafine growth twins are common 

microstructure in chemical vapor deposited Nickel metal, but with low thermal stability. Due to the 

limitation of the experiments, computational simulation is the only possible method to study the 

atomistic migration of thermal detwinning. We used atomic-scale simulations to validate detwinning 

through the migration incoherent twin boundary. The driving force for detwinning is found to be 

dependent on the length and density of the incoherent twin boundary. The remaining dislocation 

structures after detwinning are attributed to the interaction between the incoherent twin boundary and 

the pre-existing dislocations.  

 

 

 

6:30 p.m. Evening Event- Boat Cruise & Dinner 
  Ticket required 
  Location: Ottawa Locks (between Parliament Hill and the Chateau Laurier Hotel) 

 1 Canal Ln, Ottawa 
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TECHNICAL PROGRAM – THURSDAY, JUNE 22, 2017 
 

Metal Chemistry Award Lecture 

Thursday, 8:10-8:55 - SITE Room B0138 
 

[K2] Micro- and Nano-Electrochemical Measurement Techniques in Corrosion Research 

Frank Cheng, University of Calgary 

 

Corrosion of metals is electrochemical in nature. Various electrochemical techniques provide one of the 

most promising methods for corrosion research. These include potentiodynamic polarization, 

electrochemical impedance spectroscopy (EIS), linear polarization resistance (LPR), etc. However, 

conventional electrochemical measurement techniques suffer from the incapability (or limited 

capability) of investigating the corrosion reactions and processes occurring at a “small” spatial 

dimension. However, in reality, the failure of engineering structures are usually resulted from localized 

corrosion occurring at micron or even sub-micron scales. 

This talk introduces two types of micro-electrochemical techniques, i.e., localized EIS (LEIS) and scanning 

vibrating electrode technique (SVET) and one type of nano-electrochemical technique, i.e., 

electrochemical atomic force microscopy (ECAFM), which enable investigations of corrosion and 

dissolution events at tens of micron and nanometer scales, respectively. The covered research topics 

include metallurgical micro-electrochemistry, local electrochemical dissolution of steels at crack-tip, and 

localized corrosion at coating defects, which are in the range of micro-corrosion. For nanoscale 

corrosion (or dissolution), the ECAFM has been used to characterize preferential dissolution of pipeline 

steels at nanoscale surface finishes, nanoscale features of passive films, and the initiation of pitting 

corrosion under biofilms. It is anticipated that the talk casts a flash to use various advanced micro- and 

nano-electrochemical measurement techniques, enabling us to understand the corrosion phenomenon 

at a more mechanistic level. 

 

 

Electronic, Optical, Magnetic Materials and Properties I 
Session Chair: Ali Nasiri 

Thursday, 9:00-10:40 - SITE Room B0138 
 

[TA1] Picosecond laser rendered plasmonic colours on metals 

Jean-Michel Guay (University of Ottawa) with Antonino Calà Lesina, Guillaume Côté, Joshua Baxter, 

Graham Killaire, Lora Ramunno, Pierre Berini, Arnaud Weck  

We report the creation of full angle-independent palette of colours on a number of metals by the use of 

two coloring methods: burst and non-burst. The colours are rendered by plasmonic effects arising from 

the random nanoparticle distributions induced by picosecond laser exposure. For silver, each Hue value 

using the non-burst method is observed to be linked to a unique total accumulated fluence. For burst, a 

significant increase in the color Chroma values by up to ~70% is observed. Finite-difference time-domain 

computations carried out on a high-performance computing system identify the role of each 

geometrical parameter leading to understanding of color formation. Absorptive plasmonic resonances in 
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heterogeneous nanoclusters are found to be key in the color formation. In the case of burst colors, the 

formation of laser-induced periodic surface structures, in unison with the nanoparticles, is shown to 

augment the resonance absorption due to field enhancement located in the structures. We also 

simultaneously report the angle-independent coloring of pure gold with colors covering the entire 

spectral and extra-spectral region.   

 

[TA2] Size dependent photovoltaic performance of vertically aligned nanorods in dye-sensitized solar 

cells 

Irfan Ahmed (Government Post Graduate College KPK Pakistan) with Azhar Fakhruddin, Mohd Hasbi Ab 

Rahim, Rajan Jose 

One dimensional metal oxide nanostructures such as Nanorods (NRs), nanowires (NWs) and Nanofibers 

(NFs) are one of the successful photoanodes materials for dye sensitized solar cells (DSSCs) owing to 

their superior charge transport properties.  In the present study, we grow TiO2 NRs on a conducting 

glass substrate via hydrothermal process and study the effect of processing time on their morphology.  

We note that the length and diameter of NRs increase with increasing processing time. The DSSCs 

fabricated using these NRs as a photoanode material showed a direct correlation: photocurrent and 

photovoltage increase directly with increasing NRs thickness and also the incident photon to current 

conversion efficiency (IPCE). The enhancement in JSC is attributed to the enhanced dye-loading for NRs 

with higher length. However, a reduction in fill factor and electron lifetime is observed, that decreases 

from 48 ms to 10 ms, due to enhanced charge recombination when the NRs length is increased beyond 

a threshold (2 micron).  Our study provides insights for developing highly efficient DSSCs using one-

dimensional photoanode materials.  

 

[TA3] Nanowire-Phosphor Heterojunctions for Novel AC Electroluminescent Devices 

Siwei Ma (McMaster University) 

AC electroluminescent (ACEL) devices are a proven technology for application in flexible lighting sheets 

or strips.  The attraction of ACEL devices is the result of their scalability to large areas and their ability 

for production at low cost and with a simple printed, powder-based manufacturing process.  However, 

the high driving voltage and brightness degradation over time limit the development of sulphide-based 

ACEL devices in commercial applications. In our project, we proposed a novel structure of an oxide ACEL 

device, which incorporates aligned ZnO nanowires grown on a Zn2GeO4:Mn EL phosphor substrate.  

This nanowire-based ACEL device is expected to possess a more ideal drive voltage response including a 

well-defined threshold voltage, as well as higher brightness and longer lifetime, eventually to break the 

‘bottleneck’ in current ACEL technology. Herein we first present the growth of density-controlled and 

aligned ZnO nanowires on a polycrystalline Zn2GeO4:Mn ceramic substrate which differs significantly 

from the smooth silicon or sapphire substrates used in previous ZnO nanowire work.  Furthermore, we 

have shown that the size, position, and density of the nanowires on the phosphor substrate can be 

readily controlled by adjusting the experimental conditions during chemical vapor deposition synthesis. 

Aligned ZnO nanowires with controlled density are required to form stable nano-heterojunction 

structures between the nanowires and the phosphor substrate, resulting in a significantly enhanced 

electric field near these nano-heterojunctions. As a result, electrons in the Zn2GeO4:Mn phosphor 
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material acquire sufficient energy from the strongly localized electric field and then emit photons during 

the radiative recombination process. 

 

[TA4] First Principles Study on the Structure, Electronic and Optical Properties of MoS2/AlN Hybrid 

Bilayer  

Vipin Kumar (S. V. National Institute of Technology, Surat, INDIA) 

The first principles investigation on the structural and opto-electronic properties of heterobilayer 

MoS2/AlN has been performed using plane wave pseudo potential method under density functional 

theory. A direct band gap of 0.96 eV is found for the MoS2/AlN bilayer system. The calculated physical 

parameters of MoS2/AlN are noticed to be very close to bulk MoS2 and compare well with existing 

other theoretical results. The calculated projected density of states (PDOS) may be useful for 

understanding the nature of band gap. The optical properties of the MoS2/AlN layer such as dielectric 

function, reflectivity R(ω), absorption coefficient I(ω), energy-loss spectrum L(ω), and the refractive 

index n(ω) are calculated for parallel polarizations.  

 

 

Nuclear and High Temperature Materials II 

Session Chair: Taylor Robertson 

Thursday, 9:00-10:40 - SITE Room H0104 
 

[TB1] Diffusivity of Hydrogen Isotopes in Zirconium alloys interpreted with the Einstein flux equation 

Glenn Mcrae (Carleton University) with C.E. Coleman, H.M. Nordin 

Deuterium diffusion profiles comprising measures of concentration, temperature, time and distance 

inbound from a deuteride surface layer were regressed to a diffusivity relation using the Einstein flux 

equation. Diffusion of deuterium in the three principal directions of anisotropic Zr-2.5Nb showed no 

statistical differences; any effect of discontinuous beta-phase on diffusion is within the 20% scatter seen 

for diffusivity values. Consequently, a single diffusivity relation for hydrogen isotopes in zirconium alloys 

was determined by combining diffusivities from this study and previous work for protium, deuterium, 

and tritium, in Zr-2.5Nb and Zircaloy. 

 

[TB2] Investigation of gamma prime precipitation kinetics in a nickel-based superalloy 

Christina Maria Katsari (McGill University) with Denzel Guye, Hanqing Che, Stephen Yue 

Superalloys have been used for many years in the aerospace industry due to their excellent performance 

in high temperature and high stress environments. The microstructure of the nickel based superalloy, 

Rene 65, was examined after various heat treatments in order to determine the size and volume fraction 

of the precipitates, with the goal of quantifying the kinetics of precipitation. The main precipitate that 

was examined was the gamma prime phase (γ’) [Ni3 (Al,Ti)], which or largely determines the mechanical 

properties of the alloy. The γ’ was found to form in three different sizes; primary, secondary and 

tertiary. The differences in the volume fraction and morphology of each precipitate type was noted and 
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the effect of the precipitates on hardness was measured. The relationship between heat treatment, 

precipitates and hardness will be discussed. 

 

[TB3] Mechanically-Assisted Gaseous Addition of Hydrogen to Zirconium Pressure Tubes 

Scott Langille (Carleton University) with C. St. Louis, G.A. McRae, C.E. Coleman, H.M. Nordin, L. Corrigal 

During service in a nuclear reactor, fracture properties of zirconium components may decline because of 

ingress of hydrogen isotopes, and neutron irradiation. Delayed Hydride Cracking (DHC) may be initiated 

if hydrogen concentrations exceed critical values at flaws under tension. DHC has been responsible for a 

number of failures of zirconium components in chemical plants, fuel sheaths in Pressurized Water 

Reactors (PWRs) reactors, and pressure tubes in CANDU reactors. Support for continuing safe operations 

requires testing at expected end-of-life hydrogen concentrations. In addition, for nuclear applications, 

testing needs to be performed on material containing irradiation damage. Thus, methods are being 

developed to add hydrogen to ex-service pressure tubes in a manner that does not affect irradiation 

damage. The challenge is to add hydrogen homogeneously to Zr-2.5Nb pressure tubes to the projected 

end-of-life hydrogen concentration of 140 ppm without exceeding 350 °C. The terminal solid solubility 

for hydride dissolution (TSSD) at 350 oC is 105 ppm, which is interpreted as the limit for hydrogen 

concentration under isobaric, isothermal conditions. This work demonstrated a ‘mechanically-assisted’ 

gaseous hydrogen addition technique in which zirconium hydride powder is decomposed under 

isothermal and isobaric conditions into hydrogen that is absorbed into the metal. Hydrogen was added 

to a Zr-2.5Nb micro pressure tube fabricated to CANDU specifications to raise the concentration from XX 

ppm to 146 ppm at 350 oC in seven days. Hydrides were seen to be uniformly distributed throughout 

the pressure tube cross-section. 

 

[TB4] MCrAlY Coatings Cold Sprayed Using Nitrogen: Isothermal Oxidation Behaviour 

Deliang Guo (University of Ottawa) with Bertrand Jodoin 

Commercial available MCrAlY powder (NiCoCrAlTaY) was deposited onto a substrate of nickel-based 

single-crystal superalloy (CMSX-4) using cold gas dynamic spray (CGDS or simply cold spray) technique. 

Nitrogen was selected as process gas and powder-feeding gas in an effort to replace the more expensive 

helium. Fully dense (porosity < 0.5%) MCrAlY coatings with smooth surface finish and minimum oxides 

content were successfully accomplished. The mechanism of coating built-up was discussed by means of 

multiple single-splat sprayings. Partial dissolution of β-phase was observed in both the as-sprayed 

coating and the recycled powder, which are attributed to the high-velocity impact of the deposited 

particles and the shot-peening effect of the bouncing-off particles during cold spray. 

Isothermal oxidation examination of the coatings shows that a continuous thermal grown oxide (TGO) 

layer composing of α-Al2O3 has been formed after 1h oxidation at 1100°C. No evidence of other types 

of Al2O3 or other oxides can be observed. A β-phase depletion zone is observed near both the top and 

the bottom regions of the MCrAlY coatings. Longer oxidation tests present evolutionary thickening of 

TGO scale and reduction of β phase content. It is found that the β phase is completely depleted 

throughout the coatings after oxidation duration between 50h and 100h. Nevertheless, the presence of 

aluminum in the matrix (γ phase) of the coating is sufficient to maintain the TGO in the form of α-Al2O3. 

The normally observed spinel oxides after β-phase depletion in literatures are barely seen in this study, 

even after the longest oxidation duration. 
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[TB5] The Terminal Solid Solubility of Hydrogen in Zirconium as a Function of Pressure 

Leigh Corrigall (Carleton University) with C.A. Coleman, G.A. McRae 

The terminal solid solubility of atomic hydrogen inside zirconium metal apparently depends on the 

pressure of hydrogen gas outside. The gas was produced outside of the metal from the thermal 

decomposition of zirconium hydride under load. Solubility is expected to vary with pressure according to 

Sievert’s Law, but solubility limits are not. We found an apparent solubility limit that increased with 

applied pressure, by over 100% for pressures of 140 MPa. The implications for zirconium alloys used as 

pressure boundaries for high-temperature water will be discussed. 

 

 

Mechanical Behaviour, Performance and Properties V 
Session Chair: Hatem Zurob 

Thursday, 9:00-10:40 - SITE Room A0150 
 

[TC1] Grain orientation effects on void growth in titanium: three-dimensional experiments and crystal 

plasticity simulations 

Marina Pushkareva (University of Ottawa) with Federico Sket, Javier Segurado, Javier Llorca, 

Mohammed Yandouzi, Arnaud Weck 

The main research objective of this project is to better understand the mechanisms governing fracture 

in commercially pure (CP) titanium. In particular, the effect of grain orientation on void growth is 

investigated. The fracture process of CP titanium was visualized in model materials containing artificial 

holes. These model materials were fabricated using a femtosecond laser coupled with a diffusion 

bonding technique to obtain voids in the interior of titanium samples. Diffusion bonding was carried out 

below the phase transformation temperature. An experimental approach was developed to directly 

relate the growth of a void to its underlying grain orientation. This is achieved by first annealing CP 

titanium samples below the α-β phase transformation temperature, then performing electron 

backscatter diffraction (EBSD) and finally diffusion bonding the samples together. Changes in void 

dimensions during in-situ straining were recorded in three dimensions using x-ray computed 

tomography. Samples were then tested in x-ray tomography. This study showed the importance of the 

local state of strain on void growth. Crystal plasticity simulations that take into account the particular 

grain orientation and the local state of strain were found to predict well experimental void growth. 

Crystal plasticity simulations confirmed that the orientation of the void-containing grain is more 

important than the orientation of surrounding grains and more important than the volume fraction of 

voids, in order to determine void growth.  

