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Rajamangala University of Technology Krungthep was established on 18 Jauary
2005, as a vocational institution of higher educational level offer inbachelor’s
degree and master’'s degree. The University was formed as
amergerbetweenthreevocationalinstitutions,allwith longhistoriesand
illustrious reputations, and comprised of the following: Rajamangala Institute of
Technology South Bangkok campus or Home-making Women’s College, renowned
for its courses in crafts and flower arrangements, culinary arts, food and processed
food science, and dressmaking and fashion design, for over 80 years. Rajamangala
Institute of Technology Bangkok Technical College, has a 60 years reputation for
the development of vocational skills, in cluding the service and tourism sectors,
as well as careers in chemistry and chemical engineering, electrical engineering
and electronics, furniture design, hotel management, mechanical and survey
engineering, photography,textiles, and so on. The Rajamangala Institute of
Technology Bophit Phimuk Mahamek campus has a 30-year reputation for
excellence and a curriculum consistingof a diverse range of disciplines from
business administration and marketing to a variety of foreign languages including
Chinese, English, Japa- nese and Korean. Therefore, Rajamangala Institute of
Technology Krungth- ep may be considereda center of both vocational and
theoretical knowl- edge with practical applications, and offers three main subject
areas: 1) Management: Marketing, Accounting, Business Administration,
Information Technology, and Property Valuation2) Creative Economy Industry -
espe- cially designed for vocational studies in the areas of lifestyle services and
general services, including the Development of Local Thai Products, Fashion
Design, Hotel Management, Industrial Design, Photography, Printing, Radio and
Television, Textiles, Tourism and Services, and the Thai Culinary Arts including
Thai Halal Food and Food and Processed Food Sciences. 3) Engi- neering — which
includes Aeronautics, Chemical Engineering, Civil Engineer- ing, Computer
Engineering, Electronics and Telecommunications, Electrical Engineering,

Industrial Surveying, Industrial Technology, Machinery and Technical Education.
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Mission Statement (in English):To enrich our network with innovation
and hi-end technology as the following mission.
1. Producing graduate with creative thinking, skill practicing and merit in mind
2. Focusing on research and Innovation by creative thinking and value-added
creation
Servicing academic on creativity for economic development
Managing by good governance and sufficient economy

Maintaining arts, culture and quality of life improvement

A

Focusing on education for country development University Accrediting Body

: Ministry of Higher Education, Science, Reseach and Innovation, Thailand.

Region:  Krung Thep Maha Nakhon [Bangkok]
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Introduction

Rajamangala University of Technology Krungthep (RMUTK) was established on 18 January 2005 as one
of the nine Rajamangala group by continuing from the Krungthep Technical College which was established
in 1952. The RMUTK was combined with the other campuses namely RMUTK-South Bangkok campus and
RMUTK-Bophit Phimuk Mahamek campus. The university has focused on innovation and technology oriented
based on the reinventing university cluster by the year 2021. The RMUTK is established over 71 years old.
It is one of the leader technical university of Thailand produced hug of alumni students. The university
offers undergraduate and higher educational level; Bachelor degree, Master degree, Ph.D. degree. RMUTK has
specialist in different areas as the following. The RMUTK- South Bangkok campus has well-reputation on home
making women’s college where renowned for its courses in craft and flower arrangements, culinary arts, food
and processed food science, and dressmaking and fashion design, for over 80 years. RMUTK-main campus has
well reputation for the development of vocational skills, including the service and tourism sectors, as well as
careers in chemistry and chemical engineering, electrical engineering and electronics, furniture design, hotel
management, mechanical and survey engineering, photography, textiles, and so on. RMUTK- Bophit Phimuk
Mahamek campus has a 30 years reputation for excellence and a curriculum consisting of a diverse range of
disciplines from business administration and marketing, to a variety of foreign languages including Chinese,

English, Japanese and Korean. There are three disciplines.

1) Management: Marketing, Accounting, Business Administration, Information Technology, and

Property Valuation

2) Creative Economy Industry — especially designed for vocational studies in the areas of lifestyle
services and general services, including the Development of Local Thai Products, Fashion Design, Hotel
Management, Industrial Design, Photography, Printing, Radio and Television, Textiles, Tourism and Services,

and the Thai Culinary Arts including Thai Halal Food and Food and Processed Food Sciences.

3) Engineering — which includes Aeronautics, Chemical Engineering, Civil Engineering, Computer
Engineering, Electronics and Telecommunications, Electrical Engineering, Industrial Surveying, Industrial

Technology, Machinery and Technical Education.
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Presently, the Rajamangala Institute of Technology Krungthep offers Bachelor’s and Master’s Degrees

in 7 Faculties and 1 College, as follows:

1. Faculty of Technical Education

2. Faculty of Home Economics Technology
3. Faculty of Business Administration

4. Faculty of Science and Technology

5. Faculty of Engineering

6. Faculty of Liberal Arts

7. Faculty of Textile Industry.

8. International college

9. Institute of Science Innovation and Culture
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Policy RMUTK

Rajamangala University of Technology Krungthep Announcement Re: Policy to promote food and
consumption for quality, safety and sustainable development

Rajamangala University of Technology Krungthep has a policy to drive the university towards
sustainable development according to Sustainable development goals: SDGs, we have realized the
importance of consuming clean, safe food without harmful chemical residues, which food is considered one
of the necessary factors for livelihoods and to ensure sustainable production and consumption patterns.

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, the President has
established policy guidelines for promoting healthy and safe food at Rajamangala University of Technology

Krungthep as follows:
1. Encourage the selection of quality, nutritious food ingredients from production sources that are safe from
contaminants and have continuous quality checks to ensure the safety of consumers

2. Promote a transparent and verifiable raw material procurement system.

3. Promote production and services control measurements that meet food sanitation standards.

b

Support price control to be appropriate to the quantity and quality of food.

5. Encourage sustainable, appropriate, environmentally friendly management of frying oil and reuse it as a

renewable energy source.

6. Encourage using packaging that biodegrades quickly and does not harm the environment.

7. Support creating a cooperation network between universities, store operators, and networks related to

farmers, organic farming communities, safe food, etc.

8. Promote an information system to promote healthy and safe food to students, personnel, and the general

public.

From now onwards

Announced on November



Sustainable Development Goals Report 2022 7

Related SDG
Goal 2: Zero Hunger
Goal 3: Good health and well-being
Goal 8: Descent Work and Economic growth
Goal 12 : Responsible Consumption and Production
Goal 14 : Life Below Water
Goal 15: Life on Land

Goal 16 : Peace,Justice and Strong institutions

Goal 17 : Partnership for the Goals

Ref.
Example.....

Announcement Re:Policy to promote food for health and safety B.E. 2021(25 August 2021)
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Rajamangala University of Technology Krungthep Announcement
Re: Policy to promote quality of life and welfare for everyone at all ages according to the Sustainable

Development Goals

Rajamangala University of Technology Krungthep has 17 sustainable development goals to achieve,
with the hope that they will help solve the problem of poverty. Eliminate hunger, access to public health,
gender, and opportunities to access education and job inequality, Global warming, and peace that the
world is facing. To create guidelines for promoting quality of life and welfare for everyone of all ages in line
with Target 3, Creating People healthy life assurance and welfare promotion for all ages as well as seriously
improve the quality of life and well-being of people at the individual, community, and local levels through

the transfer of public health knowledge. Health care and correctly avoiding behavior that risks initial illness

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, Rajamangala University
of Technology Krungthep announces to promote the quality of life and welfare for everyone of all ages as

follows:

1. Promote understanding and knowledge of students and personnel of Rajamangala University of Technology
Krungthep in health care, hygiene, nutrition, family planning, sports, exercise, or health-related activities

within and outside the university.

2. Provide services and facilities for physical, mental, and sexual health for students, personnel, and the

general public to access the above health services.

3. Designate all university areas as smoke-free. Launch a campaign to educate and create awareness,
including organizing anti-smoking campaign activities. Support students or staff who want to quit smoking with
proper treatment.

4. prohibited Rajamangala University of Technology Krungthep students and personnel from consuming
various drugs and alcohol within the university's educational area. As well as campaigning to provide

knowledge and create awareness against drugs in educational institutions.

5. Arrange cooperation with local, national, or international health institutions for health promotion activities

for the health and well-being of students, personnel, and the general public.

From now onwards

Announced on November

Related SDGs
Goal 3 : Good health and well-being
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Policy SDGs4
4.3.5 Lifelong Learning Access Policy
Rajamangala University of Technology Krungthep Anouncement

Re: Policy to promote comprehensive and equitable quality education and support lifelong learning

opportunities in line with the Sustainable Development Goals.
Rajamangala University of Technology Krungthep has a policy to achieve 17 sustainable development

goals and create guidelines for promoting quality education comprehensively and equitably. Support lifelong
learning opportunities Leading to excellence in high-quality educational programs. Reduce inequality in access

to the education system for everyone of all genders and ages.

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, an announcement
to promote comprehensive and equitable quality education and support lifelong learning opportunities is as
follows:

1. Encourage students, personnel, and the general public to have access to the university’s educational
programs. Based on diversity Equality and equality Do not discriminate due to differences in origin, race,
language, gender, age, disability, physical condition, or health status of a person Economic or social status,
religious beliefs or political opinions which does not violate the provisions of the Constitution

2. Promote education and lifelong learning For students, staff and the general public, access to
educational courses and various educational resources such as libraries, computers, online education courses,
access to lectures, practical academic knowledge. To develop yourself sustainably

3. Develop and create new knowledge or innovation and manage informal education for students,
personnel, and the general public by collaborating with agencies inside and outside the university for sustainable
learning development.

4. Create a lifelong learning society based on the sufficiency economy philosophy and creative
economy to develop the quality of education internationally.

5. Provide services and transfer academic knowledge, professions, innovation, technology, art and
culture, life skills, and entrepreneurship to the general public and various public and private agencies.

6. Develop education and training curricula, in teaching subjects, short-term and long-term courses,
degree-granting courses, non-degree-granting courses to accumulate credits for higher education or pursue
a career. It is aligned with and supports the development of educational programs for the Sustainable

Development Goals across the university.

From now onwards
Announced on November
President
Related SDG
Goal 4 : Quality Education
Ref.
Example.....

Announcement Re:Policy SDGs Goal4

9
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Policy SDGs6
6.4.1Water Re-use policy

Rajamangala University of Technology Krungthep Announcement

Re: Waste water Guidelines and Standard

Rajamangala University of Technology Krungthep has a policy and guidelines for managing
wastewater treatment systems from buildings to meet wastewater quality standards and pass the criteria set
by law, with awareness of actions for building maintenance staff to be able to proceed gradually and inspect

the treatment system to solve problems initially.

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, the President would

like to specify the following measures to manage building wastewater treatment systems.

“ The water treatment system” refers to water treatment ponds serving buildings within
an area of over 5000 square meters of the University, including canteens. The system comprises
a grease trap pond, an anaerobic wastewater treatment pond, a waste stabilization pond, and other related

facilities.

1. Building staff in charge of the wastewater treatment system must follow The Ministry of Natural
Resources and Environment B.E.2548, which has treatment guidelines and standards for buildings of specific
categories and sizes.

2. Building staff must record the performance of the wastewater treatment system in the Tho So 1 and

the Tho So 2 report forms and submit them monthly to the Office of Physical Resources Management.

3. In the building that has an aeration treatment pond system, pH levels, Dissolved Oxygen(D.O.), and
Sludge Volume30(SV30) must be taken and recorded regularly

4. A grease tap pond must be installed in the west treatment pond for the canteen. The grease must be

removed from the pond daily when canteens are in operation.

5. Buildings staff must regularly inspect and maintain waste treatment system equipment and machinery
such as the treatment pond cover, sewage pumps, aerators, and sludge pump treatment. All impaired

function items must be promptly repaired.

From now onwards

Announced on November

Related SDG Target 6: Waste water Guidelines and StandardRef.
Example.....

Regulation: student gender dress code
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SDGs7 policy
7.4.4 Creating a policy to promote clean energy technology

Rajamangala University of Technology Krungthep Announcement

or constructing energy-saving buildings

Rajamangala University of Technology Krungthep has driven the university towards sustainable
development according to the 17 goals of sustainable development, the university has set a policy for improving
or constructing energy-saving buildings to promote and provide guidelines for departments within the university

to use energy. And natural resources with efficiency and maximum benefit without affecting the environment

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, the President
has established a policy for improving or constructing energy-saving buildings of Rajamangala University of

Technology Krungthep as follows:

1. Promote planning and control of energy use within buildings to its fullest potential, cost-
effectiveness, and maximum benefit.

2. Promote the design, renovations, or construction of buildings that save energy, low carbon buildings,
reduce the use of resources, as well as the selection of recycled construction materials and equipment that are
environmentally friendly, such as Green Label, Number 5 Label, etc.

3. Design the building by considering the factors of wind direction and sunlight.

4. promote local planting and arranging landscapes appropriately with buildings, such as planting large
trees to provide shade and reduce heat.

5.Support buildings for energy conservation. Compliance with ministerial regulations and laws on
building design for energy conservation and government green building assessment criteria. Pollution Control
Department Ministry of Natural Resources and Environment or TREES (Thai’s Rating of Energy and Environmental

Sustainability) Thai Green Building Institute
From now onwards
Announced on November
President
Related SDGs

Goal 7: Affordable and Clean Energy

Goal 11: Sustainable Cities and Communities
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SDGs 8
8.2.6 Employment Policy Regarding Fair Salary Levels

Rajamangala University of Technology Krungthep Announcement
Re: Policy for Promoting sustainable economic growth and Effective Employment Support in line with the

Sustainable Development Goals

Rajamangala University of Technology Krungthep has a policy of sustainable development
goals. To achieve the 17 Sustainable Development Goals, with the hope that it will help solve the poverty
problem, Eliminate hunger, access to public health, Gender inequality, education and employment, Global
warming, and peace that the world is facing in order to provide guidelines for policies to promote sustainable
economic growth, support practical work for all. According to the sustainable development goals that
are consistent with goal 8, Promoting continuous, comprehensive, and sustainable economic growth, Full

employment and product image, and having meaningful work for everyone

Under Section 27 of the Rajamangala University of Technology Act 2005, an announcement was
issued to promote continuous, comprehensive, and sustainable economic growth. Complete and efficient

employment and having valuable work for everyone as follows

1. The University opposes all forms of forced labor, human trafficking, and child labor.

2. The University allows university employees to express their opinions or make complaints regarding
the rights or wages of personnel according to the specified process.

3. Support fair equality employment in determining the employment rate, employment compensation
rate, allocation of medical benefits, and appropriate stipend of university employees without discrimination
in the workplace. It covers non-discrimination based on religion, gender, sexual orientation, and seniority to
eliminate employment gaps between countries.

4. The University operates with ethics and transparency. The information is disclosed and ready to be
accessed. The University provides opportunities for service recipients and stakeholders to participate in the
University's operations. Complaints are managed systematically

5. Promote the University's work culture based on morality and good governance. It starts with self-
honesty, placing the value on resisting corruption, and having operational guidelines to prevent corruption
and misconduct.

6. Support students to have the opportunity to receive professional experience training or cooperative
education with business institutions, both public and private sectors, including creating a network of
professional experience training both inside and outside the University to create integrated learning and work

with entrepreneurs that will be able to produce graduates preferred for society in the future.

From now onwards

Announced on November

President
Related SDGs

Goal 8: Descent work and economic growth
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SDGs 9 Policy: Industry Innovation and Infrastructure
Rajamangala University of Technology Krungthep Announcement
Subject: Policy for compelling research and innovation to develop technology economics and industries

according to the Sustainable Development Goals

Rajamangala University of Technology Krungthep has a policy of sustainable development goals. To
achieve the 17 Sustainable Development Goals, presume presume that it will help solve the poverty problem,
eliminate hunger, access to public health, gender inequality, education, and employment opportunities, Global
warming, peace development, comprehensive technology, economy, and industry according to the Sustainable
Development Goals consistent with Goal 9, create a flexible infrastructure to change, promote comprehensive
and sustainable industrial development, and promote innovation.

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, an announcement to
drive research and innovation of the university according to the goals of industrial infrastructure and innovation
efficiently is as follows:

1. Promote the development of research excellence of researchers, students, and personnel as well
as Industrial infrastructure and innovation that connect networks of cooperation with agencies inside and
outside the university, public and private organizations, domestic and international, jointly drive research and
innovation that responds to the university's mission of enhancing the quality of development, develop the
community's quality of life in all dimensions: economic, social, educational, and environmental to increase the
industrial sector's competitiveness according to the new economic development model.BCG Economy

2. Develop management systems and mechanisms for managing and driving the university’s researchers,
students, and personnel development according to the research and research project management process,
supporting efficient, effective monitoring and evaluation of research budgets and assisting researchers
in developing practical research and innovation, including information technology and systems. Support
publication dissemination, leading to research utilization and filing petty patents or patents that generate
commercial income. Create results of research and innovation to affect student development. It created a
quality of life or additional value opportunities, strengthening the community and the nation’s economic,
social, and environmental aspects.

3. Promote knowledge management and develop knowledge Technology and innovation from research
and applying innovation in education. Providing academic services and maintaining local community culture
appropriately and worthwhile Increase the competitiveness of universities, communities, and industries.

4. Promote research and academic services in an integrated, cross-disciplinary, cross-agency format,
linking government, private, and civil society sectors. To create a network, Create innovation, and Create

sustainability in driving communities, society, and the nation.
From now onwards

Related SDGs

Goal 9 Industry Innovation and Infrastructure

Reference
Example....

Announcement Policy SDG9

13
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SDGs 11 Sustainable Cities and Human Settlements Policy

Rajamangala University of Technology Krungthep Announcement

Re: Policy to promote the development of waste or raw land

As Rajamangala University of Technology Krungthep has driven the university towards sustainable
development according to the 17 goals of sustainable development, the university has established a policy
to promote the development of waste or raw areas to guide and support the department in Rajamangala
University of Technology Krungthep to use the waste or raw land practical and efficient.

Under Section 27 of the Rajamangala University of Technology Act B.E. 2005, the President has
established a policy to promote the development of waste or raw areas of the university as follows:

1. Promote planning and development of waste or raw areas to maximize benefits consistent
with graduate production, student development, Educational management activities, a source of learning,
recreation, leisure, and exercise, as well as be a balanced building element
[tem

2. focuses on using waste or raw areas by university policy.

3. Promote landscape development to enhance environmental quality, a learning atmosphere,
and a pleasurable, shady environment.

4. Promote the development of environmentally friendly areas. Reduce energy consumption and
support the use of alternative energy

5. The Development of waste or raw space use must be consistent with the university's master
plan and maintain an area that is not less than 70 percent of the total area. (Areas that are not buildings,

such as green areas, ditches, roads, etc.)

From now onwards

Announced on November xxxxx,xxxxx

President

Related SDGs

Target 11 cities and human settlements that are still standing

refer

example

Announcement on the policy to promote the development of abandoned or unused land, B.E. 2021(25 Aug
2021)
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Rajamangala University of Technology Krungthep Announcement
Re: Policy to drive sustainable production and consumption patterns according to the

Sustainable Development Goals

Rajamangala University of Technology Krungthep has a policy of sustainable development goals. To
achieve the 17 Sustainable Development Goals, with the hope that it will help solve the poverty problem,
Eliminate hunger, access to public health, Gender inequality, education and employment, global warming,
and peace that the world is facing in order to create a way to drive the mechanism of industry to be
responsible in production and consumption efficiently according to development goals in line with Goal 12,
ensuring sustainable production and consumption patterns.

Under section 27 of the Rajamangala University of Technology Act B.E. 2005, therefore announced to
drive sustainable production and consumption patterns as follows:

1. Promote production, services, and consumption that are environmentally friendly and sustainable
by operating holistically in every aspect to reduce negative environmental impacts arising from production
and consumption processes. Along with promoting the quality of life of all citizens by cost-effectively
managing the environment, whether it is building confidence in the ethical procurement of food and supplies
or waste management through the 3Rs (Reduce, Reuse, Recycle) process, including eliminating all types of
waste, hazardous materials, reduce the use of plastic, and eliminate waste to a minimum amount.

2. Promote operations by national policies and priorities to achieve sustainable government
procurement practices

3. committed to developing the quality of life of students, personnel, and the general public
responsibly towards society and the environment based on a «Sufficiency Economy Society based on
Innovation,» with adequate and efficiently used resources.

4. Promote academic work, research, and services related to industrial production, agriculture, food,
service and tourism, and urban and local government organizations. If procurement kills, raising awareness
and education to prepare to become a global citizen aware of the use of natural resources and the
environment in line with sustainable living, balancing the country's resource base, and strengthening higher

education, science, research, and culture for the community. Society and nation

From now onwards

Announced on November

President

Related SDGs

Goals12 Responsible Consumption and Production

15
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SDGs 17 Partnership for the Goal

Rajamangala University of Technology Krungthep Announcement

Re: policies to drive sustainable development goals

Rajamangala University of Technology, Krungthep, being one of the agencies involved in driving
businesses in the region and country towards sustainability under the framework of the Green Economy
(Bio-Circular-Green Economy: BCG), and jointly pushing for development goals that Sustainable Development
Goals: SDGs of the United Nations according to the Environmental Social and Government (ESG) guidelines,
which cover the environmental, social, and governance dimensions, linking policies and sustainable
management goals of the organization, divided into 5 main target groups, which the university gives

importance to as follows:
1. The target group is society and the well-being of people (People): there are 5 main goals:

1.1No Poverty
(1) Support and assist society in building resistance to escape Poverty in all dimensions.
(2) Provide academic services to society, build strong communities, and develop careers that
generate income.

(3) Create cooperation to develop and aim to solve the problem of poverty among the people and

1.2 Zero Hunger
(1) Give importance to food safety and sanitation principles (Food Safety).
(2) Participate in reducing the amount of waste from consumption and have a system for managing
waste from consumption and waste that is appropriate and friendly to the environment (Food Waste).
(3) Provide academic services to society to increase agricultural productivity to create a sustainable
production system.
1.3 Good Health and Well-being
(1)Support prevention and health protection of non-smokers in university areas.
(2) Support protection and designate university areas as drug and alcohol-free zones.
(3) Provide academic services to society, build immunity in health care, and provide appropriate
medical services to communities in the university areas to ensure overall health and reduce illness and
death.

1.4 Quality Education

(1) Give importance to access to educational opportunities for all groups of students (poor students,
disabled students, and stateless students) as well as quality education to build the necessary skills for future
careers.

(2) Give importance to lifelong learning (Life Long Learning) cover
the dimensions of education, training, life development, and self-development (Upskill-Reskill).

(3) Create cooperation for developing quality education and research between universities and all

local and international sectors.
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1.5 Gender Equality

(1) Give importance to eliminating all forms of discrimination against women. Every woman must
have equal rights and opportunities in universities.

(2) give priority to the elimination of all forms of violence against women, sexual acts, and other
forms of exploitation;

(3) Established guidelines to promote gender equality and sexual diversity, including combating all

forms of sexual harassment.

2. Prosperity: has. There are 5 main goals:

2.1Affordable and Clean Energy

(1) Strengthen and give importance to efficient energy use and reduce unnecessary energy wastage
by planning energy use to achieve maximum benefit.

(2) Improve the building to be a Smart Building (Smart Building), emphasizing the use of energy-saving
equipment.

(3) Provide academic services to society in cooperation and facilitating access to research and access

to clean energy technology.

2.2 Decent Work and Economic Growth)

(1) Promote development that supports productive activities and entrepreneurship and promotes
the emergence and growth of micro, small, and medium-sized enterprises.

(2) Promote sustainable tourism to help create jobs and promote local culture and products.

(3) Provide academic services to society, integrating further research to create value for local

products.

2.3 Industry, Innovation and Infrastructure

(1) Participate in upgrading infrastructure and improving industries to achieve sustainability, creating a
cleaner and more environmentally friendly industry.

(2) Produce scientific research and create innovations to enhance the country‘s technological
capabilities in the industrial sector.

(3) Provide academic services to society to support the development of technology, research, and

innovation, leading to industrial diversification and the increase in the value of commodities.

2.4 Reduced Inequalities

(1) Promote equal access to social opportunities in all dimensions, regardless of age, gender, physical
disability, race, religion, or economic status.

(2) Provide academic services to society by helping reduce inequality problems and helping those
facing social issues in all dimensions.

(3) Create cooperation and participation in social development between universities and all sectors,

domestically and abroad, to develop quality of life and well-being.

