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Conference Background
The 2" Suan Sunandha National and International Academic
Conference on Science and Technology (SsSci2019)
“Science, Technology and Innovation for Sustainable Development”

©

The 2" Suan Sunandha National and International Academic Conference on Science and

Technology, entitled "Science, Technology and Innovation for Sustainable Development" is the
prestigious event organizes by Faculty of Science and Technology, SSRU, to provide an excellent
platform for the national and international academicians, researchers, industrial participants and
students to share their findings and establish collaborations with each other’s and experts. The
conference will be held in Bangkok, Thailand on 8" November 2019.

The key intention of this conference is to provide opportunity for the national and
international participants to share their ideas and experiences. In addition this conference will help
the delegates and participants to establish research or business relations and future collaborations
in their career path nationally and internationally. We hope the outcome will lead the major impact
on updating the knowledge and research base scopes of conference’s eight major topics.

This Conference is sponsored and organized by Faculty of Science and Technology, Suan
Sunandha Rajabhat University. The conference would offer a large number of invited lectures and
presentations from distinguished speakers. The best paper awards will be given for the papers judged
to make the most significant contribution to the conference.

This conference provides respectable platform and decent opportunity for participants to
exchange knowledge, share experiences and develop connections with faculty members,
researchers from academia, industry, government and students. The conference includes eight major
research areas:

1. Computer Science and Information Technology

. Mathematics and Statistics
. Physics and Energy

. Chemistry and Forensic Science

. Environmental Science and Technology

2

3

il

5. Biology, Biotechnology, and Microbiology

6

7. Food Science and Technology, and Home Economics
8

. Sports and Health Science
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WRANNTIN wasHauayY
Conference Co-hosts and Supporters

o

diinanuaugnIINNINITEANAnK

Office of the Higher Education Commission

A11NUAMENTTUNTITEUAIYA
National Research council of Thailand

Faculty of Science

University of Hradec Kralove (Czech Republic)

—

Okayama University (Japan)

OKAYAMA

UNIVERSITY

Ho Chi Minh City Open University

(Vietnam)
Kazan Federal University (g Kazan Federal
(Russian Federation) UNIVERSITY
Chia Nan University of Pharmacy and Science [ ﬁ?
(Taiwan) ”‘@;);{&“‘

WIME§e v el ﬁ ( \

Chiang Mai Rajabhat University

Facutty of Sclence and Technciogy
‘Ching Mai Rasbhat Universiy

U INGIRETIVI)UATATTITUIY
Nakhon Si Thammarat Rajabhat University

W IngdesvAna1Ue
Lampang Rajabhat University

UM AINYITYTIVAUMETAY
Rajabhat Mahasarakham University

U INENFEVANaNaUAT
Sakonnakhon Rajabhat University

WIS TvAgasuns
Surindra Rajabhat University

WNIMERE YA AyaaIRsI
Pibulsongkram Rajabhat University
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WRANNTIN wasHauayY

Conference Co-hosts and Supporters

UININYIRUTIVH VNGRS
Thepsatri Rajabhat University

IR TV UATIYEN
Nakhonratchasima Rajabhat University

NAKHON RATCHASIMA RAJABHAT UNIVERSITY

o o o o L
UMINGIFETNWAYNYTYT e
Phetchaburi Rajabhat University A
uStm anlafia i ¥38ad (Usemnelne) S1dm analytikjena
Analytik Jena Far East (Thailand) Ltd. A Endress tHauser Company
V3o Salawunes ain sf HISTOCENTER
Histocenter Co,.Ltd (Thailand) o -
U3En Ansnauedle@ioa 91n SITHIPORN),

Sithiphorn Associates Co.,Ltd. associates

US9n 1w leeud I1in

Vana Science Co.,Ltd. IANA
SCIENCE
Ut glufin wouunda wouvi loudiile3e u AE
AoutaLAWY 7R
UNITED ANALYS' NEE!

CONSULTANT ¢ NY LIMITED

United Analyst and Engineering Consultant Co., Ltd.

USE¥ wasa 31179 MERCK

Merck Ltd.
IS
U 9o da im SCI
Scispec Co., Ltd. SPGC

- o2 P )
VTN INBDINU LBALNBT 91NA '
PerkinElmer Co., Ltd. PerkinElmer’

For the Better
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Conference Committee

ngupsuiamesuazmalulagasauma
1 999ans19N38 ANes 189
Assoc. Prof. Dr. Phayung Meesad
2 fHemans1nsd asuudies Saudsaeddl
Asst. Prof. Dr. Montean Rattanasiriwongwut
3 59IENENS1A138 ATNSOR WRAlanIng
Assoc. Prof. Dr. Ponrudee Netisopakul
4 gemansnnsdydind walyniiad
Asst. Prof. Dr. Chutipuk Kemwimoottiwong
5 feemans1sd ns.suty Jusy
Asst. Prof. Dr. Ronnachai Chuentawat
6 813 ATUNAR FIATIEN
Dr. Noppadon Phumeechaya
7 fHemansnsd asiIng deus
Assist. Prof. Dr. Pijittra Jomsri
nguAtinAENS a6A
1 509mans19158 ag.aglud durad
Assoc.Prof. Dr. Chartchai Leenawong
2 fwmansasd ns3lsod fndy
Asst. Prof. Dr. Wirot Tikjha
3 {PeMans1nsed sy &
Asst. Prof. Dr. Boorapa Singha
4 fehemans1ansd as.uny Tunsege
Asst. Prof. Dr. Bongkoch Nimtrakul
5 APemansnsd avung lafius
Asst. Prof. Dr. Nop Sopipan
neaidnd wisay
1 femans1ansd as.ugui aided
Asst. Prof. Dr. Naruebodee Srisang
2 {Hemans1sd AsuITIM Nol
Asst. Prof. Dr. Navavan Thongmee
3 919138 A5, By Jndad
Dr. Chanade Wichasilp
4 138 as.unsal USnysae
Dr.Pakorn Preechaburana
5 {Yiemansansd asduniend AeAdynad
Asst. Prof. Dr. Kanthapat Kitti-atchawan
6 HUIEAMansI9138 ASluNgiY a1usil
Asst. Prof. Dr. Kheamrutai Thamaphat
7 593ER319138 AR 915U
Assoc. Prof. Dr. Narong Sangwaranatee
8 39INANI19138 N385 BVSWIY

Assoc. Prof. Dr. Ammara Ittipongse
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UMINEENALLIAENTTIBUNANTEUATIATD

King Mongkut’s University of Technology North Bangkok

UMINEENALLLAENTLIBUNANTEUATIATD

King Mongkut’s University of Technology North Bangkok

andumalulagnsyasundninaummisainn szl
King Mongkut's Institute of Technology Ladkrabang
IR VATl

Chiang Mai Rajabhat University
IR T BAUATINFEN

Nakhon Ratchasima Rajabhat University

N IMeNdu A UATUTY

Nakhon Pathom Rajabhat University

U INede v auEum

Suan Sunandha Rajabhat University

anfumalulagnszaeuindninaummsaiansy e
King Mongkut's Institute of Technology Ladkrabang
wnIeayNvAyaaIasm

Pibulsongkram Rajabhat University
UAIMIAE BN Te sl

Chiang Mai Rajabhat University
WAINNRETVAYNARS

Thepsatri Rajabhat University
WINNFETVAUATIIVENN

Nakhon Ratchasima Rajabhat University

andumnalulagnsyasunaninauviisainn szl
King Mongkut's Institute of Technology Ladkrabang
W IngnaeNua)iyadnTIl

Pibulsongkram Rajabhat University

IR BTt

Chiang Mai Rajabhat University
WNINeFEsTIUAERNS

Thammasat University

UINNRYTIVAWERT

Thepsatri Rajabhat University
wninendemalulagnszaounasuys

King Mongkut’s University of Technology Thonburi
WIS UAY UM

Suan Sunandha Rajabhat University
WISV UM

Suan Sunandha Rajabhat University
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FNARTINNTE WARNTIIMINT AT WS Auaou
Prof. Pol .Maj. Gen. Patchara Sinloyma
F9IANANTIA15E WU TINeN 1559 Fvyaelve
Assoc. Prof. Pol. Col. Witchuvanit Witchuvanit
HY8mMans19138 As.3ANTI Junzudl

Asst. Prof. Dr. Rapiphun Janmanee
HYI8AMans19138.03.818513 Nowniey

Asst. Prof. Dr. Saithan Thongphrom
HY8mMans19138 A3, @3198 auuy

Asst. Prof. Dr. Sarawut Somnam
HYemans1sd as.daddn qud1sey

Asst. Prof. Dr. Wallika Suksomran
fnmans1anss as.suIng wWasinan

Asst. Prof. Dr. Thanakorn Pluangklang
feemansnansd asadan seuatan

Asst. Prof. Dr. Wanida Wonsawat

919158 A% WaBENIIY logniin

Dr. Ploysai Ohama
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10

11

12

13

14

15

399A1EART1A3Y A5 U3 Fuifinad

Assoc. Prof. Dr. Kooranee Tuitemwong
39INEANT19158 A3.5YAMU 3TN

Assoc. Prof. Dr. Touchkanin Jongjitvimol
HYI8AanI19138 A5.30A3U fauas

Asst. Prof. Dr. Chisiri Konkong
HY18Mans1n3d as.nvlinn gaum’

Asst. Prof. Dr. Kotchanipha Udomthawee
Heerans19158 ns.nqual Tunes

Asst. Prof. Dr. Krit Pinthong
feemansnasd as.Anddng lufinevioised
Asst. Prof. Dr. Kittisak Chotikadachanarong
919138 s.nANa dlgiey

Dr.Pakkakul Sangsuriya

HYI8AanT138 Asiieuie Pius

Asst. Prof. Dr. Thiamhathai Choopan
919138 A3.l05INg Shulsavined

Dr.Triwit Rattanarojpong

HYIA1AnT19138 A, DUTHUS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
HHI8AanI19138 A.Aunu ngyatinug
Asst. Prof. Dr. Chantana Kankamol
;:I‘zhamam%nsé 75.08¥A" 91918N5NNT
Asst. Prof. Dr. Piyada Achayuthakan
919198 03 Jun Wugity

Dr.Wattana Panphut

Dr. Mohammad Bagher Javadi Nobandegani

Dr. Ha Thanh Dong
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Royal Police Cadet Academy
Tsseuwneiondsna

Royal Police Cadet Academy

W IneaevigiyadnsIy
Pibulsongkram Rajabhat University
W Ivendenviggiin

Phuket Rajabhat University
WNIMERE VATl

Chiang Mai Rajabhat University
WIMEIRETIVA NS

Thepsatri Rajabhat University
IR TBAUATIIVE
Nakhon Ratchasima Rajabhat University
U INYIFY UL e ue i

Suan Sunandha Rajabhat University
WISV e ueium

Suan Sunandha Rajabhat University

UINEFNATAERS

Kasetsart University
WIS A RyaaInsI
Pibulsongkram Rajabhat University
wnIeae A RyaaIasIm
Pibulsongkram Rajabhat University
WInendesvigasuns

Surindra Rajabhat University
WInendesvigaiuns

Surindra Rajabhat University
UAINIAE Yo sl

Chiang Mai Rajabhat University
AudiugimnIsuLazmalulaginmuviani

National Center for Genetic Engineering and Biotechnology

WINNFETVAUATIIVENN
Nakhon Ratchasima Rajabhat University
WM aEmAlLLAENTEARUNATUYT

King Mongkut’s University of Technology Thonburi

UNINYIFBURAS

Mahidol University

UM INYT VAT

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGTETIUL AU

Suan Sunandha Rajabhat University
UMINYTETIVL AU

Suan Sunandha Rajabhat University
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F99NANT1A158 As.gwn Aaurtiunna
Assoc. Prof. Dr. Suthep Silapanuntakul
309A18MT1158 A3.LUgyanTal Uszans
Assoc. Prof. Dr. Benjaphorn Prapagdee
HYemans9138 as.nging legmuun
Asst. Prof. Dr. Charnwit Kositanont
HYemans9138 st anslngu
Asst. Prof. Dr. Saowanee Wijitkosum
HYemans19138 35100 AI5135h
Asst. Prof. Dr. Thaunwadee Srithawirat
HY8mans19138 A3.1aNiansd asius
Asst. Prof. Dr. Khamanitjaree Saripan
399A1an319158 Aslnyad uIumas
Assoc.Prof.Dr.Paiboon Jeamponk
HYemans19138 3000 fxlum
Asst. Prof. Dr. Anat Thapinta
399MNARTITEAINLG YBuUNS
Assoc.Prof.Sivapan Choo-In
HY8Mans19138 AIALIRY gn1sana

Asst. Prof. Dr. Tatsanawalai Utarasakul
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599MAnT19138 A5 JuTnd yaudn
Assoc. Prof. Dr. Chuenchit Boonchird
s09nanTI3d ne.viAdld Augnsan
Assoc. Prof. Dr. Tasanee Limsuwan
509FNANTI13E N3.ANR AW
Assoc. Prof. Dr. Khongsak Srikaeo
HH8AanT138 A3.33uns il
Asst. Prof. Dr. Teerin Chysirichote
919138 A3.590 S35y

Dr. Thanida Chuacharoen
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1

HHeans1ansd asalinn vanetaulnena
Asst. Prof. Dr.Wanida LAIWATTANAPAISAN
{terans19158 ns.auduaun iing
Asst. Prof. Dr. Somjintana Toutip
HYemans158 as.vyia foinla

Asst. Prof. Dr. Chayanit Luevanich
HYI8Aans19158 As.0usHuS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
013159 uHnT Wuvideyan

Ampika Nanbancha

Editorial Board

1

HYI8AanI1138 as.0100R Aylum
Asst. Prof. Dr. Anat Thapinta
Prof. Dr. Hongjoo Kim

Prof. Dr.-Ing. Mitra Djamal

Assoc. Prof. Dr. Nguyen Hieu Trung
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Mahidol University
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Chulalongkorn University
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Chulalongkorn University
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Pibulsongkram Rajabhat University
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Thepsatri Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Mahidol University
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Kasetsart University
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Pibulsongkram Rajabhat University
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King Mongkut's Institute of Technology Ladkrabang
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Suan Sunandha Rajabhat University

PHIANTUNINGS
Chulalongkorn University
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Mahasarakham University
wnIvendenadgiin
Phuket Rajabhat University
UMINeIREURRA

Mahidol University
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Mahidol University

UMINGT VAT
Suan Sunandha Rajabhat University
Kyungpook National University, Korea

Institut Teknologi Bandung, Indonesia

Can Tho University, Vietnam
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Prof. Dr. Subhash C. Pandey

Prof. Emeritus Manit Rappon
Assoc. Prof. Dr. Thanh Son Dao
Dr. Soo Rin Kim

Dr. Vinh Truong Hoang

Dr. Wong Tze Jin

Dr. Stephen Raymond Morley

Editorial Managers

1

10

11

HY8Mans19138 As.000R fxlum
Asst. Prof. Dr. Anat Thapinta
3.3 Uiy

Dr. Wattana Panphut
NA.A3.YAUEY @MTaNa

Asst. Prof. Dr. Tatsanawalai Utarasakul

NA.AT. AN FOUAT

Asst. Prof. Dr.Pijittra Jomsri
9.0 219Ad99N

Dr.Nich Wongsongja
A3.40E 1agnan
Dr.Manussawee Dechkla
n3.5UA" 55@%@

Dr. Thanida Chuacharoen
3. Auadd uauAinus

Dr. Sansanee Sansiribhan
ATYAYTA HANTUTIY

Dr. Chookait Pudprommarat
A3.NaRenI1e lognun
Dr.Ploysai Ohama

3838 aune

Dr.Suriyan Sompong

Journal of Environmental Research and Development
(JERAD), India
Lakehead University, Canada

Vietnam National University, Vietnam

Kyungpook National University, Korea

Ho Chi Minh City Open University, Vietnam
Universiti Putra Malaysia Bintulu Campus, Malaysia

Leicester Royal Infirmary,England
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08.00 - 09.00 . amzifou m Vinadunihvonssqungisuuedagy tu 3
09.00 - 09.15 . NANTIBUNTUTEYY
Tog  {928A180519138 As.00iR Azlunn
ANUARMEINEIAERSUAzImALULaE
09.15 - 09.30 w. naiUansuseyy
Ty 529ANEAS19758 AS.ALAY LNAITY

B8NTUANMIINES YA AU UM
09.30 - 10.00 u. - fSueuvesiisednundnnnsiuuazansnIng iy
- WBNBUTIIAUNANUITUAAU TI1UIU 3 51973
Ty 599ANEAS19158 AS.ALAY LNAITY
B3NTUANMIN YT VA AU
10.00 - 10.30 u. UssEefeY 1309 “Recent Technology Breakthroughs in the Control
of Iron Deficiency Anemia”
1ne  Prof.Dr.Michael Bruce Zimmermann

Zurich Swiss Federal Institute of Technology (ETH), Switzerland

10.30 - 11.00 w. UssEnefivy 13049 “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
1ne  Prof.Dr.Chih-Hsiang Liao

Vice President of Chia Nan University of Pharmacy and Science, Taiwan

11.00 - 11.15 u. SuUsemuemsIN a muntviesUsegunagSeEuadagy Tu 1
11.00 - 12.15 u. thiauanammAfonuumelawed u fumivonssgumadduedasy tu 1
11.15 - 12.15 w. thisueranuifeuuunIAUTIIY o Fasuszrn U 1, 2 uaz 3
WOINR5IE 10 1 nguanpenfmesuasmaluladansauna (nqudosd 1)
oI 10ysE & fu 1 nguaeenfwesuasmaluladasauna (nqudosd 2)
Woeuanyini Lo 2 nguanAnduasnEaay

Viosuanysni U 2 nguaIneeansmIivILaEINEImaRsaun W
Wiosuanusn & fu 2 nguavafivaedfineimans

OIYHUINTY 18 Hu 2 nguaineenansauandounasinelulad

NIOINGURY u 2 nguannTiner meluladthnin uazqadinen
osngouveadsy U 3 nduaninenmaniuanvalulaiinsemsuagavnasueans
12.15 - 13.15 . SutssmuewnananeTu o esesian u 1
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13.15 - 15.30 W. UauanauIdeuuunAlanas
M AuntiviesuszyaninSiduadagy YU 1 (o)
WiounouUATNIsIIEUeNANUITEUUUNALUAMES

13.15- 1445 0. UauaNaUISILUUNAUTIEIY o FaUszaudu 1, 2 uas 3 (o)
WOIN05IE 10 fu 1 nguaeenfwesuasmaluladansauna (ndudosd 1)
WoIN10yTaE @ 1 nguanreufiunosuasnelulafansauna (ndudosi 2)
VioeuanyIni Lo fu 2 nguanAnduwasnEIY

viosuanyini U fu 2 nguaAineeansniwILaYIneman saun
Vioeuanysnt & fu 2 nguaadinmaniuazadn

WOIYWUINY 18 4 2 nguaineenansiunndounasinelulad

Viosywuany U 2 nguannTiner meluladthniw uazqadainen

VONTEULeARTN  TU 3 nguavInenmansuazimalulagnisemsuasAnsuAans

14.45 - 15.00 4. SUUTENURIMNTIN U AuvtiesUsyyunauges Fu 1, 2 uay 3

15.00 - 17.00 w.  YNAUIHANUIIBUUUNIAUTIENEY B VioUseay 1, 2 uae 3 (fa)
NToUUDUAUNTNITUNAUBNANUITHUUUNIAUTIEY 0 osUseyungudon
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Conference Schedule

©

08.00 - 09.00 Registration (Krungthon Ballroom, 3 floor front area)
09.00 - 09.15 Giving a briefing of the conference
Asst. Prof. Dr. Anat Thapinta
Dean of Faculty of Science and Technology
09.15 - 09.30 SsSCI 2019 Opening ceremony
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
09.30 - 10.00 Presenting a token of appreciation to the distinguished co-hosts and
taking a group photo
Presenting three awards for outstanding
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
10.00 - 10.30 Keynote Speech “Recent Technology Breakthroughs in the Control of
Iron Deficiency Anemia”
Professor Dr. Michael Bruce Zimmermann
Zurich Swiss Federal Institute of Technology (ETH), Switzerland
10.30 - 11.00 Keynote Speech “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
Professor Dr. Chih-Hsiang Liao
Vice President of Chia Nan University of Pharmacy and Science, Taiwan
11.00 - 11.15 Refreshment Breaks at Phanurandsi Ballroom, 1% floor front area
11.00 - 12.15 Poster presentation session (Phanurangsi Ballroom, 1°* floor front area)
11.15-12.15 Oral presentation session (meeting room 1%, 2" and 3™ floor)
Phanurangsi Room A, 1°" floor Computer Science and Information Technology (Group 1)
Phanurangsi Room C, 1°" floor Computer Science and Information Technology (Group 2)
Bongkotrat Room A, 2" floor Physics and Energy
Bongkotrat Room B, 2" floor Sports and Health Science
Bongkotrat Room C, 2™ floor Chemistry and Forensic Science
Busabongkot Room A, 2™ floor Environmental Science & Technology

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Busabongkot Room B, 2™ floor

Krungthon Ballroom, 3™ floor

@) SsSeisi

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

12.15 - 13.15 Lunch at Rim Nam Terrace, 1°! floor

13.15 -15.30 Poster presentation session (Phanurangsi Ballroom, 1% floor front area) (cont.)

Presenting poster presentation certificates at the presentation area

13.15 - 14.45 Oral presentation session (Meeting room 1%, 2" and 3™ floor) (cont.)

Phanurangsi Room A, 1°' floor
Phanurangsi Room C, 1% floor
Bongkotrat Room A, 2™ floor
Bongkotrat Room B, 2" floor
Bongkotrat Room C, 2" floor
Busabongkot Room A, 2™ floor
Busabongkot Room B, 2" floor

Krungthon Ballroom, 3™ floor

Computer Science and Information Technology (Group 1)
Computer Science and Information Technology (Group 2)
Physics and Energy

Sports and Health Science

Chemistry and Forensic Science

Environmental Science & Technology

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

14.45 - 15.00 Refreshment Breaks at front area of each meeting rom (1%, 2" and 3" floor)

15.00 - 17.00 Oral presentation session (Meeting room 1%, 2" and 3" floor) (cont.)