This project on the growth of voids is important to validate and improve the predictions of ductile 

fracture models and to design new materials with improved fracture properties. 
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[TC2] Effect of alloy composition on hot deformation behavior and microstructure evolution of select 

Al-Mg-Si alloys 

Daniel Odoh (University of Waterloo) 

The hot flow stress behavior of three different Al-Mg-Si alloys was determined by performing hot 

deformation compression tests on a Gleeble 3500 thermomechanical simulator over the temperature 

range 400 oC to 550 oC and at strain rates from 0.01 s-1 to 10 s-1.  Using the hyperbolic sine equation 

model, constitutive parameters for prediction of the hot flow stress behavior of these different alloys 

were determined. The effect of Chromium (Cr) addition and increased Mg-Si content on the constitutive 

parameters and strain rate sensitivity m was determined. For deformation at low strain rates and high 

temperatures, the alloy containing 0.2 wt % Cr exhibited higher average steady flow stress than the alloy 

with equal Mg-Si content and no Cr addition. However, both alloys displayed comparable average flow 

stress values at higher strain rates. The activation energy and average flow stress were observed to 

increase with increased Mg-Si content. The increase in Mg-Si content was discovered to also result in 

reduction of the strain rate sensitivity parameter. The effect of alloying elements on grain structure of 

deformed samples was studied using optical microscope. Alloys containing 0.2% wt Cr content exhibited 

a fibrous grain structure that was difficult to recrystallize due to the large number of dispersoids.  

 

[TC3] Effect of Vanadium Addition on Deformation and Fracture Behavior of DP1200 Dual Phase steels 

Linfeng Zhou (McMaster University) with Jidong Kang 

Advanced high strength steel (AHSS) is one of the lightweight material solutions in response to the 

stringent regulation on fuel economy and greenhouse gas emissions in the automotive industry. Dual-

phase (DP) steels that consist of a hard martensite phase embedded in a soft ferrite matrix are the most 

widely used AHSS due to their simple microstructure, robust thermo-mechanical processing and 

attractive mechanical properties. However, DP steels are prone to deform heterogeneously with strong 

strain partitioning between phases. The addition of Vanadium in DP steels can form nano-precipitates of 

vanadium carbide (VC) that strengthen the ferrite and thus reduce the strain partitioning. This paper 

presents the influence of VC on the deformation and damage behavior of ferrite-martensite DP1200 

steels at the microscopic level. In-situ uniaxial tension tests were conducted on DP steels with similar 

martensite volume fractions within a scanning electron microscope (SEM) chamber. Microscopic-digital 

image correlation (µDIC) was then employed to analyze the local strain partitioning between ferrite and 

martensite. Local damage events such as void formation at ferrite martensite island interfaces and in the 

martensite islands were observed and rationalized with the µDIC results. 

 

[TC4] Study on mechanical properties and fracture morphology of extruded Al-Mg-Si alloys 

Daniel Odoh (University of Waterloo) with Mary Wells, Yahya Mahmoodkhani 

The mechanical property evolution and fracture behavior of Al-Mg-Si alloys containing various amounts 

of Mg (0.5 to 0.9 wt %) and Si (0.5 to 0.6 wt %) as well as with or without 0.2 wt % Cr addition were 

studied in this work. Cylindrical homogenized billets of the identified Al-Mg-Si alloys were extruded into 

strip profiles at temperatures of 480 oC, 500 oC and 520 oC. Tensile samples were extracted from the 

extruded strip profiles along the extrusion direction and solutionized at 540 oC for 40 mins prior to aging 

at 185 oC for 3, 5 or 8 hours to T6 condition. Also, some samples were aged directly to T5 condition at 

specified ageing temperature and durations without prior solutionizing. The influence of alloy 
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composition and extrusion temperature as well as ageing condition on mechanical properties of the 

investigated Al-Mg-Si alloys were determined by performing quasi-static tensile test at 0.1 s-1 on the 

heat treated tensile samples. The hardness of the extruded profiles in T4 (naturally aged) and T5 

conditions was observed to increase with increasing extrusion temperature but independent of 

extrusion temperature in the T6 condition. In the T4 condition, the alloy with higher Mg-Si content and 

0.2 wt % Cr exhibits higher tensile strength but lower ductility in comparison with other alloys. However, 

in the T6 condition; alloys containing 0.2 wt % Cr were observed to possess higher ductility in 

comparison with the alloy without Cr. Examination of fracture surface of T5 and T6 samples by SEM 

microscope indicates that Cr containing alloys exhibit transgranular fracture morphology while the alloy 

without Cr exhibits a dimple intergranular fracture surface filled with micro-voids.   

 

[TC5] Effects of Cu on the work-hardening, strain-rate sensitivity, and formability of Al-Mg-Si-Cu alloys 

Michael Langille (Constellium/Grenoble-INP, France) 

The drive for a reduction in carbon emissions in passenger vehicles has led to a need for lighter-weight 

materials. As a result, many automotive manufacturers have replaced or are considering replacing 

denser steels to lighter, but less-ductile, aluminum alloys. The formability of aluminum alloys is believed 

to be directly related to the work-hardening and strain-rate sensitivities of the alloy at strains near 

failure. However, certain microstructural features, such as retained solutes in solution, have been shown 

to increase work-hardening, while simultaneously decreasing the strain-rate sensitivity of the alloy, thus 

resulting in little change to the formability. This work investigates the role of Cu on the formation of 

clusters from the solid solution in age-hardenable Al-Mg-Si-Cu alloys and its relationship to the work-

hardening and strain-rate sensitivity to better understand how to optimize the formability of these 

alloys. 

 

 

Modelling and Simulation of Materials’ Structure and Properties IV 
Session Chair: Kuiying Chen 

Thursday, 9:00-10:40 - SITE Room G0103 
 

[TD1] (Invited speaker) Application of Thermodynamic Databases for Virtual Steelmaking Plants 

In-Ho Jung (McGill University) 

The main purposes of steelmaking process are refining, alloying, homogenizaiton of chemistry and 

temperature of molten steel, and control of non-metallic inclusions. In order to acheive these goals, 

many different unit processes are carried out in proper sequnce at the temperatures between 1500 to 

1700 oC. During such processes, complex chmeical reactions between molten steel, molten slag (liquid 

oxide solution), refractories (solid oxides), non-metallic inclusions (solid or liquid oxide or oxysulfides) 

and gas phases are involved. Therefore, the controlling of such chemical reactions is key technology to 

produce the best quality liquid steel. With the advance of computational simulation technology, many 

steelmaking companies aim to develop accurate process simulation tools. Over the past 10 years, our 

group in McGill University has developed (1) thermodynamic databases, (2) physical property databases 

such as viscosity, electrical conductivity, molar volume, etc. and (3) various steelmaking process 



CMSC 2017 
 

   
                        46 

simulaiton models, with long term support from many steel producers around the world. Overview of 

the current stage of the state-of-the-art steelmaking process simulation models will be presented. 

 

[TD2]  Molecular Dynamics Study of Influence of Structural Al and Si Vacancies on the Dissolution of 

Kaolinite (001) Surface in Alkali Media 

Zeinab Naderi Khorshidi (University of Alberta) with Xiaoli Tan, Qi Liu, Phillip Choi 

The geopolymerization process proceeds in two steps.  It starts with the dissolution of aluminosilicates 

source materials in an alkali solution followed by the polymerization of the dissolved aluminate and 

silicate oligomers to form an amorphous geopolymer.  It is generally accepted that the properties of the 

resultant geopolymer is greatly determined by the oligomers formed during the dissolution step.  

Kaolinite is a commonly used aluminosilicate source material for the geopolymerization process.  In 

several studies, it has been shown that the (001) plane is the most active sites of the kaolinite; 

therefore, the initial stage of dissolution process that takes place at its two basal surfaces (partially 

deprotonated octahedral and tetrahedral) in alkali media is of main interest.  In reality, point defects, 

particularly vacancies, are abundantly existent in the structure of clay minerals, which significantly 

influence the physical/chemical characteristics of the minerals. The presence of vacancies in kaolinite 

structure facilitates the dissolution of kaolinite in alkali solution.  Accordingly, in the current research, a 

series of molecular dynamics (MD) simulations were conducted in the isothermal-isobaric (NPT) 

ensemble at 298 K and 1 atm to study the influence of structural vacancies (i.e., Al and Si vacancies) on 

the dissolution of two basal surfaces of kaolinite in alkali media.  Two different alkali media containing 

sodium cation (Na+) and potassium cation (K+) were modeled at 3 M and 5 M concentrations. The MD 

results showed that there exists a maximum in the release of aluminate groups to the solution as a 

function of the concentration of Al vacancies on the octahedral surface.  On the other hand, the 

presence of Si vacancies in the tetrahedral surface did not show significant effect on the release of 

silicate groups to the solution.  However, such Si vacancies increase in the adsorption of alkali cations to 

the tetrahedral surface.  Radial distribution function and structural analyses indicated that the 

crystallinity of the octahedral surface of kaolinite decreased as the number of Al vacancies increased. 

 

[TD3] Nanovoid growth under different mechanical and thermal constraints 

Zengtao Chen (University of Alberta) with Yi Cui 

Molecular Dynamics (MD) simulations under different mechanical and thermal constraints are carried 

out with a nanovoid embedded inside a single-crystal, face-centered-cubic copper. The dislocation 

emission angles measured from MD plots under low-temperature, uniaxial-strain simulation are in line 

with the theoretical model. The dislocation density from simulation is qualitatively consistent with the 

experimental measurement in terms of a saturation feature. The “relatively farthest travelled-atoms”, a 

newly created idea, are employed to reflect the correlation between the dislocation structure and the 

void growth. At a smaller scale, the shear dislocation curves on the slip plane contribute to the local 

material transport. At a larger scale, the dislocation structures formed by those shear curves further 

facilitate the growth of nanovoid. Compared to the uniaxial-strain case, the void growth under the 

uniaxial-stress is very limited. The uniaxial-strain loading results in an octahedral void shape. The 

uniaxial-stress loading turns the nanovoid into a prolate ellipsoid along the loading direction. 
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[TD4] Electrical Stressing Induced Monolayer Vacancy Island Growth on TiSe2 

Salvador Valtierra Rodriguez (McGill University) with Husong Zheng, Nana Ofori-Opoku, Chuanhui Chen, 

Lifei Sun, Liying Jiao, Kirk H. Bevan, Chenggang Tao 

We present a phase-field model for the microstructural evolution of a void which displays non-linear 

growth when the area is plotted against the time as observed in recent experiments. The phase-field 

model is an extension of a previous model that describes bulk diffusion limited growth due to the 

presence of excess vacancies in the solid. This model is modified to describe the anisotropic non-linear 

growth of a void observed on the surface of TiSe2 during the scanning of the surface using a scanning 

tunneling microscope. We focus mainly on the dynamics and microstructural evolution of the system. It 

is claimed that the model captures the basic behavior of vacancy generation at the interface of the void 

by adding a source term that preferentially generates vacancies at the interface and a mobility term that 

reproduces surface-diffusion to treat the vacancies in the solid as near immobile while the vacancies at 

the interface have higher mobility due to the presence of the void which lowers the migration barrier. 

 

 

Electronic, Optical, Magnetic Materials and Properties II 
Session Chair: Zengtao Chen 

Thursday, 11:00-12:00 - SITE Room B0138 
 

[TE1] Enhanced photoluminescence of Ce:YAG nanophosphors via annealing with aluminum oxide 

scaffolding 

Sam Peter (McMaster University) 

Conversion of blue light to yellow-green by cerium-doped yttrium aluminum garnet (Ce:YAG) phosphors 

has become the industry standard for solid-state white lighting when paired with an InGaN LED. 

Nanophosphors offer the benefit of reduced optical scattering over currently used micron-sized 

powders, improving outcoupling and therefore device optical efficiency. Photoluminescence of Ce:YAG 

is directly related to the crystal quality, which is significantly  improved by heat treatments well above 

1000 ºC. However, due to the high surface energies of nanoparticles, annealing at these temperatures 

invariably leads to undesirable aggregation and grain growth. A three step approach is proposed to 

overcome this. First, a precursor solution of nanoparticles (97.07  0.46 nm) containing YAG and 

boehmite phases is synthesized by the glycothermal method. Next, the nanoparticles are calcined up to 

1200 ºC in a porous matrix of aluminum oxide formed via the sol-gel method, whereas previous 

approaches using a matrix of silica are limited to calcination at 1000 ºC due to the formation of 

aluminosilicates. Lastly, the alumina matrix is wet etched to recover an aqueous dispersion of fully 

crystallized Ce:YAG nanoparticles. Yttrium oxide and alumina exhibit no stable phases beyond the 

stoichiometric composition of YAG. This approach provides a new pathway to synthesize nano-sized 

phosphors at optimal crystallization temperatures in the range of 1200 ºC. Optimum etching 

parameters, colloidal stability, further particle size analysis, as well as the resulting photoluminescence 

of the annealed nanoparticles will be reported in detail.  

 

 



CMSC 2017 
 

   
                        48 

[TE2] Polymer Embedded AC-coupled LED Assembly 

Weiwei Zhao (McMaster University) 

This work presents a novel polymer embedded flexible assembly to enable a wireless AC powered Light 

Emitting Diode (LED) pair. Though the LED is widely used today, however, the traditional method of 

applying electrical power to LEDs requires soldering and wire bonding, limiting the miniaturization and 

cost-effective deployment of LED in products such as flexible lighting sheets and displays.  In this work, 

LED chips are embedded in epoxy platelets to yield two reverse-parallel-connected LED chips.  Via the 

capacitive coupling of a BaTiO3/epoxy composite, the final assembly eliminates the need for a direct 

electrical connection to the dual LEDs and the LEDs get their power through an insulating dielectric layer 

when using a standard AC source.   The formation of the structure requires careful control of the wetting 

behavior of an epoxy polymer on silicone support layers.  In addition, gold sputtering is shown to reduce 

porosity of the epoxy matrix down to an acceptable level, while the surface energy of the polymeric 

surface is suitable for Indium Tin Oxide to be deposited at room temperature.   Details of the fabrication 

steps will be explained.  The innovative package of this LED platelet enables future low cost printed 

assembly and is promising in enabling large numbers of dual LED platelets to be assembled without 

electrical connections in a high-density sheet or strip. 

 

 

Ferrous and Non-Ferrous Alloys, Polymers, Ceramics and Composites I 
Session Chair: Bertrand Jodoin 

Thursday, 11:00-12:00 - SITE Room H0104 
 

[TF1] Materials for Surface Modifying Macromolecules: Their synthesis, characterizations and 

applications for environment and energy 

Dipak Rana (University of Ottawa) with T. Matsuura 

Surface modifying macromolecules (SMMs) can be used to modify the surface of nano-porous materials 

by incorporating them into the host polymeric material matrix. The purpose of the material fabrication 

process is for the SMMs to migrate to the materials surface to lower the surface energy as well as to be 

concentrated at the surface of the material. A phase inversion process is done without any additional 

surface modification step in order to modify a materials surface. SMMs can be hydrophilic, hydrophobic 

or charged depending on the properties of the end-capping agents and their functional groups. The 

characterization of various SMMs and their synthesis will be discussed. SMMs have been found in many 

different applications in environmental separation processes. This address includes treatment of Ottawa 

river water, reduction of bio-fouling by silver (Ag) incorporation, removal of endocrine disrupting 

compounds (EDCs), and pharmaceuticals and personal care products (PPCPs), seawater desalination by 

membrane distillation, and applications in renewable energy, mainly direct methanol fuel cells, H2/O2 

fuel cell, etc. 