17
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2.5 Sustainable Cities and Communities

(1) Strengthen and give importance to the safety and care of life and property in the university and
surrounding communities. Create a solid and livable community

(2) Participate in maintaining, conserving, and continuing culture, art, and wisdom to remain
sustainable.

(3) Providing academic services to society as a source of knowledge transfer on sustainable cultural
conservation.

3. Target group in natural resources and environment (Planet): Yes. There are 5 main goals:

3.1Clean Water and Sanitation

(1) Participate in improving water quality and reducing water pollution. There is a process to treat
and prevent wastewater and recycle water for maximum benefit.

(2) Provide academic services to society by transferring knowledge on good management, including
sustainably protecting and restoring ecosystems related to water resources.

(3) Create cooperation in water security between government agencies and all sectors domestically
and abroad.

3.2 Responsible Consumption and Production

(1) There is a management system for measuring the amount of waste and recycled waste generated.
To plan ways to reduce waste and create recycling.

(2) Strengthen and give importance to managing all types of chemicals and waste to be
environmentally friendly.

(3) Provide academic services to society using science and technology capabilities to drive
sustainable production and consumption patterns.

3.3 Climate Action

(1) There is a system for measuring the amount of carbon and energy used from energy sources that
produce low carbon.

(2) Providing academic services to society to cope with the impacts of climate change.

(3) Create cooperation between government agencies and all sectors, both domestically and abroad,
on issues related to climate change.

3.4 Life Below Water

(1) Participate in protecting marine solar vehicles to preserve the marine and coastal ecosystems to
maintain their beauty and perfection.

(2) Produce scientific research and transfer marine technology to help improve the quality of the
ocean and increase sustainable marine biodiversity.

(3 Providing academic services to society, transferring knowledge on the use of marine resources and
management of fisheries, aquaculture, and tourism to ensure sustainability and

3.5 Life on Land

(1) Give importance to increasing the green space within the university.

(2) Produce scientific research and transfer technology to help develop the quality of terrestrial
ecosystems to create sustainable biodiversity.
(3) Providing academic services to society, transferring knowledge on forest conservation, stopping

deforestation, restoring degraded forests, and managing forests sustainably.

4. Peace: There is a point. One main goal is to
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4.1 Peace, Justice, and Strong Institutions

(1) There are measures to promote morality and transparency and prevent and suppress corruption
that may occur within the university.

(2) Give importance to participation in the decision-making process and have good representation at
all decision-making levels based on the principles of good governance.

(3) Create cooperation on protecting fundamental rights and freedoms and preventing all forms of
crime and corruption between government agencies and all sectors, domestically and abroad.

5. Partnership: There is one main goal:

5.1 Partnerships for the goals

(1)Curriculum subjects and research related to the Sustainable Development Goals.

(2) Produce research in collaboration with foreign researchers on issues according to the Sustainable
Development Goals.

(3) Create cooperation on issues related to the Sustainable Development Goals between government
agencies and all sectors domestically and abroad.Therefore, Rajamangala University of Technology Krungthep
has established a policy to drive sustainable development goals, focusing on organizational sustainability

management, five target groups, and 17 sustainable development goals.

From now onwards

Announced on November

President

Related SDGs

Goal1 No Poverty

Goal2 Zero. Hunker

Goal3Good. Health and. Well-being
Goal4 Quality. Education

Goal5 Gender Equality
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SDG 1 : No Poverty

SDG 2 : Zero Hunger

SDG 3 : Good Health and Well-being

SDG 4 : Quality Education

SDG 5 : Gender Equality

SDG 6 : Clean Water and Sanitation

SDG 7 : Affordable and Clean Energy

SDG 8 : Decent Work and Economic Growth
SDG 9 : Industry, Innovation and Infrastructure
SDG 10 : Reduced Inequalities

SDG 11 : Sustainable Cities and Communities
SDG 12 : Responsible Consumption and Production
SDG 13 : Climate Action

SDG 14 : Life below Water

SDG 15 Life on Land

SDG 16 : Peace, Justice and Strong Institutions

SDG 17 : Partnerships for the Goals
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TunAdonisnsneassesnu 4 diussil

1. N1sSdIAS1:HOYAUS:NOUNIINITNIW

nazinijvadrioUaan

1.1 NISINSEUADEN  1111a1911ANY
avenn ntuunasiuauasBon Fuiwiniua 5 ndu
B vuea 50 faddes  dhluwghuwaIeswen
asazanefinnudy 90 seusewnd Wunan 2 alus
N9 FMYATLAIBNTBUUDS 4 LaTyINNISENARIEILANDN
afs thansafafildng 2 adasauiu Ysuusuesly asu
100 faddns sheowyuea 1AuldvindiUnseegiidley
(PauUasann

Noun wiesoihlunaasulutumnsussly

LN kazdmuengm, 2560)

1.2 n1s3iAs1:AUSUIUADILEU
(A.0.A.C.,2000) M53uAs1evinUsInanuauluiua
Tnenir Moisturecan Tuvimsdsdwiindeusy a1nduih
dndeuanourigamgil 105 °C Wuaan 3-2 Hilus th
ponandevanieuldlu Tngnmnuu Udesiisliaunseis
gaungll Moisture can anasvinfugaugiivies widnin
sty aunigamgiavasd andudaimiiniua
5-3 n3u ldaslu Moisture can nlusufigaumgdl 105 °C

Fabmdnauninmtinasasiudahadildun dua

1.3 N1SIIAS1:HAMITUNSA-AN AL3D
293 AO.AC., 2000 1hfagrauninaranudunsn-ang
TneldipSospHmeterfiiiunsususheatsazanesinles
11991314pH4.0,7.0ka8 10

1.4 NSIIAS1:ANNENNSATUOUYADES:

1) mswseua1savaneves DPPH Tuiem
uea wWwisd DPPH Tuillaududy 0.1 fadluaissnuiu
100 fiadanslaedaDPPH  0.0039 n¥uavatsuazusu
USumsliasu 100 Jaddnseie lenuea

2) NMawsEuETaraIeLInIgIULEaRRSTN
WsANTaraIuNInsgIULeanasin Tudhndusofiadans
TurnUsulsesinedaneanasdn 0.05 nSuazldang
Wudu1000ppmanntis thandesretowihey
17100ppminsealdanududuld |12 ,0,2,4,6,8,10 Way
16 ppm (W913.2) L‘ﬁaﬁﬂﬂa%waﬂmwgnmgmiwdw
AgANAuLAInIETIARY 517 uiluiaing (x) fuaud
YUY ANFaTaIENINIFIULEEADITN (y)

3) Ypasazalafioeg1sun 0.8 dadans
Nauiy @15azane DPPH 4 iadans Tu viaoavnaes wen
nanludiy Aaliludisiodunan 30 wdl vhnismnaes
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1 3 A%s udnhlusaAns @mﬂﬁuumﬁmmmmﬁu
517 urluns fewA3es UV-Visible
spectrophotometer Tngldtindunay futenuealy
&1 1:1 10y Blank 1u Control ntuhludums
a3 WelSeuifisuiuns snpsgiuansinueyya
dasy LAaTAILIUAMUFUNUSTENING % Inhibition DPPH
AupnududuYes asaraluuInsgIukeanasin e
A1 1C50

adans Taaslulnmuergiiilouess Urludy

g9l 70 uaz 90asrwaldyd \unan 4 3

wae 5 $alus mudndu Ay wdeniy
UUMENNINDDNIAYNITNTBINILATINTI LAY

ffu v 11w aulddwhudanngilis

PENDU (FALUAIRINIUNATUS, 2561) i
mvdanalulinsgviosnusenou nenenn
waztaiivestvuaudy Téur anudun

$A-6n QYiSMIFUoyLaBaTY ansUszneu

flue A0 Vsnauunuiy vhnsveassen 3 ads

X
#l

1.1 MTUATIZRAERILADVIA.0.A.C.,2000
pszriedlngliia3osind Grating spectrophotometer
U Y53020 Faen@lel uandlugy L a*b* Sufinwa vinns
vnaps e 3 Ads Tnofsualss an L* usannu
@314 (Lightness) dA10g5ewine 100-0 Lag 0 fig dei
wag 100 fp @17 A1 a* Usuenivaunslardlen lay Al
vIinamegisavilunnduiung uarAavavluandiden
fin b* Ysuendedmdnauazainitu Tnor vindsetises
Dueadudivdes uavAavasdunading

1.2 Myesilinnamediiazarele
v maisued A.O.AC., 2000 A5 RUSUNUUR LT
fazangldnmunlnethiegaivhuaatalunderias
Digital Brix RefractometerﬁJ'TLﬁJ%lIWiwuaﬂLlfﬁﬂ‘?‘]lasa’]EJVLéf‘Vl3
salumheesruIng (Brix) ¥ms neaaeen 3 ads

1.3M159LAS18MN158 NS UNNUSLaNEUNEI 1SN
mi‘mmaaﬂLL‘U‘U?jﬂJUé‘@ﬂauu‘jiiﬁ(RandomizedCompLeteBl
ockDesign; RCBD #38 RBD) Tneldaads Andoauu
119557U(S.D.)utanaAadslagniiasiziniaay
WUSUTIUNAGET (one-way ANOVA) LaZyA@auaIm
uwanssvesaadelagld Duncan’s New Multiple Range
Test (DMRT) fviuntiudfnisadanisysu 0.05 Tagld
Wsunsudusagy (SPSS)
naswsuuIUARoUAITUTUWSaUALIBINISAN
ns:uouNIswaalvalsd

1) hgunsainaglduimianelsdluiiFou100eem
waleauiy 10wl dhweawasiiUaunmaneslsd

Mgl 70 s waldeauIy 15 undl

2) thbwhuAduduangasiildezuuuaumeuann
famuvhmanaweslsdn guvndl 70 esmwadoa w1y
15 wiiflundfedy Mntuusseasinvnziou Jndhinden
fon shnsan guvgilasmsvaeidu thlufusnvifud
9aunQH 4 sariwaTea

Anuongnisiiusnun

MIFNYINMTAUTNY AUIBVeUGYY way
Uy (2553) Tnethivhuadudu wleumudiiuns
wiawelsduniusnwifigaumgl 4 ssmwaidea e
7.4 0 wag 10 1 111 AAs1290IAUsENDUNINNIEATN
uaziedveniwhuaduduiiengnsiuing

11 Aeswiliinaiuidiomn (Total plate
count) ¥degamanfasiivhuadudunieuduiiengn
SAUSNNI0,4, 708 10 Tu UAAT1ERUTUIUAUNTY
ﬁgmmmﬁﬁmﬂaauFDABAM,OnUne,ZOO1(Chapter3)I®EJ
nMadsadouy ewnsdsadends PCA Uniigauvindl 37
ssnigadeadunan 48 Filus laladezwsamuRonti
osidea withuumzdeluiusiuulalad seau
Na CFU/mL ¥nsvinaesdn 3 ade

1.2 MIAATISINNEDA 1URNUNITNAABIRUUH
au‘yjifﬁ (Completely Randomized Design : CRD) lng 14
Anade (%)) andesuumasg (SD) wianaeiade
LAEYINITIATIZANIAULUTUTIUNIAAE?
ANOVA)  wagmadauauuanssvesradelagld Dun
can’s New Multiple Range Test (DMRT) iviuatigdnfgy
naaRRTszdu 0.05 Taeldlusunsudndagu (SPSS)

(one-way

wans:nu(Impact)

seAuYiaddu(Local)

lonansiuu(Attachedfiles):Iwadufinvoya
(Word,PDF), sunawinianssu(Pictures)
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NISANYIUS:ENSNIWNISHNAINE:DINANSNONIIWIINAININTAR
uuwuowanaman

AXWAUWUSSDGV2 8RndAIHY(SDG2:ZeroHunger)

1UHUNE 18:A055R SDG Vo 2.3 Joyynaudinlnevestindnu

Viodow 2.3.4 nsiisie guAMIAYaMNITIANEENLET25653mmMensUsELANENeiRveguA LAY SIAN
gouen Winuynauluuvninedew
ﬁmvaa[nsamsua:n'lsé'lsoon:nuﬁoamsvoaquvuéfanU(Projectbackgroundand social observation)

Hommawionnslutagiu wui fifunntulugngfanavedan Tasfivannvans suuuuTuegfungingsy
msuilnavesussrnsusaziiuil Gad, 2562) Tulssmaanigouidn Jfduniuiomsisioray 8-5 lwfin uay
Uszanasdenay 4-2 lufflug) luussanenns vannvanewiatufionnsnnnt 160 ¥ia indsiuussmuudidsalmian
o1n9ut Tnwawns finuhiimsuiuniian 8 vin Wud w1t van defdmsan@enuds (U A fo) daudenuds da
fae F1and wasdudesuenanifnenuidesay 90 vowiiuiasilennisfonuazideaie Madetinlaedauvnain
miLLﬁmﬂm‘iméﬂﬁ(%fﬁ,Z%Z;USFoodandDrugAdministration, 2017)@unswiesiuusemnelneg Wudﬁﬁﬁﬁuﬁ
onsanniignoglungaymuviuas Wudin 92900y 11-5 way 18-12 Y Sulszanadesas 10 ownsfinuindnisud
wn I8ud 813 vz uat 19 uwthand (nsd, 2552) lunguenmavziadaududnihiifssnunsuiunian wavdn
uansoINTuATiAeuTneguuss edeumnefetafing (Lobster) de uanainid 1 (Crab) Mdudnfthilfimeanuindu
awmnelmAromauifizuusatuifuusedionauansemsuiidoudnmsmelueesdszneuiiseme  Iduesemns
ety TueEnddfuitaUszana %2.8-0.6 vesUszansvanan (31, 2556) uenanimuinnisuiomstiaa
durtus AetestuszuuglifuiudeasemnsTusiuiifulssilasduslnafidlsagiiuiionns Tasansiinszduliiaa
mmiLLﬁﬁsﬁaL'%&Jﬂﬁ"ﬂﬂdﬁaﬁfiaﬂ“ﬁuﬁ (allergen) AMzqfiuia1ms (food allergy) WWuUfATemoUAUEBITNIBUUY
laifisuszasdiiantuannisuslnnewnsiding vud ouansdegiud warenniitadesmduiifinasomainornisud
W Fusnssn 07y AudnvazaTIalveslUsAuRiduda SnunruazUTinumsduda maudsuudasing Aida 9
nszuauNswUsgU WWudu (31, 2559)

msmueuansiegiiuie v siuidiauddyds iesnUiinalusiudfisadntesd aunsonelifneins
wiilé! waglsngiiuionnsdslifisinunarenafusunmefundinld Tasowglugfuiomsesnasuussvaigisiuou
fihefiugstunnuanifioanmimdsnn Susmefiorafiatuisnduiifuanemsiedunsmslunisianisarsie
piuililssnudiel  msuansamnfienugndes  wazaenadesiutengrinedndheesnsianiaainanse giiu
913 FsuuvnaiiRTAuasuiivensulusefuanafio nmsuansaaniifiuszavsam lng uanssfuluTuiusin
vomAnTularsziunNudssiil TuinismuauiulUsuasuns dansansnegiuienaiiifioaslenianisuu
Wowvesansregfiumluduneusien Tu nszuaunisndn n13vheud waznisiiauazenn nedeadinismiu
aaun 1835919 1eIUfURN"S W Enzyme-Linked Immunosorbent Assay (ELISA)uaz Polymerase Chain Reaction
(PCR) Fefianuianizianzasiontmmamansioniul (nunnsal, 2558) dafu wuamenismuguommMsroniuily
gaanssuulszUems ieliliimstudoussndifila iAatuluszndnanszurunisnan aasiasfiarsunaaig
gnlunisidauaziznisdnedil  Usvavsnmanunsarharuavenaiuiaduiaemsluamensnanlag  fiddou
Usenauvesanstie niud iieliAnauihilaluniswasfiazliilenavesmsuuioudamionndadeuiiazdou ae

YA o =

nswanlvldesaulafinuinismuguansnegiuinindaianasuuiuiinvugslin wanainiifesltlugnaivngsy

wls3U TnedlTnguszasdivefnyusenEn1mueinisanainmy @2e1n wagHaTaINISNMERnUUIURINANaRNVeENT
fagiluiraUseaninnveansviay axenn
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38N1sAITUIIU(Methodology)
WRuRURNaNERnl s AT LU UNaN@RNLNTA
9 sUsEiAnnedieiduslinaduruiuyuga(High-
densitypolyethylene, HDPE) A2u%uN 3 dadluns U
#Hudl 1010 PIS1URLAT YAy azonnfiuRnge
TevihanuareranuseiiarerauazUass g
dameenueadudu %70 Ineusuns (vv) newanld
winuFegadedslnghdaisimédahazeaungia
Uonwaenidldeanuazadeiaveinsnadiandy 1
Tuslhiuderetumeniodunauomsdunar 1
uiidnurguuvuuazininluanaveslusiufifuesd
UizﬂaﬂmﬁaﬁﬂLLazﬁﬂuLﬁauumﬁuﬁa nanaRnwedleiia
wyiaAnuvuLdugasseudiegwd v el
Tudefslnedshmindofiunnnduneudl 2 whiu 1
n¥u waufuansazate Allergen extraction buffer ide
279 10 Wih LLax'ejuLLé’m?iqmmﬁ 60 aFwATEA INYR
ELISA  kit(RIDASCREEN®FAST
Crustacean) U3unas 20 fiadans welmdniumeindes

nadau  Crustacean
WeanTazany LLﬁaﬂﬂuéwammuqmmﬁ 60 BN
wavdoa Wuna 10 wit theonnneislmbuiignmnd
#os wniuhludumiesienior suuvisuenaznau
ANE250U 4,850 50U/UNT 71 4 asmwaiBua luan 10
wit wagth  dnladldlulddmiunsmsieaeusuuuy
1Usiu Inenauniuansazane SDS-sample buffer ensiau
1:1 uduigamgdl 95 ssmwadea Wuan 2 und an
tuiegeiildly amaseusluuuuaziminluanaves
TWshumeamaiialndozasalunwadianinslnidauuuiive
aned (SDS-PAGE) anulgsiawlasues Laemmli (1970)
TnglfiaTowenlsiunasyiinig WisuiflsuduTusiu
wasgruiinsuimiinlinanaeglugae 250-10 Alamady
(kDa)

WanUUNURINa@An

PN WSeUAIeg @S UIATIETLUSAUTIUY
1neg35n1591ae9nsULUpuYad
\Wenmsuuiuiananadn Tngdedminideieandunau
2 WU 50 NSU N989UUNURY NangRnyiduune 10x10
A1sauRwes Janseulilutuneud 1 e lunsduds
fiuAndu a1 Hlue gamadl 118 sarwaded wa
ntuiilledeeanuduiviegalusiuuy - NuRaleeds

5 & @ Y ] 4‘4’ a v v
#@19U MUTUABY A 1) WUfgnauuiuRILie tnalyld
maﬂﬁjmaﬂu Allergen extraction buffer a1nyANAFDU
984 Crustacean ELISA kit M11399194a319UsAUF08149 (1

A A cg{' a ] P v v @

nsal MUuiuRwlendesainnisansanunsalldaiauinu
fegnalaviud) 2) danuldaadldasly vasannasy 3)

a

\WuDiluted  allergenextraction  buffer ﬁq'uﬁqmmm

Y

c00srmwaTed udn 1 fadansaslunasannastluduney
f2peansazanslidnsuiunaizoduiisasiniomway
d17azany (Vortex mixture) ﬁqmmgﬁﬁaa ﬁﬂ"LUquumﬁfw
LwﬂmﬂauﬁwLﬂ'%laamgum%m AMUISITEU  4,85050U/
wi fidesenwadua 1wnan 10 wdl gaddula 100
lilasdns in Wianeidudertuieiaier
Anwdn1IEnsENeiALAY o IRTiuRINaNERn
fundeumsnogiuiandsnindsuiiufawanadiniivy
\Weuaseniuiaindsnlaeisnissiaesnisiuiion
dhedefmuturouduiertuiumsinuludeds
LASUENTNANELDIN
Ingyinnsieansansazanelaneulalunaslsyl (men1san)
fflanududy 6,000 -4,0008a80%i/An5(%6-0)Fe1n
naulldansazanefidusinunaeIumun(Totalchlorine)
10 uay 50 fadnsu/ans Foinisasadeulngldiadesin
LazthemedeUUSiNuART I MNA  LaATIRdeUA
anudunsame  (pHwesEsazaneiiwseuls  fiu
ansazanefeionlilunaus naraRndnadvlsiunauay
vnawdsaluinnafadeldeuaniiznisdrsiany
aveavinnsdehanuazeniiuinduiariuudeudn
Tnehurduwanainfisiassnis Juideulude 4.1 v
negeun1saseisturioniudisnIssnivasazay
(stirer) melu Tninesvun 13nsfigamgiivios Tneuys
AnuNTuresansazarslufedlalunasls  10uay 50
fiadnsu/ans anudsoulunistudns 100 uaz 200 souU/
Wil warsrernamsdne 1 war 5 und 9ty
wanadnluvdns (Rinse) dendu $nau 2 seu tite
BedEsT AvEven IntuAuTeglUsAuTiRnuL
wiunanadnyndaegamaaeulaensaiey ud iy
WhBfiALIE150U4,85050u/uniidunan 10unifiae s
waGeaiousndila  wnlilunsnsisaouguuuulusiu
Vsinallusiiunomaiinndndagdzanns  (Lowry) uaw

s nslulule@ulneisdlasn  (Enzyme-Linked
Immunosorbent Assay, ELISALfiefiazdndon anazlu
nsandmsumsfnwuseavsnmueinisansansneniiui
n3mapUsUsuULazmiinTuanaveslusiuidlaves
Wisuitldlude 43 wwaufuaisazate  SDS-sample
buffer §as1an Usines 1:1neu3inas (vA) arntuild

¥ ' s aal IS <
G]MFLHEJNNW’Y]UF’]NQWMQNV] 95 ayAwawed vUu a1 2

%
°

wit  udanhdegalusiuildlunsieaeusuuuunazii
wiinluanavedlusfiudewmailn  ndezasanludiaadian
Inslnsgauvuilioadiea (SDS-PAGE) muisanuuasas
(1970)

Laemmli TneldasoakenlusAuwazyinnig
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Wisuideuiulsfunasguisudmiinlnanaeg

w9250 -10Alamady Tnszisunallsiuimun

Wrdnlavedusiuiilalude 4.3 wmedeudSunalusiu
Wmelagiiand (Lowry et al,1951) lagisaogn
Y3l 0.1 Taddns uuaisazaty 2N NaOHUIumS
0.1 findans visndulfaudeulusrnimuaugamnd
71 100 ssrnwaded WJunad 10 wift Wievihnas leleslad
ieesUdesliBuigumgivieudfnasazaronaui
wiaenulimives %25odium carbonate : %1 Copper (1)
sulfate : %2 Potassium sodium tartrate (100:1:1)
U3 1 fadaes waulidriudanald 10 wifl figamgd
%o 91ntuldnansazane Folin-Ciocalteau Usuins
O.1ﬁaéﬁmwaﬂﬁﬁ%ﬁ’uLLaz&u’nﬁﬂ%Omﬁﬁwlﬂi’mﬁh@m
nAuuasfinueedy 750 wiluwes lagldarsazans
Bovine serum albumin (BSA) Huansazanglusiu
wasgIudmsu mavnUSinadusiuiaivaeiiese Ui
Wislululeduihanlavesdusiudilalnedsnsaraulude
43 d3ues 100 lulasdmsmediegne  wnlglunis
Aesrzvilsunadnsiulaledulneisslagn (EnzymeLinked
Immunosorbent Assay, ELISA) ¢agyanaaauasiniiui
(RIDASCREEN®FAST  Crustacean)