Presenting oral presentation certificates at the presentation rooms

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology

-14 -



Oral Presentation

Conference Sessions: Computer Science and Information Technology (Group 1)
Phanurangsi Room A, 1% floor (#2n10434# L@ u 1)

Chairperson Co-Chairperson

Dr.Vinh Truong Hoang 919158 As.AnfAM dnesiuns

Vice-Dean, Faculty of Information Technology a1y ingimansussendanyinemansuasinalulad

Ho Chi Minh City Open University

K
U
[

UMY TIA AU
QBANARTINNTY 1395895 YT T AnumIneduasefinAlelloud
Wuwes muudmalulad uinerdugsiatudge

Paper Code/ International/

No. Time ) . Name Institute Topic .
Registration Code National
Development of Innovative Media for International
SSSCI2019 CS 4 L )
L. 11.15-11.30 - - Way Sokhom Mahidol University Communication Sangha in Phra Nakhon,
SSSCI2019 O 121 )
- - Bangkok, Thailand
- . o . Application Development for Pon-Yang- National
SSSCI2019 CS 8 N3TUNNT NUATAU Sakon Nakhon
2. 11.30.-11.45 -~ Kham Fattened Cattle in Sakon Nakhon
SSSCI2019 O 56 Kannikar Kamolrat Rajabhat University
- Province on Android Operating System
, 11.45.12.00 SSSCI2019_CS_1 FATUnT NN IR YA MsRAIAULUUaRN SIS sUgnaenuyd National
‘ o $55CI12019_O 4 Rujijan Vichivanives angium fhedumeiiinvemnasnda
. 12001215 $SSCI2019 CS 6 F5edind 1hseiug unIvendumalulad nmsthiamadendmiulsandianugdagly National
‘ ' ' $55CI2019 O 44 Jeerasak Numpradit WIYIBWNAMSTUAIWLE  SEUUANISIEToU
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
. Rajamamgala University R - v y
SSSCI2019 CS 9 QNNY INBY mstmelulagdumesiinoonfiadin
5. 13.15-13.30 -~ of Technology Y National
$55CI12019_0_71 Looknu Authong Uszgnaldany
- Suvarnabhumi
SSSCI2019_CS_10 Fdusi IR YA mslamesinituiiomngadlunsddlssny
6. 13.30-13.45 - - - o e e o - National
SSSCI2019 O 80 Chatchanun Namwon NyaeInTI guanvnssuTunadauisuiminiivelan

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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No. Time
1. 13.45-14.00
8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45

14.45-15.00
11. 15.00-15.15
12. 15.15-15.30
13. 15.30-15.45
14. 15.45-16.00
15. 16.00-16.15

Paper Code/

Registration Code
SSSCI2019 CS 11

$55CI2019 O 85

$55CI2019_CS 12
$55C12019 O 91

S55CI2019 CS 13
S55CI2019 O 93

$55CI2019 CS_14
$55CI2019 O 95

$55C12019 CS 15
$55CI12019 O 99

$55CI2019 CS 16
$55CI12019 O 83

$55C12019 CS 17
$55C12019 O 117

$55CI2019 CS 18
$55CI12019 O 120

$S5C12019 CS 38
$S5C12019 O 235

Name

#5135 WRTHA

Sarawut Pajonetid

Usznnsal unnnde

Praphaporn Nopparai

Ual gUUT
9 Y Y

Thanawut Thoopucha
ANty winuUseiedy
Supachai Promprasoet
guadat Inswau
Ubonsilp Phoprom

AWy wlueARaUPIsit

o

Manwongdeon

uaised A5t

Maneerat Paranan

guafad Indnsu

Ubonsilp Phoprom

Ui y@dn

Institute

U INESYTVAY
Fedll

1y Angndewmalulad
NILABULNANTLUATINTID

WISV
AYaAIATIY

U INEUTVAY
NyaeAsIl

Refreshment Break

U INESeTvY
anauns

1M Ingnaenalulad

NITIDUNANTLUATNLD

UyMIneasnalulagsy
1InanyTuaen e

INTIIWHIUTD

U INENSUTvAY
anauns

U INESUT1U4Y
UASAISITUIIY

Topic

ueweundndudmsuidnayulnsuy
sruvluRnisueunsed lngldlausveanu
wwosls
nsUsEgNAnIEUIUNITERNIUUUSEAUNTSA]
@ @ (3 a fa & a ¢
Alilunsiaunivledndivddiannsedng
o w w a1 =
dwiuiusgnaumsiildlesngmalulag
nmsfesiunarasinunisiilvareninnely
thuiuszuumuaunsivavesiiseaunsal
= a
LAFEUT
szuumuannMslaUanouianesnialnadiu
¢ A a
guUNIULARDUN

msiawendnduiioatuayunuuinig
fgansgIuiumAlulagansaume
Mefindszansamnsuimsianisadsdudi
nafiAnyUsENRARuaE S e udY

arluanseadnsnanisinens

o < a ¢ A a
nsimwdulygussAvgiienisiieulou
wheinduaiunisiseuinaendin

ASHAILITEUUNITUINITNBUAINE R WA
Tnawalulad lail vew (LINE BOT) w84
aonduideuasiau avIne1qesayg
anaunas
ﬂ1sﬁwmszwmmmQmugﬁuazmm%ﬂu
lsaTeulgnitvdnaes
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National

National

National

National

National
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Conference Sessions:

SSSCiZiTy

Computer Science and Information Technology (Group 2)
Phanurangsi Room C, 1** floor (240104598 & Yu 1)

Chairperson Co-Chairperson

HYemanT1sdandng Asaanise

No.

1.

ANURAEINGNANERS

VNI TvANA1UN

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

Paper Code/
Registration Code
SSSCI2019 CS 24
SSSCI2019 O 152
SSSCI2019 CS 25
SSSCI2019 O 156
SSSCI2019 CS 26
SSSCI2019 O 158
SSSCI2019 CS 28
SSSCI2019 O 162

555CI2019 CS 29
555CI2019 O 163

5SSCI2019 CS 31
55SCI2019 O 181
5SSCI2019 CS 32
555CI2019 O 202

8197158 AT.UNAS {AIDTIEN
auimeeNiunesfny AugInemanswazmalulag
UM uATUTH

Name Institute Topic
WU Mandia o . MIIATIERLAENEINTAIYRIMIINTT MUY
) LU INYIDYNLLYN - o i
Pruksanan Kamlapit aumluqmaammmw
SHNg ALY e oA Ginrai-Bot for Ordering and Recommending
W InengAalIng i o
Ratchadaporn Kanawong, Healthy Food Online Application
aidw g - . AMFWAUINTENLERNNTVIBLAT D991 U
) ) LU INYIDYNLLYN " . W .
Suttisa Kunju LWﬁ‘Uﬁ NTEUANYITIU LD LBURA NI
' LN wounAindutiswiiou
Chaiyapan Charoensuk . .
INVAHNITUAT ANTTUUTENIULN

Buffet Lunch, Rim Nam Terrace, 1 floor
mswauiuleiuaziukeundindumeyva

allns wiadles Suan Sunandha Rajabhat  uasU nsdifiny nAnwanvigmelulad

Sumitra Nuanmeesri University FSEUNA ANEINEFERSuaTAlUlad

WISV UM

ANy Unaaung o nsfnnsesayadmivssuuugesiiay
Burapha University }

Thanaluk Pranekunakol vunlnglay STackSTorm

Anfinal Judin umIngndewmalulagsny  nsesnwuu FTP wiskdlunisSudslndsyming

Kttipat Panfak 1ARFITIUYH Client wag Server
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National
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National
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National
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/
Registration Code
$55CI2019 CS 35
$55CI2019 O 214

555CI12019_CS_36

$55CI2019 O 221

$55C12019 CS 21
$55C12019 O 130

$55CI2019 CS 39
$55CI12019 O 250

555CI12019 CS 23
555CI12019 O 150

$55C12019 CS 20
$55C12019 O 123

$55C12019 CS 19
$55C12019 O 122

$55CI2019 CS 5

$55CI2019 P_42

$55CI2019 CS 7

$55CI2019 P_d5

Name

=] =]
U3n1550 SNWENBNTFEU

Preedawon Kadmateekarun

MeYau Wnzdns

Kanchana Kanthachak

dn3siy) 1aulsas

Jakapat Janethaisong

Uszu Wuoen

ufing lveuen
Bopit Chainok

e LCRTREI TRV

Voottichai Nakpeata

s wAee

Pattanan Nakyos

Fuyg Insanwal
Chatchuda Potiluck

glsassal Snwnnaed

Uraiwun Ruxpakawong

Institute

Suan Sunandha Rajabhat

University

WIS TvY
Wedl

Rajamangala University
of Technology

Suvarnabhumi

Refreshment Break

WNINYIRYTIVAYNYTYS

N IMeNdu A UATUTY

Rajamangala University
of Technology
Suvarnabhumi

Rajamangala University
of Technology

Suvarnabhumi
Mahidol University

UM INENFE1VA])
AyasaAsl

Topic

ATHAULDNNALATUTEUUIAN1TTALUN
BRLuLiA
nsdaasuniseusnuiUyeviesdiudums
X . . - " .
wingiasensangldmaluladnisreuiimes

mMsdanisanulasasuvesiiduiea

nRALISEUUNISIANTS RISy yNeaulall
AN ImManswasinalulag wnIne de sy
Agunsys

sruunTvinanmenaninasenmninly
Ualdearsu?

nstlassngangitnUssendldu

M luslapeaun v dumsuuasevielsany

FEUUANTAUVAAIUANNITUTELIANANSANY
ASMANEINGIFENNTIANNT

UNINYIRENTARA

nsafluunAgeUAAYEUALTOLA LAZATIY
Aneu LnudnlulR
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SSSCiZiTy

Conference Sessions: Chemistry and Forensic Science
Bongkotrat Room C, 2™ floor (oeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYI8AaNT19158 ATYUAS indiuns 819158 As.NaReNIY loanih
ANURAEINEAERSLaTmAlULaE 1918 AL INeNmEnsSLasmaAlulad

UNINGIRYINVAYNYTUT U INNETIAAIUFTIUN

Paper Code/

International/

No. Time Name Institute Topic

Registration Code National
The preparation of hybrid material of

SSSCI2019 CH 7 Maha Sarakham Rajabhat

1. 11.15-11.30 - Pornpan Tana cobalt complex into mesoporous silica International
SSSCI2019 O 160 University

- from the rice husk
DFT investigation of toluene adsorption

SSSCI2019 CH 11 Maha Sarakham Rajabhat

2. 11.30.-11.45 - Pasakorn Sangnikul on silicon carbide nanosheet doping with International
SSSCI2019 O 182 University

- transition metal for sensing application

SSSCI2019 CH 19 Suan Sunandha Rajabhat The Effect of Viscosity-imparting Agent on

3. 11.45-12.00 - Jitlada Chumee International
SSSCI2019 O 604 University Textural Properties of Toddy Palm Syrup
SSSCI2019 CH 3 pAANS A3anwal Dusitporn o . BnsnavesEnsiuAufeaulRTsnavaiay

4. 12.00-12.15 - ) UNINYIAYLNWATAVARNT . - National
SSSCI2019 O 76 Srilak P9 TINA LU SR NENANTUY

12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor

SSSCI2019 CH 6 Yfun Aaudliay Chutima o . HaveINsUSUaN U ad B isisanis

5. 13.15-13.30 - - UPINYNRYAVANUATUNS - - . - National
SSSCI2019 O 140 Silamaneewet WUHANAAUINARAYBIAUTENBUNIAWAL
$SS5CI2019 CH 21 F¥51050] Usenazluua o . MsAnwIaINgNWALl U%mmﬂuaanuazqwé

6. 13.30-13.45 T UNNINGIAETIVNG WYTYT v - National

5SSCI2019 O 246

Vatcharaporn Prapasanobol

ATUBDYULNDATLVDINNING
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No. Time
1. 13.45-14.00
8. 14.00-14.15
14.15-14.30
9
14.45-15.00

Paper Code/
Registration Code
SSS5CI2019 CH_ 22
$55CI2019 O 243

$55CI2019 CH 20
$S5CI2019 P 147

$S5CI2019 CH 14

$S5CI2019 P 199

Name

UNung sondun

Pattamaporn Yodsanti
Wilasinee

Sathitdetkunchorn

nTe U
Ekkachai Achcha

Institute

UIMEFYTIVAYNYTYI

Rajabhat Nakhonratchasima

University

UINEIFETIVAUATAITIA

Refreshment Break

Topic

msUsefiudnen mnisiudinAsusuveedy
patudminmasys
MIATIEine™ wian wazwaaley Tuth
UIA1a tnemadnezaaudn wougasn
Fuawnlnsinlouns

o 2 v an e
AsiAdaUaeilawdanESAgILATHY
sonlonuunsraneniilelaeldnsindeu

Tnlin
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SSSCiZiTy

Conference Sessions: Mathematics and Statistics
Bongkotrat Room C, 2™ floor (Foeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYem1anI19158 AT UTENSR Lasay 919158 AT.YUNYTA HANTUTIY
MATYIVIEDH AYINeFEns Wnthanuigadaussynd angineiemansuasinalulad
WInendedauing UM TIAAIUFTIUN
Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 MA 1 a3ns wdnuaeAn - . deulvunsUssmsvesiledtunisuan
10. 14.30-14.45 - - UININYIRYNYATFAERNS National
SSSCI2019 O 12 Siriporn Lapouangkham
14.45-15.00 Refreshment Break
- KAYRINTIUTIAN TALMT N TeTiTinG
SSSCI2019 MA 2 L84 F9INTITNIS - . v Do - - B ,
11. 15.00-15.15 - UMINPIRY YN DINA AOMLUULTIALIAAIEAASAITUNSTEUInYDILSA National
$SSCI2019 O 17 Jedsada Sutjaritthurakan o
79
The Resistance Factors Affecting the
SSSCI2019 MA 3 Uiis F3mslnsiu I Adoption of Healthcare Robots
12. 15.15-15.30 - URINYIYUNAA National
SSSCI2019 O 77 Paniti Vichitkraivin Technology in Thailand Government
Hospital
$SSCI2019 MA 5 #ns WAL o . enanvaligailinduveseuius
13. 15.30-15.45 - URINYIQYLNYAIAENT National
555CI2019 O 86 Sitthikorn Nakkao
SSSCI2019 MA 6 wanwal A3iies Faculty of Science, General Solution of the n -D Pompeiu
14. 15.45-16.00 - National
SSSCI2019 O 107 Yaowaluk Srimuang Ramkhamhang University ~ Functional Equation
$S5CI2019 MA 7 Seyeyrdnwal nwgassal L. , ﬁﬁ]ﬂﬁﬁmﬂﬁﬁauiﬁmﬁ’ué’mwmwawu
15. 16.00-16.15 - 1IN aeLTe el , . National
SSSCI2019 O 153 Tunyaluk Thepsuwan INNYUY Y
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No.

16.

17.

18.

Time

16.15-16.30

16.30-16.45

16.45-17.00

Paper Code/

Registration Code
SSSCI2019 MA 8

$55CI2019 O 171

SSSCI2019 MA 9
$55CI2019 O 173

$55CI2019 MA 10
$55CI2019 O 176

Name

ARINE AN
Sasiwimon Raokhetkit
Khontha

Rukchart Prasertpong

o a a L
IR Usslasgnee

Sayr¥ad Fusan

Thanwarat Chatcharata

Institute

UMINY R YTITUANERNS

Nakhon Sawan Rajabhat

University

U INESeT1v4Y
UATAIIIA

Topic

msfnwpudululdmassegmanslunis
antunouresnsindeuudilunssuiunisnn
Laud
loftanelusnuarmed-lafasuluuiging
Uszanauveshangumeldnnuduiusnien
nasuarAauLniila
Tu-lofasnuarlu-lefammesnluyiginig
Uszanuvesisngumeldnnudiniusnies
wosuazaauuwniia
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SSSCiZiTy

Conference Sessions: Physics and Energy
Bongkotrat Room A, 2" floor (FR9UINV5AY 13 YU 2)

Chairperson Co-Chairperson

589MaNI197158 AT UUIN Ydn

ANURAMEINEIMansasnAlLlad NnINeaEIIYAUATAISIINIIY

Paper Code/

No. Time
Registration Code
SSSCI2019 PH 25
1. 11.15-11.30 -
SSSCI2019 O 164
SSSCI2019 PH 27
2. 11.30.-11.45 T
SSSCI2019 O 192
SSSCI2019 PH 1
3. 11.45-12.00 - T
$55CI2019 O 6
SSSCI2019 PH 2
4. 12.00-12.15 -~
SSSCI2019 O 7
12.15-13.15
SSSCI2019 PH 4
5. 13.15-13.30 -

$55C12019 O 16

S99FNANTIATY AS.ASTE LN

Name Institute

Nattapon Chantarapanich Kasetsart Univeristy

Natthaphong Kamma Khon Kaen University

Pinyapach Tiamduangtawan NIV UINYATAERS

nade Inaziium - . .
) UUMINYIRYNEAIAEANT
Kullita Kolanan

ANENEINY AIndauuayian unIngraumaluladnszaeunaIsuys

) International/
Topic
National
Design and Analysis of Plastic Medical ]
) International

Tray for Implant Packaging
A Polymeric Coating on Prelithiated
Silicon-Based Nanoparticles for High International
Capacity Anodes used in Li-ion Batteries
s ianfidieunialiinseuniangg
FOULTUALBINN TANTIUTENOU Wodlaila _

. o . National
woaneged (PVA) Lavauuiseneanlyn
(Sm20s3)
mMenTiaTzilanzezlatumsmaianig
HeUUVDITEeNT uazndeganssAl National

aLﬁﬂﬁﬁa‘ULLUUﬁlaﬂﬂﬁﬁﬂ

Buffet Lunch, Rim Nam Terrace, 1% floor

' WIS T1U4Y
Wichan Lertlop o
OGN

msimuadymliinAnwsAuniiewmun
NadUnNEN NS EUYDITNANWITWTN 1 National

anidnduszendtnisfinw 2562
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No.

10

11.

12.

13.

14.

15.

Time

13.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

SSSCI2019 PH 7
$55CI2019 O 37

$55CI2019 PH 9
$55CI2019 O 46

$55CI12019 PH_10
$55CI2019 O 47

sssci2019 PH 23
sssci2019 O 157

$55CI2019 PH 29
$55CI12019 O 136

$S5C12019 PH 30
$55C12019 O 155

$55CI2019 PH 31
$55C12019 O 224

$SSCI2019 PH 32
$S5C12019 O 237

$S5CI2019 PH 33
$55CI12019 O 249
$55CI12019 PH 5
$55CI12019 O 21

Name

oy vaAshY
Assawin Yodruk
afigh dunnivi

Apirudee Tentawechakit

g Uuge

Pisan Pansook

Swilng duan
atchaneekorn Punla
Pich Khoem
i ety

Ravipat Lapcharoensuk

UATUNT NRYIUAR

Makkaryn Kanchanasoot

B50UIA LEAUIIN

Ornanong Sanorchit

Petcharat Jaiboon

& a a 5|
Fuwg 1AaU

Ununs Indanin

Bantorn Chitsupap

Institute

1y Angnaewmalulagnsy
UNAMNSTUASHTR

UAINYNRYTTTUAERS

UMINY1SETTUAERS

Maejo University
aotumaluladnsyasu
NANIIRUNIMTAIANTEUS
Refreshment Break

UAINYNRBLNYATANERS

U INESeT1v4Y
WINERT

Sakon Nakhon Rajabhat

University

WIS TvAY
Fetlnl

WNIMYIRBYTIN

Topic

MIWALLARBIMARB AL UYLSR
Development of A Rotary-Bending Fatigue
Tester
nsUssiudnenImnIseusnENEaY
nsgifinw: Tsameuavessguunaive
NSUTEIUAUANANAATUFAENS VBa
nswasliihFefeuauuy wuade Tnald
aufsnnszuuindadululsaundnyun
Faud
nsiawadkaeindiuwesevalndlagly
roUweseonledifutanilsanuudug
mnnesirusiudveunieaies
durlsuseaninsiivesdmiunisnsiadeu
A

nseenuuukarUssendldiwadininganim
AN egunsallwiu st
MsmduUsEaNSN1sanneusEwNLLUD
uruEulevudeeiu Baso4d Taeiltngnsnisn
[ @

Wumuseanu

Effect of drying temperature on quality of
RD6 variety brown parboiled glutinous
rice
malssuliisudnenmiadindadldun
ndnTnmanuald
NsAUALATBIUTUINIALUUYIEta 59

& 44' 9 9
anudusiiiontsuszndanasaulii
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National

National

National
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SSSCiZiTy

Conference Sessions: Biology, Biotechnology and Microbiology
Busabongkot Room B, 2" floor (ﬁam‘lﬂ‘mﬂ‘d U YU 2)

Chairperson Co-Chairperson

Aemans13158 as.de gula 819158 AT.UUNITN F5I155H

AMAITVINGT AMLINYFIENS UNINLFELAnG

Paper Code/

FntanuninTive augdIngimansuazmalulaguninedesisigaiuatiun

International/

No. Time Name Institute Topic
Registration Code National
SSSCI2019 BT 1 Vil 83Ty W INGIRETUAY AIvaINaIBvesyiaiugUaninly
1. 11.15-11.30 - - 5 P National
$S5CI2019 O 19 Ruthairat Siriwattanarat auan ARDILAURAUNUTINTUNNUNUAT
SSSCI2019 BT 2 Pornsiri Bumrungtham o . ASLAAL NISUEAIDDN WAYNNSANYIANYME
2. 11.30.-11.45 - — . UANINLIAYTITUAENS - . National
$S5CI2019 O 28 N3A3 Urgesu 093N TUULVLNUULUE
. o . nsAnwIaNTRUIUIENSURINLENGN
$S5CI2019 BT 9 59NTIU NBIYY Rapeepan UM N1V 4 oa - 54 P
3. 11.45-12.00 -~ - - WULLDANWINNLLNATEY) mﬂgﬂiuwuwmﬂ National
SSSCI2019 O 89 Kongtoom NYUIUIBUUS y
- priunnUesUsyivdlng
SSSCI2019 BT 11 Krit Phinetsathian newal UIMEIRE 1V ANUMEINUAIENITINTNYRINY L Ed DY
a. 12.00-12.15 - - - v e National
$55CI2019_O 103 Aunsianas ANAUAT Jminanauns
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor
AMNENTO UM IAULIALUIUEIUATS
gudsmaviauveseulaianiniiutiu
SSSCI2019 BT 12 Araya Pranprawit Suratthani Rajabhat 24 . .
5. 13.15-13.30 - - - viostululminuil vy 9 duagunzia 8ne National
SSSCI2019 O 108 91581 U51uUseIng University -
- 1Wag
Janingsugiond
SSSCI2019 BT 20 Asro Hajiabdullah o . ASHARNSATNTTRNIINAINEIRNAMELTD
6. 13.30-13.45 - - URNINYIRLEVAIUATUNS National

55SCI2019 O 141

9958 vizBdunalany

Actinobacillus succinogenes
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No.