 

[TF2] Continuous reactor hydrolytic synthesis of mixed-phase nano-TiO2 particles and their 

application in photocatalytic water decontamination 

Konstantina Chalastara (McGill University) with George P. Demopoulos 
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Mixed three-phase TiO2 nanoparticles were synthesized using a green hydrolysis process operating at a 

steady state in a continuously stirred tank reactor, CSTR. A feed aqueous solution of TiCl4 of various 

concentrations is used at 80◦C. Synthesized nanoparticles with brookite, anatase and rutile in different 

percentages were characterized and tested as photocatalysts. To evaluate the photocatalytic activity, 

the degradation rate of a model organic compound, methyl orange (MO), under UV light irradiation was 

investigated. The extent of degradation reaction was monitored by UV–Vis spectroscopy analysis as 

samples collected at different times. Homemade TiO2 nanoparticles with composition 80% brookite and 

20% anatase did show equivalent photocatalytic activity to commercial powder titania Evonik P25 

photocatalyst (approximately 75% anatase-25% rutile).  

The TiO2 nanoparticles were characterized by a wide range of techniques, including XRD and Raman 

spectroscopy to identify their nanocrystal structure. BET adsorption/desorption isotherms demonstrate 

a mesoporous material that follow the type IV, IUPAC isotherms. SEM and TEM analyses show 

morphology information about the lattice structure of the homemade titania and that anatase based 

TiO2 nanoparticles have a spherical shape, compared with the brookite based ones that have a nano-

platelet structure.  

Acknowledgments: This work is supported by a MEDA scholarship to K.Chalastara and a NSERC Discovery 

grant to G.P.Demopoulos. 

[TF3] Molecular Dynamics Simulations of Thermal Stability and Capacity of Carbon Dioxide Capture in 

Hydrotalcite 

Muziyuan Gao (University of Alberta) 

Abstract: Hydrotalcite (HTC) or layered double hydroxides (LDH) LDHs have a wide range of applications 

in catalysis, electrochemical sensors, wastewater treatment and CO2 capture as their ability to 

intercalate a variety of anions into interlayer. In current study, molecular dynamics simulations were 

employed to investigate carbon dioxide adsorption in magnesium-aluminum amorphous mixed oxides 

derived from layered double hydroxides. The thermal stability of LDH was first examined by heating the 

sample up to T = 1500K. Radial distribution function confirmed the structural evolution upon heating 

and those results showed excellent agreement with experiments, where periclase was the only observed 

phase after mixed oxides recrystallize using x-ray diffraction. Further, CO2 adsorption capacity was 

studied as a function of amorphous composition, where new atomistic measures have been developed 

to characterize CO2 capture capacity. We found that amorphous Mg-Al mixed oxides possess highest 

CO2 adsorption capacity when Al content is 25%, which is consistent with experiments and there exists a 

plateau of adsorption with increasing CO¬2 pressure on the surface of mixed oxides. Examination of the 

distribution of angle and distance between CO2 and mixed oxides suggested that Mg/Al ratio and CO2 

pressure have a significant influence on CO2 adsorption behavior on amorphous surface. 

Keywords: Layered double hydroxides, Molecular dynamics, carbon dioxide adsorption. 

 

 

Mechanical Behaviour, Performance and Properties VI 
Session Chair: Glenn McRae 

Thursday, 11:00-12:00 - SITE Room A0150 
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[TG1] The Effect of Heat Treatment on Microstructure and Indentation Fracture Toughness of 

75Cr3C2/25(80Ni-20Cr) HVOF Sprayed Coatings on 1018 Mild Steel 

Parvin Abachi (Sharif University of Technology, Tehran, Iran) with Tom Coyle, Reza Rahbari 

At present work, composite chromium carbide/nickel-chromium powder particles consisting of non-

metallic core and uniform layer of nickel alloy were used. Because of good heat and corrosion-

resistance, high hardness and resistance to fretting, abrasion and particle erosion, this type of powder 

could be appropriate coating material for turbine components (air seals, dampers, nozzle supports, 

valve seats, struts) and also for hot crushing rolls, forming dies, forging tools, pipes, valves, piston rods. 

In this research work, the Cr3C2/25(80Ni-20Cr) was coated on 1018 mild steel using composite powder 

and High Velocity Oxy-Fuel (HVOF) process. This process due to high impact velocity and relatively low 

temperature could be proper for spraying of wear resistant coatings. The present research focuses on 

alternative coating process which is more environmentally friendly than chromium plating. To improve 

weak inter-splats bonding and remove residual thermal stresses induced during coating process, proper 

heat treatment was performed on coated specimens. To prevent excessive oxidation, decarburization 

and probable decomposition, the inert gas was used in this stage. The thickness, microstructure, 

elemental and chemical compositions of coatings were characterized using the techniques such as 

optical microscopy, field emission scanning electron microscopy, energy dispersive X-ray analysis 

(EDAX), X-ray mapping and X-ray diffraction (XRD). The microhardness of the coating was measured by 

microhardness tester. The fracture toughness was determined by the method of fracture by indentation. 

The results clearly pointed out that 75Cr3C2/25(80Ni-20Cr) coated specimen hardness significantly 

decreases due to stress relief. On the other hand, the microstructure indicated improvement on splats 

bonding after heat treatment. The softening of heat treated coating enhanced the fracture toughness 

due to more plastic deformation of the metallic phase, which forms crack-bridging or crack deflection 

ligaments when a crack grows in the coating under applied load. 

 

[TG2] Mechanical properties of plasma sprayed mullite whisker reinforced yttria-stabilized-zirconia 

(7YSZ) 

Bingjie Xiao (Carleton University) with Suzan Bsat, Taylor Robertson, Xiao Huang  

Thermal barrier coatings (TBCs) are applied in aerospace and power generation industries to protect 

components from overheating during exposure to extremely high temperatures (>2000 ˚F). Yttria 

stabilized zirconia (YSZ) is predominantly used as a TBC because of its low intrinsic thermal conductivity, 

mechanical properties and compatibility with various bond coats. With failure of TBC systems being 

catastrophic continuous efforts to strengthen/toughen the TBC ceramic for future use are of interest. 

One method that may be used as a strengthening mechanism is the addition of a secondary phase. 

Mullite whiskers with short fiber structures have been successful at improving mechanical properties of 

ceramics. Therefore, mullite (5 wt. %) reinforced YSZ composite coatings were fabricated using plasma 

spray deposition and were compared to baseline YSZ coatings. The mechanical properties of both 

coatings were evaluated using three point bend test, indentation test and pin-on-disk test to determine 

their fracture strength, fracture toughness and wear resistance, respectively. Microstructure and 

fracture surfaces were also examined by scanning electron microscopy (SEM) and energy dispersive 

spectrometry (EDS). The incorporation of mullite whiskers to 7YSZ resulted in increased porosity and 

cracks on the fracture surface. A lack of strengthening effects was observed resulting in reduced fracture 
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toughness and wear resistance in 7YSZ-M. As mullite whiskers were observed in our previous studies to 

improve mechanical properties of sintered and plasma sprayed structures, it is believed that the 

mechanical alloying procedure used in the current work may have caused the mullite whiskers to reduce 

in size or lose its ability to debond from the 7YSZ upon loading.  

 

[TG3] HVOF sprayed coatings for the protection against cavitation erosion 

Sébastien Lavigne (École Polytechnique de Montréal) 

CaviTec® is an alloy known for its high resistance to cavitation. Under cavitation, this material exhibits a 

long incubation period before erosion starts, and low erosion rates are observed afterwards. During the 

incubation period, the material absorbs cavitation impact energy and a structural transition takes place 

in the material structure. In this work, Cavitec powders were prepared by water atomization and high 

energy ball milling to produce HVOF CaviTec coatings. Compared to the bulk alloy, the coatings exhibit a 

relatively poor cavitation resistance and no incubation period. The defects present in the coatings 

(intersplat boundaries, pores, oxides etc.) initiate cracks during erosion, and this leads to the removal of 

dense CaviTec particles. However, by milling the powder at high energy prior to deposition, the 

cavitation resistance can be improved by a factor of 2. Moreover, deposition at high velocity leads to a 

much higher cavitation resistance comparable to state-of-the-art cavitation resistant HVOF coatings. For 

instance, lower erosion rates than those of WC-CoCr HVOF coatings were achieved and longer 

incubation periods than those of Stellite-6 coatings were observed. 

 

 

Electronic, Optical, Magnetic Materials and Properties III 
Session Chair: Vladimir Pankov 

Thursday, 1:40-3:20 - SITE Room B0138 
 

[TH1] Analysis of three-dimensional coplanar elliptical interface cracks in a one-dimensional 

hexagonal thermo-electro-elastic quasicrystal bi-material 

Zengtao Chen (University of Alberta) with Huayang Dang, Minghao Zhao, Cuiying Fan 

The extended displacement discontinuity boundary integral-differential equation and boundary element 

method are employed to analyze three-dimensional coplanar elliptical interface cracks in a one-

dimensional hexagonal, quasi-crystal bi-material with both electric and thermal effects under combined 

phonon-phason-electric-thermal loading. Firstly, the fundamental solutions for uniformly distributed, 

extended displacement discontinuities applied over a constant triangular element are obtained by 

integrating the fundamental solutions for unit-point extended displacement discontinuities over the 

triangular area. Secondly, the Delta function in the integral-differential equations is approximated by the 

Gaussian distribution function to remove the oscillatory singularity near the front of interface cracks. 

Thirdly, the extended stress intensity factors without oscillatory singularities and the energy release rate 

are obtained in terms of the extended displacement discontinuities. Finally, the extended displacement 

discontinuity boundary element method is proposed to numerically simulate the multi-physical behavior 

and interaction of coplanar elliptical interface cracks. The influences of the applied loading, the material-
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mismatch, the distance between two cracks, the ellipticity ratio, as well as the size of cracks on the 

multiphysical fracture behaviour are discussed. 

 

[TH2] The Relationship between Crystallographic Texture, Magnetocrystalline Anisotropy Energy and 

Magnetic Barkhausen Noise in Non-Oriented Electrical Steels 

Mehdi Mehdi (Canmet MATERIALS/University of Windsor) with Youliang He, Erik K. Hilinski, Afsaneh 

Edrisy 

Electrical steels are soft magnetic materials that are commonly used in electric motors, transformers, 

inductors and generators as flux-carriers. For rotating machines it is important for the magnetic 

properties to be isotropic in all directions due to the varying direction of the applied magnetic field. Thus 

non-oriented electrical steels are preferred for such applications over grain oriented steel. Non-oriented 

electrical steels usually show magnetocrystalline anisotropy due to the processing procedures applied to 

form the final thin sheets, and their magnetic properties highly depend on their crystallographic 

textures. In this research the relationship between the crystallographic texture, the magnetocrystalline 

anisotropy energy, and the magnetic properties were investigated for fully processed 0.9% Si and 2.8% 

Si non-oriented electrical steels. The variation of the magnetic properties with respect to the 

magnetization direction was characterized using magnetic Barkhausen noise (MBN) method, in which 

the Barkhausen noise at various angles to the rolling direction was measured and compared to the 

calculated anisotropy parameters from the measured textures. The textures were characterized by both 

electron backscatter diffraction (EBSD) and x-ray diffraction (XRD). The MBN is strongly correlated to the 

magnetocrystalline anisotropy energy, which in turn is related to the crystallographic texture.  

 

[TH3] Granularity Effect on Magnetic Behaviour in a Bi1.84Pb0.34Sr1.91Ca2.03Cu3.06O10 

Superconductor 

Selahattin Celebi (Karadeniz Technical University, Turkey) with Ibrahim Karaca, Ali Ozturk 

It has been reported by several researchers that a peak in the magnetic flux trapped by granular type II 

superconductors is observed when plotted versus the cooling fields from TC, and versus the magnitude 

of the half cycle fields applied after zero field cooling. We report on our observations of this behavior in 

Bi1.84Pb0.34Sr1.91Ca2.03Cu3.06O10 granular samples prepared by the ammonium nitrate method. We 

also note that isothermal M-H hysteresis curves measured in low field range and high field range traces 

different curves in the vicinity of zero field providing additional information for this effect. We can 

attribute this behavior to the effect of the return magnetic field of the magnetized grains on the 

continuous intergranular critical currents induced in the sample by the application of magnetic field. We 

estimated the volume fraction of the grains fg as 0.14 from the AC susceptibility measurements to use in 

the model calculations of remnant magnetization   < M >rem including the contribution of the return 

field of the magnetized grains. 

 

 

Ferrous and Non-Ferrous Alloys, Polymers, Ceramics and Composites II 
Session Chair: Yunfa Zhang 

Thursday, 1:40-3:20 - SITE Room H0104 
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[TI1] Microstructure and texture evolution during hot rolling and annealing of micro-alloyed 

magnesium alloys 

Yang Liu (McGill University) with Jing Su, Stephen Yue 

The wrought magnesium (Mg) alloy have a strong basal crystallographic texture which can be attributed 

to the relatively poor formability at room temperature. Rear earth (RE) addition is an effective way to 

weaken the basal texture which forms during various deformation processes. While most previous 

studies on the RE containing Mg alloys employed considerable amounts (above 0.5 wt.%) of RE element, 

the current research focuses on micro-alloyed (below 0.5 wt.%) Mg-Zn alloy which contains neodymium 

(Nd), and calcium (Ca). After homogenization, the as-cast alloys were subjected to hot rolling to a total 

reduction of 44.8% in two passes at 450C and post-deformation annealing for 10 minutes to study the 

effect of micro-alloyed Nd and Ca on microstructure and texture evolution and static recrystallization 

behavior of the Mg-Zn alloys. It was found that heavily twinned structure was formed after hot rolling 

due to the suppression effect on the dynamic recrystallization of Nd and Ca and Ca addition can further 

reduce Nd usage while maintain the texture weakening effect. After annealing a non-basal texture with 

splitting poles and fiber texture component was observed in Mg-1Zn-0.1Nd-0.2Ca (wt.%) alloy which 

indicates a better formability. 

 

[TI2] Multi-Scale Examination of the Microstructure Evolution of AZ31 during multi-pass cross rolling 

Shenglong Liang (McMaster University) 

Sheet specimens of alloy AZ31 were cross-rolled to equivalent strains of 0.05, 0.10, 0.20, 0.30, 0.40, 

0.56, and 0.77. The microstructure evolution was examined using a combination of Optical 

Metallography (OM), Electron Backscattered Diffraction (EBSD), Transmission Electron Microscopy 

(TEM) and X-ray diffraction (XRD). The results revealed significant activity of basal and non-basal slip as 

well as twinning. The twins were mainly of the contraction and double-twin (contraction-extension) 

types. In addition to the micron scale (1-5μm) twins observed on EBSD patterns, nano scale twins were 

observed. The nano twins had a width of less than 0.20μm and existed either as individual/isolated 

twins or as twin bundles that are several microns thick. The number of nano twin-bundles increased 

with increasing strain. Macro-scale shear band evolution was postponed due to the repeated strain-path 

changes during cross-rolling. 

 

[TI3] Evaluation of hygrothermal effects on residual strength of CFRP composites after impact 

Thor Jodoin (Carleton University) with Jeremy Laliberte, Gabriel LaPlante 

The understanding of composite materials has grown beyond its infancy stages. Most every piece of 

literature that can be found today extols the virtues of light weight, high strength, fatigue resistance, 

tailored mechanical properties, its advantages over metal constructs, and the ever-improving drive to 

make the final product as cost effective and energy efficient to operate/maintain for the end-user. 