U MPNAY 2 91 WNUWAAINIIYANTULEINAIL

lunguadandeu

g1 AAY 450 Wilues wmwndsinains Wlaledu
melusunsudnsagy Radasoft Win.net (Us¥w o15-lule
W5y, Usewneleasuil)
ANW1UTEANENNUBINITAYIIANUEYDIALAY
mMsasieareInmfunsaIndeth Seusousinal
TWsfuuazansiegiuivdnaindaniinegfnuuiiuii
wanadnyinsindeuiufiananadndiuuideulneiznas
Srassmsuuiiounutuneudneiulae  wlsunsvaass
a2 YANIINARDY AD YAMEIANINAINALDN Uay
yvdsdohany  avormsamfumsmndaetiiou  lu
uiazafinsiaensuudeuuuiiufimanaindenis
wUssrezanfivaesldiuinduiautanoulugns
Vpuazeondu 3 526U Ao 30 0 was 120 undilaefiound
vanefansasituiaduiaviuiindaannldsunisiuitiow)
niuhiegeiy Adudaganismeaesn lunegeu
Uszavsnmnisanshenuazern Tnglddsnsansfivans
au (Aadonanmisvaassluden 4.4) uagBnyanisnaass
ihluneadeaulssansannisanesyinining dze1nsiuiunis
andetnfeu Tasmsadniiuindudasethiou (1272
psrwaiea) seuts antuiusegdusiuTiinsiauu

wHuNaNERnlagnsaeY waldwendiulavealusiuinll

n3rdoUgULuUlUsiY Vsinalusiuriavan  uavUsunn
TnsTuluTefuuuiiufnfineRnuuiy fndufanisiase
foyanmeadin Ussidiunanisiesesivsinalusiusiomn
wazlnslululedulneldnsiaununisnaasauuu

FactorialinComplete  Randomize  Design(Factorial
inCRD)

wWUsUTIU (Analysis of Variance, ANOVA) kaatu3guiiieu

LAYILATITIRNANIERALAYINIS  ATIETIAINY

AULANANUBIALAAY R85 Duncan’s Multiple Range
Test (DMRT) fisgaua oy %95

asUwawan(Output)ia:wadws(Outcome)
wawan(Output)

151’%%%@1361Lﬁmﬁ’uwé’vmnmg?\maamiﬂ'a
pluiuazUsyavBnmnsdnein anuavenasiegilusi
\nMeRauuiuRananadn

waaws(Outcome)
Anasdanuiiarinanuilumewnsaudynisla

wans:nu (Impact)
foyaildavdulselonilaonseiegnaivnisy
LL"dig'LJE]’lﬂmﬂﬂ?JLQWW%E)E]N?JIQE)WWWSLﬁ%dﬁuﬂﬁﬁﬂgﬂﬂﬂ
agtheanilymnistudeudiuvesarsdegiuilasdily
Falaluseminansyuaunsuanuarsiannsadluidwesen
NATeREfUNMsTanslfemsiiaudasnsde

wans:nu(Impact)

seauNeanu(Local)
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Us:uadndm NsiAnu N1sIwAzideuls:uadndn duadinwa snino

Janwa 99ndaunsu1en

AMWAUWUS SDG Vo2 (RelatedtoSDGNo2)

IJ‘1hu‘wIIa:ﬁo§5ﬂSDG\‘I‘o4(Metric/ IndicatorNo4)

wWhinegee2. 5Ugmanuilneseaulssiva
Fin 2.5.3 madFaminedevoununansuaziianomnsluriosiu U 2565 Fldinumsns wardnanoimsluvios
fuanunsahiisdssiueeuagminveaminedla(guiesufuins neass welulad adsiusiie) ieuiuuss
s s iy

ﬁmva\ﬂnsomsua:mséﬁsoonmumaamsvaaquuué\lnu(Projectbackgroundand social observation)
muaa UMM aUasuslasszaulantummssun 21 AWdsuwdasgonamnssy 4.0 18 anuANuATING
voawalulaBinaunauiuaNATIhmsIeImansuazmalulagnisudn  dawalinginssunisuslanduduay

a v

UinsvesUssrvuasuly fuanduidsdndudesisui dmaimunvugunudiveimansimaluladdanaden
wazuinnssmhlsmadszmamland  msfusuagiannauesuynsmuieliviiulazeglunguihmsiasuuyasi
Aetulunn Uumwedlan wuenfuusumalnedsguialdmssninuasfiuauddgiindnisddinmg iuae
Usaldguseinalned.ouaz Mvununugnsmansin@ 200 (W.A.2579-2560)
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4 9aAUIENBUNANATAT YNV ALYTRIUTEVA fiB

1. menuasnssulaegeensyaulidunuasadelvil/inwnsdunsd/SmartFarmers

2. mAgsRASMEsTnesjsensedulndy SmartEnterprises/Startupfififnemgs

3. mavinslaesjsensdiunmsuinsityadgdunniunazynszsu

4. pnALTIUlageNSERULSIUTIANLTUALTInYe g

Tnofidmnemugrsmansna2otuasnstuindoulsemalned. oflagtimussmeld vaiuaineaudu
Uspinalne 3.0 Tngwuanfudnaelduiunans muwdeua wazarulsl augalunsimumdoutumsusutssme
Tunnduluganusiunsiadadeduegnadugusssn  fensaimududanaelusennufnmaninsesuay
winuvvenaswgianelfissiuindeuinunalnnisiuindeuriunisairauasensedundnnmnalanisduiaden
Tnile) fiavdnngfdmusin wagids nalnnstundeuiifuduinsivauwnadotesnedsduan annsaduussne
Tandt 1 Tumssswil 21 16

Pnundnnsfenafidedesiuiamnnunsnsieeyenseaulidunuesadelnl awnse Ussgndldeon
SinUsuugRmunsEUIuMs nsensedudud osnseduneldaiafeu 1% Rweweddinntu ssuuasvgi
guruiuidouls sruuAsgiassiurAfsiuiadouldd Tuiduiuy

NunnAnwITedunuinusyunsadugdununsns wasiianudesmsisziaunseld asSeulviemn

¥
&
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o 1% a P s & a ¢
0. ¥alasams Mmsldwninnuiemuauaun i lussuuidesateanluind

o, ANENNUS SDG 98 »

CLEAN WATER
AND SANITATION

o

o, iWhwane uazdadin SDG 48 thiedes 63.1 msvidhtide funeunisthimindsdider U
2565

& flnvadasens LLazmiﬁﬂsqammﬁmmwawmm #eau (Project background and
social observation)

Tudsgtunmamzidesarfoiluendnmdniiddyednmils S1iunuasnsfimizdes
Yandisaunniu dieliiissweduarudesnsvesiuilaa dndudadeddydmsuniades
a1 lunsideaudazasadedddirlulsinunnnuagiesdfsutineynasaiensinmsiienainss
Tl Tnsiduildidesdarasgnaslugaaindndununsnssedddnuiiugy Fevihlinunsnssn
Fuunnldisareminluddwindeu Jedwmalvdwnndeulasunansenuainduds n1s
wWisuulaswaiansdesUaasgnitndunvunaunauiiiendtemluing (aquaponics)
= & = A % = 1% o < o 3 & o W v oA =
Faduwwimaniandisuitgvidwandeuld lnedunsihunnnnsiesainvitniieivds
fivagldsuansemsnnindsstatunumslale wazirfilunisiramefiviazaiunsall
nausndesaladnass uillesnnuilfidssaseneusmeasaraneuenluileiinainves
a A o = a Ag oa - I v H
denuandudgeanun Jseuluileiiluivselawazilianunsaléiluarsermsialaenss 1
ldassUanasseniunHuszuunsadiioUTuamn il Suivaduidtiegeuaaiuansdunse
TAawsssfiivanasaih lUldlunswsgdulald Fadunidnendusgmusniuvesiannioas
Tduonludoduuwnasomis udnvdsuanmwenludelinareiluasusznevlulasiuiiiiy



82

2022 Sustainable Development Goals Report

SAMEGOALS  SDO-RMUTK
asatlulduselonild Tneduiuvesgniuvesiannsesavinanednuiuwasnsasydule
L ERERINEE] é'z”fai“ﬁcqﬂiaqmﬁﬁﬁm%’uﬂiadﬂ;ﬂuﬂaﬁmﬁwmmﬁimamumgwqmmﬂmqﬁu
UsgAnsawlunisnseadaldvindu demguadindniaddesnisnsisaeuiannsesiid
UszAnsnmifiethurldlussuunses naaguiildainnisinuadsd aglfiduuuamidlunisiaun
warduaiueinmadssUatlituinumans fuszneums videdaulalumadesailussuvean

Wind@anasd Julinsdedsnndeulriifnunmdun saususely

& 3vnsantiusuy (Methodology)

o. BONHUUTTUULTITaUMNEUgN

b, senLUULATARGINITUZINENSausEUUNs e sureni
Ugniidnauaiaunvgnlunszusinig

Ars1eaiUsInamesdn DO PH way NHe lutidosan feunsugniy
Jips1eiUIunamesAn DO PH uay NHe lutvdwmunisnsesdemsiinuas it

o R A3

a3uNaNIINAaBY

. d3Unandn (Output) uaznadns (Outcome)
nandn (Output)
1I59Faumzugn
2 svuungfivanuniaesruunsuiouth
3. AUAWIIHNTNIY
4. USinmasen DO PH waz NH3 Tuthideauan nouuazvaINITUgNiY
5.115R5YLAUTATDINY
Waaws (Outcome)
LlssSeumzugnitvaiuaiameszuueninluing (aquaponics)
2.AnuauTRves Lezmﬁﬂgwiuﬁ'ﬁma@iaﬂmmwmaaﬂfﬁi%ﬁaaﬂm
e. Wansgnu (Impact)
M széutiesiu (Local)
O szdugfinan (Regional)
[ szduwn@ (National)

O széulan (Global)



Sustainable Development Goals Report 2022 83

RMUTHCRR
SUSTANABLE Sy A | G SDG-RMUTK

DEVELOPMENT

<. LANE1TUUY (Attached files): TwiaUufindaya (Word, PDF), Unwianssa (Pictures)




84

2022 Sustainable Development Goals Report

SUSTAINABLE G*’..?ALS SDG-RMUTK

DEVELOPMENT




85

Sustainable Development Goals Report 2022




2022 Sustainable Development Goals Report

86

AN A

RRUNGTHER

RMUTK

SUSTAINABLE (&
DEVELOPMENT

SDG-RMUTK

JALS

Yo




Sustainable Development Goals Report 2022 87

SUSTANABLE L A | SDG-RMUTK

DEVELOPMENT




88

2022 Sustainable Development Goals Report

S18971UN15IY

MsAEnsEULTIT AT LuUana neude L
THE STUDY OF ELECTROCOAGULATION PROCESS FOR WASTEWATER
TREATMENT

ya v

N8
U

NOANYT WIUYNT

1ATINITIVENUETUAYUIIUIY VDN INY 1A ENA LU AT T1YUIAAN JINN
UUTTUIURUTELA W.A. weoE

UM INYIALNALULATTIVUIABNFINN



Sustainable Development Goals Report 2022

3189UN1TIgaTURNY Il
quUszanatusele Uszanteauussunas 2565
=
IolAINIS

AUURALTINALAZNISE DY EAYNINVININVD LN UADEUIINLEUTYSTTUYR

Mechanical properties and biodegradation of natural fiber floating mat

ya o (% Y
{338 InlATINTg
599ANENTIATEUNUA WalIayAal

URTgAnyUlaTu 80,000.00 UM
szggan lunsAiNeIUIY 1 fanAu 2564 89 30 NueEU 2565
VYIPLIANITEATN 1 TUR 1 AanAd 2565 D9 30 AuAN 2566

89



20 2022 Sustainable Development Goals Report

&

A
RRUNGTHER

wnmercoaLs  SDG-RMUTK
WUUTIBMURANTTAENIULATING
meldunugnsaansinan1snmuIaEd ey

Sustainable Development Goals (SDGs)

o. ¥alasens (Project)
Funun wazay dmsuyeaing dnAnw wasinfAneedusiwnis
o, AMUFURUS SDG Yo...... (Related to SDG No....)

6.3 mﬁi’fuaxma@ua%'ﬂmﬁw

CLEAN WATER
AND SANITATION

TalA7ld (Usage logo)>

v
v

o, Wvane kagAa39a SDG 9a..... (Metric/Indicator No......)

o a P o a P G Vo = v v o v = | o
6.3.3 NM5AMTINUNRAUNS IaLSentaunsliinEnw Winthi LaSHULE DU (lvu nan

v
o A

1hu) U 2565

< N1vedlAsein1s uazn1TEIIIRINADINTTVBIYNTU AU (Project background and

social observation)

raszinaluladannssuamans dyumains dndne uwazwunguidou iWudwauunn Tuus

azu NAINANINFAUNIUIINTLNBLIANYIMAIINT YUARINTVDIAME TFUNIHYIINY

TUAIBMUNAULDITURATOU TINYARAUTONUIBIUNEUBNTINIAARBIUIITNS AN F9b6

wissngvimiuwazduniui esessulitiuynauiinaniundiesiu

& 3vnsantiusy (Methodology)

FawpFeuginhdunazdununlifuin@nw urainseaz wazyaraneusniufnse

JIUINVAT



Sustainable Development Goals Report 2022

|

B

susiGoALs SDG-RMUTK

o. A3UNanEA (Output) WATNAGWS (Outcome)

I

Output Funuvl lddesndn 1 4y wazdviindu lidesnin 2 ¢

v

Outcome YAAINT UNANYT wazyARANIEUBNTINAAREIIYNS LAlTuSNISEUNIU uag
iy Aeld

e

@. Wans¥nu (Impact)
seduttasdiu (Local)
O széugfinia (Regional)
O sefuan@ (National)
O s¢éulan (Global)

<. W@NE1SUUY (Attached files): TWatudindaya (Word, PDF), suamianssu (Pictures)

p

:
¢
¢
¢
o
E,
4
i¢
ie
‘
E ’
)

91



92 2022 Sustainable Development Goals Report

AFFORDABLE AND
CLEAN ENERGY

Affordable and
Clean Energy




micromachines

Sustainable Development Goals Report 2022

Article

Screen-Printing of Functionalized MWCNT-PEDOT:PSS Based
Solutions on Bendable Substrate for Ammonia Gas Sensing

Direk Boonthum 2, Chutima Oopathump 12, Supasil Fuengfung ', Patipak Phunudom 3, Ananya Thaibunnak 3,

Nachapan Juntong 3, Suvanna Rungruang 3 and Udomdej Pakdee

check for
updates

Citation: Boonthum, D.; Oopathump,
C.; Fuengfung, S.; Phunudom, P;
Thaibunnak, A_; Juntong, N.;
Rungruang, S.; Pakdee, U.
Screen-Printing of Functionalized
MWCNT-PEDOT:PSS Based Solutions
on Bendable Substrate for Ammonia
Gas Sensing. Micromachines 2022,13,
462. https://doi.org/10.3390/
mi13030462

Academic Editor: Mati Horprathum

Received: 26 February 2022
Accepted: 16 March 2022
Published: 18 March 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,%

Division of Physics, Faculty of Science and Technology, Rajamangala University of Technology Krungthep,
2 Nanglinchi Road, Thungmahamek, Sathorn, Bangkok 10120, Thailand; direk.b@mail.rmutk.ac.th (D.B.);
chutima.o@mail.rmutk.ac.th (C.O.); supasil.f@mail.rmutk.ac.th (S.F.)

Division of Energy Technology for Environment, Faculty of Science and Technology, Rajamangala University
of Technology Krungthep, 2 Nanglinchi Road, Thungmahamek, Sathorn, Bangkok 10120, Thailand

Division of Printing Technology, Faculty of Science and Technology, Rajamangala University of Technology
Krungthep, 2 Nanglinchi Road, Thungmahamek, Sathorn, Bangkok 10120, Thailand;
patipak.p@mail.rmutk.ac.th (PP.); ananya.t@mail.rmutk.ac.th (A.T.); nachapan j@mail.rmutk.ac.th (N.J.);
savanna.r@mail.rmutk.ac.th (S.R.)

*  Correspondence: udomdej.p@mail.rmutk.ac.th

Abstract: Multi-walled carbon nanotubes (MWCNTs) were grown on a stainless-steel foil by thermal
chemical vapor deposition (CVD) process. The MWCNTs were functionalized with carboxylic
groups (COOH) on their surfaces by using oxidation and acid (3:1 H,SO,/HNO3) treatments for
improving the solubility property of them in the solvent. The functionalized MWCNTs (f-MWCNTs)
were conducted to prepare the solution by continuous stir in poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate) (PEDOT:PSS), dimethyl sulfoxide (DMSO), ethylene glycol (EG) and Triton
X-100. The solution was deposited onto a bendable substrate such as polyethylene terephthalate
(PET) with a fabricated silver interdigitated electrode for application in a room-temperature gas
sensor. A homemade-doctor blade coater, an UNO R3 Arduino board and a L298N motor driver
are presented as a suitable system for screen printing the solution onto the gas-sensing substrates.
The different contents of f-MWCNTs embedded in PEDOT:PSS were compared in the gas response
to ammonia (NHj3), ethanol (C;HsOH), benzene (CqHjg), and acetone (C3HgO) vapors. The results
demonstrate that the 3.0% v/v of f-MWCNT solution dissolved in 87.8% v/v of PEDOT:PSS, 5.4% v/v
of DMSO, 3.6% v/v of EG and 0.2% v/v of Triton X-100 shows the highest response to 80 ppm NHj3.
Finally, the reduction in the NH3 response under heavy substrate-bending is also discussed.

Keywords: screen-printing; multi-walled carbon nanotubes; PEDOT:PSS; gas sensor

1. Introduction

Nowadays, electronic equipment bending presents a major shift from rigid devices to
flexible and stretchable systems. Because of their low-cost, thin and flexible characteristics,
printed electronics provide a novel technology for the replacement of traditional inflexible
devices. It has many advantages such as lightweight and easy preparation compared
with the conventional vacuum deposition and photolithographic patterning methods. For
the gas sensor applications, the printed techniques (direct-writing, inkjet-printing, screen-
printing, 3D printing) provide a range of time-saving mechanisms and the full potential
of sensing signals for application in the scope of gas sensors [1-4]. Toxic gases are major
problems in human health and the environment. The causes of these problems are gases
released from various industries during production processes. Ammonia (NH3) is known
to provide an effect on the human health as an explosive gas. As colorless gas with a
distinct pungent smell, it can even lead to suffocation and death if the level of exposure
is high. Therefore, monitoring and timely warning is important for settings in industrial
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factories and other public places. The development of detection technology is ongoing,
with the development of simple approaches including electrochemical and semiconduc-
tor devices. However, the life-time of electrochemical sensors is limited by the various
electrolytes. The semiconductor sensor involves thin metal oxide films with working tem-
peratures over 150 °C [5-8]. This is a limitation of operation with flexible plastic substrates.
Multi-walled carbon nanotubes (MWCNTS), functionalized multi-walled carbon nanotubes
(f-MWCNTs) and poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS)
have long been considered a good selection for room-temperature sensing materials of
different gases [9-16]. Moreover, the deposition of f-MWCNT-PEDOT:PSS as a sensing
layer using the inkjet-printed technique has been reported for the enhancement of gas-
sensing properties [17]. However, the problem of clogged nozzles in the printer-head is still
a main obstruction for the preparation of sensing layers onto the substrates. Screen-printing
techniques have been used to solve the abovementioned problems [3]. It is an effective and
simple process used to deposit sensing materials onto the substrates for application in the
field of gas sensors. It also has many advantages in controlling the thickness and chemical
composition of sensing-materials.

In this study, the f-MWCNT-PEDOT:PSS-based solution was prepared as a sensing
layer for application in gas sensor. The combination of a homemade-doctor blade coater,
an UNO R3 Arduino board and an L298N motor driver was presented as a novel system
for screen-printing the solutions onto the gas-sensing substrates. The different contents of
f-MWCNTs embedded in PEDOT:PSS were compared in the gas response to various gases
at room-temperature. The performance of the fabricated gas sensor was further evaluated
in sensitivity, selectivity, response time, recovery time and drift parameters. Finally, the
reduction in the NHj3 response for the sensor under heavy substrate-bending was also
discussed based on a tensile strain effect.

2. Materials and Methods

The MWCNTs were grown on a 1.6 x 3.0 cm? stainless steel (304 SS) foil with a
thickness of 50 um by using a thermal chemical vapor deposition (CVD) process. The
MWCNTs were synthesized under atmospheric pressure of acetylene (C;Hy), hydrogen
(Hy) and argon (Ar) gases with a flow rate of 160, 200, and 50 sccm, respectively. The
304 SS foils were heated at a fixed temperature of 700 °C, while all gases were fed into
a horizontal chamber. The details of MWCNT growth have been reported in a previous
work of our group [18]. After the CVD process, the MWCNT powder on 304 SS foil was
scraped from the 304 SS substrate using a plastic rod. The powder was heated up to a
temperature of 1000 °C under atmospheric pressure of nitrogen (N3) gas for 30 min to
remove amorphous regions on the MWCNT surfaces. The powder was then ultrasonically
immersed in an 80 mL mixture of sulfuric acid and nitric acid (3:1 H,SO,/HNO3) for 2 h.
This functionalization was presented for improving the solubility property of f-MWCNTs in
solvent [17,19]. After the oxidation and acid treatments, the distilled water was employed
to rinse contaminations and some remaining acids on the MWCNT surfaces. Before the
preparation of the f-MWCNT sensing solution, the powder was dried in an oven at 80 °C
for 12 h. The dried f-MWCNTs were continuously sonicated in 80 mL of deionized water
(DI water) for 45 min. The 0.0, 0.5, 2.0, 3.0 and 5.0% v/v of f-MWCNT solutions were stirred
in different concentrations of PEDOT:PSS, dimethyl sulfoxide (DMSO), ethylene glycol
(EG) and Triton X-100 for 2 h. The concentration details in terms of the volume percentage
of all chemicals for preparing the sensing-solutions are defined by the S0, S1, 52, S3 and S4
samples, as shown in Table 1.

It should be noted that the f-MWCNTs and PEDOT:PSS were used as the sensing
materials. DMSO, EG and Triton X-100 were used as a solvent, a viscosity modifier and a
nonionic surfactant, respectively. The f-MWCNTs embedded in PEDOT:PSS, DMSO, EG
and Triton X-100 in each condition were screen-printed on polyethylene terephthalate (PET)
substrates by using a homemade-doctor blade coater controlled with a UNO R3 Arduino
board and an L298N motor driver as shown in Figure 1. A stepper motor in a doctor-blade
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coater was supplied by a 12 V DC power supply in order to rotate the motor to drive the
blade movement along the screen-printing path with a speed of 0.5 cm/s. During the
screen printing, a 0.3 N perpendicular force was applied on the substrate modulated by
a blade and two micrometers. A UNO R3 Arduino board supplied by a 5 V DC power
supply was conducted to compile and control all functions in the system through the input
and to enable the channels. To prepare the S0, S1, S2, S3 and S4 gas sensors, the S0, 51, S2,
S3 and S4 samples were screen-printed onto PET substrates with fabricated 1.0 x 1.6 cm?
silver interdigitated electrodes. The sensors were evaluated on the basis of their sensing
performances under gas ambient using a flow-through system as shown in Figure 2. The
composition of the system consists of an air pump, an exhaust fan and a rotary pump, two
flow meters, a circuit board and two ball valves. The sensor was placed into a four-way
cross fitting as a test chamber while a voltage divider circuit was also connected to the
test chamber. A rotary pump was used to evacuate and remove the remaining gas out of
the chamber before supplying the air and test gas into the chamber for the gas-sensing
measurement. A laptop operated with LabVIEW software and an NI USB DAQ 6008 device
was used to monitor the gas-sensing signals by measuring the resistance of a gas sensor
every second. After the gas-sensing measurement, an exhaust fan was used to drain all
gases to the outdoors.

Table 1. Concentration of each chemicals for preparing the solutions.

f-MWCNT . Triton

Sample Solution PE:)%OJE;SS &1\/:3”0) (‘sz?/v) X-100

(% vlv) (% vlv)
S0 0.0 90.8
S1 0.5 90.3

S2 2.0 88.8 54 3.6 0.2

S3 3.0 87.8
S4 5.0 85.8

Micrometers

L298N
Motor driver

12V DC
Power

supply

Home-made doctor blade coater

Stepper motor input

Stepper motor enable

UNOR3 EEEEEEEEEN VN+5V
Arduino board ... L]

Figure 1. Schematic illustration of screen-printing system.
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Ball valve Test chamber

Clrcq1t board
(= cé‘
‘NI DAQ 6008‘

Figure 2. Photograph of gas-measurement system in this study.

