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	ID 
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of course
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of the student
(IWS)
	Number of credits
	General
number 
of credits
	Independent work 
of the student
under the guidance 
of a teacher (IWST)

	
	
	Lectures (L)
	Practical classes (PC)
	Lab. classes (LC)
	
	

	104474 Nanomaterials and nanotechnology in 3D printing
	2

	1,7
	3,3
	0
	5
	6

	ACADEMIC INFORMATION ABOUT THE COURSE

	Learning Format
	Cycle,
component
	Lecture 
types
	Types 
of practical classes
	Form and platform final control

	Offline
	Elective
	Information Lecture
	practical
	Oral/Univer

	Lecturer
	PhD Auyelkhankyzy Moldir
	

	e-mail:
	auyelkhankyzy@gmail.com
	

	Phone:
	+77024111589
	

	ACADEMIC COURSE PRESENTATION

	Purpose
of the course
	Expected Learning Outcomes (LO)*
	Indicators of LO achievement (ID)

	The purpose of the discipline: to form the ability to evaluate the application of modern digital technologies, such as 3D printing in nanotechnology.
	1. demonstrate knowledge and skills of the principles of additive technologies to produce a whole product using a 3D printer
	1.1. introduction to 3D Printing, current achievements and future;

	
	
	1.2 describe techniques;

	
	2. predict the life cycle of nanotechnological materials using digital models
	2.1. analyze the state of the art in 3D;

	
	
	2.2. apply knowledge of theoretical and experimental foundations in solving problem situations in the fields of additive technologies.

	
	3. application of knowledge on various types of nanomaterials and nanostructures, their chemical and physical properties to solve scientific problems

	3.1. to identify factors affecting the process of layer-by-layer synthesis, the latest solutions;

	
	
	3.2. evaluate the influence of external factors on the printing of various materials.

	
	4. reveal the features of the structure of nanostructures, the physical essence of the phenomena occurring in materials under external influences and during operation
	4.1. to compare the obtained results of studies depending on the physical condition;

	
	
	4.2. to process the results of the study using software.

	
	5. evaluate changes in the mechanical properties of materials by methods of external influences: plastic deformation, heat treatment.
When studying the discipline, students will study the following aspects: modeling properties with predicting the life cycle of nanotechnological materials using digital models. Layered construction of products from polymers, metals, as well as various composites and their application in mechanical engineering, in construction. 3D bioprinting, application in medicine.
	5.1. analyze how to control the initial properties in 3D printing;

	
	
	5.2. to systematize the ways of adjusting the parameters and setting up the printing machine

	[bookmark: _Hlk208393911]Prerequisites
	The fundamental basis of nanotechnology

	Postrequisites
	NIR

	Learning Resources
	Main literature:
1. Ben Redwood, Filemon Schöffer, Brian Garret The 3D Printing Handbook: Technologies, design and applications 1st ed Publisher: 3D Hubs 2017
2. L. Jyothish Kumar, Pulak M. Pandey, David Ian Wimpenny 3D Printing and Additive Manufacturing Technologies Year: Edition: 1st ed. Publisher: Springer Singapore 2019
Additional literature:
Kelly, James Floyd 3D printing: build your own 3D printer and print your own 3D objects Edition: 1 Publisher: Que p. 182 Year: 2014
Internet-resources: 
1. https://www.raise3d.com/blog/3d-printing-history/
2. http://index-of.co.uk/Misc/McGraw-Hill%20-%20Nanotechnology%20Demystified%20(2006).pdf
Software
Microsoft word