However, there are still concerns raised related to the use of large proportions of composite on an 

airplane structure. These concerns mainly originated from the state of the science underpinning the 

expanded use of composite materials in commercial transport category airplanes, and the lack of long 

term service experience. 
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For several years, recommended mechanical testing procedures for environmentally conditioned 

materials have existed to develop a better understanding of the material’s operational limits. 

Unfortunately, there is very limited published literature describing investigations of the combined 

effects of hygrothermal degradation and mechanical loading in aerospace composite components and 

structures. 

The research described aims to design and execute a test program that will establish the synergistic 

effects between the hygrothermal degradation, low-velocity impact, and residual strength of a 

composite laminate. It is intended to examine the synergistic relationship between degradation levels, 

impact resistance, and residual compressive strength. Preliminary trials to determine the boundaries of 

the experiment in terms of conditioning and impact testing have been conducted. A computer 

simulation model will be developed to provide an estimate, based on user-defined parameters, of the 

residual strength of a weathered composite laminate that has been subjected to an impact event. 

 

[TI4] Utilization of Wheat Bran as a Potential Industrial Resource 

Khwaja Hossain (Mayville State University, Mayville, ND, USA) with Chad Ulven, Cheyenne Durant, 

Maren Johnson, Atikur Rahman 

In recent years, the utilization of fibers from agricultural crops has emerged as a renewed interest in 

different industries because they are environmental friendly, reusable, and recyclable resource. A wide 

range of agricultural fiber products are already appearing on the market however most of these 

products are made from flax and hemp fibers. Wheat is a major cereal grain in the US and the world and 

the wheat based industry is a multibillion dollar market. Bran fraction of the wheat grain constitutes 

approximately 11% of total milling product and only 10% of bran is used as fiber supplement. Millers 

often depose of the rest of the bran product because the cost of transportation is more than its value.  

Such waste also causes potential environmental concerns. Our objectives are to use the bran fibers 

resources in various industrial applications such as a biocomposite in plastic, biomaterials in hydrogel for 

improving mechanical properties which are used in animal cell culture, and biobased 3D printing 

filament. Recently, we have analyzed the lignocellulosic components of wheat bran and studied the 

potentiality of using it as a biocomposite in plastic. In our work, we analyzed bran from different classes 

of wheat and developed techniques in treating bran to make it suitable for utilizing as biocomposite. 

Composite was prepared by compounding and molding NaOH and H2SO4-treated wheat bran with 

polypropylene matrix by varying the fiber loading rates of 10%, 20%, and 30%. The resulting composite 

are being tested for mechanical and thermal characterizations. 

 

 

Mechanical Behaviour, Performance and Properties VII 
Session Chair: Doug Boyd 

Thursday, 1:40-3:20 - SITE Room A0150 
 

[TJ1] Fingerprints of mechanical fatigue via Fourier transform of the stress response with application 

on Polystyrene (PS) 
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Valerian Hirschberg (Université Laval / Karlsruhe Institute of Technology, Germany) with Manfred 

Wilhelm, Denis Rodrigue 

In this work, the stress response of mechanical fatigue on polystyrene (PS) in oscillatory tests were 

analyzed via Fourier transform (FT) to determine fingerprints of continuous fatigue. The tests were 

performed in the solid state at room temperature using a torsion rectangular geometry and were 

followed by a video camera to visualize changes in the samples such as cracks. Large strain amplitudes 

were applied, so the stress response was nonlinear and higher harmonics can be detected in the FT 

spectra. The idea is to use higher harmonics of the stress response to analyze fatigue, to predict the 

different behaviors and to describe specific events such as crack initiation and propagation. The results 

showed that linear parameters such as storage (G’) and loss (G”) moduli are not sensitive enough to 

describe fatigue. For undamaged samples, the nonlinear parameter I2/1 (relative amplitude of the 

second harmonic) is within the noise level, but its intensity increased when (visible) defects were 

created. In addition, the intensity of I3/1 (relative amplitude of the third harmonic) increased steadily 

during a test up to a local maximum when a macroscopic crack occurs in the sample. Additionally, the 

first and second derivative of I3/1 were found to correlate with the fatigue life and the onset of cracks. 

The parameters I2/1(t), I3/1(t) and its derivatives are proposed as new criteria to detect the onset of a 

part failure under the conditions tested and can be used to better determine safety limits (partial 

damage)." 

 

[TJ2] Characterization of Bending Vibration Fatigue of WBD Fabricated Ti-6Al-4V 

Benjamin Ellyson (École Polytechnique de Montréal) with Nejib Chekir, Mathieu Brochu and Myriam 

Brochu 

Wire Beam Deposition (WBD) is an Additive Manufacturing (AM) technique that directly deposits 

material from a wire stock to form a part. This technique has recently generated interest in the 

aerospace field for its potential to fabricate high performance, defect-free materials while minimizing 

post-processing and achieving low buy-to-fly ratios. However, fatigue results remain largely unreported. 

Concurrently, vibration fatigue is gaining attention as a technique which generates fatigue data more 

representative of turbine blade and vane High Cycle Fatigue (HCF) failure conditions. In this work, 

cantilever vibration bending fatigue of Ti-6Al-4V produced by WBD is studied. Specifically, the Failure 

Probability Distribution (FPD) for 10^7 cycles is quantified using the Dixon-Mood staircase method. 

Tensile strength results are also briefly presented. Additionally, fractography and microstructure data 

are used to supplement fatigue results and understand the failure mechanisms of the studied material 

states. The results show that higher deposition speeds lead to better fatigue performance. The material 

deposited at higher speed had a performance nearly isotropic in nature and surpassing that of the 

reference material (AMS 4911). Fracture analysis shows that microstructural heterogeneities such as α 

platelet colonies are at the origin of fatigue cracks. Fatigue performance improvement with higher 

deposition speed is linked to the colony population, which diminishes as a function of cooling rate. 

 

[TJ3] Hydrogen embrittlement of Cd-Plated high-strength steel: correlation between Thermal 

Desorption Spectroscopy (TDS) and 200-hours sustained load tests (STL) 

Jonathan Bellemare (Polytechnique Montréal) with Simon Laliberté-Riverin, David Ménard, Myriam 

Brochu, Frédéric Sirois 
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Even if high strength steel like 4340 or 300M are heavy, they are often used in aerospace to sustain high 

load in highly critical parts such as landing gear and helicopter transmission. These parts need to be 

plated against environmental corrosion and it is well known this plating can induce hydrogen 

embrittlement (HE). A baking should be performed within 4 hours to evacuate hydrogen from the part, 

but sometimes it is not effective. To better understand the issue, TDS and 200-hours STL measurements 

were realized on plated samples which have been immediately baked after plating, 16 hours after, 2500 

hours after and not baked at all. Firstly, these measurements allow us to highlight concentration of 

hydrogen leads to hydrogen embrittlement, i.e. a failure during STL at 75% of maximum yield strength. 

We found a time to failure of about few hours for a high concentration of diffusive hydrogen. The time 

to failure increases to a few dozen hours for a lower concentration. Only the samples baked 2500 hours 

after the plating or not baked at all broke in less than 200 hours. Secondly, the TDS measurements 

revealed that hydrogen is much more difficult to extract with a 2500 hours delay than with the 

immediate bake and 16 hours after the plating. Finally, the fractography reveals an intergranular zone of 

150 um-wide at the fracture initiation site for high diffusive hydrogen concentration which not appears 

at lower concentration. 

 

 

 

Materials in Medicine, Biomaterials and Bio-inspired Materials I 
Session Chair: Keith Pilkey 

Thursday, 1:40-3:20 - SITE Room G0103 
 

[TK1] (Invited speaker) Tailoring Biomaterials for Osseointegration 

Bryan E.J. Lee (McMaster University) with Daniel Osorio, Dakota Binkley, Hourieh Exir, Arnaud Weck, Jose 

Moran-Mirabal, Emily D. Cranston, Kathryn Grandfield 

Bone disease, trauma and joint replacements bring about the need for several classes of bone-

interfacing biomaterials, ranging from porous scaffolds to enhance bone regeneration to load-bearing 

materials for mechanical and functional stability. The porosity and topography of implant materials are 

of key importance for their clinical success. This talk will present several materials developed within our 

lab and with collaborators for bone integration and regeneration, including the preliminary 

development of cellulose nanocrystal (CNC) aerogels, electrospun Ag-doped polycaprolactone 

antibacterial coatings, and periodic nanostructures created by laser-modification of titanium. The 

influence of their porosity, and unique surface features on their potential for osseointegration has been 

evaluated by in vitro assays with osteoblast-like Saos-2 cells, and a range of correlative X-ray and 

electron microscopy approaches. Results show that CNC aerogels are a promising bone scaffold based 

on their mechanical properties, high porosity, and shape recovery, and ability to promote cell 

proliferation and osteogenic metabolism. Polycaprolactone materials showed potential for antibacterial 

properties and favorable biodegradation. Laser-modified periodic structures of 620nm in width showed 

greater cell metabolism and alkaline phosphatase activity at early time points. Overall, these 

biomaterials highlight the diverse surface features that can be tailored for specific bone-interfacing 

applications. 
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[TK2] Investigating the elastic and creep behaviour of fiber cell-walls in Arundo Donax L using 

nanoindentation 

Connor Kemp (McGill University) with Gary Scavone, Rubo Zheng 

Woodwind instruments are played using a natural cane reeds manufactured from the culm of Arundo 

donax L (ADL), a bamboo-like material that is regarded as a hierarchical composite with orthotropic 

elastic symmetry. These reeds are extremely variable in terms of stiffness and vibrational performance 

and are known to degrade with time, making it difficult to identify and maintain reeds that will perform 

adequately and consistently. In this study, some of the microstructural origins of this variability are 

considered through the use of nanoindentation testing of the fiber cell wall structure. These cell walls 

are 5 to 20 microns in diameter and nanoindentation is used to study the variability in reduced modulus 

and hardness of pre-manufactured samples, and to identify changes with exposure to different moisture 

conditions (using different relative humidity levels and incubation at 37°C). Additionally, the viscous and 

creep behaviour of the fibers was investigated to elucidate the potential origins of dynamic reed 

response. The use of nanoindentation can identify the source of stiffness degradation to see if it 

manifests in changes in fiber modulus and/or hardness, or if this effect is more matrix dominated. 

Results indicate that the reduced modulus of the ADL fibers does change with exposure to elevated 

moisture levels, although the hardness is not change significantly. The effects of creep become more 

important with increased exposure to moisture, and may indicate a way that manufacturers can use to 

screen raw material for producing less variable reeds. 

 

[TK3] Formation Mechanism of Bone-like Apatite on HA/Ca3ZrSi2O9 Nano Bio-composite  3D Scaffolds 

Surface Coated by PCL/Nano Bioglass Polymer Composite 

Ebrahim Karamian (IAUN, Najafabad, ISFAHAN, IRAN) with A. Nashehi, F. Ranjbar, A.S. Khandan 

Nowadays, Ca3ZrSi2O9, Baghdadite has become a major research focus within the biomaterial 

community due to its remarkable in-vitro and in-vivo bioactivity. In this investigation, nano crystalline 

Baghdadite powder, 35 nm, was synthesized by Sol-Gel. Then, HA/Baghdadite 3D scaffolds were 

prepared by the replica of Polyurethane polymeric sponge technique. After then, the ceramic scaffolds 

were sintered at 1150 ºC for 3 h and then coated by PCL/nano bio glass polymer composite. In vitro 

mineralization in SBF revealed that the scaffolds had strong bioactivity behavior. In fact, bone-like 

apatite formed on the surfaces were observed by SEM and detected by EDS. Also, ion release in SBF 

containing the scaffolds was measured by ICP. The nucleation positions of apatite crystals are areas high 

silicon containing, Si+4 ion positions. In fact, the nucleation was grown on Baghdadite particles. As, Si +4 

ions in the Baghdadite, can form silanol groups (…Si–OH-) on the surface of the 3D scaffolds and it 

induces a negative charge on the surface with the functional group (Si–O). It leading to absorb positive 

ions, Ca +2, and finally the formation Ca/P compounds precipitations. Finally, all the results illustrated 

that 3D scaffold with 30 wt. % Baghdadite had excellent bioactivity behavior due to its ability to form 

bone-like apatite.   

 

[TK4] Green Synthesis with Microwave Surface Passivation and Optimisation of Carbon Quantum Dots 

from Kalamansi (Citrus microcarpa) peels 

Marciano Chua, (Mapua Institute of Technology, Manila, Philippines) 
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Carbon-based quantum dots with fascinating properties have gradually become a rising star as a new 

nanocarbon member due to their nonthreatening, abundant and inexpensive nature. This study reports 

on a simple, economical and green preparative strategy toward water soluble fluorescent carbon 

quantum dots (CQDs) using biowaste of kalamansi peels as a carbon source. The temperature used in 

the carbonization of the precursor was determined through a thermal gravimetric analysis (TGA). A 

domestic microwave oven (900W irradiating at 500W-800W power) was used for surface passivation. 

The quantum yield was 24.6% and the size of the CQDs produced ranges from 2.55-5.55nm producing a 

blue fluorescence when exposed to UV light. High resolution Transmission Electron Microscope (HRTEM) 

image shows that the CQDs produced were crystalline with graphitic structures. The CQDs produced 

proved to be effective as probes in bio imaging application. This study has successfully demonstrated an 

innovative and facile approach of converting bio waste products with significant high quantum yields to 

fluorescent CQDs for bio imaging applications. 

 

3:20 p.m. BREAK & Poster Viewing-Coffee and light snacks provided 
Location: SITE 1st Floor Cafe 
 

3:40 p.m. Poster Session 
Location: Atrium  
 

4:20 p.m. 2017 D.K.C. MacDonald Memorial Lecture 
Location: SITE Room B0138 
 
A multiscale modeling roadmap for virtual processing and virtual testing of metallic materials 
Javier Llorca, (IMDEA Materials Institute, Madrid, Spain) 

A simulation roadmap is presented to carry out virtual design, virtual processing and virtual testing of 

metallic alloys for engineering applications. The strategy is based on a bottom-up, multiscale modelling 

approach which runs along two parallel lines: simulation of the microstructural development during 

processing (virtual processing) and simulation of the mechanical behavior form the microstructure 

(virtual testing). Modeling efforts begin with ab initio simulations and bridging of the length and time 

scales is accomplished through different strategies which encompass the whole range of length and time 

scales required by virtual design, virtual processing and virtual testing. Nevertheless, not everything can 

or should be computed and critical experiments are an integral part of the strategy for the calibration 

and validation of the multiscale strategies at different length scales. Two examples of application of the 

different parts of the strategy for virtual processing and virtual testing are presented in detail. 