3. Results and Discussion

After the CVD process, the MWCNTs were grown on a full area of 304 SS foil. Figure 3
shows a photograph of a 1.6 x 3.0 cm? 304 SS foil before (Figure 3a) and after (Figure 3b)
CVD process. Surface morphologies of MWCNTs grown on 304 SS foil were characterized
by scanning electron microscope (SEM, Quanta 450 FEI) with a working voltage and current
of 30 kV and 10 pA. To observe the density of MWCNTs more easily, a Scotch® tape was
conducted to remove the MWCNTs from some area of the foil as shown in Figure 4a.
The MWCNTs on the 304 SS foils were ultrasonically sonicated in the DMSO solvent and
dropped onto a copper grid. It was then inserted into a sample holder of a high-resolution
transmission electron microscope (HRTEM, Hitachi HT 7700). The HRTEM was conducted
using an accelerating voltage of 200 kV with a current of 60 HA to examine the size of
MWCNT diameter. It can be confirmed that the samples are multiwalled carbon nanotubes
with a diameter size of ~35 nm, as shown in Figure 4b. The diameter measurements were
calculated using an Image] software program in five different areas of the sample. It is
seen that the average size of the diameter for the MWCNTs was found to be 35 £+ 5 nm.
The MWCNTSs were functionalized with carboxylic groups (COOH) on their surfaces using
oxidation and acid (3:1 H,SO4/HNO3) treatments. Furthermore, 0.5 g of functionalized
MWCNTs (f-MWCNTs) was continuously sonicated in 80 mL DI water for 45 min. The
f-MWCNT solutions in each condition were then conducted to prepare the conductive
solution by continuous dissolution in PEDOT:PSS, DMSO, EG and Triton X-100. The surface
morphologies of f-MWCNT-PEDOT:PSS at different sensors of S1, S2, S3 and S4 can be
seen in Figure 5. As the content of f-MWCNTs in the solution increases, the density of
PEDOT:PSS tends to decrease. The formation of functional groups on f-MWCNT-PE the
DOT:PSS surfaces was characterized using a Fourier transform infrared spectrometer (FTIR,
Perkin Elmer Spectrum One) as shown in Figure 6. The weak peak at 1625 cm~! might
be assigned to the C=C stretching mode of the graphitic layer for MWCNT. This peak is
weak because of the symmetry of the dipole moment on the graphitic layer [13,20]. In the
case of the spectrum for f-MWCNT-PEDOT:PSS, the peaks contain C-S bond at 705, 858
and 946 cm ! [20]. The peaks at 658, 1095, 1412 and 1713 cm ! indicate the stretching
mode of S=0, C-O, C-C and C=0 in carboxyl stretching modes, respectively. The dual
peaks at about 2900 cm ™! for the C-H stretching mode might represent contaminations of
hydrocarbon in the spectrometer. The broad peak at around 2900 cm ! is responsible for
the O-H groups [21]. This indicates the presence of the formation of carboxylic (COOH)
groups on the surface of f-MWCNTs embedded in PEDOT:PSS. The f-MWCNTPEDOT:PSS
solution was deposited onto a PET substrate with a fabricated silver interdigitated electrode
with a designed screen-printing system.
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(@)
Figure 3. Photograph of 1.6 x 3.0 cm? 304 SS foil (a) before and (b) after CVD process.

(a) (b)

Figure 4. (a) SEM image of MWCNTs grown on 304 SS foil and (b) HRTEM image of synthesized
MWCNT in this synthesis.

Figure 5. SEM images of f-MWCNTs embedded in PEDOT:PSS sensing-films at different samples of
(a) S1, (b) S2, (c) S3 and (d) S4.
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Figure 6. FTIR spectrum of f-MWCNT-PEDOT:PSS.

Figure 7a shows a photograph of a home-made doctor blade coater and its parts.
The screen-printed film of f-MWCNT-PEDOT:PSS gas sensor before and after peeling the
sticker mask can be seen in Figure 7b,c, respectively. The size of f-MWCNT-PEDOT:PSS
sensing film is 0.6 x 0.8 cm?, as shown in Figure 7c. After the screen-printing process, the
sensor was placed into the test chamber of the gas-measurement system. The sensor was
investigated for its response to NHj and other target gases at room-temperature. Figure 8
shows the resistance changes of S1, 52, S3 and 54 gas sensors under 80 ppm NH; exposure.

Screen-printed
film

< Sticker maski

Blade - (b)

PET stubstrate .~

Ag-interdigitated
electrode

—=—Sticker ma.ﬂ!

1cm

() (©)

Figure 7. Photograph of (a) home-made doctor blade coater and its part. Screen-printed film of
f-MWCNT-PEDOT:PSS gas sensor (b) before and (c) after peeling the sticker mask.
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180 ppm NH; | + 80 ppm NH, -
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T T
i 1 — 53 gas sensor —— S4 gas sensor
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- : — 51 gas sensor
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y 1200 i ¥ 1200
= ! =
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@) (b)
Figure 8. Resistance changes of (a) S0, S1, S2, S3 and (b) S4 gas sensors under 80 ppm NHj exposure.

More specifically, the gas sensor without f-MWCNT content (S0 gas sensor) was further
characterized as a comparison. It is seen that the baseline resistances of all fabricated gas
sensors are found to be ~830 ). Then, all of the dynamic resistances of sensors increase
when the sensors are exposed to 80 ppm NHj vapors. However, the resistances of S0, S1,
S2 and S3 sensors recover completely to their baseline after the valve of NH;z vapors is
closed, as can be seen in Figure 8a. For the high f-MWCNT content of the S4 gas sensor,
it was interestingly observed in Figure 8b that the resistance cannot return to its baseline
line, although the NHj3 flow stopped. The gas sensors were evaluated in terms of their
performances using gas response, selectivity, response time, recovery time and drift value.
The gas response was defined by Equation (1).

Rgas B Rair

S(%) = £
alr

x 100, (1)
where Rgas and R,;; are the gas-sensor resistances in test-gas and dry-air flows, respectively.
The calculated values of gas response for the SO, S1, S2, S3 and S4 sensors under
80 ppm NHj exposure were 14.5, 32.5, 44.6, 66.3 and 67.5%, respectively. It was found that
the gas response of all sensors increased with an increasing f-MWCNT contents. However,
the gas sensor with a high content of f-MWCNTs (54 sample) demonstrated no noticeable
return to the baseline resistance. The drift value of resistance for the 54 sensor was ~350 ().
It is known that this value is not impressive for sensor preparation. Therefore, the optimum
f-MWCNT content for the fabrication of an effective f-MWCNT-PEDOT:PSS gas sensor
exposed to 80 ppm NHj is 3% v/v of f-MWCNT solution (S3 sample). The time of the
change for the sensor resistance after a gas-sensing cycle is defined as the response time.
For all of the sensors, the response time was found to be of a similar value, at ~3.8 min.
The recovery time of the sensor has been further defined by the time of resistance
change and recovery to its baseline. It is seen in Figure 8a that the recovery time of SO,
S1, 52 and S3 sensors was a duplicate value of ~4.5 min. For the 54 sample, it cannot
be indicated in the recovery time due to the fact that the resistance of the S4 sensor does
not perfectly return to its baseline. Normally in physisorption, the gas molecules accu-
mulate on the sensing surface due to weak force, known as Van der Waals forces. The
chemisorption involves the strong chemical bonding of the adsorbate with the surface of the
adsorbent. Therefore, the chemical adsorption requires activation energy for reversibility
in nature. For the gas-sensing layer with a low f-MWCNT content (3.0% v/v solution),
the physisorption is stronger than the chemisorption processes in case of NHj sensing by
f-MWCNT-PEDOT:PSS, while the high f-MWCNT content (>5.0% v/v solution) of the
sensing layer presents very strong chemisorption. Therefore, the content of f-MWCNTs
embedded in PEDOT:PSS has an important effect on the adsorption of NHz molecules.
The effectiveness of the S3 gas sensor in handling repeated inlets of NH3 gas is shown
in Figure 9. It can be seen that the S3 gas sensor presents a good reproducibility of the
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sensor for 80 ppm NHj exposure with excellent recovery over four cycles. The earlier
publication involving the gas sensor has been focused on the reduction in the recovery
time and enhancement of the recovery process. The reduction in the recovery time from
48 h to 20 min has been reported by using the combination of heat and a DC electric field
to serve the desorption of NH3 molecules from MWCNT surfaces [22]. In this work, the
f-MWCNT-PEDOT:PSS gas-sensor with the optimum condition (S3 gas sensor) presents
good performance in terms of the recovery property in dry-air flows without external
excitation. The recovery time of the S3 gas sensor after 80 ppm NHj; exposure is less than
the time reported for the above work.

1500 1 NH.off
50
/ - NH; off NH,off NH; off

1400 1 e e
~
i
g 1300 1
o
8
21200
U
o

1100

1000

0 800 1600 2400
Time (s)

Figure 9. Resistance change of S3 gas sensor in handling repeated inlets of 80 ppm NHj3 exposure.

For the selectivity property, all of the sensors were compared in gas response under
80 ppm NH3, 200 ppm C,H50H, 200 ppm CgHg and 1000 ppm C3HgO. It can be observed
in Figure 10a that the sensors show the highest response to 80 ppm NHj, while the gas
responses of all sensors exposed to other gases are lower than 10%. Therefore, the PE-
DOT:PSS and f-MWCNT-PEDOT:PSS gas sensors have a good performance in selectivity to
NH;. The S3 gas sensor, as the best sample, was warranted a more thorough investigation
in relation to its sensitivity property. This property has been evaluated by a slope value of a
linear relation between gas concentration and the gas response of sensors under target gas.
The calculated values of slopes for S0 and S3 sensors were compared. It is seen in Figure 10b
that the sensitivity values of the SO and S3 sensors are 0.20 and 0.97 ppm ™!, respectively.
Therefore, it can be indicated that the f-MWCNT contents embedded in PEDOT:PSS leads
to a better sensitivity of the gas sensor.

To study the effect of the bending state on the gas response of sensors, the S3 gas sensor
was bent to a curvature radius of 3.0 and 0.9 cm, respectively. Furthermore, the sensor with
a flat state was also tested as a comparison. Polylactic acid (PLA) filaments were printed in
the cylindrical shape with an outer radius of 3.0 and 0.9 cm by a 3-dimensional (3D) printer.
As shown in the diagram in Figure 11a, a PLA cylindrical shape was used as a holder for
laying a fabricated sensor on its side surface. The sensor was carefully attached to a PLA
holder using a Scotch® tape before it was inserted into a test chamber of the gas-sensing
measurement system. It should be noted that only one sensor can be tested at a time. After
testing the bending sensors, as shown in Figure 11b, the gas responses of the 53 sensor
under flat and 3.0 cm bending-radius states did not present an obvious difference. The
calculated values of the gas response for two of the sensors are found to be 67.5 and 65.0%,
respectively. For the 0.9 cm bending-radius state of the sensor, it was observed that the
calculated value of gas response significantly reduced to 29.5%. The reduction in the NH3
response for the sensor under heavy substrate-bending is further discussed based on a
tensile strain effect.
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Figure 10. (a) Comparison of gas response for all sensors under different test gases. (b) Gas response
of SO and S3 gas sensors as a function of NH3 concentration.
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Figure 11. (a) Schematic diagram of f-MWCNT-PEDOT:PSS gas sensor under bending test. (b) Resistance
changes of S3 gas sensor measured during flat and bending (r = 0.9 cm, r = 3.0 cm) states.

To understand the tensile strain effects on the gas response of the f-MWCNT-PEDOT:PSS
gas sensor, the surface morphology of the S3 screen-printed film after already bending test
was further investigated. Figure 12 shows the SEM images of f-MWCNTs embedded in
PEDOT:PSS sensing films (S3 sample) after bending tests with 3.0 cm and 0.9 cm radii. It
was observed in Figure 12a that there were some cracks in the bending-film surface. The
sizes of the crack gaps for the films after 3.0 and 0.9 cm bending-radius tests were found to
be ~1.1 and ~1.5 um, respectively. After a test of 3.0 cm bending-radius (Figure 12b), there
were f-MWCNT alignments in the film, which acted as conductive pathways between the
gap. For the much larger crack gap of a 0.9 cm bending-radius film (Figure 12c), a lack of
f-MWCNT pathways was observed. Delamination, channeling and cracking have been

reported as important causes for the failure of breakable films on flexible substrates [23-25].

When decreasing the stress on the film surface, the tensile strain increased. Therefore, the
crack paths on the film surface were generated. This is the most common observation for
the polymer film during the bending process. Figure 13 shows the schematic diagram
of pathways in electron transports for a f-MWCNT-PEDOT:PSS gas sensor under a flat

state (Figure 13a), 3.0 cm (Figure 13b) and 0.9 cm (Figure 13c) bending-radius states.

The reduction in the NHj3 response for the sensor under heavy bending has been also
discussed, in that the cracks generate permanent changes in the electrical resistance of
PEDOT:PSS sensing films. However, the f-MWCNTs embedded in the PEDOT:PSS act as
additional pathways in electron transport. Therefore, the changes in electrical resistance
of the f-MWCNT-PEDOT:PSS sensing film with weak bending have little impact on the
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electrical property and gas-sensing performance. This may provide a reason as to why the
gas response of the f-MWCNT-PEDOT:PSS gas sensor under flat and 3.0 cm curvature-
radius states did not lead to an obvious difference. However, due to the large crack gap
in the heavy bending substrate, the sensor under 0.9 cm bending radius presents a low
response to 80 ppm NHj. This is due to the lack of f-MWCNT connectors between the gap.
This results in the creation of low conductive pathways in electron transports. Therefore,
low signals of gas response for the f-MWCNT-PEDOT:PSS gas sensor to NH3 under heavy
substrate-bending are represented.

(a) (b)

Figure 12. SEM images of (a) screen-printed f-MWCNT-PEDOT:PSS films (S3 sample) after bending
tests with (b) 3.0 cm and (c) 0.9 cm radii.

FMWCNTs PEDOT:PSS

Ag Flectrode

substrate —% ] /—\ /
E

Electron transport lectron transport Electron transport

(@) (b) ©

Figure 13. Schematic diagram of pathways in electron transports for f-MWCNT-PEDOT:PSS gas
sensor (S3 sample) under (a) flat state, (b) 3.0 cm and (c) 0.9 cm bending-radius state.

The gas-sensing mechanism of the screen-printed f-MWCNT-PEDOT:PSS gas sensor
has been proposed based on a classification of two possible mechanisms. The f-MWCNT-
PEDOT:PSS gas sensor with a high f-MWCNT content has been proposed as a first possible
mechanism based on a reducing reaction between chemisorbed oxygen groups on the
f-MWCNT-PEDOT:PSS surfaces and gas molecules. The oxygen groups can be trapped
on the surface of active materials in dry air at room temperature. In addition, the oxygen
groups also tend to increase after functionalization with 3:1 HySO4/HNOj3 treatment. After
the exposure of the gas-sensing film to NHj3 vapor, the NH3 molecules can be adsorbed
on the f-MWCNT-PEDOT:PSS surfaces. The reducing reaction between NH3 molecules
and oxygen groups returns electrons to the f-MWCNT-PEDOT:PSS surfaces as a p-type
semiconductor material. When the p-type semiconducting f-MWCNT-PEDOT:PSS gas
sensor received electrons from NHj3 molecules, the concentration of the hole in p-type
semiconducting f-MWCNT-PEDOT:PSS gas sensor decreased. This leads to an increment
in the electrical resistance of the f-MWCNT-PEDOT:PSS gas sensor after exposure to NHj
gas. Because of the strong bonding between the NH3 molecules and oxygen-containing
groups, the NHj3 chemisorbed molecules cannot be removed completely from the surface
of f-MWCNT-PEDOT:PSS at room temperature, although the NHj gas sensor is purged
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by the dry-air. This may lead to a creation of drift at a baseline of resistance for the
f-MWCNT-PEDOT:PSS gas sensor with a high f-MWCNT content (54 gas sensor).

With regard to the second possible mechanism, the f-MWCNT-PEDOT:PSS gas sensor
with a low f-MWCNT content has been also discussed based on a direct charge-transfer
process between NH; molecules and f-MWCNT-PEDOT:PSS surfaces. Physisorption has
been considered as a dominant process in the explanation of this possible mechanism. The
increments in the specific adsorption area and 7t-7t interactions can be improved by the
addition of f-MWCNTs to PEDOT:PSS. The holes of f-MWCNT-PEDOT:PSS respond to do-
nating electrons from NH3 molecules when they are adsorbed onto f-MWCNT-PEDOT:PSS
surfaces. When decreasing the hole concentration, the resistance of the p-type semicon-
ducting f-MWCNT-PEDOT:PSS gas sensor increases. Because physisorption is a weak -7t
interaction, the gas molecules can be easily purged under dry air at room temperature.
This may lead to the complete recovery of the baseline for the S0, S1, S2 and S3 gas sensors
under the purging of dry-air at room temperature.

4. Conclusions

The f-MWCNTs were successfully prepared in the gas-sensing solutions by continuous
stirring in PEDOT:PSS, DMSO, EG and Triton X-100. The solutions were screen-printed onto
PET substrates using the low-cost system for preparation of room-temperature gas sensors
and characterized for NHj sensing. The optimum f-MWCNT content for the fabrication
of an effective NH3 gas sensor is a 3.0% v/v solution. It presents good performance of the
recovery property in dry-air flows without external excitation. The sensors were also tested
under substrate-bending in different states. It can be concluded that the gas responses of
the sensor under flat and weak bending did not have an obvious difference because the
f-MWCNTs act as additional pathways in electron transport between the crack gap on the
sensing films. For heavy substrate bending, the gas response of the sensor is significantly
reduced due to the tensile strain effect. The gas-sensing mechanism of the screen-printed
f-MWCNT-PEDOT:PSS gas sensor has been proposed based on a classification of two
possible mechanisms such as the reducing reaction and direct charge-transfer process. This
finding will be useful for the development of future electronic technology in flexibility.

Author Contributions: Conceptualization, U.P,, A.T., D.B. and P.P,; methodology, U.P., C.O., D.B. and
S.R.; software, D.B.; validation, U.P,, D.B., N.J. and P.P; formal analysis, A.T. and S.R.; investigation,
U.P,; resources, U.P,; data curation, S.F,; writing—original draft preparation, U.P,; writing—review
and editing, U.P.,; project administration, U.P; funding acquisition, U.P. and S.E. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was financially supported by Research and Development Institute, Rajamangala
University of Technology Krungthep, Thailand (Grant No. ST-1045).

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Loh, HA,; Graves, A.R,; Stinespring, C.D.; Sierros, K.A. Direct ink writing of graphene-based solutions for gas sensing. ACS Appl.
Nano Mater. 2019, 2, 4104-4112. [CrossRef]

2. Pakdee, U.; Duangsawat, B.; Thaibunnak, A.; Phunudom, P. Modification of stainless steel surface for MWCNT inkjet printed gas
sensor. Suranaree J. Sci. Technol. 2020, 27, 03002.

3. Pugh, D.C; Hailes, S.M.V.; Parkin, L.P. A gas-sensing array produced from screen-printed, zeolite-modified chromium titanate.
Meas. Sci. Technol. 2015, 26, 085102. [CrossRef]

4. Wu, T,; Gray, E.; Chen, B. Self-healing, adaptive and conductive polymer composite ink for 3D printing of gas sensors. . Mater.
Chem. C 2018, 6, 6200-6207. [CrossRef]

5. Oros, C.; Horprathum, M.; Wisitsoraat, A.; Srichaiyaperk, T.; Samransuksamer, B.; Limwichen, S.; Eiamchai, P.; Phokharatkul, D.;

Nuntawong, N.; Chananonnawathorn, C.; et al. Ultra-sensitive NO; sensor based on vertically aligned SnO, nanorods deposited
by DC reactive magnetron sputtering with glancing angle deposition technique. Sens. Actuators B 2016, 223, 936-945. [CrossRef]

103



104

2022 Sustainable Development Goals Report

Micromachines 2022, 13, 462 12 0f 12

6.  Wongrat, E.; Chanlek, N.; Chueaiarrom, C.; Thupthimchun, W.; Samransuksamer, B.; Choopun, S. Acetone gas sensors based on
ZnO nanostructures decorated with Pt and Nb. Ceram. Int. 2017, 43, S557-S566. [CrossRef]

7. Lopez, R.; Vigueras-Santiago, E.; Vilchis-Nestor, A.R.; Castrejon-Sanchez, V.H.; Camacho- Lopez, M. A ; Torres-Gomez, N. Ether
gas-sensor based on Au nanoparticles-decorated ZnO microstructures. Results Phys. 2017, 7, 1818-1823. [CrossRef]

8.  Anand, K.; Kaur, J.; Singh, R.C.; Thangaraj, R. Preparation and characterization of Ag-doped In,O3 nanoparticles gas sensor.
Chem. Phys. Lett. 2017, 682, 140-146. [CrossRef]

9. Park, Y; Dong, K.-Y,; Lee, J.; Choi, J.; Bae, G.-N.; Ju, B.-K. Development of an ozone gas sensor using single-walled carbon
nanotubes. Sens. Actuators B 2009, 140, 407-411. [CrossRef]

10. Dhall, S.; Jaggi, N.; Nathawat, R. Functionalized multiwalled carbon nanotubes based hydrogen gas sensor. Sens. Actuators A
2013, 201, 321-327. [CrossRef]

11. Zhang, X.; Wu, X.; Yang, B.; Xiao, H. Enhancement of gas sensing characteristics of multiwalled carbon nanotubes by CF, plasma
treatment for SFg decomposition component detection. J. Nanomater. 2015, 2015, 171545. [CrossRef]

12.  Jian,].; Gua, X,; Lin, L.; Cai, Q.; Cheng, J.; Li, ]. Gas-sensing characteristics of dielectrophoretically assembled composite film of
oxygen plasma-treated SWCNTs and PEDOT /PSS polymer. Sens. Actuators B 2013, 178, 279-288. [CrossRef]

13. Pakdee, U.; Phunudom, P.; Nantakarat, S.; Thaibunnak, A.; Roipromma, P.; Rungruang, S.; Prajansri, P.; Chaloeipote, G. Room
temperature gas sensor based on helical carbon coils. Key Eng. Mater. 2019, 798, 105-110. [CrossRef]

14. Janudin, N.; Abdullah, N.; Yunus, WM.Z.W.; Yasin, EM.; Yaacob, M.H.; Saidi, N.M.; Kasim, N.A.M. Effect of functionalized
carbon nanotubes in the detection of benzene at room temperature. J. Nanotechnol. 2018, 2018, 2107898. [CrossRef]

15.  Kim, J.; Choi, S.-W.; Lee, J.-H.; Chung, Y.; Byun, Y.T. Gas sensing properties of defect-induced single-walled carbon nanotubes.
Sens. Actuators B 2016, 228, 688—692. [CrossRef]

16. Kumar, D.; Chaturvedi, P; Saho, P; Jha, P.; Chouksey, A.; Lal, M.; Rawat, ].S.B.S.; Tandon, R.P.; Chaudhury, PK. Effect of single
wall carbon nanotube networks on gas sensor response and detection limit. Sens. Actuators B 2017, 240, 1134-1140. [CrossRef]

17. Pakdee, U.; Thaibunnak, A. Growth of MWCNTs on plasma ion-bombarded thin gold films and their enhancements of ammonia-
sensing properties using inkjet printing. J. Nanotechnol. 2019, 2019, 3424915. [CrossRef]

18. Pakdee, U.; Chiangga, S.; Suwannatus, S.; Limsuwan, P. Growth of MWCNTs on flexible stainless steels without additional
catalysts. J. Nanomater. 2017, 2017, 5672728. [CrossRef]

19. Le, V.T.;Ngo, C.L.; Le, Q.T.; Ngo, T.T.; Nguyen, D.N.; Vu, T. Surface modification and functionalization of carbon nanotube with
some organic compounds. Adv. Nat. Sci. Nanosci. Nanotechnol. 2013, 4, 035017. [CrossRef]

20. Seekaew, Y.; Lokavee, S.; Phokharatkul, D.; Wisitsoraat, A.; Kerdcharoen, T.; Wongchoosuk, C. Low-cost and flexible printed
graphene-PEDOT: PSS gas sensor for ammonia detection. Org. Electron. 2014, 15, 2971-2981. [CrossRef]

21. Hannon, A; Lu, Y,; Li, ].; Meyyappan, M. Room temperature carbon nanotube based sensor for carbon monoxide detection. J.
Sens. Syst. 2014, 3, 349-354. [CrossRef]

22. Sharma, S.; Hussain, S.; Singh, S.; Islam, S.5. MWCNT-conducting polymer composite based ammonia gas sensors: A new
approach for complete recovery process. Sens. Actuators B 2014, 194, 213-219. [CrossRef]