10

11.

12.

13.

14.

15.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

$55CI2019 BT 21
$55CI2019 O 144

SS5CI2019 BT 28

$55CI12019 O 220

$55CI2019 BT 29
$55CI2019 O 222

$55CI2019 BT 31
$55CI2019 O 225

$55CI2019 BT 33
$55C12019 O 229

$55CI2019 EN 15

$55CI12019 O 106

$55CI2019 BT 38
$S5C12019 O 245

$55CI2019 BT 39
$S5CI2019 O 247

SSSCI2019 BT 32

$55C12019 P 228

Name
Soilng @ndl
Ruchnekorn Swami
fariun fde

Kaltima Pichai

AQa91 WALWNG

Kanwara Wongpaet

Peangjai Jianwitchayakul

a a a
wiedla Fesivna
UM MU
Rungnapa Tagun

AinAwn LnegeIn
Kittima Ketsa-ad

Tnsgne e
Krailerk Taweechue
Ny93E7 A1
Pornariya Chirinang

143 guileslaWatcharee

Hanmoungjai

Institute

UM INYIRBYTN

W INedesvin e

Iedesvin e

UIINNRETVAYINARS

Refreshment Break

WINe§e A e

UNINEIS8UAnG

IR TIVANYTYS

IR TIVANYTYS

W INedesvin e

Topic

v & & a a
nsfudadeuuaiizevesinlalegniuain
#9518 Arthrospira platensis waza11sng
Synechocystis sp. PCC6803

2 o X o e ) 5
MaiusneRedananuminiUaen
[ aa o 4 =l I3
dulzan Inedsn1sviianuuidonids
wqﬁﬂismaqumﬂmm (Dendrocygna
Jjavanica) Uswngafiutin aely
UANINEIRY
1A Welnl Audusisy
Anumatnuatensiinmaedldneunuly
Jrinanysndneamluniswdadendinga
Tddouandnauyn

nansenuvasaiwlusyuuidnaudise
daiTAslusnouduns Y iadedd
MsfaksnLUATISER UM ULAnsTiass
ansanusRIITINLaran TN zay
Tun1sadreansanusaiaiadanim

ms@nwifiensvanfuiandlelnduazany
AunUsvesdudeleaunduluung (Capra
hircus) ideslugenTamesys
AauanURTulniues Lactobacillus
plantarum 3C2-10 finAnansanusaRann
Fanmandendy
nanswigrendulediaiasuuemsides
L%aqmﬁmmawﬁmm 9
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International/

National

National

National

National

National

National

National

National

National

National



Chairperson Co-Chairperson

No.

1.

SSSCiZiTy

Conference Sessions: Environmental Science & Technology

HYILAEnIINTeIAng Yuiles

ANURRMEINEIAansLavinalulad uine1desvsigedlng

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

14.00-14.15

Paper Code/
Registration Code
SSSCI2019 EN 1
SSSCI2019 O 22
SSSCI2019 _EN 2
SSSCI2019 O 34
SSSCI2019 EN 3
$SSCI2019 O 43
SSSCI2019 EN 4
$SSCI2019 O 48

$55CI2019 EN 5
$55C12019 O 50
$55CI2019 EN_6
$55CI12019 O 53

$SSCI2019_EN_13
$55C12019 O 105

SSSCI2019 EN 18
5SSCI2019 O 116

Busabongkot Room A, 2nd floor (ﬁaeq‘wan% 0 VY 2)

HYILAIEnTINTE AS.iAUNIEY gn1sana

Name Institute Topic
nhing Iuanse UNINRYT1U6Y MTAATITURUETY IR aVNEsEAUT IR
Pornthip Wimonsong qaugsond vowszwmAlny
AUy Laduten . Asuantglamudin nannvesdeni
WTInendewding

Chamnanpong Chalermpow NNTNYATLAEYAFINNTTY

Amsann g1l Sakon Nakhon Rajabhat wINNNsIANIsYEENeluLiIneNdy

Phatlapha Thanwised University ﬁ?“ﬂﬁgﬁﬂaum

Suan Sunandha Rajabhat Mining waste separation behavior related

#iua AURAl

Suwimon Kooptiwoot University factor
Buffet Lunch, Rim Nam Terrace, 1% floor

neng daglning unInedemalulag nsussifiumiveulanIwiInANTIIes

NILIDUNABTUYS

Suan Sunandha Rajabhat

Todsaporn Neelapaijit AANYUTY

g AURA Development of a garbage bin selection

Suwimon Kooptiwoot University expert system for waste separation

. . ANTIATIERANIANLALYDINUNAY GIS
QU aUURA i o a4z B

! Thammasat University Wisdenfindlssnunusvezyaneedy
Vivian Chullamon . _ -
nasnuludmiauyusiil

AsUsTiuUSINansn waskansenu
Aphiranan Phongjetpuk Mahidol University

suANUIALAaN lunsHaRnTELElNTN
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International/

National

National

National

National

National

National

National

National

National



No.

10

11.

12.

13.

14.

15.

16.

Time

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/

Registration Code
SSSCI2019 EN 22

$55CI2019 O 145

SSSCI2019 EN 23
SS5CI2019 O 148

$55CI2019 EN 26
$55CI12019 O 166

SSSCI2019 EN_29
$S5CI2019 O 184

$55CI2019 EN_30
$55CI12019 O 186

SSSCI2019 EN_33
$55C12019 O 203

SSSCI2019_EN_35
$S5C12019 O 243

$55CI2019 EN 17
$55C12019 O 115

Name

Inyad udumay

Paiboon Jeamponk
WWENT HOUNU

Walaiporn Phonphan

MY 2fdeIn

Nich Wongsongja

1510501 Infa7ns

Waraporn Kosanlavit

ugns nvenady

Naruporn Wetchayagulchai

5w 1w3glnasnw

Nitinarth Charoenpokarj

Inuns sendun

11e1 gonys

Wanida Chooaksorn

Institute

U109
AU

U189
AU

Refreshment Break

WM I VAWM

U149
UATTIEIN

UAINYSUFTTUAERS

Suan Sunandhda Rajabhat

University

UINNRYTIVAYNYITYT

UAINYUFTTUAERS
AudSsEn

Topic

wansenuangymnnznuanaiudetlyn
gunmewteveUsvrIruniISuUINg
Alsaneruiadeauey Samindosey

a a & A
n1seanuA1siasuLUasnunUITIBaY
Jarinayvsainsumewmalulagnsdsig
syuglna

N3ANYINSNEIUTINVDIYUTUINUE AL
warduandonusnaseulsdluiimanh
Woursueiuns Sminmeyauy3
Promotion of Community Participation
for Saline Soil Remediation by
Alternative Technology of Bio-Organic
Fertilizers and Nano Material at
Krabueang Yai, Phimai District, Nakhon
Ratchasima Province
msdenmaluladinmnfivsaudmiu
mswdsvezyadesdundsny nadifinw
Jainunusil
ANUVAINTTA AUYNYUUALAIIUATILARS

YDIUN Tuﬁuﬁagmﬁmmuﬂ Uinaels
nzla Lﬁ@miaﬂﬁﬂﬁua%miﬁaﬁLﬁ?iEJ’JL%&ﬁL’Jﬂ
gunaiiles Swminaynsasasu
mMsUszdiufneamasiiuinasueurady
Mt InNY YT
nsAnvaunwimndidmenwieny
USWINTOU WNINeNdessIuamans aud
SAGL)
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International/

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Food Science & Technology and Home Economics
Krungthon Ballroom, 3" floor (ﬁaan@asuuaagu dU 3)

Chairperson Co-Chairperson

FOIMNANTINNTY A3 5TAMIUL 299N 9191380 A9.51UA1 ATy Wnthanrivingimansuazmalulagnsens

AURRMEINeIMansiarmalulad uinedevdgiyaaey  auginermansuazvalulad unnInendesadgaiugiun

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
The effect of extraction methods on
SSSCI2019 FT 19 Suan Sunandha Rajabhat
1. 11.15-11.30 - T Supatchalee Sirichokworrakit phenolic, anthocyanin, and antioxidant International
SSSCI2019 O 114 University
- activities of Riceberry bran
e Y AnwrautAnisnienw wedl wag 1nwuin1sues
SSSCI2019 FT 1 U35 avgw? A Do o« y -
2. 11.30.-11.45 -7 UMINYIRYIIER utlaunungtu Wethuuvuiutsandursdiulu National
SS5CI2019 O 8 Thanawee Loikaeo o e .
NARNUNYUUBY
.. . o . uinnssumsudnnseiieandenlstundau
SSSCI2019 FT 3 Ayey1ivs wwsIngal UNINYIFYNVAY . . . o s
3. 11.45-12.00 T . Suusemu meweluladnisnenmendels National
SSSCI2019 O 29 Kanyapat Petcharaporn AUFUUM o
- U (Air Fryer)
. - . ASANWIINTIETMMINTANNSHARLINS NAY
SSSCI2019 FT 5 INNUA YW UNAINYIFYVAY . e o e w4
4. 12.00-12.15 - v . LTRFNTUNEIURUUNT NIELTIFUAIBLATDY National
S55CI2019 O 38 Jutamas Moolwong AUFUUM . o v
NIAILUUGNNET
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
SSSCI2019 FT 18 >ANS nananing UM INeEY naveIMswisuuugBonudenonuns
5. 13.15-13.30 - - v . N . . e National
SSSCI2019 O 104 Choosit Hongkulsap TIVNLEIUGUUNT AIVDIANTANAINN ADNNTTLIYY
SSSCI2019_FT_20 aigna Uszinadng N INgay msmuanilaenisldudaiumadinuas
6. 13.30-13.45 - . . . - National
SSSCI2019 O 146 Nattapol Prathengjit VN EIUGUUNT uihgraunundeana

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
-29 -



No.

10

11.

12.

13.

14.

15.

16.

17.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

16.30-16.45

Paper Code/

Registration Code

SSSCI2019 FT 21
$55CI2019 O 172

$S5CI2019 FT 22
$55CI2019 O 174
$S5CI2019 FT 18
$55CI2019 O 104
$S5CI2019 FT 14
$55C12019 O 88

SSSCI2019 FT 26
$SSCI2019 O 191

SSSCI2019 FT 27
SSSCI2019 O _207

$S5C12019 FT 30
$55CI2019 O 242
$SSCI2019 FT 32
$55C12019 O 248
$SSCI2019 FT 12
$55C12019 P 73
$SSCI2019 FT 31
$55CI2019 O 244

SSSCI2019 FT 28
SSSCI2019 P 227

Name

1903 3vsnsna

Worakorn Wiwatcharakornkul

F3gns yuduniu
Teerayut Poonjunna
191050] A9eEBUN
Waraporn Songsriin
ATDIANAT AATUNUN
Krongsakda Phakthanakanok

o

TUR wiEITT

Wandee Kaewsuwan

230Uty Aauasyingea
Arunchai

Tangcharoenbumrungsuk
AAUST FAUSH1

5HA1 WYY

Tuiennsal wWaauag

Nanyaporn Mueangdang

AAUST FAUSE1

viiug Buniusedns

Khanittha Inprasit

Institute

PHIANTUN TN

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE

swigustusends
Refreshment Break
Nakhon Sri Thammarat

Rajabhat Univerisity

WNINYIRE VA ATUNS

UIINIRYTIVAYNYIYT

UIINIRYTIVAYNYIYT

UMINYNET19A
ETGERGERH

UIINGIRYTIVAYNYIYT

NsANEIMERSUSNNS

Topic

aeRuileviiiuend qrsdnuoyyadass
wavUSiauansussneuiiuedniionun ves
nonld 5 alialufinainas
AMINAIUIHNARSUluUSE Development
of Pra Butter Products
nsldngnUsenaunurIauaudlui
594

NAYDINITOULAIRDENBUE U259

wulmlusieaanumidulyse

nssuiEnsHandednvaoduiaves
ndrgauyuklanen
nsAnwuiteganadululslunsly
dursuseaUninsalnUuasAluamindilu
%qﬂq%mqgﬁmamﬂumisxuLméaéfuma
0391 voULES

Ashdueaineanaunuimansieluvunig

1SV ULL DNy S

mnaunuudaiudendamengniuly
aenvaddenlus
mMsmuviaieaua MmNt lnasen

AsAnwautRasansNaNsYIelans
Inuaiulalasreanssnlunisuiulsuile
AudavearuNUaIg iU UNTBU
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International/

National

National

National

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Sports and Health Science

Bongkotrat Room B, 2" floor (Foeueanusny U YU 2)

Chairperson Co-Chairperson

As.nANa dadgtey 819158 AS.AUNGY SRzl
inidevosfoRnseniugmansuasmaluladtanmdn i Fntaa Iy IngmansnIsinILasaunIn
AugRuUTIMNsIukazAllagYIn iR (BIOTEC) AEINEAmaRswazmAlulal unIne1dusvagaIugIu
drinauimunIneimansuazmaluladuiand (@mne.)

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 SP_15 Biomonitoring of metals exposure in
1. 11.15-11.30 - Churairat Srimanee Mahidol University International
555CI2019 P 128 Aranyik handicraft workers
. YARNAN 5 35 warn19AnIsANLTALES
SSSCI2019 SP 1 UMINYRY Y - o . a
2. 11.30.-11.45 - Jatuporn Ounprasertsuk o o VDIUNANY mm'mmaa‘awﬂgwwuﬂu National
$55C12019 O 11 Ui gaugiiun
- Uszinelny
SSSCI2019 SP 2 UMINYI§Y The Development of Line Application
3. 11.45-12.00 - Luckwirun Chotisiri . . National
555CI12019 O 15 VA FIUGUUN for Home Visit among NCD Patients
N HAYRIlUTUNTUANINAVADNEFNTTUAS
SSSCI2019 SP 5 1Inede o . . .
4. 12.00-12.15 - Wachiapom Chotipanut o o ENLﬁim?jsﬂﬂWW%MQQQ@’]@UWWU@‘UNUN@ National
SSSCI2019 O 23 Ui gaugiun .. Lo
T DUNDIUNIT W INAYNTEIATIN
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
o . ngAnssumstoaiulsalumiues
SSSCI2019 SP_ 9 NIENG NI Mr.Phoowasit UWINYNY Do .y,
5. 13.15-13.30 - ? ? . Usgnvunguideslusuaiinou National
SSSCI2019 O 33 Phoolawan FVNLFANAUAT

gneiles Tarinanauas
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No. Time

6. 13.30-13.45

7. 13.45-14.00

8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45
14.45-15.00

11. 15.00-15.15

Paper Code/

Registration Code

$S5CI2019 SP 29
$55CI2019 O 219

$55CI2019 SP 30
$55CI2019 O 233

$S5CI2019 SP 31
$55CI2019 O 232

SSSCI2019_SP_ 32
SSSCI2019 O 238

$55CI2019 SP 33
$55CI2019 O 241

$55CI2019 SP 8
$55C12019 O 32

Name

AT Tewd9A

Dawinee Chinnawong

wndns lveu

Preetiwat

Wonnabussapawich

17 @884

BND
=)

) I3 PN
oaane laies

Andg3uns Wayadlsad

Tipvarin Benjanirut

Institute

UNINRY

A auns

UNINRY

FIVAYUATIIVEN

UNINYIRY

FIVAYUATIIVEN

INYITYNTATIIUGY
d3uss

U INENSYTVY
UASATTITUINY

Refreshment Break

UNNANYIRYVAY
augum

Topic

nsenexaveshiugmeninlugtiede
wdew a lsmeunadevzuaglsmeuia
duaSuavnmiiuany snnedave fmin
auns
nMsiaugULUURINTSuduESHaun mlag
N3EUIUNTHAIUTINYBIEIDY MAUIA
suanuestn gunelveusns Jmin
Wetlnl
wavesTUsunsunsBamBennduiilo
danaraNsInNINNINLYRITINANTEAY
iseuAnwnimiauassvdin
UszdviEnavesguuuun1sdnnisisouns
aoulagldtamidundnEeimsguasn
ftheszuuiilauasvaenidonsernadugy’
madeus inuensuidam nsvhenudu
i wazauAaiuvesindny nangms
Usenefletinsiundndugs amufiing
ANAUNIUNNE IeNFNTA51I0UEY
&uss Jwmdant
AMANTIALAENMIELNBUINITVOUNYATNS
yn@mugiuiisvaufeu suneiios
JIAUATAIEITUTIY

ANUABINITHALNTUNTIUTNTATUAUA N
vouaeoglurnunTminay sy
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International/

National

National

National

National

National

National

National



a 2" conference
SSSCiziie

No.

11.00-16.00
13.00-15.00
15.00-16.00

Paper Code/

Registration Code

$55CI2019 CS 22
$S5C12019 P_142

$55CI12019 CS 27
$55C12019 P_159
$55C12019 CS_30
$S5CI2019 P_165

$55CI12019 CS 33
$S5C12019 P_211

$S5CI2019 MA 4
$55CI2019 P 78

Phanurangsi Ballroom, 1* floor front area: ntiwinsUssgun1y3eE 4u 1

Conference Schedule: M%UANI

Poster presentation for participation

Topic

msSuuntndnmmunadnuasuas s
Seou ngldmaianisduundeyamedsaull
msanaula nsdAnwin@nwumiine dy
wan1sAlneg
Tunansyiewginssuanudssnsiie
ANMEAMIATIANIINITIEBS
madsggnatsnsieladdmiviansalunis
SeunISaoU
nsiUSsuisulszansamnisyinuneduiin
fumigdwidnlensuuaannedinsiidulay
THlaseneussamiisunazgendiasng
Yiuned
firupRuazngAnssuvesddnsesrulsygyns
UATINTEYIN ﬁﬁﬁiamﬂ%ﬁmsiaﬁ
Tngansiuniengavme ($9dn) - unauau

Theme

Computer Science and

Information Technology

Computer Science and
Information Technology
Computer Science and

Information Technology

Computer Science and

Information Technology

Mathematics and Statistics

Poster presentation for evaluation committee (UaUBNANULAZN1IATIVAALLULIAENTTUNTINTIALA)

Poster presentation awards ceremony (WSNaUT At ausranUITINITUTELANIUAMDS)

Name

#3559 1a3ny5mul

Sirithorn Jalearnrat

AUAUA JUNSAYYING
Somjin Junatarajessadkorn
an1SPU INRIUING

Sakauwrat Jongpattanakorn

alging Tawn
Natthawut Soha

USendnil urmaassal

Preyarat Naksuwan
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q

Institute

UNINGEE
wansAng

UM INEGY
A uATUTY

UAINYIRBLNYATAERS

PanTalvIne1de

WNIMYIFBYTN



No.

10.

11.

12.

13.

14.

15.

16.

Paper Code/
Registration Code
SSSCI2019 MA 11
$55CI2019 P_189
$SSCI2019 MA 12
$55CI2019 P_193
$SSCI2019 MA 13
$55CI2019 P_205

SSSCI2019 PH 8
$S5CI2019 P 40
SSSCI2019 PH 11
SSSCI2019 P 64
SSSCI2019 PH 12
SSSCI2019 P 65

$S5CI2019 PH 13

$55CI2019 P 66

$S5CI2019 PH_14
$55CI2019 P 94

$55CI2019 PH_15

$55CI2019 P 110

$55CI2019 PH_16
$S5CI2019 P 111

SSSCI2019 PH 19
5SSCI2019 P 131

Topic

Stratified Unified Ranked Set Sampling for
Asymmetric Distributions
AudNiuS IR UIeULaz AU
TutidanuUas
nansznUTesUInaWuTiinaerauuy
dmsulsale wih Un
mamsenliiisnanwanafin wagidule
ALk

Energy Absorption and Exposure Buildup
Factors for Coconut fiber gypsum board
Evaluation of radiation shielding properties
for samarium bismuth borate glasses
Evaluated shielding radiation and
exposure build up factor for La;O3 based
glasses

Energy Conservation of Split Type Air
Conditioner in Mechanical Engineering
Department Building of RMUTL Tak
nsUszgndIsmMamaanmenumulnihves
%uﬁul,ﬁaﬁumt,mﬁaﬁwmma wagMsLARE
WA

Development of quantum mechanics
learning by integrated teaching using
normal scattering effects on charge
transport in a metal/superconductor
junction
UsvanSnmueaniedosTiuiauaasesn

WYY DINAINLAAE D TIIN9ASINYAT

Theme

Mathematics and Statistics

Mathematics and Statistics

Mathematics and Statistics

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Name

Chainarong Pianpailoon

alngdld A
Nattinee Khongnual
AnfAnNs wawny
Kittipat Pondach
FNAY A9

Singhadej Tangjuank

Kittisak Sriwongsa

Kittisak Sriwongsa

Kittisak Sriwongsa

Yuttana Sriudom

suind Sygadiu

Thanawat RangSungnoen

eyl Feas

Panupat Chaiworn

WIEANA Inayns
Pongsuk Jittabut
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Institute

Sakon Nakhon Rajabhat
University
N INESYTUAY
UATAIDITUTIY
W INESYTVAY
UATAIDITUTIY

WNINGIRENUAY R Ane
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UNANED

muﬁaﬁlﬂumiﬁﬂmLLaxﬂ’wuﬁ’a@ﬂ‘"]ﬁ’qaqmﬂﬁamauixﬁuwé’qmuﬁw (Thermal neutron) 71
A1U150981UIUALDY (Self-heal) LﬁaLﬁmmﬁn&mmaq%umumﬁa@L%qﬂizﬂauwaahﬁaLLaaﬂaaaé
(Polyvinyl alcohol; PVA) fiiinanssafiueuaideneanles (Samarium Oxide; SmOs) Viﬁ@mauﬂ'ﬁiumitﬁﬂ
dunsisenfueyniaiinseuldd iesaniaraadavnsuvugaduiveyniaiinsougs lagidiu Sm,0s 1
U311 0, 4, 8 wa 12wt.% wan1siTewudn eifinansdaiu Sm,0s luuFuaiidiuty audinisdumuse
usasazeidudnstini o gavanewinsiniiutu wiiesidusuiinarhauna (EWC) vastands
Usznaviidianas ueninniinsteuusuiosesiandiseney PVA/SM0; TUszdnsamiintudle
svznatlunndondeifiatu (6 alug) uinaiuuiuamesansiuiudmalisyansnnlumsteuusy
FrosesTanidsUsznouanas IneTaniifinisfna1s@ain Smo0s USinnl 12wt.% waganuvunUseann 20
uy. fszAvsamlumstdeianseuldgegn ednasmiaded aunsniluiaudszgnd Duussyfasidmiy
yuhesuiineymainsouiionaunuianuiaduiunninviefsanudsmeldneg Wefiuamnuuaeads
TfugufTRMuF LSl nnB sl
AdRey: audhdng, sumalimsen, Janids, wedllaweanesed, suusuueanles,

ABSTRACT

This work aimed to study and to develop self-healing thermal neutron shielding materials from
polyvinyl alcohol (PVA) with the addition of samarium oxide (Sm20s), which could greatly interact with
neutrons due to its high neutron absorption cross section. The Sm,0O3 contents in this work were varied
from 0 to 4, 8, and 12wt%, respectively. The results showed that the increase in Sm;03 contents led to
the increases in tensile strength and elongation at break, but the decrease in the value of percentage
of Equivalent Water Content (%EWC). Furthermore, the results indicated that the increase in the healing
duration time led to the increase in self-healing properties. However, the increase in Sm,Os; contents
led to the decrease in overall self-healing properties, of which 12-wt% Sm,Os with 20 mm thickness
had the highest neutron shielding abilities. In summary, the outcomes of this work could be used as a
basis to develop neutron transportation casks in order to replace previously used materials that are
prone to be damaged, which could substantially improve safety for radiation personnel.