 

5:25 p.m. Closing Remarks 
 
 

 

6:00 p.m. Evening Event- Canadian Museum of Nature 
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  Ticket Required 
  Location: 240 McLeod St, Ottawa, ON K2P 2R1 
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TECHNICAL PROGRAM – FRIDAY JUNE 23, 2017 
 

Electronic, Optical, Magnetic Materials and Properties III 
Session Chair: Vladimir Pankov 

Friday, 9:00-10:40 - SITE Room B0138 
 

[FA1] Commercial Dye (Red GG) as Low Cost Semiconductor in Organic Thin‐Film Transistors  

Owen Melville (University of Ottawa) with Benoit H Lessard 

Organic thin-film transistors (OTFTs) are electronic switches made from carbon-based materials such as 

small conjugated molecules and polymers, and can be used in radio-frequency emitters, gas sensors, 

printed logic circuits and flexible screens. The organization of molecules at the interface between the 

active organic semiconductor and the dielectric material in an OTFT is critical to its performance. We 

incorporated three thioxanthene-based compounds into OTFTs and found that 14H-Anthra[2,1,9- 

mna]thioxanthen-14-one (red GG, solvent orange 63), an inexpensive commercial pigment never before 

tested in organic electronics, had the best performance in air-stable, p-type devices. We found that of 

the three silanes tested, octyltrichlorosilane (OTS) modification of the silicon dioxide dielectric, after 

plasma treatment and rinsing with water, created the best interface for device operation. Increased 

temperature of the substrate during physical vapor deposition of the active material decreased 

performance, the extent of which was dependant on the silane used for dielectric modification. 

Optimized devices had a field-effect mobility of up to 5x10-5cm2/Vs, an on/off current ratio up to 4000 

and a threshold voltage less than 10V. These results demonstrate the potential for using RedGG or 

synthetic derivatives in emerging OTFT-based applications, while illustrating the important role of 

processing conditions in maximizing the potential of a given organic semiconductor.  

 

[FA2] Imidazole Based Poly(Ionic Liquid)s for Use in Electrolyte-Gated Thin-Film Transistors  

Alexander Peltekoff (University of Ottawa) with Benoit Lessard 

Electrolyte-gated transistors (EGTs) can operate at low voltages, compared to conventional organic thin 

film transistors (OTFTs), and can easily be printed for applications such as flexible displays, electronic 

paper and sensors. Ideally a solid electrolyte should be used as a dielectric and therefore ionic liquids 

are often gelled into ion-gels by incorporating appropriate polymers into the ionic liquid. Although 

blends of liquid electrolytes and polymer matrices result in a lower threshold voltage in EGTs, they suffer 

from slow switching speeds. An approach to avoid these slow switching speeds is to use ionic liquid-

based polymers (PILs) which reduces the ion permeation into the semiconductor. PILs benefit from both 

the desirable ionic conductivity associated to the ionic liquid and mechanical strength from the polymer 

backbone. Nitroxide mediated polymerization (NMP) is a reversible-deactivation radical polymerization 

(RDRP) technique which can be used to synthesize materials with narrow molecular weight distribution 

for use in electronic applications, without little purification. 1-(4-vinylbenzyl)imidazole (VBIm) is a 

styrenics monomer that has attracted interest due to it ability to form a polymeric ionic liquid using a 

post-polymerization modification. In our work we used VBIm to control the NMP copolymerization of 

methyl methacrylate (MMA), a common dielectric material. We determined the reactivity ratios of this 

system by building a library of poly(VBIm-ran-MMA) copolymers with ranging compositions. We have 
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also converted the VBIm to ionic liquid monomers and are currently investigating the effect of 

composition on the material capacitance. Once characterized we will build EGTs with these novel 

dielectric materials.  

 

[FA3] Field Effect Transistors Incorporating Ultrapure Semiconducting Single-Walled Carbon 

Nanotubes 

Nicole Rice (University of Ottawa) with William Bodnaryk, Darryl Fong, Alex Adronov, Benoit Lessard 

Printed electronics is a burgeoning field that has received intense research interest and is beginning to 

experience commercial successes. In addition to simple circuitry, printed electronics can result in low 

cost and low-power consuming sensors which will revolutionize numerous applications, including 

medical diagnostics and environmental monitoring. 

Single-walled carbon nanotubes (SWNTs) are one of the most exciting carbon-based candidates for 

organic electronic devices (OEDs). The exotic electrical and mechanical properties of these one-

dimensional nanostructures afford them amazing potential in the field of OEDs; however, relatively few 

commercial applications incorporating SWNTs have been realized. This is largely attributed to two major 

challenges: first, commercial samples of SWNTs are a heterogeneous mixture of both semiconducting 

(sc-) and metallic (m-) SWNTs. Second, the novelty of OEDs necessitates specialized equipment to 

prepare and characterize devices in a reproducible manner. 

This project focused first on developing novel conjugated polymers to selectively disperse sc-SWNTs. 

This facile technique preserves the optical and electrical characteristics of the SWNTs while 

simultaneously imparting solubility, resulting in highly-enriched samples of sc-SWNTs. The solution-

processable ultrapure sc-SWNTs were then incorporated into field-effect transistors (FETs). Device 

architecture, solvent conditions, SWNT alignment and density, surface treatments, and choice of metal 

contacts were all optimized for the preparation of FETs with high mobilities, high on/off ratios, 

controlled threshold voltages, and high bias stability. 

 

 

Ferrous and Non-Ferrous Alloys, Polymers, Ceramics and Composites II 
Session Chair: Yunfa Zhang 

Friday, 9:00-10:40 - SITE Room H0104 
 

[FB1] DEFORMATION BEHAVIOR OF CNT REINFORCED ALUMINUM NANOCOMPOSITES 

Fatma Mokdad (Ryerson University), D.L. Chen, Z.Y. Liu, D.R. Ni, B.L. Xiao, Z.Y. Ma 

Carbon nanotubes (CNTs) are considered as attractive reinforcements in the aluminum matrix 

composites (AMCs) due to their excellent mechanical and physical properties as well as their 

lightweighting character. CNT reinforced AMCs are promising materials in a variety of areas such as in 

the aerospace, thermal management, and automotive sectors. The objective of this study was to 

characterize microstructure, texture, and deformation behavior of a CNT reinforced aluminum 

composite. The addition of 2.0 wt.% CNT in a 2024Al alloy was observed to lead to a significant increase 

of the yield and ultimate compressive strengths at room temperature (RT) and at elevated temperatures 
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of 200C, 300C and 400C. A considerable grain refinement was also observed for the composite with 

respect to the 2024Al base alloy, with a bi-modal distribution of grain misorientation angles positioned 

at ~7 degrees for low-angle grain boundaries and ~50 degrees for high-angle grain boundaries. The 

deformation resistance of the composite at both room and elevated temperatures was effectively 

enhanced due to the presence of CNTs. This was mainly attributed to the role of underlying 

strengthening mechanisms: Hall-Petch strengthening (significant grain refinement involving the Zener-

pinning effect of CNTs), and composite strengthening including load transfer, thermal mismatch and 

Orowan looping. Furthermore, the activation energy and processing map in the hot deformation have 

also been evaluated. Details will be presented at the conference. 

 

[FB2] Squeeze casting of carbon fiber reinforced aluminum matrix composites: Fabrication process and 

natural frequencies 

Muhammad Faisal Alam (University of Ottawa) with Patrick Dumond 

Aluminum matrix composites are among the most promising candidate materials for light weight and 

high strength applications such as transportation and armour. This study aims in improving the 

fabrication process of 6061 aluminum matrix composites reinforced with plain weave carbon fiber 

preform (AS4 Hexcel), in order to achieve improved strength by improving the fiber/matrix interface. It 

focuses on the liquid infiltration squeeze casting method. Good mechanical bonding between the fibers 

and aluminum is achieved in comparison to composites fabricated using aluminum laminates in previous 

study. Thanks to improved infiltration and impregnation of the fabric by liquid aluminum, oxidation 

products at the fiber/aluminum interface and porosity are reduced. As a result, composites are 

produced with overall improved mechanical properties. Using the liquid infiltration squeeze casting 

method and its outcomes, along with optimizing the fabrication process of the carbon fiber reinforced 

aluminum matrix composites, the intended study will focus on measuring and predicting natural 

frequencies of rectangular cast plates by applying simply supported boundary conditions and validating 

experimental results with the results obtained using analytical models. The study will constitute a good 

basis for further research on fiber and particle reinforced aluminum matrix composites with the goal of 

establishing relationship between mechanical properties and desired natural frequencies of composite 

based mechanical systems. The placement and orientation of these fibers or particles could play a 

significant role in helping control the vibration properties of such composite structures for a variety of 

applications. 

 

[FB3] A Newly Observed Crushing Mechanism in Cellular Solids: Sequential Micro-kinks Formation in 

Ceramic Reinforced Metal Pyramidal Lattices during Out-of-plane Compression. 

Bosco Yu (University of Toronto) with Khaled Abu Samak, Glenn Hibbard 

Since the introduction of metal foams and lattices, the prime goal in the field of cellular solids has been 

to develop a high-strength energy absorber. Traditionally, there has been a tradeoff between 

compressive strength and energy absorption. During compression, the internal ligaments in metal foams 

tend to bend, leading to low strength but also deform in a stable manner with stress plateauing. In 

contrast, ligaments in metal lattices tend to buckle, leading to a higher initial strength but also an 

unstable post-peak softening. The current study examines the out-of-plane compressive behaviour of 

ceramic/aluminum hybrid lattices with an anodic alumina outer shell (up to 50 μm thickness) and an 
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aluminum core (~500 μm cross-section). Both the compressive peak strength and the energy absorption 

were found to increase 4-fold as the coating thickness increased. Optical fractography and scanning 

electron microscopy revealed that, as the coating increases to 30 μm, the crushing mechanism switches 

from buckling to a hinge failure mode involving micro-kink formation. Compressive strain is 

accommodated by the formation of multiple micro-kinks with spacing of ~200 μm at the hinge; the rest 

of the ligament remains undamaged and can carry load (contrasted to a buckled ligament). The 

morphology of the fractured oxide in the micro-kinks resembles the micro-buckling kink-bands in carbon 

fibre composites (where failure is initiated by matrix yielding). Simple analytical models were developed 

to predict the compressive strength and were in good agreement with experimental data. 

 

[FB4] Effect of Adding Sawdust on Mechanical-Physical Properties of Ceramic Bricks to Obtain 

Lightweight Building Material 

Lounes Moussaoui (Sonatrach) 

This paper studies the application of a variety of sawdust materials in the production of lightweight 

insulating bricks. First, the mineralogical and chemical composition of clays was determined. Next, 

ceramic bricks were fabricated with different quantities of materials (3–6 and 9 wt. % for sawdust, 65 

wt. % for grey clay, 24–27 and 30 wt. % for yellow clay and 2 wt% of tuff). These bricks were fired at 800 

and 950 °C. The effect of adding this sawdust on the technological behaviour of the brick was assessed 

by drying and firing shrinkage, water absorption, porosity, bulk density and compressive strength. The 

results have shown that the optimum sintering temperature is 950 °C. Below this temperature, at 950 

°C, increased open porosity was observed, which decreased the compressive strength of the bricks. 

Based on the results obtained, the optimum amounts of waste were 9 wt. % sawdust of eucalyptus, 24 

wt. % shaping moisture and 1.6 particle size diameter. These percentages produced bricks whose 

mechanical properties were suitable for use as secondary raw materials in ceramic brick production. 

 

 

Materials in Medicine, Biomaterials and Bio-inspired Materials I 
Session Chair: Kathryn Grandfield 

Friday, 9:00-10:40 - SITE Room G0103 
 
[FD1] (Invited speaker) In-situ micro-computed tomography imaging of rat vertebrae tested under 

uniaxial compression 

Keith Pilkey (Queen's University) with JJ Morton, M Bennison, WB Lievers, SD Waldman 

The micro-computed tomography (microCT) scanner at Queen’s University is equipped with an in-

chamber loading stage to enable in-situ imaging of samples under load. The present study employed this 

experimental technique to observe rat vertebrae tested under uniaxial compression. Three bone disease 

states were examined: healthy (control), osteoporotic, and osteoporotic + treatment. Periodic scans 

acquired during these tests allowed the progression of failure and the interaction between the interior 

cancellous (trabecular) tissue and the outer cortical shell to be visualized and related to bone disease 

state. Three distinct failure modes were observed throughout all specimens, two of which were found to 

originate from vascular apertures in the vertebrae’s dorsal and ventral surfaces. These apertures not 
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only introduce stress concentrations in the cortical shell, but they also represent sites of reduced 

cancellous bone volume in the adjacent interior structure. Hence, the combined contributions of the 

cortical shell and the cancellous bone, as well as the presence of these apertures, must be considered 

when interpreting critical measures (eg. failure load) from uniaxial compression tests of rat vertebrae. 

 

[FD2] Tailoring biomimetic surfaces using modular amphiphilic proteins 

James Harden (University of Ottawa) with Fan Wan, Stephen Fischer, Scott Dick 

Amphiphilic secondary structures are ubiquitous in natural proteins, where they serve a wide variety of 

functions from specific binding ligands to structural elements in supramolecular assemblies. This talk 

describes the use of amphiphilic motifs in modular protein polymers as a strategy to achieve directed 

self-assembly of bioactive surfaces. These proteins are designed to include independent elements that 

direct their assembly onto hydrophobic surfaces, and that display functional peptide sequences to the 

aqueous solution phase. The associating domains are comprised of amphiphilic helices or beta sheets. 

These associating elements are linked to water soluble, disordered domains that display sequences with 

specific cell binding and signaling motifs or sequences that serve as templates for biomineralization. The 

molecular and interfacial properties of several systems and their potential for supporting attachment, 

growth and proliferation of a variety of cell types will be presented, and potential biomedical 

applications will be discussed. 

 

[FD3] Modifications of poly(dimethylsiloxane) to promote endothelial cell growth in microchannels 

Eleanor Gerson, (University of Ottawa) 

Microcirculation enables oxygenation of organ tissues by supplying blood through vessel networks that 

surround organs. This network consists of arterioles, venuels and capillaries, with diameters under 

100um. Endothelial cells line the inner lumen of blood vessels and can alter their morphology based on 

cell-to-cell interactions, and in response to blood flow. This affects the release of chemical signals, 

prompting vasodilation or vasoconstriction of the vessel lumen.  

Microfabrication techniques were used to mimic blood vessels by creating polymeric microchannels 

with polydimethylsiloxane (PDMS). A material study characterized the native PDMS and examined 

methods to enhance its biocompatibility using fibronectin and polydopamine (PD) coatings. Fibronectin, 

a glycoprotein found in the extra cellular matrix, mediates cellular adhesion, proliferation and migration; 

while PD is a bio-inspired polymer that contributes to cellular adhesion and has been shown to support 

tissue development in vitro. 

Endothelial cell proliferation and migration were examined on each surface, allowing us to determine 

conditions most conducive to endothelial cell culture. Live imaging studies reveal that cells cultured on 

fibronectin-PDMS, when compared to PD-PDMS, had significantly increased mean area coverage, 

greater initial seeding density and cell proliferation, and travelled a significantly smaller mean distance 

on 2D substrates. Results indicate fibronectin-PDMS improves conditions for cell attachment and growth 

within microchannels. 
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Currently, we are studying collagen as an alternative coating to fibronectin and PD. Furthermore, a 

syringe pump set-up is under development to create flow-induced shear stress within the cell covered 

microchannels, enabling the study of cell adhesion strength and cellular responses to flow. 