	Academic
course policy
	The academic policy of the course is determined by the Academic Policy and the Policy of Academic Integrity of Al-Farabi Kazakh National University. 
Documents are available on the main page of IS Univer.
Integration of science and education. The research work of students, undergraduates and doctoral students is a deepening of the educational process. It is organized directly at the departments, laboratories, scientific and design departments of the university, in student scientific and technical associations. Independent work of students at all levels of education is aimed at developing research skills and competencies based on obtaining new knowledge using modern research and information technologies. A research university teacher integrates the results of scientific activities into the topics of lectures and seminars (practical) classes, laboratory classes and into the tasks of the IWST, IWS, which are reflected in the syllabus and are responsible for the relevance of the topics of training sessions and assignments.
Attendance. The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course. Failure to meet deadlines results in loss of points.
Аcademic honesty. Practical/laboratory classes, IWS develop the student's independence, critical thinking, and creativity. Plagiarism, forgery, the use of cheat sheets, cheating at all stages of completing tasks are unacceptable.
Compliance with academic honesty during the period of theoretical training and at exams, in addition to the main policies, is regulated by the "Rules for the final control" , "Instructions for the final control of the autumn / spring semester of the current academic year" , "Regulations on checking students' text documents for borrowings".
Documents are available on the main page of IS Univer.
Basic principles of inclusive education. The educational environment of the university is conceived as a safe place where there is always support and equal attitude from the teacher to all students and students to each other, regardless of gender, race / ethnicity, religious beliefs, socio-economic status, physical health of the student, etc. All people need the support and friendship of peers and fellow students. For all students, progress is more about what they can do than what they can't. Diversity enhances all aspects of life.
All students, especially those with disabilities, can receive counseling assistance by phone/ e-mail +77024111589, auyelkhankyzy@gmail.com or via video link in https://teams.microsoft.com/meet/4338956802503?p=OXC8xwVYVQCC1UDcXE
Integration MOOC (massive open online course). In the case of integrating MOOC into the course, all students need to register for MOOC. The deadlines for passing MOOC modules must be strictly observed in accordance with the course study schedule. 
ATTENTION! The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course, as well as in the MOOC. Failure to meet deadlines results in loss of points.

	INFORMATION ABOUT TEACHING, LEARNING AND ASSESSMENT

	Score-rating letter system of assessment of accounting for educational achievements
	Assessment Methods

	Grade
	Digital
equivalent
points
	points,
% content
	Assessment according to the traditional system
	Criteria-based assessment is the process of correlating actual learning outcomes with expected learning outcomes based on clearly defined criteria. Based on formative and summative assessment.
Formative assessment is a type of assessment that is carried out in the course of daily learning activities. It is the current measure of progress. Provides an operational relationship between the student and the teacher. It allows you to determine the capabilities of the student, identify difficulties, help achieve the best results, timely correct the educational process for the teacher. The performance of tasks, the activity of work in the classroom during lectures, seminars, practical exercises (discussions, quizzes, debates, round tables, laboratory work, etc.) are evaluated. Acquired knowledge and competencies are assessed.
Summative assessment - type of assessment, which is carried out upon completion of the study of the section in accordance with the program of the course. Conducted 3-4 times per semester when performing IWS. This is the assessment of mastering the expected learning outcomes in relation to the descriptors. Allows you to determine and fix the level of mastering the course for a certain period. Learning outcomes are evaluated.

	A
	4.0
	95-100
	Great
	

	A-
	3.67
	90-94
	
	

	B+
	3.33
	85-89
	Fine
	

	B
	3.0
	80-84
	
	Formative and summative assessment
	Points % content

	B-
	2.67
	75-79
	

	C+
	2.33
	70-74
	
	Work in practical classes
	12

	C
	2.0
	65-69
	Satisfactorily
	Independent work
	40

	C-
	1.67
	60-64
	
	Design and creative activity
	8

	D+
	1.33
	55-59
	
	Final control (exam)
	40

	D
	1.0
	50-54
	
	TOTAL
	100

	FX
	0.5
	25-49
	Unsatisfactory
	
	

	F
	0
	0-24
	
	
	

	
Calendar (schedule) for the implementation of the content of the course



	A week
	Topic name
	Number of hours
	Max.
ball

	[bookmark: _Hlk174636022]MODULE 1 3D Printing Basics: History, Principles, and Technologies Основы 3D печати: история, принципы и технологии