23. Chai, H.; Fox, J. On delamination growth from channel cracks in thin-film coatings. Int. J. Solids Struct. 2012, 49, 3142-3147.
[CrossRef]

24. Kinkeldei, T.; Zysset, C.; Miinzenrieder, N.; Troster, G. The influence of bending on the performance of flexible carbon
black/polymer composite gas sensors. J. Polym. Sci. B Polym. Phys. 2013, 51, 329-336. [CrossRef]

25. Alvarado, M.; Flor, S.D.L.; Llobet, E.; Romero, A.; Ramirez, J.L. Performance of flexible chemoresistive gas sensors after having

undergone automated bending tests. Sensors 2019, 19, 5190. [CrossRef]



Sustainable Development Goals Report 2022 105

RMUTICE =
SUSTANABLE oA | SDG-RMUTK

519]\1114Nﬁﬂ']iﬁ']L‘au\ﬂ‘hﬁﬂi\iﬂqi
meldunugnsamanfiilantswaunagnadsdy
Sustainable Development Goals (SDGs)
0. Yolasanis (Project)
nsanwanmdayyvedlasinisvginuinass nsdifnwsalnihanediitu (@enivdnaes -
anfinvsunnaay 4)
. AMUFUWUS SDG 99 7 uaz 9

TalAdild (Usage logo) >

o, \Whvane wagdadda SDG Fe..... (Metric/Indicator No.....)
fiunvaslasanig u,asmiﬁmammé’n’aamsmawwu #eau (Project background and
social observation)
nanafiegendelull 2563 lésunansemuannmsunsssuiaveshada COVID-19 Fedsrasiy
Iinanftogendelassumadas mnindidelegodeiivzaemaniuatiann eufesnsile

&

91fy woRnssuvesuilnalunstenegende uazn1susuivesiusenaunisiauiiegenden

a

Wasuwlasly wgfinssunsidentenegordeveguilaa s lsfsUssinnuazdnunizvosiiog

v

91AY D:J:U%IﬂﬂL%MIﬁﬂ’J’]@JauI?\]%’E]IﬂNﬂ’ﬁLLU’Ji’lUlI’Wﬂﬂ’J"]IﬂNﬂ’liﬂauIﬂﬁLﬁEm laidnagidudnu
Wen Sruue ey Fadufieuiuriaierturesdfiniun sgiuldinduslaedivulasinis
viodedeinflouimiefndt wanamszgnidunidsiiesauldlasinisneuladidonlds
HaN5EMUIIN COVID-19 snnnitegnadnay esandesiinisléans liuiidiunanssaufufu
audu waddulasenisuuisiu eghadesiui Imaﬁag'mﬁmmiwiuﬂ .7, 2564 n15UA
Tasamslmifuwlifunasadeas 7.5 ewdiuiuadetosas 23.5 dot) 1ud w.e. 2565-2566
Hadvuaniirdsnaliinainfiegerdouunsuidulnldftuuinannesnisniady wu nan
Asssutiounislou wazAaanzifousiussedmsuming Snvaulouieiiedanisneadie
Tassnissalviaanuseas lasenssalumisg wazlasanissaluiivudenasu quddoya
admM3uNgNg suIAISENATENATIZHA TeusTEsiafiuUaneun sRRLIALLEUNIS
solatf aduldhsaliihanedinGy (se-wsuamaas 4) Fadulasmsiifunuaztoatng

Tusuan feainazlalslatutl 2566 Tdns1n15veesveIsIARAUiNTuSosay 35.1 F9i



106

2022 Sustainable Development Goals Report

WJT!C *
sUsTANABLECS ey A | © SDG-RMUTK

DEVELOPMENT'

o A X g v oo Aa ] o v a .
gnsniuTudududunsnveanfudaineunsiaunudumesalnii lneanuwida Transit
Oriented Development (TOD) «Juwilslunuifntunsimuniies uagguvuiion auglliunis
W lassadsiiugiusiuauuiauvuds Tnaiduniswauiiufisevaadoudsasisasndu

AUENAUTBNRONSIAUNI I T aRNNUNMYTE ULUATEIE T Lavduasunisdunsly

funmensiundlaglildiaseseud dMmvuaguuuunislenaulifauselesiaagn ieads

guyusouaa T dugusuaun Wegerde WildTIn Urawwigsia

& An1saiiueu (Methodology)

1. fluiidn

Tassmsngtiudnass vinasaliihansdindu (aanindnaes - anrfiwvsuumaans 4)
i 5 1Asanng

2. Usen3 Lagngquénesng

Usznns Ao dAyanavedlassmsvythudaass uwazdflendueglulassnsythinass
ngueens Ao dAyaravestasansuytudnassiiuiu 5 au wasgiiendeeglulasanis
myjthudnasssulasinisas 70 au enua 355 Au N3t mLATLIANGLAIaE ALY
NGATVOINILT BN

3. fauusildlunside

fudsnu fie Anufiswelavesgegondelulasinisytiudnass

AUsdase Ao Jaymisunisuimsinnisvesiiiuaaa Ygynisudegende Jaymiau

anmwindeu uwarlgiuasisyulnauazuinisansnsae

o. A3Unandn (Output) WAsKAGWS (Outcome)

NaKER (Output)

1. nudstgmiluuiasiiu waskanssmuiiiatululasmanthudnass

2. auouuzkumanaudladgmusassiu Adetululasmangthudnass

HATNS (Outcome)

1. tnvunedmizuning uarlifyaea amnsawdludymld wazannsatlusesenlunis
feas1lassnstndluswian

2. ffypaalasenis aansoduidedymiiietu wiouUfohnu wasuimstanislé

3. hluuszgndfunmsisounisaeuluneiniiietomaelagldnmuasderuiudud

Uizmwmﬂmﬁmﬁuqquazﬁw 4 sUnuu



Sustainable Development Goals Report 2022

RMUTIC R
WIMIGOALS  SDG-RMUTK

o. Wansznu (Impact)
M sedutiasiiu (Local)
O széugiinia (Regional)
[ seduv@d (National)
[ széulan (Global)

&. 1BNE1TUUY (Attached files): Inddudindaya (Word, PDF), suniwiianssu (Pictures)

107



108

2022 Sustainable Development Goals Report

DECENT WORK AND
ECONOMIC GROWTH

i

DecentWork and
Economic Growth




Sustainable Development Goals Report 2022 109

\LS SDG-RMUTK

SUSTAINABLE (2
DEVELOPMENT (3%,

RUUTI9UNANTSAEUIUIATING
meldunugnsaansinen1snuulagageEy
Sustainable Development Goals (SDGs)

o. ¥91A59N15 (Project)
nsasasIAyariunanduaivvesgurugdmiusaasae a3

. AMUFNNUS SDG 99 o, (Related to SDG No. o, )

DECENT WORK AND

ECONOMIC GROWTH

o, Wnang wazAa3in SDG 99..0, ... (Metric/Indicator No......)

v 1Y o o '

Wnuneges .a @519%anUseAuI19sinissenunsneInseg1s ANsdAInLraIiviaInuany

o

slUdansenseau AnusINdlation1swmun wWeliusemarideianiul laganizag198y

oo a

Uszwaiaundesnian di3nsiiiiesmenaraansallalunisaidunumuusunuiasulevie
diegnugnaulunniin

A

AT o.a.0 NaTINAIINTIBWERBITONTTRILIBE1IT NN (ODA) WisyianaueINIY

o

nglinsatuanuiaiun demelauiasiudseyund (GNI) YesUsenagsu

Whmneges oo duafuulevifjuiunsianniaduayuanssuiinannm nsadaanuid
A anuduuszneunts anuadsassduasuinnssy waglinsaduayunsyiuduaznis
Wulawediamiaseges YuIeLan wazawInna NuNsEnEausnIImInsti
%0 @ ddunIenuuenszuuRaNS IR SUUNANE uaze

@ Tnvedlasanis waznnsdrsrenudissnisvesyuvy §au (Project background and

social observation)

nasamviaguvurnvh suagd dunentd Jwdnswys dudugsiands uazdmieinses

y Bl El

v £

wianednsaguuszianidnvndidmiunndaste Taedamtaguaudivadilainisdds was

o a

A5AUaNTuUNaNANISARRINTSUUTEINTINTA ULERINENN Y waginsassnauAlumlanana

desnsannumiuas Jagdunisusznavgsiananailiresyszauanudniawiniiagg esn

panduAurdusaesnusiilirendunidnunindniisguuuuresmsesnuuuduiiaesuas

U

fidnnuiivainvate uszneun1sisiainisasiassayariinandmelidududnaindmniu

Faesnuas lngmsiauInszuIuNsHan Wan1sdndunelutesmisesulatvesnainsaasnias



110

RIVUTHC

SUSTAINABLE
DEVELOPMENT

2022 Sustainable Development Goals Report

Al:s SDG-RMUTK

Fwn1satiuey (Methodology)

o fidumsiisyasiiiunisnssdnsenszuaunsyusiv

n3uUsiu (mercerization) Wunszuaunswieudleihefidfaynszuiunsnis Tnsamedi
soanslildndnsnsidmeiiinunings ulethefiunssuiuasfiaudafidtulumane 4
Usenns ity enakndudfisenntu esuudusafisenntu auaanselunisuddouvsedi
dhgidulediuanniy

o dndunsiduieildumeliniuih

o thitusdilsndadusondnmsilsituuoauriduiieatrsdndnuallsl
flafduuoaundumlmifindnniseenuuuddy Ae msUsurAsusuiuuvdeusuasugusng
ansanengeseandu m dnmsees o (e) nswsoenuaznsiiud (Expand and
Collapse) L“’L"’Jumim?ilwuﬂaﬁmqiué’mmnﬁmLLazamJ%mm guA i V3BFUNTINLUAY
seuunseluszuuanudf (v) msdameuaznisunda (Expose and Coven) Wunmsiasuniii
msvhaummmildlugdnuiiinda ua (m) Mssamiaznisuen (Fuse and Divide) un1s
thiengunsaieingiiiviniinsvhaudonmilinaedugunsaivieTngidnstio
ounUsvasd vidomslinuiusassesnaduiuly Tumsndufuonamneda masuifugunsal
aunUszaskiiimidunnsatusazannsawsniduiueentuldamls

& NAFDUAAINMENINARDIT N ITBINseaulal

dUwandn (Output) uasnadns (Outcome)

waAn dudefidunsguiuienuudusaiunndu Aensiadudeludisnsguiy Seey

]

denalrlassaialuanaveawaglaaiinisdniSeastalnl (molecular re-orientation) aMuiiAng
vowussiilauds lidleferuudusaiumniu uarldndnnsesnuuuilsiduusaundudd
ANumzaudmsunisiianldlunisasiaassanquauailu laun ndnnisureenwasnis
Wuduasnann1ssaLaznITLen

19

NAANS

ﬁﬂﬁzﬂaumﬂﬁﬁué’ﬂLLuq‘mNmaﬁmm%uﬁﬂuﬁmmaLfJuEuﬁﬂwﬂmuﬁﬁaqmi wazinluasis
neleuInNTu

. Wansenu (Impact)

E s2AUTBsdY (Local)
O széugiinia (Regional)



Sustainable Development Goals Report 2022 111

INDUSTRY, INNOVATION
ANDINFRASTRUCTURE

o

Industry, Innovation
and Infrastructure







Sustainable Development Goals Report 2022

INDUSTRY. INNOVATION

nIsweunsunuugananlassnInseususidusninseusus wWwalneld ADNFRASTRUCTUE
StuuvUInGaURdBUdINOSIWWANuUBUANBU

1WHU"e 18:61985n SDG Vo9 (Metric/Indicator No9)

Wrueees 9.4 s1elannnuideilasuangaavnssuuargsnanisn J 2565 fwin9.4.1 1elaanauideilau

]

ﬁ]"lﬂqmﬂ’]%ﬂiillLLﬁSSﬂiﬁﬁ]ﬂ"liﬂ’]ﬁE}Lﬁ]’muﬂﬁ

Fimvoo[nsan'\3||a:mséﬂsoonmumaamsvaaquéanu (Projectbackgroundand social observation)

nndigmiundanuiasdunedenluiiagiu ke usudliiiidnnunuieueuii He3essuidua
melunslinugusudlwihldzunsiigaiudriannsaannislindsonuldodsdidvddny waziduinsedandon
dmsutszmAlnegueudlifineduinunsldifumnunninesnsnmsdaaiueaizuna iy ulewis Thailand 4.0
i vualferusudituindeusiondsaulwiiviesueudasisln (Next-Generation Automotive) 1 111 10
gnamnssulvaneesigunalne ulsvisaindrinnuulovsuazusundany (@un) fAfvue Wmneliiia
grupudlihding 1.2 Sudumelud 2579 Kafunisiaumeluladfiieates fususudlihddanuduiuae
fnansynusielAswgia demmuavdanndon lnglussoven asvilvannniidineluladuasiianmuiessiufauredu
Tunanasnsuszmelluiian Teyaairsaannzilouazay T 2564 :nnsumsvudansun a Tudl 30 ngednieu 2564
WU sndnseusuddIuyAnalinisaansiley 91U 21,638,730 Au warldiuegne unsuateleaanizluliedly
fnslianumannvaneinguszasd Wy dsdui dsflasans waz msidunsuTiausedriu esanilvuaidnazain
Tumsiiumslugiansenasiidede augiidodiuinsadnsousudiiilbilildnuialasaduduseiunmnge
dauUAULTMIINITAINTINNINED msihdauUamseoRaundundadudindiiiinusslod wazlineuaniiy
nsfpudaseeuinlindanulnihigunsaimatsdn THu szuvduedeulni uas ssuudnifundsau ludussuy
Fuindeulai axUszneumedmvesuawmesliiuazisas duindeu iersdunesinesifioudasussiulriinnszua
psdliidunsssuliinssuaadu wanzadliuiuewmeslwilifieduindousnsudildoenuuulidwemesfliluszuy
%’Umﬁau 1Wﬁ1ﬁ1ﬂmﬂﬂﬁzmmLLﬁiﬁﬁﬁmﬁ’mﬂ% Aa DC motor, induction motor (IM), permanent magnet brushless dc
motor (BLDC) ag switched reluctance motor (SRM) Fausazafindidofideided unndatu ludrnuvenasiuindeu
Traction Drives Maunsainmnesdidnnsedinduaziisns eusumannvans suAdeiiAeafugusudliihfinigide
wagimundmivlulszmalnedinn egwseiles nshsadndnundauvasansoilfiedessuddunuundundam
19l 100 wWesidust Tneld ueines BLOM sadnseusudlwihiuiedewsneuewmeslinszuanssldinsesnuuunas
ausndnsusudlnihiiasoufunnudld Teliatuemes wun 36 havi Wuiduedeu Tasfindwemes
Tidonduarliladusdshdanilemihdsdatuneinesannsaisienuidszana 40 Alawnssodalus Sedo
Tngflfgunsaindnlnslamizueimed tudranisssmauaziundosenlubsgsfatossiu aueiitededuunie
WannyasnuUassadnseueudlii ssuvdsmdauussuy 1y domnnalnmsfindaheniiszuudu Tasasiaun
Fauvassadnserusudliinainsadve seus fu W Tageenuuuliyadauasieronsidaulaylianfinanlu
Uszine \undn wu gelassaiamsnauazsewmeiiiannesnuuulnegsuide Weldaansadesenludamndudle

113



114 2022 Sustainable Development Goals Report

58N1sAMtUIIU (Methodology) waaws (Outcome)

1. Waunduuuugednudasiilissuutundouse anuusznaunsansa Iy Testoed
aweslwihuuududndu (M) dwiusn ilenpaaugunsaidug 7 U3t awiautuluowan
Fnserusud Siesoud Ju L

2. ﬁﬂmﬂiz?m%mwméﬁ’mLLiJaqﬁiﬁi?in‘ﬂ”ULﬂﬁau wans:nu (Impact)
sheveimasluiuuudusingu (M) dwiu seéfuviRsdu (Local)

F0INTULUA Bviogou UL

asUwawan (Output) nazwaaws (Outcome)

wawam (Output)
FukuugasaLUassadnseusundusadnseueud
Tilneldszuudundeou mevawmesiniuuy

|
U

duUANTU

1onansiuu (Attached files)

Inldduiindaya (Word, PDF), sUamianssy (Pictures)

v
v v

29 1 Yadauewmaiiarndnuunmeinandud1iutewmeslynln

1A 2 Msvegeuatunfeuuulaunluives

‘Pangram P (336 KT Mochlis Dyoo VS EVUTE Se3 07362023 142357 4m

L L — :
[1°F SR / waeeee )_,—__,..--""‘ D e e SIR T S

A 3 neveaiaaazisidavesynduintou



Sustainable Development Goals Report 2022

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

NISWAJUIRADUIIKIWANIUIENDNAEIVUNS:INEDIBU

1UHUTE 18:61985R SDG V0.9 (Metric/Indicator No.9)

1UMHUNe 1a:A233A SDG Vo.9 (Metric/Indicator No.4)
iUnuegos 9.4 s1elAvINaUudVuNIASUIINEMAINNSSUIIa:ssNaNIsAn U 2565
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nuavaulAsanis na:nasa 1S29ADUMDINISVOIBUBU &AW (Project background and social observation)
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L naswuunsunuuganailassnInseiususidusnInseusus IWwalneld
S:UUVUIRaaUMo8UDInaS IWwWAlluuduansu

1MUY 18:61985R SDG V09 (Metric/Indicator No4)
|U'mmauaa 9.4 s161A9NUBIBRINSUINMAMNSSUIIA:sSAINTSA T 2565
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nuvadlAsinis lla:n'lsa"ﬂsoonmumaﬂmsvaﬂquuu vl (Project background and social observation)
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NISWAJUIRADUIIKIWANIUIENDNAEIVUNS:INEDIBU

1UHUTE 18:61985R SDG V0.9 (Metric/Indicator No.9)

1Urue8e89.4 s1elnvneuddeninSusngnainnssunazssnonisain U 2565
MIBIN9.4.1 s18lRINIIUDVBRTASUIINONEAINNSSUINASSTIINISAIMDINIHUNN

nuavaulAsanis na:nasa 1S29ADMDINISVOIBUBU &AL (Project background and social observation)
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38N1sATUIU (Methodology)
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NISWAIUNAUJUWIIVI0E "MSUWARATUTINIUUS:AUY

1MUY 18:61985R SDG V09 (Metric/Indicator No4)
Whnuneeos 9.5
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Tuuszmardsian uaglnnelud 2573 fnsdadduuinnssuasliiin Sunuinuidouasiann douszvins
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38N1sAMtUIIU (Methodology)

1. WefnwgnsAutursdnimuzaudmsu
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A =
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it wavadnasidelomlanannuivsansanruniwvasAnn

Effect of using avocado substitute butter on quality of cookies

1MUY 18:61985R SDG V09 (Metric/Indicator No4)
Whnuneeos 9.5

WiuyunFidemeinemans ensefudamuanunsamanaluladvesnigramnsaluynusava Tagiams
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1 dueu uazmslidnslunamssuzuasienyuly meideuasimuiliifusnnty
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ﬁu‘WOJTns\ln'lsua:msei'lsovn:)‘lUﬁa\lmsvmquﬁdnu (Projectbackgroundand social observation)
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lusfuduhgeasiianudesielsaraiaameseaguarlsanaendoniily  uenaninslisundsnuiudaduawmemos
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msthutndunadihanlivsslonidy  whiulunsdedueaimivmmansicgs dlulssne el
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58N1sANTUITU (Methodology) waaws (Outcome)
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et naswsuunwannurilwaadnsSudavonglneldinu:wsronazitiou:wsion:n

Development of Jelly Product for Elderly from Coconut Juice and Curd Coconut

1MUY 18:61985R SDG V09 (Metric/Indicator No4)
Whnuneeos 9.5
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o3n Hu euslnadilulusumeesiuasunsnassaliiuliluseiu Taflauaudilumstosie wavanunsn Wasudu
wdanlsognasiag iazanlusaneluguuuuleiy willdutefiuneaian wesea HOL qas‘fu Feananuideasions
WalsAraanLaen (Chomchalow, 2013., Lauzon, 2005. kay @aUuiseie @i, 2564) e'z’fammxamﬁ’uaﬁmmiﬁé’qamq
mslsulunmsiaundnsusieaddnldasivlmineaUssnn wauih-as13uu (kcarrageenan) §1 asaadifidnuas
uuazangy Sdnwasfivnzausontandy lassmiAdodestosdaiufonsinu wansusiennsfiedzeny e
sessunsegludsaugeenglutlagiu Taenmsthihuewdnuazusnin nziifiamnsavgnldluussmalneldlnida
Ussloi TaemsWanndnsurioaddmiuigienglaelith  uenimussdonendngd  ffaaamndlnsunnisuay

lyamsge



Sustainable Development Goals Report 2022

38N1sAMtUIIU (Methodology) waaws (Outcome)
1 efnnUsinaivanzadlunmsiindonsndnnegd  nszuiumsndseadinuyninuasidensninngd
HOAMNINYBULARTNLENT1
2. Lﬁaimwﬁﬂmmwmqmﬁﬁuaﬁwamﬁm%waﬁﬁm%’u wans:nu (Impact)
fasonglaglithugninuesdonsniringd seéuiesdiu (Local)
3. LﬁaﬁﬂmmiLu?iawmammmmwdwmiLﬁ‘u%ﬂ‘m

asUwawan (Output) na:waaws (Outcome)
wawam (Output)
1. funvundnfasioaddmiuigeenglaglih
wrnduasiensndn ned
2. awsamuinAnwseiudSyaes Avilasinns

FFngrtunsly thugnsng Waugninined way
NARAILEARUNNTNILATIBNE NS NER

10% 15%

Madnduaeaddmsudgeenglagltinueninuazidonsninngiluseausing o
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INDUSTRY, INNOVATION
ANDINFRASTRUCTURE

nasAnuanIwdryravadlasanisiiyuiudnass NsruAnuyIsniwwa
angauIivu (anunandad - anauwnsurunadns 4)

1UHUNe 1a:A233R SDG Vo9 (Metric/Indicator No 7 la: 9)
ﬁU'Wao[ns\lmsua:mséhsovnmuma\ln'lsva\lqua'\lnu (Projectbackgroundand social observation)

naaflegendelull 2563 IdFunansznumnmsundszuInveshisa COVID-19 Fwdwmarh linaaflegende
1Ag3ImMARIAY amﬂﬁwé’q%aﬁagjmﬁaﬁ%aaﬁamL‘T;Juaemma AufeINsTiagonde anﬂﬁmmﬁjﬁiﬂﬂiumsﬁa
ﬁagﬂimﬁaLLazﬂﬁil%’u@f'asuaa;ﬁﬂ33na‘umiﬁ’mmﬁagjmﬁ’aﬁL‘LJ%"auLmaﬂﬂwqaﬂﬁsumiLﬁan%aﬁagimﬁmaaﬁjﬁiﬂﬂ
wmilsfaszinuazdnuavesiiey o1de fuslanGalvienuaulad elassnsuunsuinnniilassnsneuladides
lianiduthu Wer thuwla madley Fedifisuiuhaferfuredfiiuin swiuldiguilaadhuilasems wie
fohuflsusiwidedini memamzgndundsiinsavlalassnsneulafifloalédu sanszmuain COVID-19 1nndy
oghedniau asandesimslians Wiufidunansmiudy eudu witwfulasmsuungu edstesiiuil lavfiog
91U lLd wa. 2560 9l lessnslndfiuualiiunaddosas 7.5 dewdntuadeiosay 23.5 dotludl
A 2566-2565 Haduanilzdsualinainiiogordonurmuiulaldfduduinanuinsnisniady Wy nsandd
sysudlon mslou uarAranmsifouduesedmniuving Snialeusdeianisneatns Tasimssnlriarunegs lasans
salvivneg uaglassmssalvifihvudaunas quidoya ofmn3uming sumsenmsanasieyt Menusuisafifua
Aoumsiannmdune soliih azdldhsalwihaedhity. uenvsuamass 4) Jadulasmsitunae
reads Tuswen fiaahasdeldlalud 2566 S8mmnsuenesvesnaiifuiud uiesar 351 Falidhuftudy
Susuusnvasipuanounsaumadunesalaih Tnganuwafn Transit Oriented Development (TOD) Wunils
TuwnAslunsianidies uavgurudies eugluiunis faulassaisiugudueuueuuuds Tnedunsimuiug
sovamivudsassariifu quinaadeutomaiumeiainuasoeniiuiitheszuumudsansisney uavduaiuniaiu
iy fufidenadumndaglilfiedeseus fvuaguuuumsliimdnanuslonigan Weass wmuseuandly
Juguwunmunin wiegande ilidin diaauiingsia