 

[FD4] P-XRD, SEM, TGA, toxicological (HEK293 AND HepG2) and anti-TB studies on the co-crystal 

synthesis of betulic acid and oleanolic acid with isoniazid 

Victor O Fadipe (Federal Ministry of Science and Technology, Abuja, Nigeria) with Mohammed S Haruna, 

Andrew R Opoku 

Tuberculosis (TB), a chronic infectious disease and has attained a dangerous status recently worldwide 

because of the emergence of different resistance strains of the causative organism mycobacterium 

tuberculosis and HIV. One of the most extensively used first line anti-TB drugs is isoniazid (INH). It is 

normally metabolized and detoxified in the liver by both Phases I and II group of drug metabolizing 

enzymes. During this process, isoniazid as well as its metabolite has been reported to be toxic and cause 

serious liver injury to the liver and this makes the compliance difficult during TB treatment and thus fuel 

the emergence of resistance of the mycobacterium tuberculosis.  The objective of the study is the 

synthesis of the co-crystal compounds of betulinic acid (BA) and oleanolic acid (OA) (potent cytotoxic 

compounds) with isoniazid for the first time.  The synthesized compounds were characterized by P-XRD, 

TGA and SEM then evaluated for anti-TB (H37RV) and cytotoxicitity activity using MTT (human 

embryonic kidney {HEK293} and human liver model {HepG2}). The H37RV MIC values of the compounds 

are in the range of 0.45μM to 1.06μM. The MTT test (HEK293 and HepG2) was in the range of IC50 ≥ 

300μg/ml, indicating low toxicity level.  

 

10:40 a.m. BREAK & Poster Viewing-Coffee and light snacks provided 
Location: SITE 1st Floor Cafe 
 

11:00 a.m. Award Ceremony and Closing Remarks 
Location: SITE Room B0138 
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TECHNICAL PROGRAM – POSTER SESSION 
 
 

Materials Synthesis, Processing, and Joining 
 

Applications of Metals Colorization using Picosecond Laser Pulses 

Jean-Michel Guay (University of Ottawa) 

When optical radiation interacts with metallic nanoparticles they exhibit unique optical properties. Here 

we present a new technology of colouring metals using ultrafast lasers that was done in collaboration 

with the Royal Canadian Mint. A 5 kg coloured coin will be presented which cannot be colour by any 

other means than with the presented technology. We present a new, fast and reproducible way of 

producing plasmonic rendered colours on the surface of gold, silver, copper and aluminum. Prior to this 

method the application of plasmonic surfaces was limited. The presented method allows for the 

creation of plasmonic surface that meets industrial requirements. The different colours are produced by 

controlling the nanoparticle density re-deposited on the metal’s surface. In addition, a new burst 

colouring method was developed which enhances the plasmonic response on the metal surface Full 

colour palettes were created on the surface of gold which represents a world first and open the way for 

more sensitive bio-sensors in medicine. For silver surfaces, measured sensitivities of up to 75 nm/nm 

were obtained. Other properties such as controlling chemical reaction rates and wetting properties of 

the colours were also investigated.  

 

Synthesis of Graphene on a Cu foil 

Adrian Grepe (National Autonomous University of Mexico) 

Graphene is a very interesting material due to its electric and thermal properties, and one of the 

problems that this material presents, is the way the synthesis is made. What we have achieved, is the 

synthesis of graphene by CVD method using a 99.8% purity copper foil as a sustrate. RAMAN 

Spectroscopy and Scanning Electron Microscope were used for the characterization of the material 

showing the efficiency of the process. 

 

 

Mechanical Behaviour, Performance and Properties 
 

Impact of intercritical annealing on emissivity and mechanical properties of dual phase steel 

Quentin Somveille (École Polytechnique de Montréal) 

Temperature control during heat treatment of AHSS steels is critical for obtaining the desired 

mechanical properties, but accurate pyrometry requires detailed knowledge of the spectral emissivity of 

the steel. The present work has to main objectives 1) explore the relationship between spectral 

emissivity and the surface state of two types of cold-rolled dual-phase steels, DP780 and DP980, along 

with the consequential impact on pyrometrically-inferred temperatures and 2) define the temperature 

range that will ensure that DP980 steels have strength and elongation properties that lie within 
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specification. Radiative results show that the spectral emissivity of DP780 is more influenced by the heat 

treatment cycle than that of DP980. SEM observations and GDEOS measurements show that the oxide 

coverage and thickness are smaller for DP980 when compared to DP780.These measurements indicate 

that low wavelength spectral emissivity increases with oxide thickness and coverage. Tensile test results 

show that the mechanical properties of DP980 are strongly affected by deviations in intercritical 

annealing temperature of ±50 K . The yield strength of DP980 annealed at 50 K below nominal 

temperature exceeds the minimum ASTM A1089 requirement of 550 MPa by 5 MPa. In the case of 

DP980 annealed 50 K above the nominal temperature, the elongation at failure may fall below the 8% 

minimum required for a 50.8 mm gage length. These results suggest that intercritical annealing 

temperature excursions must be maintained below ±50 K, motivating the development of improved 

pyrometry techniques for closed-loop temperature control. 

 

Effect of inclusions and precipitates on the mechanical properties of a CA6NM 

Zacharie Legault (École Polytechnique de Montréal) 

The mechanical properties of three CA6NM steel grades having different carbon weight contents 

(0.018%C, 0.033%C and 0.067%C) and tempered in two different conditions (550°C/2h and 610°C/8h) 

were studied. 

Mechanical characterization was performed using standardized tensile tests and Charpy impact tests. 

The materials microstructure and Charpy test fracture surfaces were also observed. After tempering the 

materials at 550°C for a duration of 2 hours, the yield strength was found to increase when carbon 

concentration increases. Nevertheless, after tempering at 610°C for 8 hours the trend was modified. The 

alloy containing 0.033% C had a higher yield strength than the alloys containing 0.067%C and 0.018%C. 

Moreover, it had the highest impact energy: 98-121 J for 0.018%C, 152-156 J for 0.033%C and 49-104 J 

for 0.067%C. The steel containing 0.033%C showed a ductile fracture mechanism (dimples) while the 

two other alloys broke by brittle mechanisms (cleavage and intergranular mechanisms). The relevant 

features that could explain this difference in material behavior are precipitates, reformed austenite and 

nitrogen content. The alloy containing 0.033%C presented less precipitation at grain boundaries, more 

reformed austenite (19% for 0.033%C; 10% for 0.018%C; 14.3% for 0067%C) and less nitrogen (79 ppm 

for 0.033%C; 330 for 0.018%C; 520 ppm for 0067%C). 

 

Investigation on the effect of shot peening on short fatigue crack growth in a high strength steel 

Amrita Bag (Ecole Polytechnique de Montreal) 

Shot peening enhances the fatigue life of metals as a result of strain hardening and induced compressive 

residual stresses (CRS) which either delay the initiation of short fatigue cracks or cause an arrest of the 

already existing short cracks within the residual stress layer. Some studies show that shot peening does 

not delay the initiation but the propagation of micro cracks and that strain hardening contributes very 

little in arresting cracks, as compared to crack closure [1][2]. The main objective of the current work was 

to investigate the effect of shot peening on the short crack initiation and propagation in a high strength 

steel (300M). Hourglass specimens of 300M steel were used to perform interrupted constant stress 

amplitude axial fatigue tests at R=-1 at two stress amplitudes- σ55 and σ64 (55% and 64% of σys, 0.2% 

respectively). Surface crack length measurements were performed using replica technique to backtrack 

the initiation and propagation of microstructurally short cracks in as-machined and shot peened 
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specimens. Shot peening has been done with two shot types- cast steel shot (S230) and cut wire shot 

(CW14) both at 8A Almen intensity. The results indicate that at higher stress amplitude (σ64), both 

initiation and propagation of short cracks were delayed by peening induced CRS, which was responsible 

for a better fatigue life than the as-machined specimens. At lower stresses (σ55), the beneficial effect of 

CRS is overshadowed by the effect of peening induced roughness, leading to higher crack growth rates 

and therefore lower fatigue life in peened specimens. 

 [1] Song, P. S. and Wen, C. C., Crack closure and crack behaviour in shot peened fatigued specimen. Engineering Fracture 

Mechanics 1999; 63:295-304. 

[2] Guagliano, M. and Vergani, L., An approach for prediction of fatigue strength of shot peened components. Engineering 

Fracture Mechanics 2004; 71:501-512. 

 

Steel Through X-Ray Vision 

Amir Noorafkan  (McMaster University) 

During continuous casting of steel, solidifying steel strand is withdrawn from the mould and passed 

down through a series of rolls in the casting machine, where it is cooled by air/water spray. As 

solidification progresses inside the strand, alloying elements are pushed towards the centre. These 

elements remain segregated at the slab centreline after final solidification. Centreline segregation is 

influenced by casting parameters and equipment condition. Severe segregation can lead to internal slab 

defects, which are not desirable. Furthermore, as the slabs are rolled into coils, banded microstructures 

can be created, which ultimately lead to inhomogeneous mechanical properties. Therefore, the severity 

of centreline segregation is regularly assessed by steelmakers using etching techniques. The etched cast 

structure is then visually inspected and quality ratings are assigned. Qualitative rating data cannot be 

used for any statistical analysis. Therefore, a quantitative method for centreline assessment is required. 

Over the last decade, X-Ray Fluorescence (XRF) has been successfully used to detect elements on steel 

surfaces. This poster describes a micro-XRF device, which generates elemental maps from XRF spectral 

data obtained by scanning large steel samples rapidly. Thus, this method eliminates the need for etching 

for segregation visualization. Furthermore, elemental concentration data is readily obtained from any 

point on the map for quantitative analysis. The degree of centreline segregation can also be evaluated 

using the maps obtained from micro-XRF scans by comparing the elemental concentration at the 

centreline with farfield data, thus providing objective and quantitative evaluation. 

 

Propagation and interaction of twins in an extruded magnesium alloy 

Fatma Mokdad (Ryerson University) 

The intrinsic properties of magnesium alloys, such as low density, high specific strength, and superior 

damping capacity, are the key for their attractiveness in the lightweighting structural applications. 

However, wrought magnesium alloys are associated with the presence of strong basal textures, resulting 

in the anisotropy of mechanical properties, and have limited formability at room temperature because 

of an inadequate number of basal slip systems. Thus, twinning plays an important role in plastic 

deformation due to its lower critical resolved shear stress compared to other slip systems. The primary 

purpose of the present work was to elucidate various twinning mechanisms in an extruded AZ31 

magnesium alloy under favorable conditions of profuse {10-12} extension twinning. The investigations 

were mainly based on electron backscatter diffraction (EBSD) analysis. Growth of single twin variants 
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was observed to result in a relatively fast saturation of twin nucleation, after which the increase in strain 

was predominantly accommodated by the growth of existing twin lamellae. As for double twin variants, 

the intersecting twins led to the confinement of the spaces by the fine twin lamellae. Several cases of 

twin-twin interactions have been identified, depending on the applied strain, incoming twin path, and 

the impingement of incoming twins on the pre-existing twin boundaries where two or more twin 

variants were involved. In a nutshell, the growth of different twin variants, the formation of twin-twin 

boundaries and the propagation of different variants were systematically investigated in this study, and 

will be presented at the conference.    

 

Thermal desorption spectroscopy (TDS) and hydrogen embrittlement testing of Cd-plated high-

strength, martensitic steel 

Simon Laliberté-Riverin (Polytechnique Montréal) with J. Bellemare, D. Ménard, F. Sirois, M. Brochu 

Electroplated high-strength, martensitic steel parts used in the aerospace industry can be vulnerable to 

hydrogen embrittlement (HE) induced during plating operations. A HE relief heat treatment is often 

conducted after plating, but there is no non-destructive method to evaluate its efficiency. In the current 

study, a series of 4340 steel samples, heat treated to an ultimate strength of 1800-2000 MPa, were 

plated in a cadmium-cyanide bath. Some parts were subjected to a HE relief treatment after a variable 

delay, in order to generate parts with different degrees of HE. Mechanical occurrence of HE has been 

assessed with destructive, 200-hour sustained load tests (SLT) on notched samples, according to ASMT 

F-519. Hydrogen present in the samples was quantified with the thermal desorption spectroscopy 

method (TDS). For samples not subjected to HE relief, a correlation was found between the amount of 

diffusive hydrogen revealed by TDS and the time to failure in SLT. It was also found that HE relief 

removed an important proportion of diffusive hydrogen and prevented failures in SLT, except for a delay 

of several thousands of hours between plating and HE relief. Scanning electron microscopy observations 

of fracture surfaces revealed predominantly quasi-cleavage and ductile topographies, with the presence 

of ridge lines that pointed to a 150 μm-wide intergranular zone near the notch root surface. This zone is 

thought to be the fracture initiation site. The current results will serve as a basis for future work, in 

collaboration with industry and CRIAQ, that aim to develop new non-destructive methods. 

 

 

Electronic, Optical, Magnetic Materials and Properties 
 
Investigation of resistance switching in epitaxial Pt-CeOx thin films 

Mykhailo Chundak (National Institute for Materials Science, Tsukuba, Japan) 

Among the electronics, data storage devices are steadily used to save, retrieve and apply data 

depending on necessity. Most common data storage devices are built on complementary metal-oxide-

semiconductor (CMOS) technologies. However CMOS technologies are approaching their scaling limits 

when usage of the technology is no longer reliable. Thus there is a need for new technological approach 

which would allow to further downscale the devices and at the same time lower power consumption. 

Candidate technology for such nonvolatile devices is resistance random access memory (ReRAM) [1]. 

ReRAM is a promising nonvolatile memory that utilized both electrochemical and electronic effects. The 

basic principle of ReRAM is change of resistance in metal-oxide-metal (MOM) stack between high 
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resistance state (OFF) and low resistance state (ON). By that, two different resistance states can be used 

as logic 0 or 1. Change of resistance in MOM stack can be realized by two main principles (depending on 

material and conditions): creation or destruction of conductive filament which is formed in oxide layer 

of the stack (filament type); resistance switching brought about by change of the oxygen concentration 

in the oxide along the whole area of ReRAM stack (interface type). 

Cerium oxide gains interest as an oxide in MOM stack because it is a high k-dialectic material, [2], it has 

high oxygen vacancy diffusion [3], and it can change its oxidation state between Ce3+/Ce4+ [4]. Previous 

investigations suggest that resistance switching in ceria films is filament type. However this type of 

resistance switching has some drawbacks. To form a conductive filament a current-limited electric 

breakdown is needed, which can cause a low yield and large variations in switching characteristics [5]. 

To improve the switching mechanism and overcome the drawbacks oxygen vacancies can be introduced 

into the oxide. Such step could lead to creation of conductive filament without electric breakdown. This 

study shows importance of the oxygen vacancies introduction and correlation between reduced and 

unreduced species for repeatable and reliable resistance switch in ceria thin films. 

With rapid global development of information technologies, there is increasing demand for electronic 

devices which would respond to the market needs. Here we show influence of Pt-ceria redox reaction 

on resistance switching in Pt-CeOx thin films. In our research we used CeO2 (111) epitaxial thin films 

grown on copper (111) monocrystal with Pt deposited on top of ceria to get Pt/CeOx(111)/Cu(111) 

system. Such thin film growth allowed us to obtain MOM system that is used for resistance switch 

measurements. Using X-ray photoelectron spectroscopy (XPS) and conductive atomic force microscopy 

(cAFM) we find out that 3.4 nm thick ceria film is only partially reduced upon Pt deposition and that 

ceria is also reduced in the places without direct contact with Pt. Measurements performed by cAFM 

demonstrate that stable and repeatable resistance switching is possible only when certain amount of 

oxygen vacancies is embedded. In case when amount of vacancies was too big, the current-voltage 

curves (I-V curves) demonstrated semiconductor curves. In case when no vacancies were embedded, no 

resistance switch was observed.  

[1] H. Akinaga, H. Shima, Resistive Random Access Memory (ReRAM) Based on Metal Oxides, Proceedings of the IEEE, 98 (2010) 

2237-2251. 