	1
	L 1. 3D Printing History: A Complete Timeline of Additive Manufacturing Technologies. Basic Concepts and Directions 

История 3D-печати: полная хронология технологий аддитивного производства. Основные понятия и направления
	1
	

	
	PC 1. Types and types of structures for 3D printing.
	2
	

	2
	L 2 Types of technology used in 3D printing: stereolithography (SLA), selective laser sintering (SLS), fused deposition modeling (FDM) 

Виды технологии используемых в 3D принтинге: стереолитография (SLA), селективное лазерное спекание (SLS), послойная печать расплавленной полимерной нитью (FDM)
	1
	

	
	PC 2. Prospects for the use of nanotechnology in 3D printing.
	2
	

	
	IWST 1. Consultation on IWS 2. Writing mini-review: “Nanoparticles used in 3D printing”
	
	

	3
	L 3. Types of technology used in 3D printing: ink-jet printing, Binder Jetting (BJT), Laminated Object Manufacturing (LOM), Solid Ground Curing (SGC), electron beam melting (EBM), multi-jet modeling (MJM)

Виды технологии используемых в 3D принтинге: технология струйного моделирования (Ink-jet printing), технология склеивания порошков (BJT), ламинирование листовых материалов (LOM), УФ-отверждение через фотомаску (SGC), электронно-лучевое плавление (EBM), многоструйное моделирование (MJM)
	1
	

	
	PC 3. 3D printing of nano-architectural metal structures. The structure and types of extruders.
	2
	

	4
	L 4. Development and application of 3D printing. Examples and prospects

Развитие и применение 3D печати. Примеры и перспективы
	1
	

	
	PC 4. 3D printing using carbon nanomaterials. Application of photopolymerization in 3D printing.
	2
	10

	
	IWST 2. IWS 1. Revising draft of mini-review “Nanoparticles used in 3D printing”: checking the structure, arguments, logic, flow, and content of the work
	
	


	5
	L 5. The first domestic 3D printer for printing colored plastic products. Testing and trial of a color 3D printer for plastic

Первый отечественный 3D-принтер для печати цветных изделий из пластмассы. Тестирование и испытание цветного 3D принтера для пластмассы
	1
	

	
	PC 5. Photochemical processes in 3D printing. 3D printing of nanoceramic products.
	2
	10

	MODULE 2 Contour Crafting or 3D printing of house frames Контурное строительство или 3D принтинг каркасов домов

	6
	L 6. Construction 3D printing. Examples of global companies. Modern achievements. Technological platforms of construction 3D printing: principles, features, implementations. Contour Crafting technology
Строительная 3D-печать. Примеры мировых компаний. Современные достижения. Технологические платформы строительной 3D-печати: принципы, особенности, реализации. Технология Contour Crafting (контурное строительство)
	1
	

	
	PC 6. Functional roles of nanoparticles in composite materials obtained by 3D printing. 3D printing of bionanomaterials.
	2
	10

	7
	L 7 Prospects for Construction 3D Printing. Toolpath Planning and Optimization in Contour Crafting. Contour Crafting Planning and Optimization Process. Toolpath Optimization in a Multi-Device System

Перспективы строительной 3D-печати. Планирование и оптимизация траектории инструментов в технологии Contour Crafting. Процесс планирования и оптимизации технологии Contour Crafting. Оптимизация траектории передвижения инструмента в системе c несколькими аппаратами  
	1
	

	
	PC 7. Features of printing bionanomaterials by 3D printing.
	2
	10

	
	IWST 3. Acceptance of work IWS 1.
	