98N1sANTIUIIU (Methodology)

1. fuiidnwlassmamithudnass vinasoliinans
Aitu (anfivdnaes - andwrsunmaans 4)
13U 5 1ATINg

2. Usens waengusiiegelszvng fe Aumaa
voslasensvytnudnass uazdfiendueglulasenis
mijUndnass nqusiege fie AuAnavedlATINTg
vyjthudnasssium 5 au waifionduegly
1A59n13 vdiudnassuIulasinsay 70 Ay
flaun 355 Ay MSMVUATANGUAIDE19AWIN
NGATVOINILT BNy

3. fusiildlumsideiuusay fie anudianela
vosyegodelulassnisvatnuinass
fUsdase As Jgymanun1susmsannsves
HAyana Jaymenugedende Jayyau anmn
windey wazdaymauassudlaauazuing
GRPI

asdwawan (Output)

1. nydelamluusiaginu uasnansenudiin
Fululpsenisugtudaass

2. waupuuzkInensuillyvusiaz A
fiAntululassmangthudnass

waaws (Outcome)

1. dnimunedmnsunsng uaslifyana anunsoudly
Jaymla wazanuisathlusogenlunis neai
lassnistudlusunan

2. fifyanalasans annsnuiidymiliety
WiouufuRu uasuImsdanisle

3. dludszgnanunsFeumsaeuluseion
fifedowmanlaglinmuazdomuivaud
Uﬁzmmmwmﬁ'mﬂ’ugmasﬁw 4 uuuu

wans:nu (Impact)
seduviesiu (Local)
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JedounduwarnonisanaulaidonlnednsaionisGuiwanIsiaung B RERRTRICTRE

vaunaugaeongludunda nsuinwuruAsia:usuruna

o

1UHUNE 12:6085R SDG V0.9 (Metric/Indicator No.9)

iUHugss 9.4 selfivnuuddeRlAsuIINgnannssulla:ssionsAn U 2565

9.4 s1alnvnNuudduRlAsuUINgRaMNSsUIIazssion1sAn U 2565 Hovosos
9.4.1 $761AINNIUBIUATASUIINGMEMNSSUNASSAINISANADININUARN

JeaulanazAnwddenglnuiadefidinanoni1sandulatdenlagasaien1sUuLNeN1SLAUNI9YDS

o}

i3
Y
quigeengludminnsunmumunasuazUuama Weosnndunguidmuneifiuwildunisifiulnguasdanaddfinw

Wedguwuunmaidumlaganensdudmsunguigeeny Wudnoules Weaunsathluiawsesenldlusuian

waaws (Outcome)

38N1sATUIU (Methodology)
Wensudetade weinssy viruad Midwwadonisdnaula

MIFRIUSU0 TN IAs1Eimanans

AUDTeay ULarAaRy LarnTIATIE Wenlagansanensduiionaiun1e veenguEaseny

N30ANDY WA TudwiangannumunsuazUSuuma

asUwawan (Output) na:waaws (Outcome) wans:nu (Impact)

wawan (Output) syduvieadu (Local)

loNadnsA15IvY
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D NISWRAIUNBANAEDUEANIWADIULNEEOAVaY Y-Ba-CuO [nelEdsivy
IuU 4 9A

o

1ML 18:6985R SDG 109 (Metric/Indicator No. 9)

Target 9.1 N1s298INBINUAREINNSSY UIRNSSU na:lAseaswwugiu wiuunlaseaswwugiuni Aruntw
Indicator 9.1.1 @marnssu udnnssu na:lAsvaswwugu: 1NasAWUW (1dulASINISIVY)

v
av o

Tasams3deiidunisfnmannzauhend@aiuannsfiansinioindafianuanansalunisiinssua
Inlihuaeinauantfinissuusiwmdnlégenns ansdtheands (superconductor) fnaaudafimsdaduusngnisaives
ansfashuvuiidiiugud WeeglusamglinanasdsgamgiidmilslnenGondgumaiifianasouvinliein
Fumumesansindumughgamniings

98N1sANTIUIIU (Methodology) waaws (Outcome)
1. dufunsiniouasiiheands Tng3snsimn lddszgndlddnsunsimuniulniuay
LLaami%ugﬂé’mmsé’mﬂmﬁm PAANMNTTUNGINU
2. suiunsnageuanimnisiniieindlagld
Usingnisal luaes wans:nu (Impact)
3. gudunsnageuan mnIsieInds densia seduiesiu (Local)
gauuniingm (Critical Temperature) Nsvud
Ange (Critical current) wazauuuwivanNIngm 19Na1siuU (Attached files): IWalunnveya (Word,
(Critical magnetic field PDF), sUntwnanssu (Pictures)
Link 1ondasiiuu (Voldualnsinisdve):
asdwawan (Output) https://docs.google.com/document/d/1vrynJruPel
Igenienda (superconductor) Ub1YdLfV1Q3ntLTkxwys8E/edit?usp=shari ng&ouid=1

08590935623907761610&rtpof=true&sd=true
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1UHUTE 18:61985R SDG V0.9 (Metric/Indicator No.9)

9.4 gnsefulAsaaTiiugiu wazdsuugsgpamngsy telnAnawssiulnaifuusyavsnim mslansnens
waznislameluladuaenssuiunmegramnssuiiazarauasduinane Awanaousnntu lasynuszmadiiunisna
Tnerwamnsnveausazlsziva nelud 2573

9.5 iuyunmsifemnenenmansonszdudannuaunsomaaluladvesniagaavnssiluyn Ut lag
anglutssmaidain warlinelud 2573 Smsauaduuinnssuasiniu Suupihenidowasiannme
Uszns 1 anueu uazmslangluniaassasuasionsuluns Teuasimundumniu

9.b atvayunsiaLmaluladnitouasuiansmumelutsemarmdsiansudnslul anmunaeums
ulsuefithluganumanvaevesgramnssuuazmatiuyanvesduailon Som

nuvadlAsINIS 1a:N1Sd 1S99AMMDINISVOIBUBU duAU (Project background and social observation)

walulagnsiniAundsnuiudunisesdusznevdrdnlussiansudalnififinsmenuangnuiu sl
foufinsld iasandesiavans 4 du wu MAfiuns 01giidu sawdsdesiing digsinwedwsieiiles ureehslsfnu
Tutlgtumaluladiléidn infiunumnntu esnn weluladfifm uianssuilFent szuunsdnifundsnu gn
Guthsnldesradususssn s msdnifundsnufeBBmsuazmalladiianldlumsinifundsny  szuvaz
wihfidmdsenn srusduBlugaels 9 Aivsunasnnwefiazanunsadundldsnaduilodosns Tneseuinans
r"fﬂLﬁuwé’qqm%ﬁﬂszmumiLU?{auamuswé’muﬁahjﬁlﬁﬁuar;uiﬁ’wﬁwuaasswaxauwé’muuax TrgusvasAluns
19w weluladmsinidundsnuezlimdanuriofdsfifianusnaiu msiden Mas (Powern) azlinaniigslugisnan
fidu Gundt 89 unil) meluladfiflaaruduiiusznaude & HudszqBeen (super-capacitors) uummedwia Li-on
uay superconducting magnetic energy storage @1MSUNIADNNANIU (energy) NN IUTINIUIINLAZIEY

[

wasulauinndt 1 e malulasnfigawuluiuilussnausae CAES (compress air), pumped hydro LaghunLmg3

a ' o o

wlasg 9 nsinnundsnunaadugeddguesideluliagiuienisiawegmaiiomwesgaaivnssy Turielin
T_] a X

frunn uananffamuinlutagiuiaadninundsnulddiunfivnumuniu Wesannisldanunnainnanslu
guUnsalalelvl Wy gunsaldidnnseiindrngs (power electronics) syuu fasivad (pulsed power systems) 9@«

9 l

° o

dsumslioumesgunsaivant dufuuseqladidonin wsdn iBussduszneviiddiiomnauautiillaaiu
Wy ALLLURNEY (power density) g4 8ms1nsUapsUsEafinngs anuudusadenags uazAuERiosnIsa
Sougadlaioutu uummetuasiradidomds lusufuusegladidnuin wdsnuazgnifvlfluguvesauulihain o
Tidulumusions Yagledidnmindmsuinfundanudndudesdimniiladidnnings ans gaydeladidnnine
NSAUMUNMTNIAIEE ﬁaﬁuauﬁamaﬁaq%%Léﬂﬂ%ﬂ%ﬁmﬁmmmmﬁu WAWUEe (energy density) wawil
Uszﬁw%mwmﬁﬁ’mﬁuwé’muﬁ'qq (energy storage efficiency) MyiuUsz@nsnmassiunulszgladiannindslasu
aruauladuegnannidio Wanmnsothanld Yssgndlfnuldvannuaemndety dufulszqladidnninussiuslae
yhludszAvganntannay ueumeslsdidnyianiag (AFE) iesandauantflunmsfniundsouiimioniniefieuiu
Fan wislsBldnv3n (FE) uazlifnenmagdunsldnufniundsny Wewn fimsgydedameidasn Jatvludeln
mium  (BI0.5Na0.5TIONBT)  iduwsiinngul¥ansemidfuagiivuliidmiuns  dluussgndlilugunsal
Bidnnsedind \lesarniwiin BNT uansegumniinisiasumaniogugll gfas  uazalnanlsiwdunsinageagnalss
auesiiniignadimaunlniiaudns (coercive field; Ec) wazaanimnsiludi (aree conductivity) ABUYN9EY oh
\Juguassanaziiudedrfnlunismainluussgndliauaie usogslsf au NBT Wumsiinfanunsawasulasaadale
sanvans Tnssadsilgamnfiganingamaiinns wWasuth (depolarization temperature; Td) ws7din NBT axiilaseas
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Wu AFF nsiinanin AFF agdsnavinlvilnanlsidunidnsanas damavinlianusunkiunisaniundsanuiady satiu

nsUsuUpsaudRfenaaunsarilalngisnmsdaulatiassaiiswnsmaiinnisanuUaieddusenaunaun1auaiive dws

finngu BNT nsiinanin AFF azdwwaviibilwanlsiwiunsinsanas deaviilinanununudunmsinifiundsanuiiuiy

Aatiunis Usudpaudidnanianansavilalagisnisaawdadlassaiissnamalinnsdanwlasesrussnaunay Maal

VYBuwIIANNGHN BNT

38N1sAITUIIU (Methodology)

1.
2.

Anwmdoyanuideiiieades

W3ENaATTER BNT-ST wag BNT-ST-MnO

R RN

Jugulidutunumssnay sumdy

FuAud 10 Tadwns AUvL 1 Taduns
Taownlvirusouigamgiigs 1100 ssmiwaidea
w2 4l

AR TadiAn1alii wagaudinieu
MsAnAuNGY
Wousrsumanuiteifusivazhluléifudunds
TuseivauszAuueyge3

asUwawan (Output) nazwaaws (Outcome)

wawam (Output)
IunuuTanesinnguiduinsdedanndey
IgwsfinssuulmifidausReuiniungaeu
IANaUITYANUWLUSEAUUIUIUYR

waaws (Outcome)

1. Jagwdlwdidnninwsfinanusailusiesen
Tnududwusznaulugunsaididnnsednd
ATUNEI9Y

2. tnfnwanunsaliteyannunanudium
Tugadslusmiadevieluseinifetosls
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1UHUTE 18:61985R SDG V0.9 (Metric/Indicator No.9)

9.4 gnsefulAsaaTiiugiu wazdsuugsgpamngsy telnAnawssiulnaifuusyavsnim mslansnens
waznislameluladuaenssuiunmegramnssuiiazarauasduinane Awanaousnntu lasynuszmadiiunisna
Tnerwamnsnveausazlsziva nelud 2573

9.5 iuyunmsifemnenenmansonszdudannuaunsomaaluladvesniagaavnssiluyn Ut lag
anglutssmaidain warlinelud 2573 Smsauaduuinnssuasiniu Suupihenidowasiannme
Uszns 1 anueu uazmslangluniaassasuasionsuluns Teuasimundumniu

9.b atvayunsiaLmaluladnitouasuiansmumelutsemarmdsiansudnslul anmunaeums
ulsuefithluganumanvaevesgramnssuuazmatiuyanvesduailon Som

s1e91uatuaNysal

Tasen1snisiandneningusenaunis SMEs yjsgiusznaunis

1Y

NIULAABUABUIANTSH (IDE) Ysuuseunas w.A. 2564

andugaufne unmendemalulagssuspananm

e a a a o quva . ' v,
Folasanis ﬂ"liL‘W&lﬂi%aVlﬁﬂ’]Wﬂ"liNﬁﬁleBlﬁﬂuﬂaﬂﬂiﬁﬂ&laﬂ@ﬂﬂﬂ

fuszaruaulasins

T Heawransnansd as. gossu #2175

ngnududsin  wningrdewaluladsvuseansann

anufifinsie 191391 IFINTIUYAEINNT
ANZIAINTINAENT
wniIngraemaluladsvusnansanmn
Wit 2 awnddud urejems
WAENT  NFUMWA 10120

Tnsénit 02-2879600 #ia 7097

nsans
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Tunnsiasiziideadu (Pre-analysis) tu 1unisszauanes Brainstorming)
ffusgwheyaansnielulassnsanddedts 3 nau léud ngue19138 nduiindnu waengu
anuuszneums Muandunmd 1 fwmadwsannisieseitymidesiuluannedagtuiy
wuin msfeanssenindonsiautesesdnslienadesduiuddorueguosads denals

F1udeya (Database) vasasAnshuusiazian viulifianugnapaug n15uTnmsauds

AnanuRinnainawiTiss ansamnisudsiieliiunenisdwweugndtuandulagimaes

[

NANT

A9 1 N193EANENDY (Brainstorming) Wgnfunisualatymiaiunisuims (Management)

(%
[

JumeunsuitReulassiy (feun1sufulsy) Buangnidwdnsamilaens
dununisdadosuauduiiidosnisuar fuflazvhnisdndendndost wudsnaniasgnddi
Fen159uRL NTLENENTUELAETNSTgdum9n1sHaR wazdsselugaEheniswan
Wosndunsfinsanianunsandaleviunusvueriely Sliamisodudunisudale o
danduludadhenisnsunuiievinsuilouiulgs uithamnsdnenisudnanunsadidunig
wale nensaanazdniunsaniufinnuueuiiiivue Wevhihensuanduiunuaniaia
Boudosudn ardnfiuntsdwmansusiluliiugndn SstunounisduiunisuiiReuneunts

UFuugatiu anunsadaualafainimg 2
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[

TumeunsUtRnulaesn mdsmsuiuus) Buangnidmaniasiiaonisds
WU UILALATIFDINTS wazTuTiTiuSEnIzfossdunisdndsnansia Lquﬁaﬂéﬂaﬁazgﬂﬁa
Iﬁﬁl’lm’mLLNuﬁ]Wﬂ‘ljduﬁJ’lEJ’J’NLLNuﬁWﬂ’liﬂau%EmuaL‘zJJWI‘UiLLﬂ‘JlIﬁ’]L%ﬁ]gUVVNﬂ@Nﬁ’JLM@% TUsunsa
1 fananndl avsiinsUsrananauasLaninaina@mnsasLiunisuanldnseld aldanunsa
andunisndnld TUsunsus azuanInadn uzeA3esdnsiiliinenisaiiunisndn undd
anunsasudunisuantd TUsunsus szudanssenisAdatefiasfessndunisuan anduihe
N33Rz dsayanina 1 lugsheaiiunisngs Fetherdun1suanaziSunndunisuas
Tufinutinuanisvesunun1skan wWedndunisudmadaisousesudifesaniunisings

Han e lUggnd Juneun1sufiReudinalesummunil anansouanslananinig 3
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Tun19719unu (Planning) 1y 1uni1sdanqugiudoyavetusas len15vinaund

[ ' o

anudfydenisaniuuresednsinenswenisifivlsyansnmnisudaniieliusenisds
uaugni lnedmunsuuuunisideslssmnuduiusgudeyavesesdnslveglunmsiuves
55UV ERP (Enterprise Resource Planning) dauanslunng 4 WAz gIUTRLAs19°) Pldlunns
Uszanaraanun o loulusnunmuaniaauduiusseninsdeya (Entity Relationship
Diagram) fan i 5 Fall

(1) 9w (Selling)

(2) Nudnie (Purchasing)

(3) MUY (Accounting)

(@) 9uN15HER (Production)

(5) uMUANAUAIN (Quality Control)

(6) 91UAGIALAT (Warehouse)

(7) uIndsdua (Delivery)

ERP Overall Process Flow
50 Iiaium
Tuauanal FNNIHAR
(Quotation Routing
POmrk e ‘

ﬁ'\s?nnu

(Customer Order
Meusunisiadin
MPS Yandhu e PO#
MRP II M ARUR > o
MIRHUNTIAFY MRP I ANuRINT — ] ludvdiaingiu

[ etvery ] st
Operation & Work center
*Setup

H *
v Production Process ...
* Material use
B TuHenda * Cycle time
\Indupnfiae
(Jobs Order)

CERENTR din-auianau

WIP,FG (Material Transaction)

ju/anasauduainghiu
Raw material

A4

T fiufinnmsuaadszdu
Tuu3onil/ludouas (Jobs Transaction)

No

‘Accounting
Scan
Barcode

Su/asradaudiudrdniaql
(Finish Good Part)

Or RFID

Yes /@tgoing =)

Yes/No

v
—i studydanud (AR) > yERuu (Jobs Cost) 4 o i (AP)

femntng Accounting

dl d‘ U v [ ¥ (3 v 1
21N 4 E‘ULLUUﬂ’ﬁL‘UEJELIIENﬂ’J’]iJﬁiJWUﬁﬂ’m‘U@&JUEWJ’ENENﬂﬂiiﬁ@gIUQWWTJNGUE]ﬂi%UU ERP



Schedule_plan
e Schedule ID
e Purchase_ID
e Month_ID

¢ Month Name

o Shedle Total

Purchase Request
e Purchase_ID

o Purchase Doc
o Purchase_Date
e Customer_ID

o Customer_Company
e Product_ID

o Product_Name
o Materail_ID

o Materail_Name
e Order ID

e Order_QTY

e Date ID

e Date ID

e Month_ID

e Month Name

e Status D

o Status_Name

o Delivery

e Purchase_Total
¢ Machine_ID

e Machine_Name

¢ Machine_Time

Order

e Order QTY

e Customer_ID

o Customer_Company
o Materail_ID

¢ Materail_Name

o Materail_Color

e Product_ID

e Product_ Name

e Product_Size

e Product_Color

e Employee ID

e Employee_Name

¢ Employee Department
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Customer

e Customer_ID

o Customer_Company
o Customer Address

o Customer Tel

Product

e Product ID

e Product_Name
e Product Size

o Product_Color
o Materail_ID

o Materail_ Name

Date_yearoff
e Date ID

o Date Dateoff

Materail
o Materail_ID
o Materail_Name

o Materail_Color

o Materail QTY

Product_status
e Status ID

o Status Name

Date_Mount
e Month_ID

¢ Month_Name

Machie

e Machie ID

¢ Machie_ Name
e Machie QTY

o Machie_Time

Employee

e Employee ID

e Employee_Name

e Employee Position
o Employee Saraly

o Employee Sex

e Employee Department
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(Resource) uazdWuUuUASHAR (Scheduling) Wudu dslutlagtufioinlasanstimuinamih
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MOLDINO
Mitsubishi Hitachi Tool
JP4120
YW1 406206RFC

(n) WanAausinaRunlany (Product of Metal Mold) (%) w3esilofn (Cutting Tool)

(% '

AT 10 FIDY1TUIULAL AT AR LN TTUIUNISHANLUANW AN

Tudegansdldnwiieafunisiiasiziengnisideuvesiaiosiiednly
nszuIunsHAnLfiusilans vianisluguuuy Pocket sesiadin (nsert) Auedeulnmmide
agiltululase (Titanium Aluminum Nitride : TIAIN) Tngnsuszendldaunisindiass (Taylor's
Equation) lunsadrsaunsiieafunginssunisdnvserenadesiiedn aniuazdssyndld
Fn1sueudaisla (Monte Carlo Methodology) Tunssnaesanunisal (Simulation) iteains
nsmLanIngAnssunsdnusevesaiosionn lnenslideyatutinfmely (Weight Loss :
WL) voudadia TAIN 9z1dun15n1aingadavaadunsiv WL du sseznislunisdndeou
(Machining Distance : MD) taganszaznislunisdmidon 8 waz 10 mm Alddududneda
(Reference Line) Ao szazmslunisdmdouifinnudugaiiesnnifugaiifinimannsalu
msiliAnnsAnmseetnasimiils (Critical Point) FsAn WL Aldaingadin e 0.0026 uaz
0.0031 ¢ fawanslunmil 11

LW = C

8 (0.0026)" aunsi (1)

Il
(@)

10 (0.0031)" aunsi (2)

Il
@



aunsil (1) = aunisdi (2)

8 (0.0026)"

Ln (8)+ n (n (0.0026)
2.0794 -5.9522 (n)

- 0.1759 (n)

Lag : 10 (0.0031) 12689

PMTaimMsmaesvesmninively (Weight Loss : WL) vaeiniln TIAIWN

lvins1udsengnisldeu (Tool Life) wiasnwilailvinIesfliodnideniy wavarunsaldauls

aehafuUsEanEnngan
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10 (0.0031)"

n (10)+n n (0.0031)
2.3026 - 5.7763 (n)
0.2232

-1.2689

C
15248.6117

C
15247.9390

C

15248.6117

(15248.6117)_(1/1.2689)
L
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Day 1 : 17 nnun1ey 2566

08.80 - 10.30 u. : Introduction
= PSIM Simulation
= KBM Inverter board

10.30 - 12.00 %. : Simcoder for Tl DSP
* PWM, SPWM

» ADC

« SCI & DSP Oscilloscope

13.00 - 15.00 u. : Three-phase Inverter
= Simulation of Three-phase Inverter
= Board, 10, ADC of KBM Inverter board

15.00 - 16.00 u. : BLDC Motor Drives
« Theory of BLDC Motor Drives
Simulation of BLDC Motor Drives

ual

Wagan1TBLEN
Day 2 : 18 waua1ad 2566

08.30 - 10.30 u. : BLDC Motor Drives
= BLDC Motor Drives with KBM Board
< Simulation of PMSM Motor Drives

10.30 - 12.00 u. : PMSM Motor Drives
= Theory of PMSM Moter Drives
= Simulation of PMSM Motor Drives

13.00 - 15.00 %. : PMSM Motor Drives

Demonstration with Motor Drives Board (KBM)

* Field-oriented Control of PMSM

+ Demonstration with Motor Drives Board (KBM)

15.00 - 16.00 1. : Demonstration with HIL402

+ Power Converter with RCP
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1.3 91d9mgunsuRauaulasInNg (9nsisaway 3)

1.4 1dinomuuIMTIvING @nsievay 2)

2. eaglunisaniiulasainig
2.1 ARDULNU
Adnensnelu ussens (3 Falus x 600 UM)
Avingnsnglu YRS (6 92l x 300 vIn)
2.2 mlafaes lAsInng

-DIMNINANTTU 30 AU X 2 1B x 120 UM

v v

HLU10UTH 20 AU
INYINT 5 AU

ABZNTTUNITIANITOUTH 5 AU

-91M5918 30 AU X 4 dl8 x 35 UM

1

ALU19UTH 20 AU

MYINT 5 AU

ANZNITUNNTINNITOUTU 5 AU
3. Ardangunsal
-ANONA15UTENOUNITBUTH 20 %

Y v
o/

SAUSIYINLNIFU

20,000 um

3,000 um

1,600 UM

400 um

600 UM

400 um

1,800 um

1,800 U

7,200 UM

4,200 v

2,000 um

20,000 v
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NUEE VOTIRALIIENNTIENS

asUUszinanITesugaininedeluinauty 0 U

16. waUNSANEUNULAZNTIINBRUIUU SN $#U78 : 20,000 UM

WU = =
A.a. W, 5.8 |wa naw [Te. | we | we. | De | ne | | ne
518015

1. WASAIAMSATIUNT —

2. vaaudlAlAsanis .