[2] P.R.L. Keating, D.O. Scanlon, G.W. Watson, Computational testing of trivalent dopants in CeO2 for improved high-k dielectric 

behaviour, Journal of Materials Chemistry C, 1 (2013) 1093-1098. 

[3] M. Nolan, J.E. Fearon, G.W. Watson, Oxygen vacancy formation and migration in ceria, Solid State Ionics, 177 (2006) 3069-

3074. 

[4] E. Aneggi, M. Boaro, C.d. Leitenburg, G. Dolcetti, A. Trovarelli, Insights into the redox properties of ceria-based oxides and 

their implications in catalysis, Journal of Alloys and Compounds, 408–412 (2006) 1096-1102. 

[5] D.C. Kim, S. Seo, S.E. Ahn, D.-S. Suh, M.J. Lee, B.-H. Park, I.K. Yoo, I.G. Baek, H.-J. Kim, E.K. Yim, J.E. Lee, S.O. Park, H.S. Kim, U.-

I. Chung, J.T. Moon, B.I. Ryu, Electrical observations of filamentary conductions for the resistive memory switching in NiO films, 

Applied Physics Letters, 88 (2006) 202102. 

 

Fiber gratings to investigate optical properties of electroless deposited gold films 

Violeta Marquez (Carleton University) 

Sensing applications using tilted fiber Bragg gratings (TFBGs) have been widely reported in different 

areas, which include the use of metallic coatings on the surface in order to exploit the advantages and 

sensing performance of plasmonic effects. Electroless deposition of gold is a relatively simple technique 
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to deposit films on glass substrates; in our case optical fibers. Although it only requires dipping the 

substrate to be coated into different solutions, the dynamics of the film growth can vary, depending on 

environmental conditions (e.g., temperature, immersion time) or slight variations in the amount of 

reagents in each deposition. We propose modeling the gold film growth using a Maxwell-Garnett (M-G) 

approach, where the permittivity of the experimental gold film at different average thicknesses (and 

particle size) can be compared to the changes in the refractive index of a 50 nm dielectric matrix being 

gradually populated by gold nanoparticles. Monitoring of the film growth by visualizing the polarization 

dependent losses (PDL) of the whole TFBG spectrum can give qualitative information in real time about 

the characteristics of the film. Furthermore, the analysis of the PDL signals combined with the numerical 

analysis based on the M-G model allowed us to identify the dynamics of the evolution of the cladding 

modes for two orthogonal polarization states (i.e., S and P polarized light) throughout the deposition. 

The accurate identification of the dynamics of the cladding modes can help making TFBGs useful for 

custom fabrication of metallic films. 

 

Multifunctional Ternary Additive in Bulk Heterojunction OPV: Increased Device Performance and 

Stability 

Trevor Grant (University of Ottawa) 

Light weight and flexible organic photovoltaics (OPVs) have shown rapid improvements over the past 

decade, with current efforts focused on developing commercially viable materials capable of increasing 

the overall efficiencies and improving the device stability. Small molecule ternary additives with 

crosslinking functionality are a promising candidate to stabilize OPVs, however currently most have a 

neutral or negative effect on device efficiency thus limiting their effectiveness. In this study, the novel 

compound bis(6-azidohexanoate) silicon phthalocyanine ((HxN3)2-SiPc) was synthesized to work as a 

multi-functional additive in poly(3-hexylthiophene) (P3HT) and phenyl-C61-butyric acid methyl ester 

(PC61BM) OPVs. The compound was designed to combine the favorable optoelectrical properties of 

silicon phthalocyanines with the functionality of the commonly used azide crosslinking group. In 

prototype OPVs at 6wt% with respect to PC61BM we found that (HxN3)2-SiPc improved device stability 

by suppressing unfavorable fullerene aggregation, achieving 97% efficiency retention after thermal 

ageing compared to 47% retention for a baseline device. Simultaneously, (HxN3)2-SiPc broadened the 

spectral coverage of the OPVs and provided additional photocurrent generation due to the 

phthalocyanine absorption in the near-IR range of the visible light spectrum. Therefore, we report the 

first multi-functional ternary additive that simultaneously improves stability through morphology 

crosslinking and improves initial efficiency by contributing to light absorption. The presented results will 

help to design and synthesize the next generation of high performance additives for stable, high 

efficiency OPVs. 

 

A comparison of green dispersion agents for the aqueous liquid phase exfoliation of few layer 

graphene from graphitic sources. 

Kelly Wright (Trent University)  

Graphene is a material with many interesting electronic properties with much enthusiasm around its 

potential applications. However, a convenient, efficient and green synthetic method for the generation 

of high quality graphene from graphitic starting materials is needed. In this work we investigate 
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graphene precursors, appropriate dispersion agents and sonication parameters to prepare aqueous few 

layer graphene (FLG) dispersions. Ultra-sonication, probe and bath, were used to exfoliate FLG flakes 

from graphite in Millipore water, after sonication dispersions were centrifuged to remove large bulk 

graphite crystals. In water, dispersion agents are required to maintain FLG dispersions and prevent 

aggregation of flakes. In this study, dispersion agents investigated include: Triton-X, 

polyvinylpyrrolidone, chitosan and Pluronic-123. Raman spectroscopy was used to determine the quality 

of the FLG dispersions. The 2D band at ~ 2700 cm-1 indicated FLG flakes have been exfoliated with 

reasonable efficiency, and suggests the choice of dispersion agent impacts the quality of the FLG 

dispersion. The intensity ratio of the D band at ~ 1350 cm-1 and the G band at ~1580 cm-1, ID/IG, 

indicates the dispersion agent has minimal impact on the variation in lateral flake size. 

 

 

Nanomaterials, Nanotechnology, and Materials for Energy and Environment 
 

Solar Cell: Photochemical Cells Based on Dye Sensitization of Titanium Dioxide and With Indium Tin 

Oxide as a Conductor 

Ari Mohammed (University of Zakho, Iraq) 

The dye sensitized solar cell (DSSC) is a new type of solar cell which converts the visible light into 

electricity, by using Indium Tin Oxide (ITO) and photo electrochemical system. A photo electrochemical 

solar cell that is based on the dye sensitization of thin microcrystalline films of Titanium Dioxide (TiO2) 

nanoparticles in touch with a liquid electrolyte solution is tested. The main task of the project is to build 

a photochemical dye sensitized solar cell based on materials that are inexpensive and highly efficient in 

solar energy conversion by using Indium Tin Oxide (ITO) and Titanium dioxide (TiO2). The building 

process of the cell were started with the two conductive glass plate coated with Indium Tin Oxide (ITO). 

However, a thin layer of Titanium dioxide (TiO2) is applied on the conductive side of one glass plate and 

the other side of the conductive glass plate is coated with graphite. A number of dyes such as natural 

strawberry and blue berries has been tested and then applied on the thin layer of Titanium dioxide 

(TiO2) and then the two conductive glass plate are stacked together to be a complete cell. A few drops 

of electrolyte solution such as pure Iodine crystal, Potassium Iodide as well as Ethylene glycol been 

added between the two conductive glass plates, a thin layer of Titanium dioxide and a layer of graphite. 

The operational principle of the cell has been recorded through the measurement of the cell by emitting 

all wavelength in the visible spectrum propagating from sunlight and exhibited steady voltage and 

current at much higher level for approximately 230 mv for the cell dimension 2.5 cm x 2.5 cm. During 

the testing cell we have got a problem with the nature of the electrolyte solution can undergo 

evaporation, leaking, charge separation at the Titanium dioxide. For this kind of cells we recommend to 

use filters to decrease the amount of heat reaching the cell. However, recommendations for the future 

to improve the cell are made with using quantum dots. Quantum dots have the advantages of providing 

tunable band gaps and the ability to absorb specific wavelength from the solar spectrum. 

 

Materials for Antibiofouling Films: Their synthesis, characterizations and applications for environment 

Dipak Rana (University of Ottawa) 
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There must be an integration of materials science and nanotechnology in order to address, in a more 

effective manners, serious and complex global environmental issues. Surface modifying macromolecules 

(SMMs) are used as a silver source when developing antibiofouling polymeric materials. SMMs were 

synthesized by four types of silver with the materials being fabricated using poly(vinylidene fluoride) 

(PVDF) under different types of casting conditions. Escherichia coli (E. coli) was used to evaluate the 

bacterial resistances of the PVDF polymeric films that contained silver. Multiple tests were constructed 

to see which SMMs exhibited the strongest antibacterial ability. The SMMs that contained diethylene 

glycol and silver lactates had the strongest results. A nano-structure analysis using a scanning electron 

microscope – energy dispersive spectrometry –indicated that this was due to the higher content of Ag in 

the polymeric film surface. Results from filtration showed that the films, which were prepared at high 

temperatures with low concentrations of SMMs were less fouled than the films prepared at high SMMs 

concentrations (for the bacteria resistance test, they were the most effective polymeric films for E. coli 

sterilization). Therefore, the research reported here will focus on the result of blending SMMs on the 

performance of the antibiofouling polymeric materials. This will also address how this emerging 

technology will help meet transpire globally environmental challenges in the area of materials science. 

 

Mapping the architecture at the nanoscale: fluorescence single molecule localization of a fluorophore 

on Cucurbit[7]uril-Gold Nanoparticles 

Rebeca Rondon (University of Ottawa) 

Methylene blue (MB) – Cucurbit[7]uryl (CB[7]) inclusion complexes can be distinguished on the surface 

of gold nanoparticles (AuNPs) by its intrinsic fluorescent properties. Depending on the preparation of 

the sample, MB-CB[7] inclusion or exclusion complexes can be formed and detected by fluorescence 

spectroscopy. Fluorescence lifetime imaging microscopy allows to further localize the position of the 

fluorophore at the particle surface. Ultraclean, water-soluble gold nanoparticles arebridged to a dye, 

such as methylene blue, at a ca. 1 nm from the nanoparticle surface via cucurbit[7]uril. As a 

consequence, a huge antenna effect (dye fluorescence enhancement) is observed in spite of the 

challenging distance for a plasmonic field enhancement effect. 

 

Material science of nanofiber coating of nanocomposite membranes for environmental applications. 

Johnson Efome (University of Ottawa) 

Membrane distillation (MD) is a promising separation process for desalination of sea and brackish water 

to improve environmental application using nanotechnology. In this work a poly(vinylidene fluoride) 

(PVDF) flat sheet nano-composite membrane was surface modified by coating with electro-spun PVDF 

nano-fibres to increase the surface hydrophobicity. A flat sheet nano-composite membrane containing 7 

wt.% super-hydrophobic SiO2 nano-particles, 15 wt.% PVDF and 1.25 wt.% of  Di-ionized water was 

prepared before being subjected to nano-fibres coating by electro-spinning. The uncoated and coated 

membranes were characterized by contact angle, liquid entry pressure of water and scanning electron 

microscopy. The membranes were further tested for 6 h for direct contact MD (DCMD) and vacuum MD 

(VMD) with a 3.5 wt.% synthetic NaCl aqueous solution as the feed. In DCMD the feed liquid and 

permeate side temperature were maintained at 27.5 oC and 15 oC, respectively. For VMD, the feed 

liquid temperature was 27 oC and a vacuum of 94.8 kPa was applied on the permeate side. The 

maximum permeate flux achieved was 3.2 kg/m2.h for VMD and 6.5 kg/m2.h for DCMD. The salt 
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rejection was higher than 99.98%. The coated membranes showed a more stable flux than the uncoated 

membranes indicating that the double layered membranes have a great potential to reduce the pore 

wetting in MD. 

 

On the Corrosion Behaviour of Nanocrystalline Ni-Fe Alloys in Neutral and Alkaline Environments 

Michael Sabatini (University of Toronto) 

Nanocrystalline nickel-iron alloys are of interest due to their improved mechanical properties associated 

with grain refinement. Attributed to the Hall-Petch relationship, significant increases in yield strength, 

hardness, and wear resistance is observed in nanocrystalline nickel-iron alloys. In addition, structure-

insensitive material properties such as saturation magnetization or the Young’s modulus are not 

affected by grain size reduction. 

This research aims to investigate the electrochemical and corrosion behaviour of nickel-iron alloys with 

varying grain sizes and compositions to better understand the relationship between grain size and 

corrosion behaviour. 

Thick electroformed freestanding materials made by Integran Technologies Inc. (Toronto, ON) are used 

for this study. Potentiodynamic polarizations of samples are performed in neutral and alkaline adjusted 

sodium sulphate environments. Scanning Electron Microscopy and X-Ray Diffraction are some of the 

analytical techniques used to aid in establishing a link between corrosion behaviour and alloy structure. 

The differences in the corrosion properties are explained in terms of alloy grain size, composition, and 

crystallographic texture. 

Spray pyrolyzed zinc oxide thin films for the detection of hazardous propane gas and the 

photocatalytic degradation of indigo carmine 

Vinoth Kumar Jayaraman (Universidad Nacional Autónoma de México (UNAM), Mexico) 

Here, the importance of choosing an appropriate precursor with appropriate molarity for the fabrication 

of zinc oxide films by spray pyrolysis for the photocatalytic and gas sensing applications is reported. ZnO 

thin films were grown on glass substrates by using three different zinc precursors such as, zinc acetate, 

zinc chloride and zinc acetylacetonate. Additionally, the structural and morphological characteristics 

were investigated. The information regarding the preferential growth, and grain size were obtained 

from the structural studies. The nanostructures such as nanospikes, hexagonal nanorods, layered 

hexagons and elongated grains were acquired from morphological investigations. Further, the 

photocatalytic activity was tested using indigo carmine dye and gas detection was checked with propane 

gas. The obtained results proved that the type of zinc precursor and molarity play an important role in 

the performance of photocatalytic degradation and gas sensing. 

 

Investigation the Effect of Mechanical Vibration on Microstructure and Mechanical Properties of 

Friction Stir Welded Al5052/Sio2 Nanocomposit 

Arash Mirzaei (Rokn Suleh) 

Different methods have been applied to improve the mechanical properties of joint manufactured by 

friction stir welding(FSW).One is addition of second phase particles into the weld region to reinforce the 

joint and to constitute a particle reinforced metal matrix composite. The problem regard to this method 
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is non-homogeneous distribution of particles during the FSW. In the current research, a new method is 

presented to improve the microstructure and to distribute the particles more homogeneously in the 

weld region. In this method, the joining workpieces are vibrated normal to the weld line during FSW. 

Microstructure and mechanical properties of welds are compared with those made by conventional 

FSW. This welding process can be described as friction stir vibration welding(FSVW). AL5052 specimen 

alloys are welded together using FSVW while SIO2 particles are incorporated into the weld. The results 

show that vibration decreased the grain size in the weld region and increased the homogeneity the 

distribution of particles.The results also showed that strength and hardness of FSV welded specimens 

are higher than FS welded specimen. 

 

Nanocrystalline Carbonate Apatite Precipitation from a Simulated Municipal Wastewater P-Recovery 

Process 

Sidney Omelon (University of Ottawa) 

There is a significant phosphorus content in municipal waste. In Ottawa, the municipal wastewater 

treatment plant reduces the phosphate ion concentration in the water that is returned to the Ottawa 

River by adding iron chloride to their process. The dissolved iron ions precipitate with phosphate, 

producing iron phosphate, which is a very stable solid with low solubility. The iron phosphate reports to 

“biosolids”, which are a solid waste stream that is disposed in landfill or applied to agricultural fields. In 

the form of sparingly soluble iron phosphate, this phosphate is not available for plant uptake and thus 

has little value as fertilizer. 