Keywords: mechanical property, neutron, shielding, polyvinyl alcohol, samarium oxide
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uniin

symathnseu (n) iueynameiedesilifivszamalwih Suhlieynaimsousnnsaindeud
rrusnandldfnineymediiuszauiindu Wy synielusneu (p) wiooyniausai () Fdlutiagtu In1sh
sunadinseunlduszleniluduenie sgrsunsuate laun nisldeyniadanseusnuiuziiaues Boron
Neutron Capture Therapy; BNCT) (Barth et al,, 1995) n1satganwuulaiinanelaslddreuniaiinseu
(Non-destructive neutron imaging) (Turkoglu et al., 2013) mﬂ‘i’fﬁ)ﬁgmﬂﬁ’smautﬁamiﬁﬂ‘m LAZWRUA
NWITeAuTaR (Muramatsu and Yoshida, 1995 ) tlusiu egnslsfiniu euniaimseuaunsaindunsisen
nsyukuvgangy (Elastic scattering) ﬁ’uawamﬁaﬂawﬁﬁmmmmgmﬂslﬂélﬁmﬁ’uvlﬁa WU BEABUYDITI)
lelasiauriesindiden Wuiu lnseumaiinsauiinisareveandsnuuisdinliivesneusiinasunelinin
iaaauﬁaa%aaaixﬁu ?ﬁqawa'ﬂmaL?{w%maﬂixwmaéwmawmﬂﬁ ﬁy’qiﬁmmﬂiwmawwéﬁﬁﬂLﬂu
aerUsznaundn (nnni 60%) Fsernevlelasauluthenaddsuiulossuuazvhdunsetuwaduessisme
15 (Pelliccioni et al.,1998) 91nA151971 1 ?z'iqm%'smLﬁaué’umwamamﬂéf%’uaymﬂﬁqmamﬁauﬁu%’qﬁda
lopoudszinndu Tnefinrsananadauseneutisindnaudssnnuedsd (Radiation weighting factor)
Tnsfenmusgneudiniminnulssinnvesiednelessuiiamudu Positive fuuiinusd Fseyniatnsou
fiefusznougiaimni 5-20 qaﬂiﬁaﬁﬁalaaauﬂizmm?ﬁu Fougadlausnduegredddunsmiznis
deafudunsevienanseyuvesiujiinuannslésueynainsevlutimadigaiufmun wieliannsa
UfuRnuldegrsasnds

5190 1 AmuseneumsimtnauUssinvvesssdnelossu (Radiation weighting factor)

yiinvasdsdnalossu WA AfaUsEnauanimiin
Photon, Electrons All energy 1
Proton < 20 MeV 5
< 10 keV 5
10 - 100 keV 10
Neutron 100 keV - 2 MeV 20
2 - 20 MeV 10
> 20 MeV 5

Tnolundnnstestudunmeainnsufieuivied fuitRnudesdauiifamng “As Low As
Reasonably Achievable” %38 “ALARA” 88131A33ATA 1ng ALARA Usenaumenannisandey 3 Usen1s laun
381 (Time) S¥8¥N14 (Distance) wazgUnsalfinyedsd (Shielding) (Kaplan et al.,2016) na1fe JUJURNUALS
TaujiReiluinaiasdliduiigauasegvinsanundsiiiadsdldunnian uenand fuianu
Fududedligunsaliiedsdnissavsnmmneaufudnuasnuiufod Wedeatunisliusdlaglidniu
TneiiluTanitsoynaiisnseu feslitagituszneudsosnenmessnlelasiauyiinugs wu 1 o1e vl
wanadn Wudu Fsa1nanAfeiniusndnmsiaunusuiniseyniadinseuluguuuusiisg eliiaenndeaiu
anwaznsldanu wu nsldiagindiendusiinaimuvuiuiugs (High Density Polyethylene; HDPE) waufiy
Tusounslud (B.Q) Usuas 7, 15 uaz 24 phr (part per hundred of rubber/resin) L3 udaniviaynia
Tnsouiifannuudaussgs Fsnan1538umwudn HOPE waw BoC USunai 24 phr anunsnanwdsanuyedeyana
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ﬁamauwﬁwuﬁﬂﬁqqﬁqmLLazﬁauﬂaL%Qﬂaimaimﬁﬁ (Yasin and Khan, 2008) uona1ndl fin1symwsily
naufusnznesuarlalusoulnseanlas (B,0s) iUSua 7, 14, 21, 28 way 35 wt.% Lﬁaﬁ@uu%ﬁﬁaqﬁﬂﬁq
ouMATINTaUAMAMGILALFLNLA FaansITenuIInsAY B,0s IUFual 35 wt% Tansiuszdvdamlu
nsitseymainseugefigauas fanaansanusenisuanvinldfnin Taglisimsiiuenszase (Toyen and
Saenboonruang, 2017) 8nvaiin1suninensnns1535uEA (Liquid natural rubber; LNR) naafu HOPE was
B.C USana 0-30 wt.% wanidutagidseyniatimseuiiianuudusuasianudandgy Jsmansidonuin
Uixﬁw%mﬂumiﬁﬂﬁnaumﬂﬁamamﬂlmﬁumuﬂ%mmmaﬁaLauﬁtﬂuéﬁu laen134AY BoC USuaw 30 wt.%
anunsnaandanuveseynaiinseundsausiligeiian (Zali el al, 2018)

uitsiianstaeynatansoussiinariundreiu Sdesdedunndrafu ndnfe Tansitieyna
Tmseuiinanannenasssund Sanududouludunszuiumsiugd waedinisldasedussiafonadufivdy
FURTRNULS (Incavo and Schafer, 2006) vioTanidseunainnseuiindnannanainiaduastesiuidd
auudausswazaudangus luvueitaginanainmsiiu anisuaninldie enaviliAanisdalvaves
Y48 Foilu nmafulsAnsnwniennandifimuiunsdenusuiieadeifansuaniinvestaniitieynia
famseu FsanunsaandunuiarBnengnisldenild Snadunafiueudaonfelifuduichnulunsdiife
Anudemeiuianids FslianudrAguazdndunenisiautanidieyniainseuliiussansamunn
Batu V’T’ﬂﬁﬂismumiﬁﬁauLL%uﬁaLaﬂmaﬁaq a’mLﬁmﬁu‘lmaé’miuﬁawﬁqmﬂfaqLﬁmmwmﬁwwﬁamﬁaﬂa%
N3NSEAUUNNeEN LHu was anuFeu msutuda wiern pH WWusu Tunisdenususaies Tnsannaddedisinu
wniinsle Janwealdausanesed (Polyvinyl alcohol; PVA) waniduianlslnsiaa (Hydrogel) imnuidadiu
35 wt.% Unluutudsuazazane (Freezing and thawing) tileliinn1sideuvanslagnismnadnesiusy
lelnsiu wazumeaasunisdouususiios dauandduninill denszuIunns Constitutional dynamic
chemistry (Wei el al,, 2014) an1533enudn Tan PVA anunsadeuugusedlavaanisdavsednein (Cutting
and Tearing) T,mEJLﬁmmsa%ﬁaﬁuﬁﬂa‘lmLausummﬂamaﬂ%a@aizﬁu%Lamiaaﬁa%aq%umu FeautRnuiny
LS vesTUNUTdeLLTLF Al nAA B AU og AT U URDUNSHA (Zhang et al., 2012)

Dymamic associationsdissociation of the cross-links

BB LB

-~
.
-
Gk P A-E BB A -EE B SFEEA S EERIFEERAFERSHEE B

Cutting/Tearing Healing

AR 1 NSEUINNSYeNLTLiIleIveianlalnslaa U e aTe I
wennil ielviagiiaunsodeunudesdd dusgansamlunsmdeunaiinseuldavu Jaiinns

LauﬁﬁﬂﬁzﬂaUﬁJaﬂﬁWGlﬁlflﬁ’mﬂﬂﬁﬁ]%’J’IﬂUﬂ’liﬂﬂﬂauﬁ’Jmiau (Neutron absorption cross section; O) ﬁqd
i laluseulnseenlest (B,0:) viewuuiSousanled (Sm,0:) lufaniBsusznou Fss1nluseu (B) wazsny
suuSey (Sm) flAade O gedls 767 wag 5,922 bam muddu Insnudsediuaniinsuan Smy0; Usina
21 wt.% U Polyimide waziiy carbon-fiber LﬁmﬁmmmLL%QLLiﬂﬁﬁU?ﬁQL%wizﬂaU Wanndudaniiva
aun1AInsouUTEANSAINGS NAN1TITENUIN i’a@@nﬂszﬂauﬁﬁmwwm 3 @3l @UTNAATIUIUDYNA
Tmseulidanvifuinuineyniafiinseulusssuy sﬁﬁaﬂﬁﬁmﬁlﬁm Sm;05 @NN30AANDUDUNIATINTEY
lﬁﬁﬂdﬁaqﬁlﬂﬁmilﬁm Sm205 (Wang el al., 2015)
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Mnndeyaiinaandisiu §idedduwanlunsiannianitieynainseuiindnannianusziam
PVA Bsfinmuandilunisdenuaudiesmninanudemeiuiiian naufuasdaiiu Sm,0s Geanansaui
UszdnSnnlunisaanaudiuiueuniainseuliuianuanta fUSuneu 0, 4, 8 uaz 12 wt.% wiewaundu
Tanidieuniaiinseulszaniaings lnelinsnagevaudidieg laun audinisiideyniainseu
(Neutron shielding properties) @uUAnMUAIUNILABLIIRS (Tensile properties) WazauURNITFTONLTUAILD
(Self-healing properties) Fanamdoi amﬁaﬁﬂ‘dﬂiz&gﬂmﬁlﬂumu’iﬁ@ﬁwﬁ'ﬂaymﬂﬁamauﬁé’mmimm
fanguuarannsatenusudiesld 1wy viseiusivuieduiuinoynainseuiielinaunuianuiaiu 8n
sadunisifiuanuvaeaselFsuguitinu wesdunadenlunisldaudiunisummg euide ou
gRavnTsy ianansnannstiandesiuisdanmsUssmaniiisimuns

IgUILEIAYaINITITY

1. Lﬁaﬁﬂmmnﬁ%au’iﬁ@L%Wizﬂau Polyvinyl alcohol siaU3unuasiais Smy0s ﬁﬂ%mwﬁm

2. \fefnvmavesUiinamsfufuuazaumunvesianiBeuszney PVA/Sm,0s soautAnisid
UNIALIATOU

3. \fefnwandinisdennensiaies (Self-healing) uazaulifdinavesiandesznay PVA/Sm,0s

s21U8Ua5998

1. amedinldluanuise

ansndildlunsidouandunised 2 wagvinmsnsnasudnuauensduguing1vesansiifung
Sm;05 MENABI9anNIIANBIANATaULUUEBINTIA (Scanning Electron Microscope; SEM) a1nu3®w Philips
$u XL30 Usginadu wuin ansiaiu Sm,0s fdnwureyniafifiangulagnenu Aoudienay vunoyna
\deUszana 18.4 lalasiwuns fuanduniwd 2

M19199 2 TmgAuuarasiadnliluniside

Tnanv/ - Guaild  anusuiwiu . e
Y #UUA 5 WNAR/A19UY
GUEIGH (wt.%) (g/cm’) i
MW:145000 g/mol, Richest Group, Shanghai,
PVA 20 0.5
Hydrolysis > 99% China.
0, 4, 8 WAy Richest Group, Shanghai,
Sm203 99.99% 8.9 _
12 China.
Deionized ¥ Faculty of Science
Uusiaanlonsu 68-80 1.0 o
water Kasetsart University
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A 2 dnwedy é’zu wmwmmmaumﬂ Sm,03 AEnAtlA SEM (Anaauene 5000 Lvin)

2. MaAsENTEBIUTENaY PVA/Sm,0s

yhnswIeuansazaty PVA iUsunm 20%wt Tasud PVA luth flgaumndl 12°C svezinan 12 v,
nidlsiarufeuiigamafi 85°C szoziaan 1 9u. Tasmums PVA Whasmgluthdudiodoaiu sornduiu
a3FRY Sm0s AiUSunaunge wazThn1snueaunsyisansavaneduioidoatu (andssuna 10 Wil
uazihansazaefldmausfisninszanauin 15 x15 9a?. AumuTuu 5wy, udnukunaannladevi
Fruvumifiusinszanitedestumsszmevenirfigamgies (Ussana 20-25°C) Wbuan 30 wiit seaniiuiy
Fusuliudifuiiguuad 30°C Wunan 1 v, hiunwiemeidunarainlaasfvliluaeus Uaaind
gaungiviesfiotioatunssemevosninnniiuay

3. AIATIRERUANEMEA M UINYIaTaNTARINaYRIaARUTENaY PVA/Sm,0s

UHUTAALIUTENBU NAFBUAN BTN INIEATNLAL I N BUENITUFIWINGIA I8N 098N IAY
818nAIBUKULEDINTIA (Scanning Electron Microscope; SEM) 9InU3%% Philips $u XL30 Uixmmﬁﬂu WAy
nadeuanURdng lawn audfnusunIusensf (Tensile strength) n158ads i 9279 (Elongation at
break) AuN1NIF1U ASTM D412-06 f81A389 Universal Testing Machine 31nU3¥% Shimadzu i:u
Autograph AG- 5kN Usinadiu Tdanansrlunisdie 500 s/

4. NSNAFIUANUANISYIULIUAND

uwumwﬂaau (iﬂiwmim‘uaa AL FINNISLASINTUNUNAFEULSIR (A1937AIF U ASTM DA12)
WFALUIATIUTIANTINANT LY 9 nTutBusuTsdesdiuinsefuusnsesdalunvusInain 1
onumaiivies (Uszanm 20-25 °C) nageunsidendndiuiinusessin Aamaasusiie el 1 9. uay 6 wu.
ANUEEU 91Nt T uIUTIRIuATSTouLINRALeY (USIasesReTtdeufinfu) naaouauLTLsIsoese
MasuanTRAMuSIUNIUReLSuazn1sER audeil 2.3

5. MsnagauanUAnIsniUeynaiiansau

nMsnageunsitieuniailinseu ﬁ’mLﬂ%lmﬁauaz@ﬂmzﬁmimaau Fawanslunnii 3 TngldwaTn
ﬁi’ﬁmuaqmﬂﬁ’;mauﬁﬁmiLauﬁwélﬁwﬁ (Helium-3) m3wmaauauﬁamiﬁwﬁﬂam’mﬁamaumwi’mLﬁa
2Am/Be b (1) wazladsing (o)
nsanvieuYeianBauszney PVA/Sm,0s (/) fiusuldsu Sm,0s iUuna 0, 4, 8 uay 12 wt.% uazfnw

AUNUNIVDITUIIUN 5, 10, 15, 20 kay 25 L. ANUAIRU Ifﬂmw%umuﬁwmﬂﬁamwi’maumﬂﬁamau

mé’m31d’gwmf\i’wmuaqmﬂﬁamaummma'df‘hLﬁmaﬂgmﬂﬁamau FUA

“Uﬁull’]m 5 "Ull V]’]ﬂ’]ﬁL“U@iJG]@M’J’W]E]L!ﬂ’]ﬂu’mﬁ’QUﬂUa‘Uﬂimﬂﬁl’]EJﬁfUiU’IMLLﬁuE]ﬂﬂimﬂiull’)aNa VIS’J’R]’JWUUQ’]L!
62]'1 3 ﬂiﬂ LW@%’]F’WLQ@U /1o ‘ua%maaﬁumu
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neutron
Detector

@~ PVA/Sm,0; composites

Ll B

S5cm 4ecm

«+«——— Paraffin (shield)

30 cm

300-mCi Am/Be (neutron source)

v

i 3 nswseuaIedlanargunsninaaeunTIineynAliIngeu

6. mi"ﬁ'ﬂﬁmmﬁﬂam}a (Equivalent Water Content; EWC)

ns¥aUiiaiiauna unisnsnasuanuaunavesnisgefuiivestuaiuiagdsznay
PVA/SM,0s Tngiadendaanaiuaiu 1un 2 x 2 g’ wrluiusimainlossu (Deionized water) aunsiis
Annagadanilasauysel Ghdntunuiivauiaddad Tnsusihsuiomn 8 fu) Tufindududutnues
fegstuauiigaduiit W) 9ntuthiuanufandUsznoveuiigungd 45°C aunszdisfiegadusud
hindlaidsuuas (asfl) vhnstufindrdmdngiegiauis (W) srnamiesidusuimahauga
(Percentage of equilibrium water content; EWC%) 819840131911398984 Lin and Li, 2014. aauandlugunis

P

N1

EWC% = % x 100 )

S
WNan15398

dudAlenavasianilisusenau PVA 1d15@id Smo0sUsanaumnee
M19199 3 HaanURTINaneuUdn waLAMAINITTBUABTOLAR WasUTiNaNaNnA (BEWC) Va9 TanALD
Usznau PVA/Sm20;

AIUFIUNTUABUTIA (kPa) N58as7 o 9078 (%)
YUl Sm,0s 4 4
EWC (%) D e TTHLIRWOUAND D e TTHLIRNDUAND
(Wt.%) NDUAA NOUAN
1 %¥4. 6 V. 1 . 6 V.

0 92.0+0.7 56+8.5 45 +1 60 +12 603+65 639+141 578+42

88.7+3.4 97+17 54+1 75+10 591455 512+248 535+106
8 89.0+1.7 123+15 53 +2 87+23 556+181 339+168 391+65
12 81.2+0.2 171+55 63 +3 104+15 687+125 232+111 333+104

MnuaauiBenaneudn uazamdnisdouseveiuny LLa%U%N’]miE’]ﬁNQa (%EWC) ¥093aaiTa
U52naU PVA/SM,05 wandlums1afl 3 wudn AaanudnunIusensais (Tensile strength) wazaAlasidudnis
faf 979 (Elongation at break) vos¥anLdsUsznou PVA MiAnansiaLAy Sm,0s HUTua 4, 8 uay
12wt.% reuinsdafiuualiufiutu fdoradesmndnuazmaduguinerves sm0s inuveuuay
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mmwau‘uaqwum Feaunsadaniemenmenin (Physical interlocking) fusnlauas PVA 167 dauandlunind
4 uam]'muaamﬂaaaﬂummaiwumﬂimmmama (%EWCQC) ‘uamaﬂmﬂi.uﬂauumamauuaﬁimmmim
Aty wansiamsiAnsiussdonung (Crosslink) vesanale PVA Wy (Lin and Li, 2014)
duwavosantAdanavesianiBsUsznau PVA Miduansiafiu Sm0s ndsmadousdeiinan 1 uay 6
Falua wuin Aanuduniuseusealuualduiuduniuansiaiy Sm0; esanmsiAniusidenwan
(Crosslink) ¥esaneled PVA dfiudiy daildnandredy wiausfdnalaosmftamnindedisufutunutou
fa BnviemuIn namdansideusefuiniy (6 alue) vildausRBanalaesauintusuiy dnlunsdvesd
n13gaca a 9AvIn maqi’a@L%wixﬂauﬁf»hamaqLf‘ialﬂuﬂ%mmaﬁéfmﬁu witlonaiilosanansiaiu Sm,0s
Wrludavnsnsideuseves PVA fitfiumandn (PVA matrix) ludanausenau (Xiaozhou et al., 2010)

PVA

Sm,0,

2N 4 Snune f:%u ']u’JVIEﬂ‘UEN’JﬁﬂLGZNﬂiuﬂaU PVA/Sm;03 pemAlla SEM

autAnnsdeunTuialesvasTagIiasznau PVA fiansiaiiu Sm,0sUSunmeeq

MnwaUsEAnSaIwnsTenuTudales vastandasenou PVA/SM,0s fanandlunisnei 4 wud
Uszansamlunsgennrufeaiintuiiosseznatlunsdeusedfiniu (6 alug) ﬁaﬁtﬁaqmm%nmﬂﬁaa
Fasznoufininesnainiuiivyleasendadasuiintu uasiinsaiieiusylelnsiauvemylonsendadasy
AT sEuUs i vesseesaiieliuszernatlunmsitensevetunuitass Wuselelnsiauiiingu
onmazillemaifisfudeiduiy (Zhang et al, 2012) wazdloidudIunaansiudiu Sm.0s wuiUssansnmly
misaiamswﬁm,awm PVA/SM;0s flualiuanas sraiilosanansdaia Sm.0s ftenadundngs vivlily
Favnensidousiovas PVA ﬁvqwﬂ‘mmiLﬂaaumawﬂamaﬂ%aaaiwm@flmmnmu (Hassan et al., 2000)

A13197 4 NaUsEANSAINANTYRNLINAIRvR TR UsENBU PVA/SM20s

- U3E@n5AIMNIFRULINFBY (%)
U311 Smy0s  (wt.%)

szuzadouse 1 vy, Srezadouse 6 By,
80 100
4 56 r
44 71
12 37 61
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guUAn1siUsaunatiinsauvesdaleusenau PVA/Sm;0;

Neutran transmission factor (/1)

= ' a A o A v o a @ a
A 5 AnsaaneusynAiinnseu (/) MUSulfsuansiiin Sm,0s WagANUnUIesIanasyney