3. gudufanssulassnns | | | | | | | | —

4. Usediuwalpsems | | | | || | —

5. 5199uKan s widens | | | | | | | |-

WUNNEU*

< o v o a 13 '
*sxqmummummm Taneafion 3 fumis

17. uRun15d1IA2183INNNTUIMTIvINSEN LY

M msiSeunsaeu v Bidnnsedndiduay szuuauey

InAnwAuEImINISUFans anv13undaInssuluia

L] 799 1509 “nswaunssuudunasusmsuawasiiiiuuy PMSM dmsusaduinlaii (ATEV)”

L] msvingthgedaumusssy 1asanis -

¥
Y [ )

18. A¥IAANETIVRIATINTT (WasukUaslumuuseinnlasenislusdazuanan)

18.1 1@eUsuay

- {lin9mlasanis 1 20 Au

- wadwsanlasanTg $1uau 1 Juidu/an (misetuidsulumudmnevedasinis)
- gufiulasanis 911 e

- IMBUTULATFUNLY 11 S

- INEUNTANNIINNTUINTIVING/AYUIF T3 A

18.2 1 BeQUAWN

- fidsalessnmsiimudanudladiuiy Sosar 80

- eufianelavesfitriuuinslunszuaunsliuina/seusslewildu fovas 80
183 1@

- T lumaiulasinig _ Ui er-ed NEAIAN b&ob

- 1ASINTHANATINUAMAINUA Souaz 100
18.4 1A lgane

- Alg918lAsaNns 3w 20,000 U
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19. Wnuedemanan (Output)
Housudnuau 20 au danudilawazanunsaldeulusunsy PSIM 14
20. WMueL3amaans (Outcome)

Housuanunsaldanuiuazaunsaldenulusunsy PSIM iiednaesnisviuwasasuautewmasiuiinlunis

derindavesgmueudliih
21. wafinradazl@su (Impact)
21.1 gumsevsuaunsathanuiludszandldauldtunisidenssuutundeunamesindile

21.2 WumsusenduiusanuddenaranuaunsafuusnsIvInsvesalv v iens syl

21.3 afnanusiuiiotuuignenvulusuniseusdlianuiiueueudlih

22. 35nshan1uUsEiuNa

23.

22.1 Usziuanuuuaeunugiinousy

22.2 Usgdiunuannaedainnisaseujud uaresnuuussuuduindoutawmeasinii

a

UNAYDU

NSURATBU

U

MNEI/ANY/E@1U0 Aenssueans/Armnssulnih Inséwi

E-mail (Bidae91)

1A9NS

AI8ANARTIIEWYNS 51 TEURY

08-99226826

E-mail (d1uf/d1599) chanritt@mailrmutk.ac.th

24. MmN muansadulasenig

5899199Uf 17-18 nawnAY 2566
o ¥osUszyuass 1 AnedAanIuAEns umInenasmaluladsivusnansamn

inuAnTs M3aUTHIBUURNMS 309 Msldau SimCoder dwiunistundaunanasininlugueudlnii

-BLDC Motor Drives

-BLDC motor Drives with KBM
Board

-Simulation of PMSM motor

Drives

< v o
NAYIYNS ﬁ’ﬁ'lﬂuﬂﬂ.‘ﬂ

-PMSM Motor Drives
Theory of PMSM motor Drives
-Simulation of PMSM motor

Drives

weysiveg Wauygy

< v a
Uae NA.YYNS ﬁ'li’\ﬂ\.lﬂﬂ.‘ll

-PMSM Motor Drives
Field- oriented Control of PMSM

< v a
WA.YIEYOND ﬁ’ﬁ']ﬂuﬂ?!’ﬂ

Tu 08.30-09.00 U 09.00-10.30 U. 10.30-12.00 U 12.00-13.00 13.00-14.30 U 14.30-16.00 W.
nan u.
17 W.P.2566 awmaou ussEe UfuRAns Wonanedu | ussene Ufjudnns
-Introduction -Simcoder for Tl DSP -Three-phase Inverter -BLDC Motor Drives
-PSIM Simulation -PWM, SPWM -Simulation of Three-phase Theory of BLDC motor drives
-KBM Inverter board -ADC Inverter -Simulation of BLDC motor drives
-SCI & DSP Osciloscope -Board IO, ADC of KBM Inverter
board
wieFu Wanuyy weYEu WINUYY wae wel. wefEu Wanuyy wwyu Wanuyy
yand s191duRgy waz WALV 5151duRgY
17 W.A.2566 amzidou UTIEY UfiRnns Wnnaedu | ussene UfuRns

-Demonstration with Motor drives
board (KBM)
- Demonstration with Motor drives
board (KBM)

- Power Converter with HIL

wYsiveg Wanuyy

£ Y a
UaY WA.YIEYONS ﬁ’ﬁ’lﬂuﬂf!“ﬂ

VUBLAN: WNTUUTEMURMNSIe Baadn 10.30-10.45 uaz Wnsuusemuamingdne 9a9Ute 14.30-14.45
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9 INDUSTRY, INNOVATION
AND INFRASTRUCTURE

o

WUULEUBLATINTT UnannesuuIIISIANIMINeInsHilAnn I veanguunInedemalulagsvuna
e usruumsianiasnuvesUseimna

1. ¥elasens wealuladihanudumendsnuuaeindd miuvaignulssuiasuanierd iy
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2. AnwezUaIlATINIG

msLLUﬁUUmmmmmmmLwaﬂmmwuaummaamuaummmwuaﬂ@ Fududasnisiiusnw
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wawuuaqmmmamLUusuawm‘Lumimaami’jﬁumﬂumumum'imwmmmu iuummmammwmau
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waled mmsalmfuqﬂamﬂmemmLLasmmLmlmuastw 500 Alansy

3. ﬂ')’]ﬂJﬁ’]ﬂiULLauVISJ’l%E]\‘l‘ﬂEU‘VI”IIG\EJﬁ‘JU

mmmawsmusmadumﬂﬂmmwumuaummaqﬂﬁumﬂlwsmLmemawsameammuﬂwa
HIUANNLUIEIIUDITINTA mﬂmuaamim Duswmandiflondninisinensidundn dunaai
§55UIA N15VAUTENIULNUIZEUNLANITINEAT wqummugim‘lmm 2ILNBLIDIANTTUYT SNV
Uadn mimwmmiuﬁﬁmlﬁm A1SNANTIU ma‘vﬁm e vils Lﬁum%wué’mmﬂiuﬁmmimﬂmh
Sauay 80 wwmﬂmﬂwm{l,uml,ﬂaaaqwum uwuﬂwﬁﬂwumﬂmmmLﬂusaaau 14.45 vositudivh
ANSLNYA I mﬂwmm']mawwmmmsﬂium wummmmawaﬁmmlmuwummmaﬁiw vla N9
UaumﬁummmmauLmeiﬂﬁummwwLLa mnwummmmmam UM Imammamﬂum,t,auml,ﬂa
vetangin sunoaesfives was mmammawaim‘us muLLmmemaﬂmﬂumwauLﬂuaaulwmum
AavaaEaNy waveglnaliladnguay ifleavioadiondfy Umuwmmam oA Uangn Yargeudan

ane Uanida Umm%wau UanaanuazUaugyanssu smmuﬂﬂmamlm 275 1) muam‘dmuwmﬂu

ﬁalwaﬂ laun Yaian Yandou wasuanugyanssu 2) ﬂ']il,asmﬂa'mwmﬂumaw aoeld dslaun nns
Lamﬂm‘wmwu@iuuammnu wioufuiassaufunsaedln IﬂEJ%“U@E)EJ@ﬂUﬁ’]LaENi’JQﬂUUSLG]‘EJ’Jﬂu
mmimﬂﬁmﬂumlﬂLLaumwmmiwaum’Luua emLﬂmﬁmﬂsma@ﬂﬂ%mamn‘wam nesfuiidoundes
ﬂumnwafﬂimﬂmmawsmus Uszaaidn mwwmmsﬂiumuwmamﬂaﬂumimmmu 9,212 5y
U 51,522 15

mmmamawumumawqmmawﬁmmﬁ] mulmwmiﬂi ﬂ’e]‘UEﬂ‘UWGUENUi %Wﬂjuiuamm
awammmmﬂwmﬂsmauawwmwmnﬁm LLaullﬂWi‘Vl’]ﬂiuZlNLaEJ\‘i‘UaWu’FML‘UQ W ﬂsamamwu‘m
mwm 10 91Lne lneiin1svinusy mﬂmmmmnwamsluwuwmmawﬂmm sosasudusLnoaei
oM u,awmLﬂamaqamsmmmummu ﬂ@LﬂuuamnmmmmmmJiumzu 790,000,000 U wsial

mmawaaalmmmil,wwwLaawmu’mmamiLLUs'iULUumamﬂmsmmm INUNUTAUITIN IR
ANTTUYT WA, 2561-2564 "me’mmmmﬁmmiuww N TAFNITUYT 4N aaﬂuﬂmmmimﬂiumm
a0 LLaumsLLUﬁsUmamnm%Umuwm Imsﬁ,mmemmmmmﬂummﬁl&uﬂmmmmﬁmi‘usmiamms
mﬁLasmLW@IMLﬂwmﬂsmawamemu wazansuulunIInGs Welinensns dseldifundounanis
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mﬂ%uaﬁié\’mﬂmiaqﬁuﬁwudwmm Judaiesugiovesdaningnssays lasenud Soile
‘W@,Ju’lEJEJLmJ'i’JJJﬂ‘UiJ‘Vl’DVlEJ’]a‘EJLV]ﬂIuIaEJ’ﬁ’FUiNﬂaﬂNL‘Vl‘W i‘uﬂ’]iﬁi’]ﬁ‘dLL‘U‘Uﬂ’]i‘Ui‘Wﬁﬁ](ﬂmiW’]i‘ME]‘EJ’NJJ
Uiva‘mamw fﬂmﬂivaamwaammwuua LWMNﬁNﬁGﬂUﬂULﬂ‘HWiﬂiNLaElﬂﬂmﬂﬂ Urudangany g1Lnegnes
mmma‘waimm ImEJmeuammumiwﬂmami’ma el sTuuLBLEINAREN LIRS ATy
ALY Lamﬂmm VRIFIMIAANTTUYT iwwaummﬂwamuummmmsamsumimwmwmm 289
Janingnssoys "Lﬂa]uammqumavﬂmam ﬂaﬂmmii"dLLavmimaLLmﬂaumﬂiva‘u‘ﬂmmmammmw
mimmﬂmﬂmmLmﬁﬂwaml,avﬂmmwm LuaqmﬂmmmiiﬂL‘waﬂmmwu,avmmimﬂuaummmu
udsle ?\]’1L‘UUGIENﬂ’]’ﬁLﬂUiﬂ‘U’]ﬁuﬂﬂlﬂﬁﬂuﬂiﬂ881WUWULLauﬂﬂﬁﬂ’]‘Wﬂ’J’]ﬂJﬁfﬂLLauiE]\‘I'i‘UUaW]ﬂﬁG]‘VILﬂﬂ«’\]’]ﬂ
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4. Wguszasrvadlasens (aussylitnuauaduaiudify)

4.1 aaﬂLLUULLaua'ﬁwﬁyUULLGULLmﬁIEUwaNmLmeWsmmmwaummwmmﬂmmmmayme
LAY

4.2 Lwaiﬁlmaﬁﬂﬁm‘usﬂ‘maum"dmmmmssﬂaummmmvmamewaiéﬂmamamm

4.3 Lwawmmu,muﬁsmmmuaumﬂmmLLU':?':?‘U
5 nsauMuIRauazngufiiendes (uansdsesdmnuifanunsaduduisanuduldlfues
1As9n19)

5.1 ‘wé’ﬂrm?LLazﬁugm‘lumiﬁwmmLﬁu

5.1.1 m3vhaadu (Refrigeration)

nsviAuBu ﬁamiamLLas%’ﬂ‘mssﬁuqmmﬁ%mLﬁaﬁdww%ammwi’mqmq q Tninna
iy nsvhaaBulugidu funu dud veudu quﬁm%ﬂ iy %afﬁLﬁauﬁumﬁwmmmﬁﬁw 3
U5uenia (Air conditioning) wumwwmsmmimumaamammm Wiy gaunLTLIIFeINTTINT
nsUSuan memAlilianuaren dnsanemvguieu LLavummmummmvau muma‘lmﬂmmmm
aune 1 ldlussuureneiesiuernalutu didnau fivinig videlsmusan i q sauiassu
Usuomanldrislunszuaunisdslulssnugaamnssy 1wy lulsanunedh Tsanueigu Tsanundnay
lsanundnensnwilsa 1usiu

5.1.2 nsiaaadu (Principle of refrlgeratlon)

mafnadulueionimmby sutuaiesusvenmaiiildegialy s lumdu dus
\AdosUFueImeAsneud indesuuornidlutiu vielulssnugnamnssuilufinng dndnniadesiulu
msvlfAnaudumiloutumun fanisviild ansdadusanandunisvianudu (Refrigerant) wWaeu
anuzmszvnzAsuanurasneiafesnisaudeuuladnuntaeiaue dduduswilviasiiudou
anuzginvesvandulosninnmagannufeunnuinalndifes dashlivinaduiigamgianads
Anensdudu
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5.1.3 myUssgnaldanunisiaudu (Applications of refrigeration)
Tufagiusiondeszuurhanuduunldauludiueig 9 wnue Towd
1) M35uAR81MI3 (food processing) LU N1sHAmuY leAn3u edesendenisvhaudy
Tunsvimaaeslsd (pasteurization) Insnislinruounnuniigumafivszana 70-80°C wasaniy
vhuwihlAiduasednsnads waniAulifigumgl 2 - 3°C ilo¥nwinunmyssus fouddludimiing ns
wanlorn3y Avdesriunsmaaeslsduazihluiunsutudsionmgiuszana -20 fis -28°C MIwan
Tnluazideslunsguiunisngdn (fermentation) nsguaun15Us (mellowing) Fndusipavhneldgaumnad
Puszanm 5 -15 °C (Judu
2) N5AUSAEI91115 (food storage) Tun1siAuSnwnseaueuo111s Wy in waldl
dodnflionglunsfudnuuuiu enisuslaevdefiensrmiineannsavinldlnensangamg il

'
[J

MasdadunsandnsnsunsvensveauuaiiFesa 9 fadumeliermsn wu envasfudin ald
viieidednililuanwermsan (fresh food) aspafulifionmniisn udfosganigaenuds (freezing
point) Feaziivrananlunsifivnnduniinisivluanimenmsududa (frozen food) Faazdosiin
ualsvoilodniuinsduluanfuinuluionduiigungiivnigabonuds
5.1.4 funounnAnnisutuds
mMauguds WWunssuisnsaenenanuieusenitmandueiduansiinuiu lneuus eondu 3

funou fe

5.1.4.1 N5ANRIY0IRUNYNVRINENA 9 (Period of temperature deceraseing) 31N
guniBuduiguugiifenuds yafenudwesemmnuiinazsinigadenudwenii (0 semn
wala vio 32 ssmmiusuled) iesanihnsluwadvosomsariiasduniduararseliunidvans
vilnazanvoy Sendnsasiusazvinazigumniionudeisety

5.1.4.2 Sumauvosnsanwanidutiuds (Period of ice crystal formation) N13LAAKNEN
voshuds Ao manusedrafussdovvesduiifuvonds lnedausingnisal 2 edadeiostu
Igun nsnedaadeandn (Nucleation) wasn1siinaunueswan (Crystal Growth) nsnefuadeandn
(Nucleation) fle Usngmisaifluanavesthunmudtuesrafussidevauduluanaidn 4 tu fadu
waudnanswemdnsioly lneilomnuieugnidneenainsyuuluudn aunseitshuanmiiendiniia
TsBudanan (super cooling) Fsfirensiigamgduesitluesanmningadenudsomans asiudds
lAardn wnifuasdnmsdniliifnninuazgangiinsiumegd wnBenudeasons audouasgn
fdmeanluluguvesaudouudsvasi (atent heat) hlviidsunnvoananduveuds TnsFusy
mﬂmil,ﬁﬂﬁ’gLﬂﬁaamﬁﬂﬁaué’mnmﬂﬁmﬁamﬁﬂamﬁﬂ%L%’nrmLﬁaqmwgﬁaﬂaa%umauﬁalﬂﬁa sy
YUIAVBINEN (Crystal Growth) n&aniiiadndeandnsuiuninnefiazsinnisifinvuinvesudn
ihuds FaRnldfigaunilndqanasuman Tnsluanaveniazedoududwinzegiuinndeandn
wnniilagnedaduedealml mselnanavesiluanngiiduresvailvwndnuazindouiilaly
§nsiige wazazmgalensenuiviamthuesiundeandn

151



152

2022 Sustainable Development Goals Report

5.1.4.3 Sumeunsanasesgumngivesuaniusineluauie -18 f1 20 ssriwaidea 39
Hugaumgiiiuuzi il flunsifuinvmandasiududs ndaanfiedoududsfsanuiouaneims ¥
Tgunglivesomsanasunis -18 ssmwaidoaszshunivlilufonduiifomngiisinii - 18 osmn
wadea shsuswemsuduidnadonuautiiimaat uaeneilAndvoniowassdnsuaide snsda
yoensutndauonainaztuegiuitnisusududs Sdusudandureaiouns wagluiuvomwaniosi
detiuq mﬁmﬁmsﬁﬁﬁﬂ%mmlmﬁuqﬂ%mmmLL%Q@T@I@]’%’J@L%amfﬂ%yuﬁaw'%amﬁmﬁmsﬁﬁﬁlmﬁuﬂ%mwﬁ

A1
5.1.5 nsuudawuladu 2 wuu Ao

[NV
€ v a

5.1.5.1 M3utudanuudn low freezing) Wunisutudafiviilinge Sasivisdudonuda
Tngonaldnandeus 3 - 72 $2lus Tneldgaumndsnndt -15°wada n1susudesdniuluegiedn 4 Tae
Annaeuandiludniglureswansnet thitognisusnisad (extracellular water) axudasuganin
fogaeluwad osmmihnmeuenisadinnududuresiagnaganssnd vliAaindatuds n1svi
Thomnsudsetedh 4 thdes q uonfeenanwadnduieriududundmiuds tudesdundn
Inguasiownliatiausuazegsenitasad luuinuiiiddasznnthilveefudleudsoraduliised
wonld detieremisuduisssaniuiazats taglvasenainemns dusadunndiuaunn

a1501m5eN8 9 Naglvasenun savfvesemsazrosatiaziidnuuids

msugudsuuud

1 = =1
MITRALTIRUULT?

AN 1 N1siinranddslueIns

5.1.5.2 nMsududanuuida (Quick Freezing) \uiansudud daeviliinansasienmsi
ﬁuuwammma"[,ul,’am 30 il mauaamw ammumaaﬂuivmw -40"wadea fis -18"wailed ns
windauuuigungiveateviendnsumidefivunuindaiuarandiiasegenng mammum Laﬂ q 9
Aatuethadusndeviiidofevenie fnrslusaznsusnwad msdremarudeuiiintiusgns
nasviliindatudadn 4 Wannsadveunduld sdddudadn 4 47 aweaiiausuaregnslu
waddudwlneg dovhldermsutudazates dudwandn q dey azmaasj’mmﬁ’aLLazﬁwé’qmagj



Sustainable Development Goals Report 2022

neluad Jsgnganauidiililneluanavedusiududiulvglioananeims vliemsgadedeond
AN
5.1.6 B35ty
FnsududainareBamdnuuznslinnubuuindsfusiuazsinvouniowtuds Fsiluasie
anuslunsisenudeusanatnenslunszuaunisudunds Towa
5.1.6.1 mMsuguddlugusudeiilsifian (still air freezing) iunsusuddlugusudsna
dndatu giuildtunududou enavhanubuldia -20vusuled uinelddeidilugumniionags
Jusidu 0°wusuled vesiududsndenudstunninsziaiasuindnin
5.1.6.2 Msugudslugusudeiifian (Air Blast freezing) 1flun1sugudsiilfinsesian
W freanuiFa 1300 - 1500 Warew# msmemanmdurinlsonsbuaziieliemisudsiig
Lwiﬁaaﬁ?qﬁaﬁuaﬂm1315Lﬁaﬁaqf'fum‘;gm?ﬂaﬁq snldfurenduiidvunelng waziedodudiildundu
pSansm uisesnidu 3 Snumede
1) i3osugudauuugluad (Tunnel Freezer) a1afivunalugudeidndls andeanisus
udafoussendndusiuunin warnsasuutu wieviidusnfunats q tu wiazanvostunudndu
agfonaliliduromsdmivaniiu Wedesmauiudsfagindniugn wasdlodosnsagionoon fAay
Lmaaﬂmﬁu’asqmlfﬁuﬁ’u Tunsdiifureadlng Lﬁ%qﬁw‘nmLﬁuawﬁmﬁy’wmasqmsl,uiwdwdaqém%’u%gu
13903l
2) wdpsutudanuuanoniu (Belt Freezer) indpsutudauuuildinisdauvanion
gonlunsvuievedlagldaeniudalomidelany Sagivazgnadesuumenuiagindeudiiiule
Wuanedeshanuuiitnesiinauinliauduasmigneimsnasanan TWeaumaiivuseanw - 40
psrmwaLTEANAIUTEINN 20-30 W17l auudfuazidneendnsnuniladiievinnsussgiuvieldlas 1a3eq
yharududssaniannsaufuamnmiivesaemulimed fuszesnafidesnsldlunisvinlvingn sousi
Fonudsld indoshanuburiintonasoudnfuaeniuiidsingiuiiiiunsdauss vieussuaniios
wAmuE fagvhliaganinniu uaranmsvuidioulutisuumeainiessdnfusludviounbonuds
Ifn3osutudonvuimunedmdunisududwuuuentu (Individual Quick Freezing) nansiauiiiléan
mautusuudandutu q Lifduldetudufeu Jagtuduiifewmesgnévisssmmnszannse
Wunusznevamisiaiaeg lidesianagany
3) inFesutudauuuiiaosdiluannia (Fluidized Bed Freezer) in3asutudsuuuiingne
fulpdesuudsuuuanemiu Belt Freezer) Aeflduvosaeniuhingiudnluluedosianubulay
Hrupenuilorunisudududs uifluandsiuie arewiuvennissududuuuila vduaziiiouny
paaaan Vilidwesiineuuasnlienafasuaewiuld aznszaeutuiuuusnezidleduialian
asnuuAeIY daudsesondnfuridiunsududuuuiaefeudainatenaontu Ftmmnetu
pwnsTiRwIadn il wifuSinasnn sdesusiiiumsududauuiiednu 1oF
5.1.6.3 nsugndenroudulanglininuidu (plate freezing) WWuisnisududslagin
WAnAusi95UTIYnaBIudIsuwsulansfu 3o 01agndnegszninsuwiulansidy 2 wiulae
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Nﬁmﬁﬁuﬁﬁ%gﬂéﬂﬁaﬁa 2§ seutudsUssneudewilavevane 9 wivdndeadudu q adeduans
04 sewinduresiulanganduiinge s devinserinsuanmsousulviunnvietesls Woasin
nsutudsfazysuuiulavgdivRamihdudaiuemsiaaenudielid1emeainufeuldisa nneluves
wiulangusarduazithevesadoshanuduinsame uasiiuanuouluildedismng Bins
dewmarmiounsndululidunn linsuiudaduluegesngs THnadu dedrfnvesnisidentd3sil
Aondnsfuriiosdvuiawarsuiaiiaue visgeglundesusiuuuruaieatunaeaiasuiiidiluug
\Bonuds

5.1.6.6 nswdudslaeguadlurounad (liquid freezing) 1Wun1sutudalaeiiomisguas
Tuveamaiifigaienudsdi wu wyuea (methanol) uraidesnaslsd (calcium chloride) uazlnanea
(glycol) viFariunde sy dmsuidednimsinisussyiivrienountsiuluvesvan Woidlodnidonuds
wandnhluudselugurudssssun nsudluumueatzvihanudulads -20 wusules