Our group is developing a process to capture this waste phosphate with an alternate precipitation 

pathway. Using calcium and carbonate chemistry, we are generating a calcium-carbonate-phosphate 

solid (carbonate apatite). Carbonate apatite is of value because it is the feedstock for phosphorus 

fertilizer production, due to its higher solubility. This increased solubility is a consequence of its 

carbonate content, and a nanocrystalline architecture that is likely caused by a crystallization pathway 

via an amorphous precursor phase. Because of its substituted and nanocrystalline structure, this 

material is similar to skeletal mineral. 

Preliminary characterization data of these nanocrystalline carbonate apatite precipitates with powder x-

ray diffraction, scanning electron microscopy, Raman spectroscopy, carbon coulometry, and infra-red 

spectroscopy will be presented. A proposition for the theoretical possibility of this amorphous precursor 

crystalline pathway that is dependent on carbonate and phosphate chemistry will be presented. 

 

MFe2O4-TiO2 (M: Co2+, Ni2+ and Zn2+): Synthesis based on the Oil-in-Water microemulsion reaction 

method, and its photocatalytic evaluation for H2 production by Water-Splitting reaction 

Arturo Rodriguez (Centro de Investigación en Materiales Avanzados CIMAV S.C., Mexico) 

In this work, CoFe2O4-TiO2, NiFe2O4-TiO2, and ZnFe2O4-TiO2 hybrid nanoparticles were synthesized by an 

impregnation approach, based on the novel oil-in-water microemulsion reaction method [1]. Hybrid 

nanoparticles were thermal treated and characterized. X-ray diffraction evidenced the peaks of TiO2; 

while Raman spectroscopy, confirmed co-existence with spinel-type MFe2O4 phases. Electron 

microscope images depicted crystalline nanoparticles; and by elemental mapping, the different 

compositions were demonstrated. UV-Vis spectroscopy results showed absorption along the UV-visible 
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light region, which allowed to estimate bandgaps around 2.8-2.9 eV. Furthermore, prepared 

nanomaterials exhibit high surface areas (e.g. NiFe2O4-TiO2: 146 m2/g), which joined to the well-known 

photocatalytic properties of TiO2, and the much less explored ferrites [2], makes them attractive for 

environmental applications, like H2 production by photocatalytic water-splitting (WS) reaction. In this 

context, we report the response of hybrid MFe2O4-TiO2 by photocatalytic WS experiments. For this 

purpose, a hybrid nanoparticles suspension was prepared in H2O, inside a quartz tube reactor. This 

system was sealed, and then illuminated (for 8 hours) with a mercurial lamp. The produced gases were 

analyzed (every 60 min) employing gas chromatography. Broadly, ZnFe2O4-TiO2 sample exhibit a higher 

H2 evolution, mainly due a more efficient electron-hole separation. A more detailed study of 

characterization and photocatalytic evaluation will be presented and discussed.  

1. A. A. Rodríguez-Rodríguez, et al. Journal of Nanomaterials, vol. 2017, Article ID 2367856, 15 pages, 2017. 

doi:10.1155/2017/2367856. 

2. Dillert, R., et al., APL Materials, 3(10), 104001. 

 

Phosphoric acid iron impregnated activated carbon for the removal of selenites and selenates from 

water 

Oliver Strong (Trent University) 

Activated carbon (AC) has a large surface area that makes it an ideal sorbent for water filtration, but it is 

ineffective at removing Se(IV) and Se(VI) without surface functionalization. In this work, AC was 

prepared using recycled phosphoric acid. The AC produced using recycled phosphoric acid maintained 

high surface areas (1643140 m2g-1). The AC was base treated and impregnated with FeCl2 and 

subsequently used to remove Se(IV) and Se(VI) from solution. The effect of pH on the Fe-AC uptake of 

selenium was then investigated. Results showed adsorption of Se(IV) in concentrations as high as 1.9 mg 

Se(IV) per gram AC.  

 

 

Nuclear and High Temperature Materials 
 

Oxidation Behavior of AFA Steels in Superheated Steam at 700˚ 

Bingjie Xiao (Carleton University) 

Three alumina-forming austenitic (AFA) steels (Fe-18Ni-12Cr-AlNbC, Fe-18Ni-12Cr-Al and Fe-18Ni-16Cr-

AlNbC) were exposed to superheated steam at 700˚C for 1000 hours to study their oxidation behavior. 

Alloy Fe-18Ni-16Cr-AlNbC alloy showed the best performance as it had the least weight gain due to 

denser surface oxide layer and the lack of internal oxidation.  Alloy Fe-18Ni-12Cr-AlNbC suffered from 

internal oxidation and had a greater weight gain than Fe-18Ni-16Cr-AlNbC while Fe-18Ni-12Cr-Al 

experienced weight loss due to perhaps external oxide spallation, leaving less protective Fe-oxide on the 

external surface. 

 

Microstructural and mechanical characterization of three hardfacing alloys with different buffer layers 

Yuxiao Wu (Ecole polytechnique de Montreal) 
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Disbonding and delamination of Stellite hardfacing have caused serious problems in power plants in 

recent years. In addition to the common Stellite 21 buffer layer, we have studied two novel hardfacing 

systems with IN625 and IN82 as buffer layers. A series of ageing experiments simulating excessive 

service conditions have been conducted at different temperatures and exposure times. Using Energy 

Dispersive Spectroscopy (EDS), we show that the three buffer layers have a varying amount of iron (Fe) 

which has a repercussion on the microhardness of the Stellite 6 hardfacing. Its hardness decreases with 

an increasing amount of iron which could compromise its wear resistance. Stellite 21 buffer layer 

contains a lower iron level when compared to nickel-based buffer layers. On the other hand, F91-Stellite 

21 interface is unstable during aging. A hard and brittle interlayer that significantly reduces the impact 

energy of the assembly is observed after exposing for 1008 hours at 650oC. This layer thickness 

increases with longer time and higher temperature. However, no interlayer has been observed in IN625 

and IN82 hardfacing systems up to 8760 hours at 650oC. Nickel-based buffer layers are proposed as 

good alternatives for the Stellite hardfacing of valves since their chemistry and impact energy are more 

stable than the Stellite 21 buffer layer. 

 

On lowering the thermal conductivity of Yttria Stabilized Zirconia Thermal Barrier Coatings deposited 

via Electron Beam-Physical Vapour Deposition 

Ramandeep Singh Ghai (University of Ottawa) 

Thermal barrier coatings have been used to protect the hot section of gas turbine engines since their 

first use in the 1960s on aerofoils. These coatings protect against degradation by high temperature 

oxidation and hot corrosion. Yttria Stabilized Zirconia (YSZ) is the currently preferred thermal barrier 

coating (TBC) for gas turbine engine applications because of its low thermal conductivity, relatively high 

thermal expansion coefficient and good erosion resistance. Commonly Air Plasma Sprayed (APS) or 

Electron Beam Physical Vapour Deposition (EB-PVD) techniques are used for deposition of TBC layers. 

The APS is mostly used on land based turbine engines and EB-PVD is mostly applied on aero engines. 

Research is ongoing into deeper aspects of the layered coatings. Previous studies have demonstrated 

that thermal barrier coatings are affected by micro-structural changes. Most of the these changes can 

be attributed to layer porosity, presence of cracks (vertical and horizontal), defects of various shapes 

such as disk, sphere or ellipsoid, interface between layers and also high temperature sintering.  

These coatings are advanced material coatings that use a state of the art composition of a coating layer 

and a bond coat. With super-alloys reaching their design limitations, it is becoming essential to 

investigate different approaches to increasing the temperature drop across the coating layers. 

In this study, two major aspects were investigated: 

1) The effect of introducing the concept inclination of the coating on the overall thermal conductivity of 

the two layer coating system of YSZ deposited with EB-PVD. 

2) The effect of defects, porosities, cracks, interface, sintering and of inclined coating layer on the 

effective thermal conductivity of the YSZ coating deposited using EB-PVD.  

In this study the focus is concentrated on studying the mechanisms that can lower the overall thermal 

conductivity of the thermal barrier coatings while also maintaining the coating lifetime as long as 

possible. 
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Heat Treatment of Superalloy Rene 65 

Denzel Guye (McGill University) 

Rene 65 is a next generation superalloy with excellent mechanical properties. Trials for cold working of 

Rene 65, revealed its strength to be a flaw in its ability to be processed economically. An investigation of 

the next generation superalloy was conducted in order to reduce its strength for more efficient cold 

working. A heat treatment path with two distinct variable steps was investigated to determine what 

factors may influence the hardness of the alloy. Firstly, solution temperature was varied, and the effect 

of changing volume fraction of gamma prime was observed. It determined that the majority of finer 

precipitates were dissolved however abnormal grain growth was observed. Secondly, the duration of 

hold at a lower intermediate temperature was observed to determine the effect on microstructural 

characteristics and mechanical properties. An observation of measured secondary gamma prime 

precipitates revealed a size distribution of precipitates after holding. Additionally, final cooling rates 

after some after isothermally holding at a temperature below the annealing do not seem to significantly 

impact the mechanical properties although there are some microstructural differences. 
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Ferrous and Non-Ferrous Alloys, Polymers, Ceramics and Composites 
 

Effect of Permanent Magnet Stirring on Solidification of Sn-Pb Alloy 

Jie Zeng (University of Toronto) 

With the growing demand for high quality metals, the production of defect-free products becomes 

increasingly important. In comparison with electromagnetic stirring (EMS) methods, a moveable 

permanent magnet system provides advantages that include lower power consumption, simpler design 

aspects and higher magnetic density. An experimental research has been conducted with respect to the 

influence of permanent magnet stirring (PMS) under different rotation speeds (n =60, 120 and 150 

r/min) and center magnetic flux densities (B=757 and 1080 Gs) on the solidification of Sn-20 wt%Pb 

alloy. Experimental results show that PMS is an effective technique for improving the quality of Sn-

20wt%Pb ingots by inducing melt agitation, reducing surface pinholes, decreasing central cavities, 

providing grain refinement and improving tensile properties. It was also confirmed that with increasing n 

and B there was significant improvement in the solidification defects in the Sn-Pb alloy. The results 

obtained have important implications for industrial metal casting processes. 

 

 

Materials in Medicine, Biomaterials and Bio-inspired Materials 
 

Crystallization of hydroxyapatite in porous silicon micro-particles formed from silica powders of plant 

origin 

Maricela Santana Vázquez (Universidad Nacional Autónoma de México, Mexico) 

Porous Silicon (PS) has been one of the most actively studied nanomaterials from beginning of its 

discovery. PS presents an excellent template for deposition of other semiconductors, ceramics and 

metals to fabricate nanomaterials. An outstanding feature of PS is its biocompatibility, which is not 

typical for the single crystal silicon. This combined with PS high adsorption and biodegradation has been 

widely used in biomedicine to deliver nutrients and drugs into living tissue1. As an alternative to the 

conventional etching methods that involve hydrofluoric acid (HF) and other corrosive substances, an 

eco-friendly option is to use silicon accumulator plants as sustainable starting materials for high surface 

area PS structures2.  

Hence, the potential of PS as a substrate for preparing biologically useful Si implants is very attractive to 

explore further. Which makes it a promising material for the growth of hydroxyapatite (HA), this 

material is actually been used as an artificial bone material. Porous silicon structures was found a fast 

deposition of HA nanoparticles with strong bonds to the surface and good osteo-integration when are 

implanted. 

In this study, nanosize hydroxyapatite crystals on/inside the porous silicon structures obtained from an 

endemic plant was formed by co-precipitation method. The reagents used to perform the synthesis 

were Ca(NO3)2•4H2O, N(C3H7)4OH, distilled water, H3PO4. The HA@PS composite samples were 

synthesized in aqueous solution and subsequently dried by freeze-drying technique to obtain a powder 

of HA@PS as a final product. The influence of pore size on the HA crystal growth was evaluated by X-ray 

diffraction technique (XRD), Raman spectroscopy, and the presence of HA crystals within the porous 

silicon structure was observed by field emission scanning electron microscopy (FESEM). The results 
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indicated that porous silicon might increase its bioactivity by HAP. Thus may be used in biomedical and 

in vivo applications. 

 

The review of drug delivery systems of pullulan and its applications 

Manish Kumar Thimmaraju (Balaji Institute of Pharmaceutical Sciences, HOD) 

Pullulan is a carbohydrate polymer and produced by fungus Aureobasidium pullulans. Pullulan is used as 

food additive and has received many biomedical applications. Pullulan is exploited for preparation of 

nanopaticles, hydrogels and mucosal applications. Pullulan has been reported as drug delivery carrier for 

proteins. Hydrogels of pullulan have shown cytotoxic effects and anticancer activities. Chemically 

codified pullulan materials have shown controlled drug release properties. Modified pullulan materials 

have been exploited for coating applications and mucoadhesive properties. Furthermore, targeted drug 

delivery systems of pullulan have shown promising effects in various organs. Pullulan is used to prepare 

transparent capsule shells and has diversified applications in pharmaceutical industry. In this review, the 

description of pullulan and its applications have been summarized. 

 

 

Modelling and Simulation of Materials’ Structure and Properties 
 

Process Modelling of Electrodeposition for Nanocrystalline Materials 

Dong Yan (University of Toronto) 

Nanocrystalline materials are becoming more and more widespread because of their excellent physical, 

chemical and mechanical properties, such as hardness, corrosion and erosion resistance. By using 

electrodepostion methods, we have developed a low cost nanomaterial synthesis approach that is 

already applied in numerous industrial manufacturing processes by Integran Technologies Inc. Toronto, 

ON. However, the large number of process variables in the electrodepostion process can make it very 

challenging to reach the optimized process configuration by experiments alone. In order to save time 

and costs, setting-up different process models and simulating the electroplating of specific products by 

commercially available software packages has become very attractive. 

This research focuses on establishing electrodeposition process models for different nanocrystalline 

materials, for example Ni and Ni-Cu to support the design and scale-up of the specific processes. The 

effects of different process variables, such as fluid flow pattern, current density, current wave form, 

geometric configuration of the plating tank and expected sample properties, are being studied. The 

results in terms of coating formation, electric field distribution and metal ion concentration in the bath 

during the process will be compared with experimental measurements. The outcome is expected to give 

guidelines for manufacturing industries and facilitate commercial electroplating of nanocrystalline metal 

coatings. 

 

Thermodynamic modeling and optimization for tin oxide-containing systems 

Tiantian Yin (McGill University) 

At the float glass process, a sheet of molten glass flows on a bed of molten tin to form smooth surfaces. 

However, during this process, molten tin is easy to react with oxygen to form tin oxide with different 
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valence state. Tin oxide will deposit on the glass and have impact on the glass properties. In order to 

better understand the interaction between glass and tin oxide, the reliable phase diagrams of tin oxide 

containing system are required. However, there are a lot of controversies in previous studies. 

In our work, a thermodynamic database for SnO-SnO2-CaO-Al2O3-SiO2 system is developed after 

critically evaluating all the relevant data available in literature in conjunction with the FactSage 

software. Moreover, high temperature equilibrium and quenching experiments have been conducted to 

study the phase relations in SnO2-SiO2 systems after overcoming the difficulty caused by high 

volatilization of SnO2. Presently developed thermodynamic database can be applied to explain and 

predict the behavior of tin oxide in the glassmaking process. 
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