MnuamsageumIiieumaiansouvesiandasznou PVA fuwayliiuansdauiu Sm,0s i
wanslunind 5 wudn Yandesenavfland@nisdivioyniadansowdintudeifinusuiuansd
WAu Smy0s Tasiivan PVA (LA Smy0s) finauvunUszann 20 9. dA1n1sanneusyniaiongou
(1/10) Winiiu 0.77 LLauLﬁ'aLﬁumsﬁaLﬁu Sm,0; U310 4, 8 uag 12 wt% wuinen Vo Slranaseenannay
USmnauansiadin Sm,0s fiintu Tnefienisaaneu fie 0.25, 0.21 uag 0.18 MudIfy (MWuvisduwmi)
LLa”LlJEW]’]ﬂ’]iLWiJﬂ’J’uMU’I“UEN’Jﬂ@L‘IN‘Ui“‘ﬂE]‘U PVA/Sm0s dauavinlvian /1o franaduriu (ﬂi’]WLLVNG]’m“U’N)
TumAdeilitoduna é Vi Sanisenasiiudsunasiosninavesnaiiiu smy0s lutandaszney vl
\losannansduin sm0s Fadusinifidiniainvanddunisgandudinseugs Jevilkiandsuszneud
fnduaressneuisudemhefiufifinty shlfeumediansouannsadwidunsizenfusneuiou
(sm) Liundu dawavilisruaudansoudiiiuesnuiainagdsusznoudaranas (Wang el al, 2015)
UBNAINENUIN M SALYUSIN S0s danarinlianaunuIasaa (Haft value layer; HVL) diAnanas Fepn
HVL Usuendsmnuanunsalunsanasuesiiuiueymaimseunsmilandibudu duandlumsed 5

M13199 5 HaANUVIYRLTAATIUsENBY PVA/SM,0s NivhlridnuiteunatinsouanasnsmdanAsudy
(HVL)

- ANUMUIASIAT (Haft value layer; HVL)
U308 Sm05 (Wt.%)

(mm)

59.0

11.0
8 10.0
12 8.9
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d5Uuazadusnena

NNANTITLNITANAT Sm205 ludandiesusznau PVA mmmaqﬂlé’fﬁqﬁ

1. Jandeslszneu PVA/SM,0s Sautfinisiumusewssiawazivosiduinistini a 9avin voeTand
Usznau PVA fifinanssiiu Sm,0s iUSunal 4, 8 uway 12wt.% Apuymsiatul ity ez
WosidusiUiinanhauna (6EWC) vestanidasznauiidnanas

2. NIFONLTUALBIVDIANLTIUTENDU PVA/SM;0s fiuszavsnmiluunlduiindy dosvernaluns
Bousorindy (6 9lug) urnstiuUIuaesasEuiy Sm.0s iliussans amlunstdeuuy
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Abstract

Amalgam is a dental restorative material, which has been used for more than 150 years.
However, the controversial issues regarding the dental amalgam safety are the possibility of the
releasing of element fillings and absorbing in the patient’s body. In the past, we investigated and
reported the metal amalgam distribution in extracted tooth samples using micro Particle Induce
X-ray Emission (uPIXE), of which the results suggested that the Hg-amalgam did not show
evidence of Hg diffusion through the enamel and tooth tissue. However, the results indicated that
some other elements were observed to be localized at biting area, which suggested that other
elements could be released from the amalgam, mainly caused by erosion and dissolution from
saliva. Furthermore, we found that the phases of the metal amalgam could also be an important
factor in the releasing of these elements. In this study, we focused on the investigation of phase
analysis of 14 dental amalgam samples using X-ray Diffraction (XRD) and surface analysis using
Scanning Electron Microscope (SEM) that was equipped with Energy Dispersive X-ray
Fluorescence (EDX). The dental amalgam specimens were extracted from patients, who were 30-
50 years old. The tooth samples were cleaned, sectioned, polished, and analyzed using XRD and
SEM for phase and surface analysis of the metal amalgam samples. The results from XRD analysis
revealed that amalgam samples had cubic lattice structures, while Hg was in form of metal alloys
(free Hg was not found). Moreover, the results of SEM confirmed that some metals, especially tin
(Sn) and Zinc (Zn), could be migrated to the biting areas and interface areas of amalgam and tooth
tissue. These evidences and overall results could be used to conclude that some metals had the
possibility to be released from amalgam samples.

Keywords: Amalgam, X-Ray Diffraction, Scanning Electron Microscope
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Problem Determination for Student Research to Develop Academic

Effect of First Year Students in Applied Physics, Academic Year 2019

Wichan Lertlop

Faculty of Science and Technology Suan Sunandha Rajabhat University

wichan.le@ssru.ac.th

Abstract

This research wanted to evaluate the learning scores in physics and to study the achievement of
the first year students in applied physics in the study of physics 1 of the first year physics students in
Applied Physics taught by The Defining problems for first year students in Applied Physics, academic year
2562, Suan Sunandha Rajabhat University by evaluating the learning of physics of first year students in
applied physics, academic year 2019, and to study the nursing achievement of the year 1 Department of
Applied subject, academic year 2562, used in this research is the 1st year physics student, Bangkok branch.
Phat Suan Sunandha Academic Year 2562

The research found that

1. Physics learning scores of first year students in applied physics, academic year 2562, compared

to the evaluation criteria is very satisfactory.

2. Learning Achievement of 1st Year Students in Applied Physics, Academic Year 2562, after studying
higher than before with pictures, accumulated reward points higher than before the previous grades and

when considering each and every person with a higher score

Key words: Teaching by defining problems in learning management, evaluating learning scores in physics,

learning achievement
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Common Refrigerant Pipes Air Conditioners Controlling
for Electrical Energy Saving

Bantorn Chitsupap'? Surachat Lekngam?P
'Department of Electrical Engineering, Burapha University, Chonburi, Thailand
Department of Electrical Engineering, Burapha University, Chonburi, Thailand
E-mail: 2bantorn@eng.buu.ac.th, Psurachat@eng.buu.ac.th

Abstract

This paper presents the method to use two sets of split type air conditioners that are
used in the same room, and their refrigerant pipes are independent installation. The total of
electrical energy consumption is sum of energy for two sets of air conditioners. Objectives of
the research: researchers modified the systems to be common refrigerant pipes and developed
the new control systems for electrical energy saving, to study the relation of outdoor
temperature and value of electrical energy saving. The research methodologies: to study the
structure and operations of split type air conditioners, to modify the systems to be common
refrigerant pipes and develop the new control systems, to tested new systems compared with
old systems for five times. The research results: under condition of the average outdoor
temperature are 31.14 Celsius degrees, the new system can decrease the average of electrical
energy consumption to percentage of 15.15 and value of electrical energy saving is direct vary
to outdoor temperature. The research suggestion: to use the proper total cooling power of air
conditioners with area of the room for the most of electrical energy saving.

Keywords: Split Type Air Conditioners, Common Refrigerant Pipes, Microcontroller,
Electrical Energy Saving.
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Hardware Setup
Mode = PID
Fan Speed 1,2=High
Compressor 1,2=0n

o

Setpoint=Setpoint Temp.
Feedback=Feedback Temp.

v

Delay 2 sec. for DHT22

v

Error (e) = Setpoint-Feedback

Output=Kp*e(t) + Ki*Ie(t)dt + Kd*de(t)/dt

Output = (-1)*Output

Output>1.07?

0.8 < Output <1.0?

0.6 < Output <0.8?

0.4 < Output < 0.6 ?

0.2 < Output<0.47?

0.0 < Output <0.2?

FanSpeedl=Hi.,FanSpeed2=Hi.
Comp.1=0n,Comp.2=0n

FanSpeedl=Hi.,FanSpeed2=Med.

Comp.1=0n,Comp.2=0n

FanSpeedl=Hi.,FanSpeed2=Lo.
Comp.1=0n,Comp.2=0On

FanSpeedl=Hi.,FanSpeed2=Lo.
Comp.1=0n,Comp.2=0ff

FanSpeed1=Med.,FanSpeed2=Lo.

Comp.1=0n,Comp.2=0ff

FanSpeedl=Lo.,FanSpeed2=Lo.
Comp.1=0n,Comp.2=0ff

v
/

FanSpeedl=Lo.,FanSpeed2=Lo.
Comp.1=0ff,Comp.2=0ff

R U U b

AN 5 Heuntslunsi@eulusensy

1 - Uouns Imdignin (2561)
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Setpoint Temperature |~
Foedback Temperatere |/

Temperature (*C)
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2. MINARBIAIUANNITUAKALTANITINNILYBIABLNTALLDING 2 YA

nneassluided 2 dasdswaziBonmieuiunmmeassided 1 udazilunisdufinnanisaiunu
M3da (on) wazla (Of) NIYNUVDIRBLMTAYRINT 2 9n Feranisnaaesaziludanng 8

HORMAL MODE
Comprassar 1
oN

or_|

Camprassar 2

OFF I

MUY ANMNAINUININALY wazAn1sUsEndandsanuluin fanis1ein 1

PID MODE
Compressor 1

orr_|

Compressor 2
oN

L

of 10]

0] an

50

TIME (minutes)

v
o

A7 8 NM3AUANNSUAKAZTANTYINNUYRIABNINSALLDITT 2 YA
1 : Uauns Imdgnin (2562)

3. ANSNAABIMIANNTISUTENTANSIaulwin

n1snaaesiideiazlineavidoamiioudunisvaaesiited 1 urazilunistuiinuarivesgmm

A15199 1 AnsUsendanaanuluitluszagian 1 92lus

pdell  qumpimeuentios  wdwulwihilld  wdsoliihdld AIN1SUTENER
(=0) Tulvuaund (o) Tulvuailed (kwh) wasuli (%)
1 28.30 1.82 1.57 13.74
2 29.90 2.10 1.81 13.81
3 31.50 191 1.62 15.18
4 32.70 221 1.85 16.29
5 33.30 191 1.59 16.75
Fiade 31.14 1.99 1.69 15.15
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Development of A Rotary-Bending Fatigue Tester

Sonchai Sukyoy" ?, Suchat Aumnakmanee??, Aswin Yodrux" ¢
Department of Materials Handling and Logistics Engineering,
2Department of Materials and Production technology Engineering,
Faculty of Engineering, King Mongkut’s University of Technology North Bangkok (KMUTNB),
1518 Pracharat 1 Road. Wongsawang, Bangsue, Bangkok, 10800, Thailand.
E-mail; *sonchai.s@eng kmutnb.ac.th, ®suchat.a@eng.kmutnb.ac.th, aswin.y@eng.kmutnb.ac.th

Abstract

The objective of this research was to development of a rotary bending fatigue tester
apparatus. Study of damage due to fatigue, and for students to have a fatigue testing used in
the study. Test specimen with a diameter between 8-12 mm. and speed of rotation of the
specimen does not exceed about 3000 rpm. Motors and control equipment, such as the
number of cycles of the specimen is counted by counter. Sensors for cutting operations (limit
switch. When rotating test piece until piece fell apart. A time indicator to report the total
elapsed time from the start of rotation until the test piece of the specimen fell apart too.

In the process of this test, using specimens with a diameter of 8 mm. Each testing must
be carried out continuously to obtain an accurate value. The specimen will be installed into
the test by the clamping fatigue test and side of the specimen is mounted on Load kits. The
results of the experiment showed that the specimen. Less load to require a number of cycles
in the rotation, so as to make the test pieces fell apart. If the number of tests over a million
cycles, it will stop.

Keywords: fatigue testing; fatigue life; specimen
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S T
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Cycles to fatigue, N

JUT 5 HaN1sNAAeUAINEYRUVEAN St3T

AN5199 4 LARYANNISANUEUNUSVBIAINUAINKNANSNAFBUVDIAIBINAFDUNNAILN VUL

Tanvaday AUNTANNFUNUSYDIAINAN A1 R-squared
Wian St37 Y = 1951.5 x *'% R’ = 0.9885
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mu’i%’aﬁtﬂumswamLLaxﬁﬂmi’aqlﬁwmaaﬂﬂmﬂw%m (WPCs)  finBnannealofiaunnumuiniusigs
W@y (LLDPE) wagidulougning Lﬁai%l,fﬁlui’aqwmt,mlﬁ LLasa%ﬁgaﬂ'WLﬁﬂﬁﬁ’ui’a@mﬁa‘ﬁuﬁ dlougnigniiu
suymnviesiuluimingnsing Tavazih LLDPE wasidulozwdnunaniulusasadiu 100:0 95:5 90:10 uag
85:15 Tagimiin ﬁwnwﬁm%ugﬂﬁqmmﬁ 170 sarwadea Wunan 40 wit lumeuliih wdaaintutihduay
lunegeuamandAnIanenImiasnena Lok NngeumAIuvuILy ms@jm%’uﬁw AMULTILTIAY WaT W59
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Preparation of Artificial Wood From Plastic and Coir Fiber

singhadej tangjuank’, panjapon pearsamart, sayfon chalee’, chaowarit wansao*
noppadol bunyarattaphan®,

'Faculty of Science and Technology, Uttaradit Rajabhat University, Uttaradit, Thailand
E-mail; newton2509@yahoo.com

Abstract

This research was preparing of wood plastic composites (WPCs) material from linear low
density polyethylene (LLDPE) and coir fiber to obtain an environmentally friendly artificial
wood for structural application. Coir fiber was collected from a local in Uttaradit province.
The wood plastic composites mixtures were pretreated at various weight ratios of LLDPE and
coir fiber which were 100:0, 95:5, 90:10, and 85:15. The mixed materials were manufactured
by flat-pressed method at temperatures 170 °C for 40 mins in an electric oven. The density,
water absorption, tensile and impact strength of the WPCs samples produced were
determined according to the American Society for Testing and Materials (ASTM) method.
The experimental results were found that water absorption and density increased whereas
tensile strengths and impact strengths decreased by the ratio of coir fiber which increased.

Keywords: wood plastic composites, LLDPE, coir fiber, physical properties, mechanical
properties
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FaniBsusznevlsinatadin (wood plastic composites : WPCs) Liufandilssuarmaulasgrsnnunely
Hagiiuilan sieluglsy ewsn vieuwiusluadedinlufeiiluiWiien” Ineliwaainidunisiioianuives
21m5l uazrsmananadnunsaufuwinliAndundnsasilmidedeldinduiagmaimnssulddnvianis ns
iluldndngues WPCs  Aife amamnssuetusud dulassairsdimivnisneaiisfiegende iwesiiaes
HAnSusignatnnssukay duA1gulaauilaa (Clemons, 2002, Garcia et al., 2009 wag Stark et al, 2010)
TaevhluudilifsUsznauseliuesarlfidutanaiuuss (reinforcing material) uonanmslélifdusanasauss
uE MneAfeiinuan isinsusegndldtandug ifesdussnevveswaglaainnaisliifion 1wy vsinaa
WadTiu Fednlne Aundnlne fusenniuseu Wiendidas wig Wudu Buyuksari et al, 2010, Bektas et
al., 2005, Nemli et al., 2009) drunaainidussduszneundnuie wming (matrx) snueslunInsaudanisiis

o '

WadlUlumanafndumsidsunlasmasaudfveandndaeiiildnudisenisldau vslliuediuuszsinnvesingiiu

] q

o 1

UFRSeedl nszuiumsrdn ansiiuussiidentd uazdnduveslsiuagnanadin dsfdinansenusenmantivesls
wanaRnieay nanaRnivaneUszian Iduiwednsefidu (PP) wediediau (PE) wedladamaslss (PVO) weduaniin
weda (PLA) uwazwedalniu (PS) Wudy uswanainfideuurldvi WPCs fusgrsunsuans laudnaraindszian PP
PE wa PVC wanadnwaniidumeslunanadin dleldsuautousswasuialuveanamiauaznataifuvosuds
dlougesTviduas mﬂauﬁﬁﬁménﬁﬂﬁmmmLaufaaﬁuﬂ miﬂmauﬁ’uwmaaﬂdaumi‘ﬁugﬂLﬁaaammmﬂu
wan o anLBaUsEneu (composite) InefinaautAniuiidesnsldivu amsanumusiouaiuanuazdy Tadulay
awaenaINYale Nieansamdlaniuaiudents Yaeadeainnisgnsiureslain Juauiuanudeuiadu
wazfitntinuududy (Pascal et al, 2004, Najafi et al., 2006) Uixﬂa‘uﬁ’uﬂ%@ﬁuﬁﬂaﬂﬁmﬂ%’lﬂumwﬁ
Imqa%ﬁqﬁm%’umifiaa%ﬁqﬁagjmﬁ’a wezesdies Usinaunnmsiiesannldifauassy fannuuduse usd
foidsuneusyns wugde livudeanmizuandon aaeuiuldd gnvhatedisandainuazuen ilFlidengns
THudin vsrtadsiaiwne eviliinisdaldidudiviunnn dealiduldisiuiuanaiedesins wazdawa
nsynuliiAnnmglandou wasuaiuitinsldnaiafinogrsunsuansludinuse sty 1wy vanthay vantniy

o ' @

fiy gawanafin Wiy Fsveznatafndiulugunnvesyuyu dwalinaiaindendrmdsainnisldauuds

1%

naeiduverdrnuimema lnsvinvesmanadniinnfsegluvezyanesyuvuiidda dun warafnvia High
Density Polyethylene (HDPE), Low Density Polyethylene (LLDPE, LDPE) wag Polypropylene (PP) il
Aedamuanneselan wardamsensisidinvesddidin s’?jw"”;ﬂmmqumen%unﬂi’u
megmaranina iy §ivedauladnwinds WeCs. andulonzninunldunuldasdunindu
druusznevvedsifion Ssreanmsinldvhatetn uazifunsifiumadendnmevisvesmsldlififionduiagi
thanldmaunulfld dilsuznindutanifosdussnevveseagloa waswmdofisegilusuaunnluiiosiuves
Uszindlng msﬂ%é’ﬂamw%ﬁwﬂ%’?ﬁnLﬁumﬂﬁmﬂamLéhf[.ausW%ﬁﬂﬁﬂmﬂ%ﬂsﬂwﬂﬁwmﬂwmaﬁu dmsu
wanadnlinanainysziananamuIlLiud L3y (Linear Low Density Polyethylene; LLDPE) wienaidu Tun
ganarainldevis lduald LLagwaﬂqqﬁﬂdmmmm Faldfuedrounsvaraludindszsiu waziiaduvesd
ameiunndunanedest waeddaldonidumsaimannededundeuduegieds madmarafnulfdu
dulsznovvadliifisniadunisanymidsindenannvegnanafnuazfiugyadlun s e nanainnduanld

Uselowilaanleanniantla
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InUILEAvaINITITY
AT dunsAnwautRnieneninwaznienaves WPCs. a7n LLDPE wastdulousnini i

@

mgUsrasdlunsidedsselull
1. WeaAnwUSsuisunavesonsd@iusening LLDPE wazidulouznsy nidnsnansaudinisnienin
wazgnenaves WPCs

2. ieldidulongnd uag LLDPE MiluTaqmienisiiinUselovigean iWunsanvegainnatadin uag
I PN 9 Yo o A 9w
Junsiiuyarlidulaguield

3. Wothduleugnd1uas LLDPE wnadsdulidiieufianunsavlulduselevifludandudlalusuing

a 1Y

sz1leudsIdY

aszdfandunsnaninszuiumsiauimun %q%L?Mé’%ﬂﬂi’ﬁ@@ﬂﬂszﬁﬁgwmﬁiﬁumu%“a
msm%aui’a@ﬁiﬁumwmamL?M(?T’qLwiﬂssmumsmmaui’a@m”’mm%mau pudasrauiiimun el Taguan
wéaailuidngnsrurunisdelufio nsruaunIstugUiumudaensdauiy (flat-pressed method) Wlel#Fueu
ud B unumadeuautine ANULRTFIU ASTM
1. Yaqaunsal

=

1.1 LLDPE im”mmﬂqﬁwmaaﬂﬁm%amﬂ%’wuaﬁwauﬁw LLé’ﬁLLé’aﬁwm@]’mEJ'@&JriauLSi’J’%ﬂ%"anfjuLﬁaiﬁﬁa@u
yuLdnasiag LLDPE agvimiihfiludiuvesumindlyiiuTandseney

12 Lé’usl,&mzw%ﬁﬂm”ﬁnﬂﬁaaﬁuiu%’wi’mgmﬁmﬁ ﬂﬂﬂauﬁﬁgmugﬁ 70 ssrwadeaduia 24 Filuadie
¥ty Inedulouzniasihmihfiduduwasuusdituandsenoy

1.3 infesdulfidunTemanieliagimans i funusnsdniseanis uasfivuadnwefiannse
ihlunaeutesdu wasinduiunuld

1.4 w3asfsiinea

1.5 wuufinniuay

1.6 Ul

1.7 wSomnaauauTiiana (Universal testing machine) lmagauanifiniana léud anuudeuseia

1.8 m‘%mmaammmmmn (Basic Pendulum Impact, BPI) wmaaummm%’uwé’mmmzmeim&lmi
npasaduluy Izod

1.9 geflefuaudoulddmsumBuiuruviousifuivneitgumgdas
2. ms%ugﬂ%’m'm

thfan LLOPE uaz dilsnswinihuniswaslusasdnlaeimdnd LLDPE : élougndn 100:0,
95:5, 90:10, 85:15 LLé’aTdLLUUﬁuﬁLﬁa%ugﬂimaiﬁmm%fauﬁqamgﬁ 170 peawaea eyl Wunan 40
it Mnduhiunuildin famuuueuinsgu ASTM s« dieldveaeuaunifidnionin uavaudh
\ana
3. NINAFBUANUALTINBAIN

nsnageuanUAdn1en1mysENauAlY MamAruuIkiL IS megeunuinsgIu ASTM

D792 wazmsnadeuWesidusinsgadui 135vnaeuniuunsgIu ASTM D570
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4. MSNAFRUANUALTING
M smegeuanUATINareetuIl FeUsznoulUmeaIusne naasunIuuInsgIu ASTM D638 Lasiss

ATTUNNNAFADUATUUINTZIUY ASTM D256

NaN133Y
WPCs. in3eufgnsiain LLDPE : wduleusniny 100 :0 , 95:5, 90:10, 85:15 dandadugulngldiznisuy
sULUUSAUNY TULUURNAUWIA 8 x 30 x 0.4 WuRAWAT LATUUAINING 1 uaggnimmageuaudRidsnienn

wazauURAdIng laaene asuldnmisned 1

AW 1 %umuﬁl,m%'aumﬂmi%ugﬂ LLDPE : vdulengns1a n.100 :0 2. 95:5 A. 90:10 9. 85:15

M15197 1 NSNAFBUANURLTINIENN warauURLTInaveas WPCs.

LLDPE : 1d@ulyuznin AURULLUL ms@ﬂ%uﬁﬂ LIRS WIINTZLNN
(kg/m’) (%) (MPa) (KJ/m?)