5.1.6.5 NMsutudaiefgian (freezing with liquidified gasses) Wu3sn15ududeiid
Sasnsrunnlaenislindadusiemsdudaduasilinnuburaeiifinsdsuaniug (cryogenic
freezing) anslimnuduldun fefindusn wu lulasiauman @gamad -195 ° waldva vie -319°W
suled) lunfasenledivat (Qaifen -95 wailoa) udotudauiis (CO, gnsudin -78 waldea) nagy
wanfaridoadulufsmanlaenssiufionnlivilildussaniamaegn fudulsdnsesnuuuiadound
Bonudslindniusiomisiseguuaioniuadeiuied ssududsvidadaroniu vazinisusuds
wanfarizsinaivlulasaumalgunniimamiunuiiaslifaaudileid u faduuenvesnanioeids
weingaunn viadionafimaunninvemandasilfidesinaruunnisuesgamgiisearinman S
fugumnddnansliauduiiin egrdlsfinumniinsiuanudiesmeniulivngay 3515t
TAnndnudadnn dldiAaanudemedeidedetiosnn mumbudhianislugainaiswesdu
doldiFiniuuudu q wansusidldfauamd wuldnuuu i ldiegann ldvngtuninfusas
anuvusnauAulumzazddesinelulasiou nsussguaznsiiuinu sandamifiiunisududs
LAIIUIUNUTIVRIINANERN YTONABY UAIUTIVINGRIUTTIFUMAMTUNITVUEAS winfinaneTanaes
THuiu naesussduiazdosdinnuamunaziviizaudmiunsvuds iedesfududnielulalign
nsENUNTEIieusENINaNIsTUds HAR s ldFunisusIgteuiesudtasifudwionduilosonis
$mne Tnefloumglvesiouduaziesinit -18 sseiadea uararmduduinddszanaiosas 70
Fastoiiusegviosnain

wieluladfitiaus szuuwdudvhamndurualidosnin 1.5 wseh ssuulilih AC fu
Tnihldaesssuvamnnistiiiuezlnihanleanead  muaunsiuvesssuuyhaudy dyaniuny
sumgiuansraidudnian wazanusaruaugamgineluieaasyhanunduududdls dindn - 8 sam
waded anunsaudilsUaignuanifeiuasanusdlitesndy 500 Alansy
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Avvia (Cryptocurrency) Tullagtuisuiidnamulnl q lianuaulawazseusuiuluining u
naunnAasgIndunumlunsiiuguasaznisesnuinsnsEig 9 wedunisadieaiy
wedulviuAtnamuniedfaula drdnnuamenssunismiunanninduaznainnanningus
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Clindamycin 0.62 pg/mi

Clindamycin 0.31 pg/mi
Clindamycin 0.16 pg/ml

MW 4.10 wanmansnassuAANUiuusgaianinsasih (MBC) Wewuailie C. acnes
1ne8 Drop plate vosenuImsgIU Clindamycin

4.5  wamIvadauAIAIAIvasiilalyy
nmsvagauauasiivesilelaudiensiunie (Centrifuge) 71 18,000 susownit 1y
stz 30 Wil andudainanisuendy wuini 3 gesliinsuendy msvaseumnuRsitvesBliady
#e3B¥ouaduidu (Heating-Cooling) Tneniriia 3 gos LingiiugamgR 45 °C adufugamgl 4 °C i
Bluuiazgamgiiiuszzna 48 Halu ¥ 7 sou nutilaifinsuendu Fwmnsnedl 4.

a1979% 4.4 wananmvadeunuAsvestleleuinivatsadiadendenn

s Centrifugation H-C* Inference
Cholesterol + Tween 60 + + Passed
Cholesterol + Tween 60 + - Passed

+ 1% ansafndoniiann
Cholesterol + Tween 60 + . Passed

+ 2% ansafindendann

Wnewn  H-C* fle Heating-Cooling cycle, + fie liuantu - fle uendu
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Clindamycin fifaandutusinanfianansaduds (MIC) uaxsih (MBC) wewuafiieiviniu 0.08 pg/ml uay
0.31 pg/ml MUAIAU ALEAITUNIWA 4.8 waznwi 4.10

Clindamycin + BHI + C. acnes

Clindamycin + BHI

sanaudensiona + BHI + C. acnes

asanawdeniiga+ BHI

C. acnes + BHI

| MIC 2898131A33% Clindamycin = 0.08pg/mi |

MIC savarsananlfansisqaRasnit 0.24 mg/mi

il 4.8 uansman1svedeumAAditumaniiaunsadugl (MIC) Wewuafile C acnes

1ng38 Broth microdilution Yesasanndendsnauaseinnsgiu Clindamycin

aIananfanding 0.98 mg/ml

mIanawfantang 0.49 mg/mi

aIananfaniing 0.24 mg/mi

; ; ;g ; &
Al 4.9 uansnamsvageumAA i duiuiiaaiianinsasi (MBO) Weuuafide C. acnes

g8 Drop plate Yo sanaidenisnn
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uazegrawma Suaunduvenietsviniusnnuniusenilegdudeeauen ukiugudnang 3-5
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212 inusinswusssAudivdenidnn
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Y & a DR A A a = v v A A
NUNMANYULLUDLIANANUYNIU 2 %W/ W UANUAUALNNTIEAR BATNANUTVUVY 1 %w/w HAURUA

"ouiign Wersuiieudvewdnius wuiiianududu 2 %w/w ddvnyudunimanududu 0.5

P ' ' it PR | Y o
%w/w dntioe WowSeudleud pH wulnaasiene pH IndiAesiu dauandlumssd 4.6 9aniuian

anvuInEUMALENARIBIASEY Ultrasonic bath 1usyexiaan 30 il udninmsdeuanuasiilaenis

faalifgamgivieauszeziian 4 Ui wasnagauiianizisa (Heating-Cooling cycle) 4 °C w1y

48 ¥lua adufuaamadl 45 °C wu 48 Falua (1 Cycle) nAdOUSILUIY 6 Cycle udwhn1stufinua

W

awmiln @ ndw Msuendu pH wulwdadusinannmiudediiioamgivesduszezian 4 duam

I =
waznsvedeuluanmgisshifinsiasundas

il 4.4 uanawdndusiaailidunauesiflolsuvauas Tlelsunnasaiandenidinn

A999 4.6 wanIAENTRVNINEN YR IHAR SR aTTdunavasilleleuFondinn

AuaNUANIg wanmvadauansuilelvuUGenidnn —
BN watllaloy Hlolaw 1% el 2%
dnwnrUsng owmjutiunas  idfowatutiunans  ilelaatuunn fuuas Visual test
fiuwad a1 uuas 191912 WM
d Aurnudndes  Aduviaiunan Auvnun Visual test
ndu laifindu Taifindu findunzaznaidnilion Sniff test
Msuendy Taiuendu Taiuendu Taiwendu Centrifuge
Audunsa-ang 5.36 536 5.29 pH meter
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4.6  wamsvanndiula fildunauvesdiislsuanansinuaenign
461 wanmAnwrlnvesaIsiona (Gelling agent)
n1sfnwlinvedansnelaa (Gelling agent) §1uqu 3 wfla Usenauday Poly Gel,
Aristroflex AVC, Any Gel #an it .11 fimnandiudu 0.5 %w/w Wit wuda Poly Gel‘lﬁﬂmam]'ﬁﬁﬁ
flan dnvaniuidenatla faramiiauiunans iedudad asiden indedns Sudrghildd dou
Aristroflex AVC &nuaiziioradla fmmwmannnn Poly Gel fimuukedn way Any Gel Snuaio
s o

wadtu mudillanumaunniull n1sai 4.5 fuidedaden Poly Gel iWuansriaiaa (Gelling agent)
lumsiannudainrinaniidunauvesilelonasainidondinn

M 4.3 uanssilnvesansrioa (Gelling agent)

A9 4.5 uanspaniAvIINennkazmMaaivessinansielaa (Gelling agent)

- vlavasEnsnalea -
AENTRN1INEAN 353
Poly Gel Aristroflex AVC Any Gel
Anuusunng \oiaadla tilelaadla Lieadiu Visual test
d vl amila v Visual test
Msuentu Tyiuandu Tiiuendu Tulwendu Centrifuge
Aandunsn - A 5.20 5.13 5.27 pH meter

4.62  wansiaRdnduTiaanlidunavedilloluuufontinn
NnaNsAnaNTinInenmkdaiusisaildunauvesiloleuansainwdendinn
TngldUSinm 1 uaz 20%w/w Auddy wavaivadllfdunawvesilolonvasansain danwil 4.4
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00.c WUMNUHUANSsEY

v0o.c.0 WmneeiuIMaiaiddy U eeoe
00.€.& MINHUINITINURY 11N5F1U1ATWN U eeod
a¥1seaslminusnasgiuiddy
48 ol. Responsible Consumption and Production
ol.& NMSHEENTSIBURIUANTEY
0.0 NMSHEUNTTIBNUEIUAIUNTIETY T webe

= ° v o .
< NveslATeng kagn13EsIaANNABINTTYRIYUYU HeAll (Project background and
social observation)
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nsgvrunmsnsatatnui Tnsrnuimumsuilaanuludssmelne azinnnumindaiis
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FIEA o v a A A = = ' .
felaninnusauisauialinaunuingfuiunandlnsiden v3eunanundsemis (Edible
feedstock) FIUONIINALYILF0FWINADY wazANUTIAWUNG I LLETeIMITHED Sudunisan
nslglunismdaninniwi uwasdunulunisudandndoet le@nddnual uneduid (eeex) : N0
nundaunsawnseendundnduridugldnansegrsuaznibiuiauladlu drenuaudAnd
wngiainINNNkar Janidnasaunduinidlnduazanusagesaaslunusssuwd fo
Junstesasdnedanadeuwasdunislivinensiifegedraninlidvselovigegauasnin
Y aa 2 i 1% a o ¢ i & A 9 v
nmunaiagsssumAnaansadululdlunisuinsesenasimdndusianuasnigluduun weld
wnganfunguidmunefenngngieuisivaveanlumanuiidureunuusudwn dmiunu
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panuuurAndaeisuLuulnl Ineveuwsiennydinulunsiindnnamansegneiig

& W/nsaniueu (Methodology)
- AnwauantAn1anignm USudnsdiunas n1saeguseningianuanninniu
Tt hlalATat
- Anwdumudausswestunu funoulunisfine

- Ainwdenaduenansfiiieatos
- ﬂﬂisﬁugﬂmuﬂamwaﬁm%u/ wuleuznsna/ nnnawm
0. 780 a1siail uazgunsal
o SunouNsTugUuHuRommeAnEEY @ulugniny/ ninmuw
n.NFNAADUAIUATUNIULIIAG (tensile strength) WAZWIIRAI (en-point bending)
< NANISVAFDU
. d3Unandn (Output) wazuadws (Outcome)

NaWan (Output)

o. Wigmudoyauinnssu vesnuauTiniinen niuALulas
. IS usuasvassdfunseanuuy

NA&WS (Outcome)
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Abstract

This research used crumb waste tire rubber recycles as fine aggregate replacement in the
concrete mixture. Most particles of the crumb waste tire rubbers are smaller than sieve number 4
and bigger than sieve number 16 and used as the acceptable aggregate replacement at the ratio of
2,5, 7.5, and 10% by weight. The properties of fresh concrete and mechanical properties in terms
of compressive strength of concrete at 7, 14, and 28 days were investigated. Moreover, the elastic
modulus and splitting tensile strength of concrete were also investigated at 28 days.

According to the experiment results, it can be seen that the concrete mixed with crumb waste
tire rubber exhibits different physical properties as compared with control concrete. The slump of
fresh concrete was reduced with an increase in waste tire rubber replacement. For the mechanical
properties, it was found that increasing the amount of waste tire rubber reduced the compressive
strength and elastic modulus of concrete. The result shows that the concrete replaced with 2%
crumb waste tire rubber provided the highest compressive strength, which could develop compres-
sive strength up to 382 kg/cm?” at 28 days or up to 89% of control concrete. For the splitting tensile
strength of the concrete, all concretes replaced with crumb waste tire rubber had a tensile strength

approximately 10% of the compressive strength, similar to standard concrete.

Keywords: Compressive strength; Mechanical properties; Crumb waste tire rubber

1. umin Fuothemnduazenssasudidudsiilianunsa
Tuiligdugmavnssususudidvlnedns  ndunlilmild msidamerssnsudfidenann
s nnsldeusudlunieefidewnarly  Hulgwmdnmaineinewilan Tnevluluusias
mamsvuds dnsldeueudussiansnguduazsns U deenmangdudugniidn fls e dudu
Snspusudmdusiuiunnwesiuuliuendinty  Susseieusiiedwindeusiuiionnnisdosaans
g U nnnenuaiinuddulssmdlng [ wu vestandmanesiulissesnaiiuiu venaniiag
N w2564 fwasafioomsfouavan sl Swanenssosuddeliquaudililig enadadam
Auszanos 42.09 Sudu Sadiutuand wa 2563 deelfiAngimniiiidestumadinianunds
fandn 1 dwduvdeiiintuiesay 1.92 uavenadl Mdauazeradutaniiinaensiolminfieiy
walfudfinduegdeides nsiinduvesSina windeldl [2] msthiavenssasudivdenanduanld
soluusazd gommanefsnstiivaudomisluns Indlugeanunssuneasadulsvilsunisantgm
THonesaeud uardefinumnfousinamezanes  finan
sosuddonanim dalaeialuengvoserssnsud 1 neAfediumiins@nwinuinging
yodnsaazflonglinuiifuanuuziindo 50,000 nu.  MWiavenunuiiludunanvesaeunisivlidngy
w30 5 U %uaQﬁudwa&hﬂmasﬁmﬁdﬁndau 30 wnuiiyudwuduasldunudiinasy dansldiey
vliAaUTInasznesTnsudidevan iy erunuiiludiunanvesmoundndwmadeausfives

113



Sustainable Development Goals Report 2022

Thai Science and Technology Journal

Vol. 30 No. 6 November-December 2022

aounIafiuasuwlasiy $udTefiniuninudn
AsliiavensunuiiludiunanvosnaunIndnali
ABUNTANMAITULIER uarlugdanugavguan
aadleiisufumaunsainly [3,4] uenannii Gupta
wazAuy [5] Anwinavesnisididulesnauagneens
WU AR ULTIDALAEAUNUILULYBIADUNTA
anas 0819lsfmy @aursafinAuFIunIuLse
AsEUNN N1587 wazANaINnsalunnT UL min
nsemsevenaunin luvaeil Maher Al-Tayeb
uazamg [6] LANYINAYINT MLAvENSTO8UA L
nupaunin neldens 2 guuuu Ao THdudnuwmy
mazlﬁymium'it.muﬁﬂuu%mué waglddusuunud
druveuiaTNazden wud n1sldly 2 suuuy
fldananoautAnounsafiniaiu Tnonsldneens
sasudunuiiyududdinalinounindindedn
anasdear 19-53 dunisldiavenssasusunud
17a57UaLLIUA dINAlTADUNIALNIAIDRANAY
Souay 11-19
aeslsimuautivasnaundafiunudisae
gresnguRtusgfuautivessnssasudfiviuly
\leannesasudifutandesiliviiufAzetu
AuNaNYRITILA n3TnRnsERIneUANveIEN
wasiiforaunIndenanenisiuiidiesnaunin
uanIIntigaduegfurunoynia Yiuaillily
nsunud ATeEnnsAnenae sl
g19308usslodadildanaveesasuRifinay
nsyuaunsungeslndudinfieldunuiiviasu
avldeauNEIl lusnsseuay 2, 5, 7.5 wag 10
Tnosndnvesunasinazidon Tnefnwauda
YpspaunInaaLazaURMTna taun nnasenues
ﬂauﬂ%'m?imq 7, 14 uay 28 Tu AnwiAlugaa

v = 1 A

gavgunaziasRsingnasnaunInfiany 28 u

114

2. nQUszaed

2.1 e wavesnisliiavenssosusunuiiug
sazBunursddidnenuanselunsmlives
ADUNSTA

22 defnuidnvesnouninildieuenssasus
wnufiinasIunsay

2.3 \leAnwlugdadanguvesreuninildiavens
SogURUMUTIINaTILUNSEY

24 WieRnwidsiwuuindnvesneunindildiay
gesnBURLUTIIIaTIIUNSEIY

3. An15ANEN
3.1 Sanililuanuide
miﬁﬂmﬁiﬁgu%musﬁﬂa%mmuﬁﬂszLmn
#i 1 (Ordinary Portland cement) Judanuszau
Tunsndesegrerounin Mnsewidnduna
Twazden Tevumeynealdnninzunsaued 4
fiauaaduwsindu 2.60 wagldfuyudesdu
wasmeny dedivwelagalitiu 19 fadiuns
firnugaes ety 2.73 uenantiunsaneni
finsueves0suAsleiAa (Waste Tire Rubber)
WeldunuiinnasiuaziBoauisdiu deldainis
g19snguAnIntsanuluiminuaslgy dundn
v8y wonvovanLaztuitlueen sanduthuru
AsEUIUNITUALRY TnelAwe1asasudslafanldd
Fnuasduda dothluseuiunzunsanuindiu
Ingjflvuneuniadinninzunsiues 4 uazdnsey
UVUAZWNTIIATIIULY 16 NMTFUFIRE1INY
Milvunadusgudnasuseanm 2 fe 4 Taduns
waRsds Figure 1 TnelAweasasuiunas Boniildil
AP WAL 1.21 uazdlanlugdaniny
azldeALINAU 4.54
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Figure 1 Waste tire rubber.

3.2 @IUNANVDIADUNTA

Table 1 wanssnsrdrunanmounInilaly
933y FamAdeiliyuiuivosauaudussam
i 1 Wutagusza Tnsauauuinavesian
Uszanuwhiumnadiunas uazivualiynadiunay
fidmsdauteyudund (W/C Ratio) Wiy 0.55

yonantuAnunavesnisldiasessoousslaia
(Waste Tire Rubber) Wiislunuilinasuasidonu
anlusndndenas 2, 5, 7.5, uaz 10 Iaetmiin
yosnasImazden Wisuifisuiunauninnuau
Tseuidifunasvasison

Table 1 Mix proportion of concrete containing crumb waste tire rubber as a fine aggregate.

Mix proportion (kg/m?) W/C

Samples
OPC Lime stone Natural sand Rubber waste Water ratios
cT 364 992 772 0 200 0.55
WR 2 364 992 757 15 200 0.55
WR 5 364 992 733 39 200 0.55
WR 7.5 364 992 714 58 200 0.55
WR 10 364 992 695 7 200 0.55
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3.3 N1IVAFBUNISYUAIVDIABUNIA
N1SNARBUAINITEUMIVBIABUNTA YIINT
NAADUNINTFIU ASTM C 143 [7] Wonimaw
a1unsalunisinaulavesneuninan wagiuSeu
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Tnausiazanensnageuldiieguneunin 3 faogng
AeunsALiiotmALaae
3.5 mmageulugdadanguuazidanawuuingn
YBIABUNIA
nsnageuludagaguLasAaRaLuUsl
FNUBINBUNTA VINITNAFBUAINLINTFIY ASTM
C469 [9] waz ASTM CA496 [10] auasu dwinis
nedeUfoganeuninTiony 28 Tu Insusiazeigns
naaeuldiFetereunin 3 feghsreunIsiiothn
wALadY
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4. NANSNAFDULAZIALATIZHNE
4.1 AINTSYUAIVDIABUNIAER
HANIINAGBUNITHURIVBIABUNIAER LAY
yndunaufidnsdusEihdeyuliuud (W/C
ratio) Winfiu WU NIHANAYYNTOEUAS LA
atluunuinasuazdenudnlunounindssa
nsgnusemMsgUTvesAeunIniinalusnT I
Gi'mﬁuaaﬂiﬂﬁgﬁﬁﬁuagﬁvﬂ%mmmLﬂwmaiaawﬁﬁ
Tunuinasuaziden neidefinisunuideia
g19fundu An1sguiesAeunInIzanadnm
Usnagnsiilaunuiiasly lefinnsanavesnns
uwuflsnasaufoiaeesasud Wiulddmndiu
wesdAnsguifisninreuninauax (CT) Fans
unufiinasiuieimvenasasudludasdnlsiiu

Y

Jewaz 5 (ABUNTHM WR2 uaz WR5) danasom1nig
gufvasmpunInandntos uailounuilud3uu

ﬁqﬂ%{muﬁﬁaaaz 7.5 — 10 (AaUNIH WRT.5 uag
WR10) A1N158URIYD4ABUNIATANRARIDE1UN
Fauansly Figure 2 Fafuwnldiululufiamadetu
NaNITNAARUYDY Yilmaz ae Degirmenci [11] i
THavenssasusunasdoniituunaiiunnansiuiie
Wudunauvaaesds wuin msldiavenasasus
wuTidunanvosadisludsinasnnaudanaly
uesistimudenisiunntusarfeddsnsdiu
ihdeTanuszanuiiinniu delsuesifiamsina
wioglugiesendng 105 - 115 MINIATIIN Wand
Tduinsldiavenssosudiiounuiludiunan
YBINBSATNIDABUNINILAINARDAUEINIT
Tunsviauld (workability) fianas
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Figure 2 Slump of fresh concrete.

4.2 wipthvinuasnaundn

Figure 3 uansimsthninvosneunin
wuaeundafiiniehminuniigafensunin
A (CT) sesaanndunsuniniiunuilinasiu
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2500

2,244 - 2,293 nn/a’ UlAINNSIARENITREUA
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Figure 3 Density of concrete.
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4.3 NMADNVDIABUNIA
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Figure 4 Compressive strength of concrete.
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4.4 NMAIAIRILUUENTNVDIADUNIA
NANSNARDUNAIPILUUNITNVDIABUNIH
fleng 28 Fu (Table 2) nud Aeu3n CT Tilimsne
i fusnasy Smdeuusin@nwinfu 35 nn/
au? TuunefirdamuuuE@naosnounin WR2,
WR5, WR7.5 wag WR 10 fawyindu 33.6, 28.6,
23.3 uag 20.3 Nn/au’ INRANISNAARULERAILE
WuIideisuuudnaesneunIafiunufiuiasiu
ALLBYAUNNEIUMIULAYYIITOUURS [LARTAaR
asnuUSIN eI sUNUAT LT ULRg FURE
AsnAdaUAIaIsn agnelsinumniansanng

Table 2 Splitting tensile strength of concrete.

FUNUTTEUINNNAIDALAY S DEALAAIRIRDAIRIDN
Y09ADUNTA NUT1 AeuNSATILNUTNaT Az Bun
AELATY19TOEUAS LABTIANDNIIEIUVDINAIR
AoMAtenveIRBUNINBYTENINSTRLaY 9.3 - 10.2
FaflelnaiAetunsundniluiifiarmdeRwingn
UssunuSesay 10 v0901898a [15] NKNANIT
nogeudmandliiiuil Usunanisunuitiasiy
AIELAYE1ITEURS loLAa lildenareAuau R
ATFULTIANTBIABUNTA LABAINEIRIUDIADUNTA
RUSHUAUMS I AUDIABUNTAIULAEIAUABUNTA
LU &3 Fieure 5

Splitting tensile strength (ksc) - Normalized

Ratios of spliting tensile strength to

Samples
splitting tensile strength (%) compressive strength (%)
cT 350 -100 8.6
WR2 336 -96 9.3
WR5 286 -82 10.2
WRT7.5 233 -67 9.7
WR10 203 -58 10.1
20
2 S8 XCT
R o
Seg M ©
E = ?: 12
227 10 D = Sk > S e
5% 8 x== COWR7.5
225
5 g 4 SWRI10
é g 2
0
0 100 200 300 400 500

Compressive Strength (ksc)

Figure 5  Relationship between ratio of splitting tensile strength to compressive strength and compressive

strength of concrete.
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4.5 Tugdadanguvanaunin
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Table 3 Elastic modulus of concrete.

Elastic Modulus

28 day-compressive

Samples fc'
(ksc) strength (ksc)
cT 436,566 409 20.2
WR2 349,517 362 19.0
WR5 280,304 282 16.8
WRT7.5 207,521 240 155
WR10 190,083 201 14.2
& Ccompressive Stregnth O  Elastic Modulus
————— Linear (Ccompressive Stregnth) ————- Linear (Elastic Modulus)
500 600000
’3: 450

2 400 4 500000 =

= T &

) 350 F — e 400000

S 300 B e =

@ 250 “5‘“‘“‘25“ M““\A‘_‘ 300000 '§

2 200 B e Y =

2 150 | 200000 .2

g 100 100000 5

0 0
0 2 4 8 10 12

Crumb Waste Tire Rubber Replacement (%)

Figure 6 Relationship between crumb waste tire rubber replacement, compressive strength and elastic
modulus of concrete.
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Figure 7 Relationship between elastic modulus and square root of compressive strength of concrete.
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