	40

	MODULE 3 3D Biomaterials Printer Био-3D Принтинг

	8
	L 8. Основные принципы создания биологических элементов методом послойного синтеза. Современные достижения науки. Биомимикрия в биопринтинге. Самоорганизация в биопринтинге
	1
	

	
	PC 8. 3D printing using nanomaterials in medicine. Features of 3D printing of materials for medical use.
	2
	20

	
	IWST 4. Consultation on IWS 2. “Nanomaterials used in 3D printing”
	
	

	Midterm control 1
	100

	9
	L 9. Создание биосовместимого каркаса для выращивания костных элементов. 
	1
	

	
	PC 9. Nanoscale materials as fillers for 3D printing using a polymer base. Influence of the geometrical parameters of nanoparticles on the physicochemical properties of a 3D material.
	2
	

	10
	L 10. Источники клеток и дополнительные требования для успешной реализации биопринтинга
	1
	

	
	PC 10. 3D printing and nanolithography Differences between 3D printing and nanolithography.
	2
	8

	
	
	
	

	MODULE 4 Аддитивное производство металлических изделий

	11
	L 11. Основные понятия. Классификация технологий послойного синтеза металлических изделий. Современные достижения и применение в отраслях промышленности
	1
	

	
	PC 11. 3D and 2D printing in photonics, electronics and energy. The latest advances in the application of 3D materials for energy storage (protection of presentations).
	2
	8

	
	IWST 5. IWS 2. Revising draft of mini-review: “Nanomaterials used in 3D printing” checking the structure, arguments, logic, flow, and content of the work
	
	

	12
	L 12. Аддитивные технологии для моделирования прототипов (деталей). Преимущества аддитивного производства. Плазменный процесс
	1
	

	
	PC 12. 3D and 2D printing in new and advanced applications. The latest advances in 3D printing in electronics.
	2
	8

	13
	L 13. Разработка 3D Принтера для создания изделий на основе титановых сплавов. Разработка технологии по получения металлических порошков для применения в аддитивных технологиях. Классификация методов получения порошков. Методы получения металлических порошков
	1
	

	
	PC 13. Graphene-based composites for 3D printing. Graphene-based composites obtained by 3D printing - properties, application prospects (protection of presentations).
	2
	8

	14
	L 14. Анализ современных методов производства металлических порошков для аддитивных технологий. Выбор метода получения металлического порошка для аддитивных технологий. Диспергирование расплавов. Классификация методов диспергирования расплавов
	1
	

	
	PC 14. Technological additives to achieve the desired results in 3D printing. Geometrical and physico-chemical restrictions for nanopowders in 3D printing.
	2
	8

	
	IWST 6. Acceptance of work IWS 2.
	
	40

	15
	L 15. Методы получения порошков титана. Математическая модель процесса получения порошков титана центробежным диспергированием
	1
	

	
	PC 15. Prospects for further development of 3D printing and nanotechnology. Conclusion work
	2
	20

	Midterm control 2
	100

	Final control (exam)
	100

	TOTAL for course
	100



Dean ___________________________________ M.A. Duysebayeva

Chair of the Academic Committee 
on the Quality of Teaching and Learning________________ A.U. Bektemissova 
                                                                      
Head of Department ______________________ Zh. Tauanov

Lecturer ___________________________________ M. Auyelkhankyzy











































 
Student independent work (IWS) assessment policy

IWS 1. Features of the influence of external conditions on the 3D printing process.

	         Score 
 


Criterion   
	General rubric for grading IWS 

	
	«Excellent»  
	«Good»  
	«Satisfactory» 
	«Unsatisfactory» 

	
	  90-100 %
	  70-89 %
	50-69 %
	25-49 %
	 0-24 %

	Requirements for articles that will be used as resources
	If students choose article or articles that fully disclose the topic, and it/they will be published during the last five years.
	If student work with one article that reveals the topic and was published in the last 7-9 years.
	If student work with one article that partially reveals the topic and was published in the last 7-9 years.
	If the article that opens the topic, but is selected, is from the last positive year.
	If the selected article is from the last two decades, it covers the topic.