100:0 880.99 0.00 169.00 40.75

95:5 903.07 0.30 16.60 14.71

90:10 913.04 0.38 15.84 13.44

85:15 937.57 0.93 8.22 10.36

1. AURUIUY
MISNAABUAUNUILUY NAFBUANNINTFIW ASTM D792 WU BT UL AN
isdudlesnsidrmvendulonsnirufviusandunmi 2. Taed LLDPE - ulouznd1n 1000, 955, 90:10,
85:15 fATunuIuiY 880.99, 903.07, 913.04, 937.57 ke/m’ ALY
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100:00 95:5 90:10 85:15

nana@Rn LLDPE : wdulengndn

AT 2 NMSNAABUAIUNUILUUYDS WPCs

2. ATUU
dwiun1sMageun1sTUL NadoURNNIASEIY ASTM D570 wudiAosidudnmsdunh vestunul
AT Wedndiuvandulousnirauiududsandiunini 3. Taen LLDPE : wduleusni1n= 100:0, 955,

90:10, 85:15 fAUosidudn1sgutn 0, 0.30, 0.38 way 0.93 % MG

1 0.93

(%)

v
°

0.38

N3QATUL
o
finy

0.3

100:00 95:5 90:10 85:15

wana@in LLDPE : vdulguenin

AW 3 NSNAFBUNTTULVBS WPCs.

< =2
3. ANULLUILIING

ﬂ’]iVlﬂﬂE)Um’mLL%QLLNﬁW@Q’?ﬁ@]L%Qﬂixﬂau‘lﬁwa’]aaﬂ Vlﬂaaum’luu’lmig’m ASTM D638 W'U'j']ﬂl']
o = & P A o ' v % a X o - - £
ﬂ’J’]ﬂJLL‘UQLLNﬂWE)ﬁ‘liumuuﬂ’laﬂmLu@@mi’]ﬂ?usumLﬂulﬁlu%WiTJLW&JGU‘UNLL?{NSLUJ’Y]WVI q IWEJW LLDPE : Lﬂ'lﬂﬂ

1ENE17 100:0, 95:5, 90:10, 85:15 TAIANULTIIITIAT 169, 16.60, 15.84, WAz 8.22 MPa AIuaIsiu
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©
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e
7
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100:00 95:5 90:10 85:15

na@in LLDPE : wduleugnsn

29 4 ﬂ’ﬁ‘l/lﬂﬁa‘Uﬂ’]’]llLL%QLLiQﬁGSIJaﬁ WPCs.

4. LINITLNN
ManedeUkIINIERNvesiandelsenouliinaiain nnaeunINNInTEIU ASTM D256 WUTIALS
Y a A o ' v o a X o a - a v
ﬂﬁgLLWﬂsU@\ﬁsljuqqullﬂqaﬂaﬁLuaamiqaqusﬂaﬁLa‘lﬂ.ﬁ]ﬂ%Wi’]'}LWNﬁU‘uﬂﬁLLaﬂ\ﬂuﬂ’]WVl 5 Iﬂﬁl'ﬂ wandsn LLDPE : Lﬁlﬂﬁl

1EN312 100:0 , 95:5, 90:10 , 85:15 HALINTEUNA 40.75, 14.71, 13.44 way 10.36 ki/m’ Auasiu

50
40.75
40
€
~
2 30
—
=
z 20 14.71 13.44
E 10.36
- l l .
0
100:00 95:5 90:10 85:15
na@Rn LLDPE : wduleugns
AT 5 NINAABULITINTEUNNVDS WPCs.
dsduazaiusena

ASNAFBUAMUNULUUNUIIATAINUAULUUVBITUIN UL AR LT UL D8RS @ U dulonsns 1L U

Tnedfi LLDPE : dulonenda 100:0, 95:5, 90:10, 85:15 fminuvuiuiiy 880.99, 903.07, 913.04, 937.57 kg/m’
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AMUANU LanIUalE T LLDPE vasuazatsUsinasadulouznindnnunndilyunsn wazadreiusslalasiau
sevhaddlongniniunediwesiunindiiuiniu Juilignsursedesitdlunadiuesiunindiidnuiuanas faly
TUIUTILAMURULUULINTUY #0AAADINUTIBIUITEUDS Mohammed et al,, (2013) waz Kazayawoko et al.,

(1999) AnuNTeninan1sTuzU WPCs. Mgamaiigs Inwessssud (Watides)ardanudeslouvasinaiadn

U q

N el :

aanedazliansuseneudunidnsvvedis uagthludnaiindesinenielu uazgniu waziduifeddu Chen et al,
(2006) w383 WPCs. 3MNWAERNAILMUILIWES (HDPE) LLazaqmﬂlﬁﬁmﬁaﬁq esitoyniavedlsifidngu
netAetae il uRY WPCs. unaiy wazyiliAndnsdunisdauiulaainindadunald WPCs Sanumuiuiu
ga%ﬁu

dmdumsnegeunisduinuinanledfudnistuhveunuiianfistuilosnsdiuves wdulouzndn
\inty Tneft LLDPE adulonzndna 100:0, 95:5, 90:10, 85:15 frwUefidusn1sdui 0, 0.30, 0.38 way 0.93 %
AUFINU 91NT1891UNNTITEUDe Clemons, (2002) natesrusynevvedldlaesssumnalulelasian
(Hydrophilic) Uszneusie Lwaglaa tefilwglaa waz anfu dailunsivylansendadenfoudiazidnviiufazendu
Imaqammﬁﬂm’lﬂua&hﬁimaL%ﬂﬂa%’wﬁ’uaﬂaimmu (Hydrogen bond) ﬁ’UIuLaqaﬁw Fuuiledulougndn i
USinasnntudeiusinasiussannau m"’qﬁ”’uﬁﬁmmm@jm%’Uifﬂm”lﬁua&mﬁiuszijmswmaauauﬂ’amsam%uﬁw
Wulienfunaiaenndesiunissnsumsiseves Xiang et al,, (2014), Chen et al, (2016), Rahman et al.,
(2013) wag Adhikary et al., (2008) 1’7iwﬁmﬁaqL%qﬂixﬂamnﬂwmaaﬂ LLaza'qumﬂ”Lﬁ

mi‘mmaa‘uﬂmmw‘fjumﬁwmi’a@L%ﬁﬂizﬂaulﬁwmaaﬂwudwmmmLL%QLLinﬁwaa%umuﬁmamaqLﬁa
Snsduvendulonzniuiindu Tneft LLDPE - idulougnda 100:0, 95:5, 90:10, 85:15 flAnauudeussds 169,
16.60, 15.84, wag 8.22 MPa A U819 U 91n5189114398U09 Shibata et al,, (2002) wag Rahman et al., (2013)

o '

ﬂén’jwaqmﬂiﬁ%qﬁL‘flu”lmuaéf (fiber) wazauUnAvziAmogaagininiiueivIeunIndoguad m‘"ﬁﬁ?ul,ﬁai’aq
WPCs. Tafuusau (stress) agvilinisdsrinunudussnin 2 39a1a dde suniald waz wv3ng lalifvilviia
Yovhaiiuinusessosznieigniaiadugaiuvesnisunniin dufudodulonsndnuTinunniuisiliie
amulliseidosesignauing Faflsessotgniavieodumesiaiiliuiusafiumnty Suavinlinisfuusei
anas venaninduleuzwiniunsndlunediuesiuming Ysinaannvhufisentuanutuluennauniy dewali
nseheleumuiuszrieliued (Fuleusndn) uasivsndanasetresinia Suihliauudusianas wail
ADANABINUNTINENUNITINYYOY Xiang et al., (2014) ﬁLm%ui’a@L?BqﬂﬁzﬂaumﬂwmaaﬂmwwmLLLiw‘h (LDPE)
waz wsldiun (wood flour)
mimaammmsmemaﬁa@L%wizﬂaulﬁwmaﬁﬂwudwﬁmﬁﬁmsmessz%umuﬁmammLﬁaé’mmu
veudulonzniiuty Tnefl warafn LLDPE : dulsnsndm 1000, 9555, 90:10 , 85:15 fiAusenszunn 40.75,
14.71, 13.44 uag 10.36 kJ/m’ anud1su namiesanidulonzniniunsndalunedimesiumsnd Usunamnnyh
UiRsefuamutulueinmasnndy (dulsugniruduseglaaivanunsagaduiléa) wezaseiusylelasauiy
yjlonsendavenagladludulonzninunuiieziimsasiusslalnsiauseninaelsvesiuszlalasiauszwing
awmjagiaaﬁ:}aﬁumﬁqﬁﬂﬁﬁ%amuﬁﬂG]Lﬁm%usswhﬂvxlwa%uamw%ﬂ% waznoliiingauwnniniéng
(microcracks) tiagulu WPCs. LﬁaﬁmemsLmn’%"qﬁwaﬁﬂﬁﬁmsam%’uwé’ﬁwmmmzLLMﬂﬁJaai’a@L%ansﬂaulﬁ
waaRnilrnanas naddenadesiun1sTeunITIdeves Xiang et al. (2014) wazuenaNEa1NNIITeVes Chen
et al, (2006), Raj et al, (1998) waz Rahman et al, (2013) nuimsnszanedaitlsiduszifouvosanivaglasas
danang 1 NINFeaNURLTINavy WPCs. ﬂa'nﬁaLﬁai’aﬂLsdgiaaﬁﬂ‘%mzumn%ummmmmTumﬁL%awiasum

a £ X = 1 4 a o Y1 &
LININYNILANAININVY 'i]\‘iﬁﬁﬂxlﬁi’ﬂ WPCs. Lﬂﬁ]ﬂ'ﬁLLGlmﬁﬂlﬂﬁ’]’ﬁl"UU



dalsuauuy
TumsAteilisesifousulse uazmaveaeudug iisfuielinsiinseinaiinseunquiiiome uagl
nuidellawauysalinndetu Faidoauenurdmiveuideiiaesiluewandsil
1. Iumuﬁmsm’%aué’mﬁﬁaumaﬁa@L%wizﬂau 3 gnsdrudilinseungune AsazLiuSnduty
Ju 5 Shdau SeagldnamaiFouiieuiinseunquiarauysaifedy
2. A3t UATIEY Thermogravimetric Litearlsilinanisiinsizsiiieafunsivasuulasesian
psAUszna vausdloldFumuiou
3, asfnwfiufiuieafuandfnsiunisarnln Taensduansmilvsiase uasaudisun
Wi 1wy anutu Mavad Anaduuntsdelds Anuudeia mamulil enuduauay mstharuieu A
Samilovowsyindonduiu toerlideyanaidliifendansiluldvsslosdlfosanirannsdeiy
Feflunsidemaeientagdesznaulinanain (WpCs) vieliifiouluadsiflasnsdmanainiildudy
nduldlmAnyselon Fauiliusendandsnu wavanuaniie wenaninsldidulouzninduesdusznauues
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Abstract

The energy crisis impact to business operations in many sectors. For this reason, the
Department of Alternative Energy Development and Efficiency has issued the Energy
Conservation Promotion Act (revision 2) B.E. 2550 (2007) to make designated factories and
designated buildings perform energy management in a step-by-step for maximum energy

efficiency. For achieves the goal of reducing energy use and reducing operating costs.

This research aims to present energy conservation solution that are beneficial in a large
government hospital in the maximum efficient use of energy and energy costs reduction, by
collecting energy consumption data, evaluating energy conservation potential. Non-investment
measures and investment measures was defined in order to improve air conditioning systems
and lighting systems. The result reveals that most non-investment measures come from
changing personnel behaviors, reducing the working time of machine equipment, reducing the
number of unnecessary devices, adjusting the operating time. These measures result in energy
saving 1,798,355.05 kWh/year, accounting for 8.60% of electricity consumption. Furthermore,
investment measures come from the use of new technology to apply, modify major equipment
with high efficiency. These measures result in energy saving 8,533,149.68 kWh/years,
accounting for 40.82% of electricity consumption

Keywords: evaluation of energy conservation potential, energy saving, large government
hospital, investment
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Abstract

In the process of producing tile adhesives, some parts of the production process create
a large amount of dust. In the production process, a bag filter system is used to collect and
prevent dust to disperse from the production process. In addition, from the Development Plan
of Renewal Energy and Alternative Energy Year 2015-2036, Ministry of Energy, this plan
gives Thailand basic information and various tools for entrepreneurs. This information and
tools could be used as guidelines in converting wind energy into electric energy.

Therefore, this research studied on using wind energy from a bag filter system in the
tile adhesive producing factory. This energy would be used to produce electricity by vertical
wind turbine. The factor influencing installation of wind turbines was analyzed. In addition,
the economic worthiness was evaluated in order to select the suitable vertical wind turbine size
for the wind speed received from the exhaust air pipe. This would be beneficial in utilizing
exhaust air energy to generate electricity. Thisresearch could also be a guideline for industrial
factories with bag filter system or exhaust air. The bag filter system with the motor size of 50
horse powers and the dust sucking rate of 25,000 cubic feet per minute is studied in this
research. When measuring the wind speed at the pipe end between 1 to 5 meters, the results

were found that the 1 meter distance had the maximum average wind speed of 7.90 meters per
second. The economic worthiness evaluation of the vertical wind turbine was evaluated in 3
sizes including 300W, 500W and 1,000W. The results showed that the break-even point period
of each wind turbine size were 6.84 years, 6.79 years and 6.44 years respectively. The current
net prices of each turbine size were 52,637 THB, 61,939 THB and 102,145 THB respectively.
The internal rate of return of each wind turbine size were 10.16%, 10.51% and 11.93%
respectively. From this study, it could be concluded that the wind turbine should be installed
at 1 meter from the exhaust air pipe end with a vertical wind turbine size of 1,000W because it
had the fastest break-even point period with maximum positive value of current net price and
maximum internal rate of return.

Keywords: economic worthiness evaluation, vertical wind turbine, exhaust air of bag filter
system, tile adhesive cement factory
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The Performance of Biomass Chopper and Solid fuel compactors
from Agricultural waste

Physics and General Science Program, Faculty of Science and Technology, Nakhon Ratchasima Rajabhat
University, 30000
E-mail; pongsak.ey@gmail.com

Abstract

The objective of this research is to study the efficiency of biomass chopper and solid fuel compactors shredding
machines. Compare the efficiency of the biomass fuel biomass briquette and shredding machine with the current

machine or technology. The design and build a low cost biomass chopper to find the capacity and its performance.
Its dimension was 0.45 m-width, 0.75 m-length and 1.10 m-height . This biomass chipper can be run via a bicycle.

Biomass after chopping is compacted by biomass fuel briquette machine which can compress agricultural waste
such as rice straw, corn and rice husk together with using tapioca starch as binder at the ratio of 25% by weight.

The properties of solid fuel compactors such as physical properties, heat values and approximate analysis such as
moisture content, carbon stability, volatile matter, and lignite content etc. The results showed that the biomass

shredder had a biomass chopping rate of 20.64 kilograms per hour and the efficiency of the chopper was 79.70v%.
The biomass fuel pelletizer has an average production rate of 0.13 centimeters per second. Comparison of the

properties of the solid fuel compactors, including physical properties, heating values, and estimated analysis
values, passed the Thai Community Product Standard.

Keywords: Biomass Chipper, Solid fuel compactors, Solid Agricultural waste
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DEVELOPMENT OF PEROVSKITE SOLAR CELLS USING COPPER OXIDE HOLE
TRANSPORTING DOUBLE LAYERS

Ratchaneekorn Punlal, Supab Choopun?, Pipat Ruankham?, Akarin Intaniwet?
1School of Renewable Energy, Maejo University, Chiang Mai 50290, Thailand
2Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai
50200, Thailand

E-mail; pimmook.k@gmail.com

Abstract

Perovskite Solar Cells (PSCs) receive a wild interest from the research community as a
new technology to produce solar cells with several advantages over the conventional Si one
such as the feasibility to fabricate flexible, large area and light weight solar panel. In this
research, focus on inverted structure PSCs and development of conversion electrical efficiency
using hole transporting double layers in highlighted. The hole transporting layer includes
copper oxide (Cu20) film, which can be prepared from copper iodide (Cul), sandwiching
between FTO glass substrate and PEDOT:PSS film. Electrical properties of PSCs show that
the electrical of the cell using hole transporting double layers (Cu2O/PEDOT:PSS) is 4.90%,
so higher than the reference cell with only PEDOT:PSS (Conversion electrical efficiency of
PEDOT:PSS cell is 4.37%). In addition, morphological and physical properties of PSCs have
been examined using various techniques such as X-ray diffraction, absorption and scanning
electron microscopy.

Keywords: Perovskite, Hole transporting double layers, Copper oxide
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nswdaldgeeniflafieutumaluladuuuiiy venanduudieaduasoniindlunguidianunsawnienldain
yosvian liannsalivaluladuaznszuiunsideglugnamnssunisiuilunisnaneaduaiofingidvunn
Tngllé ilesnnunaeaduasorfindulalmiiinnubangugs uaranunsondnasuutaggiusesiilunanadnld v
Tanunsonansaduaseniindfifvmnalngmuitdesmsusdadiminu

waduaeindinesenalndifudnvilsgunsaifilésummaulannnguvesinidouasinmndsnunauny
Tufuvesgunsalfunaserfindiitendmdundsnulnii Tngiluwaduasefind e sealndfdnvazduiiduuns
Usznousaedalanzihlnihaosdnu %uﬂmizﬁ;aw%ﬁl,ﬁﬂmau (Electron transporting layer) %u@mﬂﬁuum
(Absorption layer) LLﬁ%%uﬁﬁUwﬁ}U’JﬂM%@Iﬁla (Hole transporting layer) Tudiuvesguunuulassasisvaunason
alndiufogiofuguuuy 2 3Uuuy Téud Tassadrauuutni (Normal structure) Inslassadrafisznouldae
nszanadauiluih (FTO w3e ITO) Tanudiéinaseu (Electron transporting material) Yanmesendlndniodan
andulas Yanthlea (Hole transporting material) wazdalanziiluih daadssfuduiu lasdofvadlnssadns
yiniifoliUszaninmiigs drudnuidlasiarafufiolassadauuundudu (Inverted structure) fimsdannatan
Hutundusuiuiulassaiauuuln Tneazdszneulude nszaniadeuthlilih (FTO we ITO) Jamiilea (Hole
transporting material) Jauwesonalndvsetanaeduues Jaqhdidnaseu (Electron transporting material) uaw
drlangainlnih anudidy Saueaduasonfingmesevalndililassaisuunduduiarliussansamides
i uinduldsuamailanninideidesandivadiiadosnmiidninlassadauuuund 1]

Fuganduuamieduinesenalndiutaniidarulonutuuazesndiou (0,) nsdudalneassiueinie
gosfldumesevdlndiwhliAansdevanmvesad adetndulymwdnivhlieaduasenfindinesevalndss
lianansathlUlinulfas mudsUssansammsuladiihiidtosningaduaseriindganounthil uenannisih
Uszqludstalaihugs duhdidnmsounarduileaiiedesiuiidunesoalndannisdudaiuiilansuay
9ne Gaagsinlfannisidonaninveneadas uazaanianisuiiiuresdidnasounasisa Wunali
UsrAnsnmnsudasiiihufisdude

nATeilaiuAnvuesiausaduasofindimesenalnddensuiusiutaginlealulassadauuundy
#1u Baidndild PEDOT:PSS wiililosann PEDOT:PSS finnuantilunisgadumnuduluonidldd waranaudiam
Hunsavesiaianes JudunaliiAnnsidenanmeeasadléie [1] Jagtuiinauiulgsiutaginleatsemaia
fvarnmane liesdunsuufiarsisiidug wu dndasenlesd N0y aedweslelelad (Cul) reuieslnsle
lggus (CuSCN) ns1fluesnled (GO) aedilaslalelad (Cu) LUudu inatianisldarsideluiaguilan iy
lasieneanled (Cros) Weluaisagaty PEDOT:PSS [2] GO Weluansararslnimiliousenlen (TiOw [3] lavead
(Co) ieluansazans NiOx [4] \udu wasimadianisaistan-loauuudug wie Double layers

W.-D. Hu wazaniz Liauiwaduasorindinosenalnddenisldtantilaadisneiu Yszneusie Cul
PEDOT:PSS PEDOT:PSS/Cul way Cul/PEDOT:PSS 9ntudsvhmsdnwaauasifimsliiivemniead wuiieadi
14 cul iilesognsiiuszavsnmnisutasluiinginiu 1.70% waddld PEDOT:PSS fiAwsiniu 12.90% dniwadiild
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Saminlsauvutuglnedadosduiiduuansdrafiu 16n Cu/PEDOT:PSS way PEDOT:PSS/Cul THUsAnBamnis
wasluih 14.30% wag 10.80% muddy [5] Q. Xiong wazanie TiUSulgstuinlsasensldretiuaslaslels
g5 (CUSCN) wag PEDOT:PSS ifutantileauuudug Tnsls CuSCN ogfsswinstumosenialnduay PEDOT:PSS
n¥snmsUiulgstuileands wuiussAnsnmueasaddld CUSCN/PEDOT:PSS lsszAvaamnisudasingh
10.90% FufuTuaniadiauiifiussansnmmiiiy 9.1% (PEDOTPSS) [6] F. Hou uazame Iéimunyszansnm
\waduasofindinesendlnddenisuudgssutinlea Ingld PEDOTPSS uarluduftiilnsonles (MoOs) iuan
ihlsauuuiug waslifldn MoOs agseminanszan ITO fu PEDOT:PSS ndsnsvaaauamauiinislwihuesad
wavorfindinesendalndudinuin wadildsunsusulgudliusansamis 12.78% dennnineadduuuuiily
s PEDOT:PSS Lutaniileaiifiuszansnmnisudaslifiigindu 9.81% [7] D-Y. Lee uazaaiz Anwinisly GO
uay PEDOT:PSS utanilsauvuiuglunsaiasaduasonfindinesenalng lagli GO ogfsewinanszantiluih
ITO way PEDOT:PSS ndansuiuususadldnaaounmauifmilnihvesead wuiniwadiild GO ilesaeafieals
UszAnsninnsudasiniin 6.4% dauiwadiild PEDOT:PSS uaziwadildtanunloauuudug (GO/PEDOT:PSS) 19t
UsyAvsnimnisudadinih 8.29% uag 9.7% muddu (8] lusmAdedauleiBnsiauisaduasonfindmeseialng
fensufulatutaginleauuutug (Double layers) Ingld¥agfe Arufasenles (Cu0) wag PEDOT:PSS iilo
AnwuseAnsnnveseaduaseniindinasondlng

o

MQUsEAIAYRINITIY
1. eawgaduaeindimasonalndmenisusuussianileauuudug lngldfusasenles (Cuz0)

q

53 08U5IY
1. Msasagaduasefindinesonalng

Suilsunouiosoones

nauaeUeslelelad (Cul 99.999%) Tuihavansesdlalulass (Acetonitrile) finuidudusineg fu uay
Wnsaseildy cul Tag33nns Spin a1savans Cul asuunszandigewadouseaisiiluii (Fluorine doped tin
oxide; FTO) #18A2131157 3000 rpm 30 sec Nty Cul luvugisendvaisazansleieulansenlad
(Sodium hydroxide; NaOH) A1andudu 10 me/ml Tngldiaatlunisviiasen 20 sec mnduduadiutiindu uas
Whldthnduesnanildudetusnaslulasiou el fidmawnieuuiidussngsenauniniwhnisldaudou
uAdusegamgd 100 °C Wunan 15 min vuededlinnuieu (hot plate) Fsléffidu Cu,0

Suiilsy PEDOT:PSS

we PEDOT:PSS 300 ml Tu Methanol (99.8%) 500 ml nauasazanefigamaiivieaduiia 2 h wé Spin
ATUUTAL Cuz0 MBA1LL57 3000 rpm 30 sec waglinuiou 150 “C 1Wuan 15 min i hot plate udniwwad
dullugmuauautudunm 1 fu dewhluvidunesenalng

Suidumosonalng

naaan (1) lololan (Pbl; 99%) Tudviavanslawianesunsius (Dimethylformamide; DMF 99.8%) Aae
AUty 460 my/ml nauansazarefigamgll 70 "Ciiuan 1 Au wauwdaveuluifoulelolad
(Methylammonium iodide; MAI) Tudivinazanelolalnsniuea (2-Propanol; IPA 99.5%) A18ALLTNTY 50
mg/ml antumuamsarasiigaumgiteanduna 1 fu

Tumsviduiidumesenalnddu Buanlianudouninszanuazaisazats Pbl, e hot plate figamgil

U

70 °C a1 spin @15azang Pbl, asuuduildy PEDOT:PSS @aem21ais3 3000 rpm 30 sec waglipnnusaunnnsyan
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a

mefigamall 70 "CL1¥uan 15 min 9ntuvinszanlidouse hot plate Nigaunigd 100 “C uda Spin @1sazany

U

MAI Dudusudaun wazlinnufouninszaniinamaill 100 °C Wunan 2 h

Suila PCBM

Has PCsoBM (99.0%) lusivhazatsaaslsiuudu (Chlorobenzene; CB 99.8%) fimnsndudy 30 me/ml
waznuasaranefiguvnivieduna 1 fu Aewhns spin ansazats PCBM dedliiruiouniaisazats PCBM
dheiaFadliinrudouiignmnd 70 °C ug¥3s Spin asazansasuutumesenlalndifleatsiunindidnasou anvhe
Tradiilaluvniasidninsadhemaiia Thermal evaporate Tnglflavztudmiurhdadidninse

2. MInAFeUANALTRNINIEATN

yhmsvaseudnumsnInIEnNTBLadkasefindfiaiaty Uszneulude naaeunmautRntsdesi
vastuilaademaiin UV-vis spectroscopy Anzilassadrawanvesansdsenaulaeviimsindaudiveed
flaziousenulyusineg deimaiia X-ray Diffraction (XRD) waglinesidnuasinvestulldudondesganssmi
¥lpdaIn319 (Scanning electron microscope; SEM)

3. MsnaaeuAmau ANl
ihnsneaeuanaudinliihvesaduaseindiaswumeyanaaaulss@nsnmnisiuasunasauwas
Jundsnulni ngldunasindauasiifiamuiduuas 1,000 W/m?® AM 1.5

NaAN1538
1. AauauUANI9Ngn N

3meﬁﬂmamﬂ’amqmsmwﬁwLwﬂﬁﬂmﬁLﬁymmwuad%’aﬁLaﬂﬁﬁ %30 X-ray Diffraction (XRD) #3833 20
Winfu 25™-80° I¢igULUU XRD wesansUsznay Cu,0 fannil 1

Intensity

| | |
WMIWWWW

20 (degree)




A7 1 XRD pattern 989Wan Cu,0 Nvinsitasiziaiewmaila X-ray diffraction

Usganinmnisdesrnuve keI utuiau i leansi s iukansfan g 2 fuilay PEDOT:PSS wasanulse
HUlATY9ANETIAAY 270-1000 nm wagildu Cu 0 wasanusadeaulafiiisnueIniu 300-1000 nm &
Wlsasanviinillaiganduuadl udiidy Ioiliuasamnsodosiulutudidaumesonalndla

100 |

80 |-
)
S
< 60
]
%)
&
T 40
£
v -
2 FTO
'g 20 ——Cu20

— PEDOT:PSS
0 1 L
200 400 600 800 1000

Wavelength (nm)

A9 2 UseAnsnmnisderinuvesuasiveqruiduiueneeiu

n1sgandunassstuimesenalndfiaiauutaniinlea Cu,0 Wiesosnaferfidinisgandusasiansdonin
7l 3a uartuildumesendlndfiairsuutaninlsauuudug (Cu,0/PEDOTPSS) fidnisgandunasiauandlunnd
3b anufiuldfidunesesalndiladrcuutaninlearsanssiindidnisgandunasiidlurasarueiady
200-800 nm Fafurseueneduvesiaiivaduaseinddosnsdmiuldndnndaanuliiii

100 a 100 b
5 - 80 &
5 & £ o |
] o
v v
c c
3 3 a0 ;
¥} ® - o Perowskite/PEDOTPSS/Cu20 3rmy
g —Peroveiite/Cu20(3mg) g - PoTovskite/PEDOT PSS/CU20 dmg
. <
2 —Pecovsiite/Cu20(5mg) = + Perovskite/PEDOT:PSS/Cu20 Smg
— Pesovskite/Cu20{éme) — Perovskite/PEDOT:PS5/Cu20 6rmg
0 : . : 0 N L \
200 400 €00 800 1000 200 400 600 £00 1000
Wavelength (nm) Wavelength (nm)

i 3 Usgdnsnmnisganiuuaestuiidumesevialndiaisuuianiileauansneiy

anwnleiIvelay PEDOT:PSS uagilay Cuz0 uandfan1nil da-ab axaau Tunnd 4b uansinvesildy
Cu0 Tflvuandnadnaye Rauseuidouninnifiveddidu PEDOT:PSS iunalvinisasedunesenalnddnmnim

Y
=

NAYU

M7 dc-de uansinvestuiidumesenalndfiasauuTanginleassiu vuandnilvgtunasiigniuduy
maﬁ@iszzEﬁn%ﬂmea@mﬂﬁuLLawaa%’uLwaiaWa"Lﬂﬁ Feazdnanauszansamniswlasininveawnaead
waEIng
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Nk » s et # 5 S 14
AERNIXI N, YOO CE T

1 Gyl USanBe See BDakkin

Al 4 Snvauzitufiuazadnues a) du PEDOT:PSS b) fldu Cu,0
o) Wanmesenalndfaseuuildn PEDOT:PSS d) Aduwesevalnsviasnsuuilau Cu,0 (Cul 5 mg/ml)
wag e) Wauwesenalnafasisuuilan PEDOT:PSS/Mau Cu,0 ( Cul 5mg/ml)

2. AauaudAn1lnin

nnsvageufuandintlninvessaduasefindinesenalndiiegnnaaeunasiinssinaaudinig
ol wutwwadgradeilldTaminleadu PEDOT:PSS fidanautinsliindieluil Js 7.56 mA/cm?, Voc 0.83 v
wazUszavisnmnsuUadlwih (PCE) 4.37% dauandlumsnsdi 1

waduasorfindmesevalnddily Cu,0 Wuanthlea lasvhnsuSurmnuituduresansazats Cullu
Fupsunswdeniidy nuidlofuanududuresasazans Cul (3 me/ml, 5 me/ml) Uszansaimmsudadluii
vougadianfistufuandunsed 1 Wunananmsganiunaiintuvestunesedlnddannd 3a azidfiud
UszAnsninmisgandusasesiuiidumesendlndduiidnfisdudefiuanuiduduresarsazans cul vl o
Windudanind 5a uaziflowfiuauiduduis 6 me/ml UsgavBamnisuasiiiinduiaanas iusaunain
UsyAvsnmnagandunasosiuiidunesevialndiidianas Ssdemalst Js anas

dohnmaveaeuauauiiniswihvessaduaeriindinesenalndillianilesauvudug dausznauly
#28 Cu,0 uax PEDOT:PSS wuindlawfiuaududuvesansazans Cul (3 me/ml, & mg/ml, 5 me/mU) luduneu
nawdEnTidy Cu0 lsusyavsammautasiiiifistumudiduimaed 1 fadunamainnsganduuasmes
Fumesendlnddanind 3b asfiuindlefiuenududuresarsazats Cul Anisgandusasazdanfindy Jadema
1 Jse SAfindudanni 5b wiiileriuenududuvesaisazats Cul @ 6 me/ml wuinuszansammasudas
Inhveawadirananiesmnandinigandusamestumnesondlndimanas dumali o Addanas

3-93



e PEDOT S5

- PEDOT#55 e CU20 [3Me/mIVFEDOT#SS

~-Cu20 [3mg/mi] - Cu20 [4me/mIVPEDOT#SS

Current (mA/m?)
Current (mA/m®)

——Cu20 [Smg/mil v CUZ0 [5me/mIVPEDOT PSS

- Cu20 [6mg/mi)

- CU20 [6mg/mIVFEDOTHSS
o\ L 2

o0 02 0q Qe 0.8 10 oo 02 De 0.6 08 Lo

Voltage (V) Voltage (V)

27 5 1V curve veawaanaseindimesenalnaildianinlaasiieiu

M1519% 1 AuaudAmliihvegsaduaenfindwesenalndliTantlaasaviiniu

Hole transporting material PCE s R Vo hux 5 Vi
(%) (mA/cm?) V) (mA/cm?) V)

PEDOT:PSS 4.37 7.56 0.83 6.57 0.67
Cuz0O (Cul 3 mg/ml) 2.63 12.37 0.71 6.33 0.41
Cuz0 (Cul 5 mg/ml) 5.12 11.70 0.83 7.71 0.67
Cuz0O (Cul 6 mg/ml) 2.33 9.48 0.77 5.63 0.41
Cu20 (Cul 3 mg/ml) / PEDOT:PSS 3.56 8.85 0.77 6.19 0.58
Cuz0 (Cul 4 mg/ml) / PEDOT:PSS 3.62 11.45 0.75 7.63 0.47
Cuz0 (Cul 5 mg/ml) / PEDOT:PSS 4.90 11.94 0.77 8.38 0.59
Cuz0 (Cul 6 mg/ml) / PEDOT:PSS 4.28 11.75 0.83 8.00 0.53

dsduazaiuena

nsWauLeaduasefindinesovalnddeimaiiamslitaninleauuudug (Double layers) lndnsfidy
Cuz0 Wegszminensraniafouanstilniy FTO wagdufidu PEDOT:PSS ndannnisuiuusasaduasoniindin
osonalndlévhmmaaeuamauifivisinitvensad wuiiwadfildtagulsanuudug (Cu,0/PEDOT:PSS) 1
UszAnsnwn1suashnilidiiu 4.90% Fadunauiann e Mt 11.94 ma/m? luruedl Js voswadiild
PEDOT:PSS fiAnufies 7.56 mA/m? unaliuszansnmnsudaslwiiweaeaditly PEDOTPSS vioivadsnsdaiien
s 4.37% Fetiosniwadildsunsuiulgeds 12.13% ddunsufudgetanileauuuduglaeld cu0 was
PEDOT:PSS Samnzauiazthunliifuianiloalunsaavaduaefindmosendlnd
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Preparation and Characterization of Activated Carbon from
Cultivated banana by Potassium Carbonate Activation

Porntip Poomying® 2 and Pakin Inchidjuy® ®
'Program Science Education, Department of Science, Faculty of Science and Technology, Nakhon Sawan
Rajabhat University, Nakhon Sawan Thailand 60000.
E-mail : i.pakin@yahoo.co.th

Abstract

This research has objectives to prepare activated carbon from cultivated banana by
chemical activation method. This study investigates the physical properties and
characterization of the prepared activated carbon. This research used banana peels to prepare
as activated carbon with carbonization method and chemical stimulation method with
potassium carbonate with calcination conditions at a temperature of 700 0C 800 0C and 900
0C for 2 hours. The results of the study found that 1) The Characterizations of charcoal and
activated carbon are, black color, high fire and light power, which has less productivity at
higher temperature of activation. 2) The structure of prepared activated carbon analyzed by
using X-Ray Diffraction (XRD) technique. That found activated carbon from banana peel
found that the charcoal has low crystallinity, indicating amorphous of carbon. The morphology
of charcoal and activated carbon studied by scanning electron microscope (SEM) found the
banana peels are not found porosity on the outer surface and the activated carbon with chemical
activation from the banana peels has porosity, 0.1 um to 1 um. All conditions of the banana
peels had a larger pore size with higher temperature of activation.

Keywords: Activated Carbon, banana, K2CO3, BET
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Precision analysis of near infrared spectrometer for evaluating
saline water

Pich Khoem?, Sukanpirom Sriwong, Ravipat Lapcharoensuk® 2
Post Harvest Innovation Research and Development Laboratory, Department of Agricultural Engineering,
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520, Thailand
2Department of Chemical Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, 10520, Thailand
E-mail; ?ravipat.la@kmitl.ac.th

Abstract

Salinity in water resource is importance problem of agriculture. Nowadays salinity
evaluation is performed with instrument based on electrical conductivity approach which is an
indirect method. Therefore, application of near infrared spectroscopy for measuring salinity in
water is an interested issue. However, first importance procedure before near infrared
spectroscopy modeling is precision analysis of near infrared spectrometer. Precision is reported
on repeatability and reproducibility. This research aims to study precision of near infrared
spectrometer for evaluating saline water. Saline water samples were prepared by blending
sodium chloride at concentration level of 0 3.5 7 10.5 14 17.5 21 24.5 28 31.5 and 35 ppt in
distilled water. Near infrared spectra of sample was recorded using FT-NIR spectrometer for
analyzing repeatability and reproducibility. Absorbance value at 5154 cm™, which is
absorbance band of water, was selected for studying in this research. The results showed that
FT-NIR spectrometer presented repeatability and reproducibility less than 10 percentage. This
finding point indicate that FT-NIR spectrometer optimized for experiment of development of
NIR spectroscopy model for detecting salinity in water.

Keywords: Precision; Near infrared spectroscopy; water; salinity.
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1. Maweadiegne fosaiufugnindosdunnsnadluioueaslss (NaCl) luhndusazuaslidfu
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A 1 mMstuiinainasudesdunssameinies FT-NIR spectrometer
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mmmmmlumwﬁ%wQﬂﬁwmué’wmLa?iﬂ (Average) wagedeaiuusng1u (Standard deviation, SD) 271
foyaannuituiinglasmadendinisgandusasiaraduvini 5150 cm Judufinvesnsduanitouvesi
(Osborne and Fearn, 1993)
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156 (NaCl) 9zdananalasiadianassiussaein (Begley et al., 1984; Lin and Brown, 1992; Huang et al., 2001;
Huang et al.,, 2002; Lin et al., 2003)

2.5
2 f
E 1.5 |
= 8
g 1 s ® J
= /
0.5 2 -
o —— 74____"____"
0 l |
13000 11000 9000 7000 5000 3000
Wavenumber (cm™)
A 2 anadudedsunsusasudy
0.04
0.02 -
gg 0 - - - - A
— 8 0
g 3 ©
< -0.02 - ¥
-0.04 ‘ . , .

13000 11000 9000 7000 5000 3000
Wavenumber {(cm™")

o A

Ami 3 anesudesBunsusanaansyieyiusaaui

2. aumsiugrvenaiaadefdunsusaaninsiined

naveInIsRaInLiugveuAsoudusdurssaaUninsiivesuandunssi 1 wnisadesdunssng
Lﬂﬂimﬁma%uammmLszusquﬁimmﬁa‘l,umimuﬁgw (Repeatability) Lv1111U 0.731656 + 0.001500 way
aaannsalunsvihe (Reproducibility) iy 0.718098 + 0.107781 Imaﬂﬂad%ﬁmmummgm (Standard
deviation) azQﬂﬁmamﬁaaﬁmmzéfmmmmLmiﬂiaﬂwqmﬁﬁ'a;ﬂa Imamnmlﬁmmummgmﬁw uanIdeyadl
AuLUsUTIUN mamimamLLamﬂﬁLﬁu'ﬁﬂmLﬁmwummgmﬁmﬁwLﬁauﬁauLﬁauﬁ“‘umLa?iaﬁu’ﬂumammmi
MuTazN1sTen Aeiusveniuedeaidunsisnannsiimesdanuudugiaeldteulvnsmaassitanioy
LRYINULAZUANAINU

A19197 1 HaN1SNAABUANULNUEIVIATBLTETDUNTISAAUNINTHLA DS

- Repeatability Reproducibility
Overall precision test
Average SD Average SD
Absorbance values at 5155 cm™ 0.731656 0.001500 0.718098 0.107781

3-108



dyduazaiusena

At it Uszasdifienaaeuanuusiugrvenaioniesdunsnsaanlnsiimeslunisniaaoy
AN INTBIL LAY TneT1eunsLsu R saLsalunIILD (Repeatability) waganuamnzalunisien
(Reproducibility) 3nnuansnaasskansliifiuineies FT-NIR spectrometer Tiadssuuunagiuvasnisvadey
Repeatability waz Reproducibility fisinilew3euifisufuanade Fana17lé41 FT-NIR spectrometer Lisneaul
dsunmasosaiauuuseendeBurlssnaninsalnPlunsesaaounmawindild

NEN5D19D9

Begley, T. H., Lanza, E., Norris, K. H., Hruschka W. R. (1984). Determination of sodium chloride in meat by
near-infrared diffuse reflectance spectroscopy. Journal of Agricultural and Food Chemistry 32(5),
984-987.

Chanachot, K., Saechua, W., Sirisomboon, P. (2019).Near infrared scanning precision analysis for intact durian
fruits (cv. Chanee, Kanyao and Monthong). IOP Conference Series: Earth and Environmental
Science 301, 12062.

Fonseca, F.G., Funke, A., Saechua, W., Sirisomboon, P. (2019). Precision test for the spectral characteristic of
FT-NIR for the measurement of water content of wheat straw. /IOP Conference Series: Earth and
Environmental Science 301, 12034.

Huang, Y., Cavinato, A., Mayes, D., Bledsoe, G., Rasco, B. (2002), Nondestructive Prediction of Moisture and
Sodium Chloride in Cold Smoked Atlantic Salmon (Salmo salar). Journal of Food Science 67,
2543-2547.

Huang, Y., Rogers, T. M., Wenz, M. A., Cavinato, A. G., Mayes, D. M., Bledsoe, G. E., Rasco, B. A. (2001).
Detection of sodium chloride in cured salmon roe by SW-NIR Spectroscopy. Journal of
Agricultural and Food Chemistry 49 (9), 4161-4167.

Onmankhong, J., Sirisomboon, P. (2018). Near infrared scanning precision test for texture characteristics of
parboiled rice. The 11™ International Conference of Thai society of agricultural engineering
(TSAE2018), Thailand, 25-27 April 2018.

Lin, J., Brown, C.W., 1992. Near-IR Spectroscopic Determination of NaCl in Aqueous Solution. Journal of
Applied Spectroscopy 46(12),1809- 1815.

Lin, M., Cavinato, A., Huang, Y., Rasco, B. (2003). Predicting sodium chloride content in commercial king
(Oncorhynchus tshawytscha) and chum (O. keta) hot smoked salmon fillet portions by short-
wavelength near-infrared (SW-NIR) spectroscopy. Food Research International 36, 761-766.

Osborne, B. G., Fearn, T., (1993). Near Infrared Spectroscopy in Food Analysis. London: Longman Science &
Technical: 13-35.

Peng, J., Ji, W., Ma, Z,, Li, S, Chen, S., Zhou, L. Shi, Z. (2016). Predicting total dissolved salts and soluble ion
concentrations in agricultural soils using portable visible near-infrared and mid-infrared
spectrometers. Biosystems Engineering 152, 94-103.

Phanomsophon, T., Sirisomboon, P. (2019). Precision test for scanning of soil in durian orchard using near-
infrared spectroscopy. IOP Conference Series: Earth and Environmental Science 301, 12070.

Posom, J., Sirisomboon, P., Saechua, W. (2018). Precision test for spectral characteristic of NIR spectroscopy
and bomb calorimeter for measuring higher heating value of Leucaena Leucocephala. MATEC
Web of Conferences 192, 3049.

Srikornkarn, S., Sirisomboon, P. (2014). Feasibility of evaluation of salt content in canned sardine in oil by

near infrared spectroscopy. Agriculture and Agricultural Science Procedia 2, 381-385.

3-109



Zovko, M., Romic, D., Colombo, C., lorio, E. D., Romi¢, M., Buttafuoco, G., Castrignan, A. (2018). A geostatistical
Vis-NIR spectroscopy index to assess the incipient soil salinization in the Neretva River valley,
Croatia. Geoderma 332, 60-72.

3-110



The 2™ Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

n1seanuuunazUszgndldiwadinindaninainivg iivagunsallWilusenusn

UATUNS N1YAUGR WIFH FUINT Uae ATAY &30

UMINYEBNYATAERS

email: makkaryn@gmail.com

unAnge

Anganisainasnuioifuilymingszaulan Ingluagtuindsnumadennaevatesin mnusaz
yintuiinisliqunsaififialitneiigs Timsnensinn saonnasmansenusefuinden fedudadadi
Arwannsn sesdanulwihdanin flerdegadnduesduszneulunsaiandsn Tsenddediaihindsny
Fanmdtlsandiy Feslduyulunsadaluing fusslovimeudunndon uazauameony udegndlsia
ssliihiiaunsondsldrnuasead duoglussduiieuiuiinsdesldsumsfinuduniely

fanUszasdvasnsfnwaded ilewUSoudteudndnmlunsidnndaalafinsswing mvusiiuuas uas
augla ivgnlimudusiuau 1 8 5 fu mnduihmamsivtoyaindiunn maridlniedsils hwed
vaaeswiialnanusaainandsnuliinligean uasthwadduuuuild uosnuuulssivsznoudusifuussg

nansveaes nMstivdeya 3 sezuaznsiliouifisudadsnnusinedng luusavadiadioes
aaes Wi viaddumuugiiuwasgnlinaudy S1uau 4 du fenadsanusinsdng figanin nmsugnlumeusla
Tneilananinuily 10 ey Auadsnnurisdndfldgaadintu 910 0.985 v idu 0.996 v

thiwad andnesusnidu wadduuuy ievhmsesnuuuisasidmaussdnglnih 5 v Tagasasi
oonuuuiulsznaulude 1wad 18 wad Hursasnay Afldnausadng 5.96 V Aenufiums 60.18 KQ uay
Anszuad 0.0765 mA wazldailumsysadaiuusyquunn 5.0 F 2.7 V ilunadszana 12 u

nmannaes mndesnsliihiifiddegetu vie wfaldldu Sududouiusu wed 1903 wike
diudufulseq uasfnwdodiinvesiafulseg nntu

Addgy: waaumaden , waanulihdainim , wedwemddhnmainiiv , dufudsey , fid

3-111



Design and Development of Bioelectric Cell from Plant for Low
Voltage Electrical Equipment.