	Description features of the influence of external conditions on the 3D printing process.
	Description features of the influence of external conditions on the 3D printing process should be done. Conclusion should be written completely.
	Description features of the influence of external conditions on the 3D printing process should be done. Conclusion should be written.
	Description features of the influence of external conditions on the 3D printing process should be done. Conclusion wrote partially.
	Description features of the influence of external conditions on the 3D printing process should be done. Conclusion wrote incorrect.
	Description features of the influence of external conditions on the 3D printing process should be done. No conclusion.

	Reference should be writing the following order
	Xu V. (2020) Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 196:109138
	Xu V. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196. p. 109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196, 109138 pp





IWS 2. Features of the morphology of nanoceramic products obtained by 3D printing.

	         Score 
 


Criterion   
	General rubric for grading IWS 

	
	«Excellent»  
	«Good»  
	«Satisfactory» 
	«Unsatisfactory» 

	
	  90-100 %
	  70-89 %
	50-69 %
	25-49 %
	 0-24 %

	Requirements for articles that will be used as resources
	If students choose article or articles that fully disclose the topic, and it/they will be published during the last five years.
	If student work with one article that reveals the topic and was published in the last 7-9 years.
	If student work with one article that partially reveals the topic and was published in the last 7-9 years.
	If the article that opens the topic, but is selected, is from the last positive year.
	If the selected article is from the last two decades, it covers the topic.

	Description of features of the morphology of nanoceramic products obtained by 3D printing.
	Description of features of the morphology of nanoceramic products obtained by 3D printing. Conclusion should be written completely.
	Description of features of the morphology of nanoceramic products obtained by 3D printing. Conclusion should be written.
	Description of features of the morphology of nanoceramic products obtained by 3D printing. Conclusion wrote partially.
	Description of features of the morphology of nanoceramic products obtained by 3D printing. Conclusion wrote incorrect.
	Description of features of the morphology of nanoceramic products obtained by 3D printing. No conclusion.

	Reference should be writing the following order
	Xu V. (2020) Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 196:109138
	Xu V. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196. p. 109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196, 109138 pp



IWS 3. Metal- and polymer-based nanocomposites obtained by 3D printing
	         Score 
 


Criterion   
	General rubric for grading IWS 

	
	«Excellent»  
	«Good»  
	«Satisfactory» 
	«Unsatisfactory» 

	
	  90-100 %
	  70-89 %
	50-69 %
	25-49 %
	 0-24 %

	Requirements for articles that will be used as resources
	If students choose article or articles that fully disclose the topic, and it/they will be published during the last five years.
	If student work with one article that reveals the topic and was published in the last 7-9 years.
	If student work with one article that partially reveals the topic and was published in the last 7-9 years.
	If the article that opens the topic, but is selected, is from the last positive year.
	If the selected article is from the last two decades, it covers the topic.

	Description of metal- and polymer-based nanocomposites obtained by 3D printing
	Description of metal- and polymer-based nanocomposites obtained by 3D printing should be done. Table should be collected different types of metal- and polymer-based nanocomposites obtained by 3D printing, should be written the further their application area.  Conclusion should be written completely.
	Description of metal- and polymer-based nanocomposites obtained by 3D printing should be done. Table should be collected different types of metal- and polymer-based nanocomposites obtained by 3D printing, should be written the further their application area.  Conclusion should be written.
	Description of metal- and polymer-based nanocomposites obtained by 3D printing should be done. Table should be collected different types of metal- and polymer-based nanocomposites obtained by 3D printing, and the further their application area is not fully written.  Conclusion wrote partially.
	Description of metal- and polymer-based nanocomposites obtained by 3D printing should be done. Table covered only few types of metal- and polymer-based nanocomposites obtained by 3D printing, should be written the further their application area. Conclusion wrote incorrect.
	Description of metal- and polymer-based nanocomposites obtained by 3D printing should be done. No conclusion.

	Reference should be writing the following order
	Xu V. (2020) Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 196:109138
	Xu V. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, 196:109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196. p. 109138
	V. Xu. Sliver defect formation in single crystal Ni-based superalloy castings. Materials & Design, 2022, Vol. 196, 109138 pp



 