Makkaryn Kanchanasoot® 2, Pasinee Sunakorn ® Siradech Surit®c
!Graduate student in Master of Architecture (Building Innovation), Faculty of Architecture, Kasetsart
University, Bangkok
2 Associate professor in Master of Architecture (Building Innovation), Faculty of Architecture, Kasetsart
University, Bangkok
3 Assistant professor D.Eng., (Building Innovation), Faculty of Architecture, Kasetsart University, Bangkok

E-mail; 2makkaryn@gmail.com, ° pasinee.s@Kku.th, ¢ siradech.s@ku.th

Abstract

The energy crisis is a major global problem. Presently, there are many types of alternative
energy, each types uses high-cost equipment and uses a lot of resources which may affect the
environment. Therefore, this research is concerned in the ability of bio-electricity that use
microorganisms as a factor to create energy. In which this work focuses on Bio photovoltaic,
which is an electricity from plants that has low equipment costs, environmental benefits and
beauty. However, the electric power that can be produced from each cell is at low level. So it
is necessary to receive further education and research.

The purpose of this study is to compare the potential of electric power production between
opaque and clear containers that grow 1 to 5 Lucky bamboo. After that, the result of data
is calculated to find the average electric power value. In order to conclude which type of
specimen can generate maximum electrical power. From then, we take the resulting cell
prototype to design the circuit that consists of a capacitor.

The experimental results from the 3 phase data set and the comparing of the average voltage
differences in each type of sample, was found that The type of opaque container with 4 Lucky
bamboos had a higher average voltage than the type of 4 Lucky bamboos in clear containers.
The average voltage difference is still increasing from 0.985 V to 0.996 V after 10 months.

In case of the cells from the above being used as the prototype cells to design a circuit with a
voltage of 5v, consisting of 18 cells as a mixed circuit. Which has a capacitance of 5.96 V, a
resistance of 60.18 KQ and a current of 0.0765 mA and it takes about 12 days to charge the
capacitor 5.0 F 2.7 V.

According to the experiment, if requiring more power or being charged faster, it needs to
increase the number of cells, circuit or increase the capacitor, including studying the limitations
of capacitors.

Keywords: Alternative energy; Bioelectric; Bio photovoltaic; Plant Microbial Fuel Cell;
Aquatic plants
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Finding gamma radiation attenuation coefficient of bagasse fiber with

BaSO, rubbe is a binder.

Ornanong Sanorchit’

'Faculty of Science and Technology, Thepsatri Rajahbat University, Lop Buri, Thailand

email: ornanong.s847@gmail.com

Abstract

The research is aimed to construct gamma ray attenuation plates from natural
materials to replace lead and require flexible materials. In this work, use bagasse fibers that
are more flexible than other fibers and heat resistant substances. By mixing with barium sulfate
which is able to absorb radiation well After that, bring up the rock with 3 levels of thickness,
0.3 cm. 0.7 cm. And 1.0 cm., Size 10X10 cm. Using latex as a binder. The gamma-ray
attenuation capability was determined from the gamma-ray attenuation coefficient. Which is
more or less depending on the thickness of the radiation barrier from the experiment, it is
found that the linear gamma attenuation coefficient of baffles is 0.495 cm™ and the thickness
that causes gamma radiation intensity to be reduced to half (HVL) is 1.396 cm. Created may
be reduced. Has better flexibility and does not adversely affect the body in the long run as
well

Keywords : Radiation shield, Gamsnma radiation Shielding, Attenution
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Comparison of the potential of electrochemical cells

Using bio-fermented water from fruits
Chanade Wichasilp

Department of Physics and General Science, Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand
E-mail; cnwichasilp@gmail.com

Abstract

This research is a comparative study of the electrical properties of electrochemical cells using bio-fermented juice
from 3 fruits; mango, papaya and pineapple as electrolytes. By fermentation for 3 months, it was found that the bio-fermented
juice from pineapples showed the highest pH, 3.43, electrical conductivity 8.35 ms/cm, followed by the bio-fermented from
papaya, with a pH of 3.50, conductivity 11.65 ms/cm and the bio-fermented juice from mangoes has a pH value of 3.65, the
electrical conductivity of 11.96 ms/cm, respectively. For the maximum open-circuit voltage, the bio-fermented juice of
mangoes has an average potential of 1.859 Volts/cell and the highest electricity value produced from bio-papaya fermentation
measure an average current of 16.818 mA /cell with an average maximum power output of 30.071 mW/cell

Keywords: bio-fermented water; Electrochemical cell
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Radioactivity in beach sand

Ammara Ittipongse, Thannat Krobtong ,Wichan Lertlob
Applied Physics Faculty of Science and Technology Suan Sunandha Rajabhat Universuty

email: ammara.it@ssru.ac.th , thanat.kr@ssru.ac.th , wichan.le@ssru.ac.th

Abstract

This study investigated the radioactivity of radioactive nuclide on 3 beach sample: Bali Indonesia,
Samila Songkhla and Khao Takiab Prachuap Khiri Khan. By using samma spectrometer and high purity
germanium detector (HPGe) analyzed: 1. type and radioactivity of nuclide 2. the radiation risk index,
radioactive equivalent Radium (D) and absorbed dose (Raeq) of sand beach sample External radiation
risk index (Hey Bq/ke), internal radiation risk index (Hj, Ba/ke) and finally, annual dose. the results
shown the radioactive type of 3 sample sand beach that were Radium-226, Lead-212, Lead-214, thallium
-208, Bismuth-214, actinium-228, Potassium-40. Furthermore, by comparing to standard value of UNSCEAR,
2000 indicated that the annual dose at Samila, Khao Takiab and Bali were low than standard. Moreover,
by comparing to United Nations Scientific Committee on the Effects of Atomic Radiation: UNSCEAR, 2000

showed that these annual dose were not harmful to the human.

Keywords : Beach sand, Radioactive nuclide, Radiation risk index
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(2) Mnthuheghanieufeazunsaiioleuaunnousnsnesn wanAudegeldgs
(3) wisudninesamsuldiegrmaeiiothlySatutunang:d
(8) thiegmmeussgaslinnesnieurtufindwiinuesiiogs
(5) ﬁmﬁmi%ﬁé’wiuw%Lm%ﬁu,wLLﬂmmaL‘Uﬂiml,m%ﬁwﬁ'ﬁm%’ﬁLL‘U‘ULﬁ]a%mﬁauu’%amﬁﬂﬂmaw
Usunadlulmsiauman (Liquid Nitrogen) dwduvdaidaiinidifismendoll Imammsﬂ,mmﬂmmmmmmhma5]
frmUesed (Shielding) Faduiiaviiansdaimiinginveshiauarlulasiouman
(6) arnanildlunnsind 20,000 sec uazyNsUSULRBUNE 1Y Tngldunasnninssdunsgiuuasin
AUNASUNAINUBIS SFULNUNIYBIFIBE NI UV LA
(7) msiessiaunadundsnuildarnnsnaassiiemuamaUsinatuiunnmssdse U
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NaN15338
1n7lE¥NNTnT199 wagdmssvatusfunnndadvesinlaadfutunded (Ra-226, Th-232, K-40) lu
F29819N518918U1AUME Usenadulafide, 318M1nalnan JaNInaI9aT haryN8NIALIAZLAEU J9KI
UsyaruRiius 1w 3 Wudl Anvilaglivindedvinnefuiionuiqniae warssuuinnesituuunumaunlns

#i3 Md191NMInTIviakainseinaneEinddeladiauenanisnsnTausunauiudunnmssd dewieludl

AN519911 wana 38 AmdsnuilrantazUsunuihleasiuiunsadnaunulufiog1msenemauIna Useine
BUlATTY, YV18UINFLAT JIMIAFVAT, VIWIPLVINLLAEU FINTAUTEIIUASTUS

f7lean YIYRIAUIMNE : YrYRNELAAA: YIYRIAVIAZAYU :
Audunsed nuAUANINTSE (Bgrke) ANLUANINTSE (Bgrke) nuUANINSSE (Bgrke)

Ra-226 1.66 0.96 1.24
Pb-212 4.60 15.30 33.87
Pb-214 6.47 13.56 20.79
Pb-214 6.77 13.99 14.61
TL-208 1.09 3.67 9.21

Bi-214 5.87 12.03 17.86
Ac-228 4.59 9.38 2541
TL1-208 1.91 0.66 0.69

K-40 61.50 120.57 129.47

nan1sAIIa AR eaudsmSEluunamemauva Usemeduladiemevina dvan Smia
A998 LATTEMAIALIAEY FrTnUsEIUASTUS dmdumduiinnuidssmeddluninamtefiudiang q aunse
Funaildanaunisviegasildsumsiauandningimaniidanuiuazanuaulavafunsnsaiauunm
Silusssumivialan lumsinamediinnundsmesdluiuiisedne Iduanmailal el

ﬂl ' Y L v a L 2 v a A £ ]
5190 2 uans Arfufunnmsdauyaisision (D) uardnsiusinasidganau (Raeqlufedimsenemn

A0UTN AN Ra,q(Ba/kg) D (nGy/h)
dulallie IRV 12.53 6.14
aaan PYUINALNAN 30 14.17
U¥RIUASTUS YUYV INELAEY 58.73 26.97
AR5 1U(UNSCEAR,2000) 370 Bag/kg 55 (nGy/h)
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AED

H{IN

H(EX)

e

JUN 1 uans Andufunnmisdauyaisiien (0) uagdnsuiinaisdganiu (Raeq) ludee1mene
9NAN3197 2 wazguil 2 wansliiutrduiunnmisdauyasifsunar snsusunasidgandulueina
WUl Ushaiiuiivemainzieu Sminuseaiudsdus daaaniiiuiidug Jeradumsesaiuiunninidn

TdlumsinseiatudunnndauyasifounasdnUsunnsdganiu devas dwaliridnanamiulume

Y

A1919% 3 Lans Ardviiauidesssdnieuen Hey Ba/ke) dutimnudssisdnielu Hy, (Boske) wasdnsnuiunu
Sadnlasusel Annual Dose (MSv/y )

2 v . Bunadaaildsumeuen  USunusaanlasu - v
daun A1a819 , YSunausednlasusa
319018 (Ba/kg) aelu(Ba/ke) -
U(mSv/y )
dulalle Y1V 0.035 0.039 0.007
a@an FIYUINALVAN 0.082 0.085 0.017
—— . Y1YIIALYT
UF¥IUASTUS - 0.161 0.164 0.033
ALLNEU
ARSI
“ 1 1 0.48
(UNSCEAR,2000)
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0.18

0.161 0.164

0.16

0.14
o 012
w
<
— 0.1
E 0.082 0:085
T
008
s
el
T 0.06

0.039
0.04 0.035 0.033
0.017
0.02 0.007
0
Bali Samila Khao Ta-kiab
mH ex mH_in A.D. (mSv/y)
(Ba/ke) (Ba/ke)

31]17'; 2 uans fudmnudssfedneuen Hey Bo/ke) dudinrundss¥sdnislu Hyy, (Ba/kg) uazdnauiinuiadi
175usoU Annual Dose (MSv/y)

MNA519 3 uazguil 2 uandiduieandaianuidessidniouen fudanudseddnely uazdns
Usinadeailasusetinudt vsnaiuiivemeamnsifiou Smiausyaiuasdus fensusunaddildsunouen
i'NmEJLLamJ%mm%’ﬁﬁlﬁ%’Unwaiugqﬂiwﬁuﬁﬁluﬂ f1An 0.161, 0.164 way 0.033 AWEIFU Feoradums1zAn
fuunamadveasiion-226 fiawnn dwalinisiesmesiasednnudssdneuenaifuinudssddnely
warsnTUssdTlasusel sesaunldun memaaival Sminaswan Afleduienudessdneuen ezl
AudssssdmelunarsnsUSinasd@lasusel danviiu 0.082, 0.085 uaz 0.017 MNEIRU usAYdaLLEDS
$adneuen wagduianudssisdnmelulassnsuiinuiadlisudeldnloeninAunmusiunnsgiu (UNSCEAR 2000)
fAvunly

INNANTNAABIFINGD WU AadsfuTuAN NS Ev0TIREL-226 N8138u-232 uaslnunadeu-40 Tu
fufinevnaumd Usenadulaiide, vemaaival Sminaan wasmemanagiioy SminUseauasdus o
ANLANANGTY ?ﬁqawwztﬁmmﬂﬁuﬁﬁﬂmiﬁnmﬁﬁmmLLmﬂmqwmﬁﬂwmsgﬁmaﬁ videevvzinsuuidouvesans
fusfuniediinnlusssund uarfiuyudaiietun Fedudutadodvilfefusiunamididunandetu vio
mmﬂuﬁyuﬁﬁﬁﬁﬂwmzL*ﬁuﬁ”uﬁﬁwqa QL1 dnnsaranvesiumngg lnglanisiuunslinviinisazanans
fusunnmiadinnniriusindug inniian

dyduazaiusena

NM1519n15AnINavesrinvesidilraniuiunsediduntsweuiioy dnsrdruvesusunn
fusfunamsdlufogmmenemeiis 3 unasitaniaddlaeliviinfaduuunesuidouuianias (HPGe) 19
nalunsasain 20,000 sec/sample ngdiasgriinlaadiuiunnmisdidegluiegns Usznouse isiien-
226 Az2-212 MEA1-214 WnaLdeu-208 Jaiv-214 wonfiilon-228 Inunaiden-40 wuirdnsndrudiuim
Ausfuannssdaneglunasifieriuuaniuadmiss
a5 4 WisuifsusnsdUSunaiuiunnmdditesedldlusnegmseda 3 uvas

YUYWIAUIE : YrgMnELRaN: YYRIALVINZLAU :
f7leaannusiunsed ANAUANINSSE (Baskg)  AUSIUANINSSE (Baskg)  AutumnIn3ed (Ba/kg)
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Ra-226 1.66 0.96 1.24

Pb-212 4.60 15.30 33.87
Pb-214 6.47 13.56 20.79
Pb-214 6.77 13.99 14.61
TL-208 1.09 3.67 9.21
Bi-214 5.87 12.03 17.86
Ac-228 4.59 9.38 25.41
TL-208 191 0.66 0.69
K-40 61.50 120.57 129.47

dudriutunnmdedauyaisiiion (D) uazdninuiinassdganaulueinia (Raeq) Avwiinnmidesisd
mouen Hey Ba/ke) dastimnudssssdnislu Hy, (Ba/ke) wazdnsnusunasadilasusel Annual Dose (mSv/y
) TUfeE19MINBYIONIALAAINAAINITS

A151eh 5 anaisuiisuAdnsUsinuiidganaulueoinie (Raeq) Ariusfunnwiedauyaisiion (D) Ardwil

AMILAsTIAneusn Hey (Baske) dullmnuidssisdnielu Hy, (Bo/ke) wazdninusunassdnlasudet Annual

Dose (mSv/y )

AULUANTWS 9F prdadnudes  avdadnudes  ansauSuansed

v . ansUsuneused - v v o vy . e
A9E"9 - GGG HGHREIRN! Sednnelu l@susat
ganau (nGy/h) °
(Barkg) (Barkg) (Barkg) (mSv/y )
UI1a 6.14 12.53 0.035 0.039 0.007
adlvian 14.17 30 0.082 0.085 0.017
RGN 26.97 58.73 0.161 0.164 0.033

MMFATEiAasUTnasiganauluena (Raeq) Afusiunnmisdauyaisiien (D) Ardvtiniu
Aoefednneuen Heyx (Bo/ke) Andiwinnudessednielu Hy, Bo/ke) wagdnsusunassdlésusned Annual
Dose (msv/y ) luitufimnemauing Ussmadulafife SAwinfu 6.14 (\Gy/h), 12.53 Bg/ke), 0.035 (Bayke),
0.039 (Bg/kg) ez 0.007 (MSv/y ) #uaIeu

AnswiednsTnussdganaulueinie (Raeq) Ausiunnwisdauyaisidon (D) Andtinnuideaed
ANYUBN Hex (Bg/ke) Arddiainudsssadniely H;, (Bg/ke) wag ¥8ms1U5uusedaldsused Annual Dose
(MSv/y ) ) lulufigneninaiinan Sfaawan fasiafu 14.17 (nGy/h), 30 (Barkg), 0.082 (Barkg), 0.085
(Ba/kg) #az 0.017 (MSv/y ) Muasuy

Snsimassedganauluennia (Raeq) Arftunnnisdauyaisidion (D) Arfuilmnudsssdaneuen
Hex (Ba/ke) Andiaiiminundssdadniely Hy, Ba/ke) wardnsu3unnsediilasured Annual Dose (mSv/y ) Tu
FufvemeIngifoy SamiaUsyauAsTus ety 2697 (nGy/h), 58.73 (Bg/ke), 0.161 (Bg/ke), 0.164
(Baykg) wag 0.033 (MSv/y ) Muany

Fadinusuiunieded (dose limit) lanmuausuiusidseusugean (maximum permissible dose)
ﬁm%“wﬁﬂﬁﬂﬁmumﬁﬂﬁ fio 20 Had@iisnsiol waeluszeznandeliles 5 U Taeangegeluiflatvis Ao 50 fadd

vy
U a a

35 il Anuenwiionniediunds warlisunisiusainansunmd aifiGulasnaenssBnsssnie e
sumstlesiumaded Indrinusinaussddmiuyanainly dmsunsiusdamdnadvualividu 1 1ad0i35
N

uanani Seldihdeyailddlutsudoufudminsgiudtmualflag UNSCEAR Gemuiidrvasan

o

wdunnnSedanyaisifien (radium equivalent activity) iilAunfigalaun sremiawingiiey Jandn
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UsEIUAITUS dAnAu 58.73 (B/ke) sosasunlaunanaminaiina Jeninaswal Sauvnniu 30 (Ba/kg) wagh
Prenuva Ussmnedlaiidy dauviniu 12.53 (Bg/kg) muaiu

drurrvesdnUTInudLnungandu (samma-absorbed dose rate) AiflAnigalaun memain
AIAEy 39 TAUTZIVAITUS AU 26.97 Bg/ke) sosasnlaunaisninaiinan %Mﬁ’mawm A
14.17 (Boy/ke) wazw18uinu1ug Uszimaduladides dandy 6.14 (Bg/kg) m1ua1aU mmmmaﬂmmmm
ﬂuuummwwaauualjmwLLamwmam311Jsmﬁusmmummﬂaumaqmamwmmﬂammm 3 uviae JAnfl 15.76
(Barke) wag 33.75 (Bg/kg) AuasU

dvduradsvesieiiinanudess@ildsunnaieuendnenie (external hazard index) wummn‘wam
Taun gegmaIngiiou JinUsearuAstus daAnvinu 0.161(Bg/kg) sosawnlaun ¥reminainal 49nin
a9 dAvindu 0.082 (Ba/kg) Wazvemau1na Uszineadulaili@e davindu 0.035 (Ba/kg) muanauy

dufinnudes¥sdneluiifidunnfiaaliun memangiiou SmiaUszaiuaidus Tawiidu 0.164
(Ba/ke) sotaqunlaun w1ewinaiivan Janinasan dauviadu 0.085 (Ba/ke) uagaeninuima Usewedulaiide
fieinfu 0.039 Ba/ke) ANUATU waedns1UsuuT@TlaTusel Annual Dose (mSv/y ) ﬁﬁmumﬁqﬂléfuﬁ
PEMAIRiEy SmTaUsEIUATIuS SAuvintu 0.033 (MmSv/y ) sesaunldunfiviemeaina Sminawwan 3
AU 0.017 (MSv/y ) wavanemauma Usemadulaii@e Sawifu 0.007 (msv/y ) sudsu Sedidadesy
vesrsanudssssdnouen Aduiinnudesdidnnely wardnsusuasadnlssusetiveshegimmemema
W 3 uvas flAnd 0.092 (Barkg) , 0.096 (Ba/kg) waz 0.019 (mSv/y ) auanu

Tums39e Bos Msnratatusiunnmddlunereme awnsaedusenansiselasd anildinms
A52990 wagdszrmnuiuanmsddmzeesialrantutiunssdluiegrmseremauina Usemadulailide,
emnaiivan Sinaan warmesnwinsiieu SmiaUstaauAsius s 3 Wud Anvilaeldaindsdein
wediiilonuiavias uazszuvinnesiuuuinnanlasue? ndmnmansnaiauagiinnesiimdanuiilaas
fuiundad Ysunadileadiuiussdidunulufegimsemenia adedanudomnesed afudunninsed
auyaustion (0) uazdnsUinadidganauluenie (Raeg) lumedimsememn mdvianuidssidnouen
Hex (Bavke) dwdianuidnsiednielu Hy, (Bo/ke) uaziileduiudnsiusuinsediilésuied Annual Dose
(mSv/y) LLa”’mU’;"]5@151&"3%%’1mﬁuﬁummw%’a?iﬁﬁwaaﬂmﬂmsﬁﬁiﬂé’ﬁmﬁuﬁ’u 9 0.007 (MSv/y) dmsurenia
Uia Uszinaduladiiiy, 0.017 (mSv/y) dmsuriemeaiivan Jsninasvan way 0.033 (mSv/y) dmsurnanini
ALLAEU JMIAUTEIVASTUS ?jaﬂ%mm%ﬁﬁlé’%ﬁy’uﬁmd'm'wLaﬁammgmmaa%@gaamﬁ"’fﬁﬁﬂ (UNSCEAR,2000)
Faflarumneidssneuluiiuiidna e lifuuinasdsssumilussiuunidlefiouturiadevedan Usuna
%’ﬁﬁqﬂfmmma&ﬂuizéfuﬁwlﬁlﬁlﬂué’umﬂwia;ﬁﬁaeﬂjaﬁsﬁaﬁﬁmviauﬁaa Faaenadesfunuideves giedmm
YyAsesdn (2549) waranziilévinnisinuiinauazaaunmussiusiunnmsdlunsevemeiiivanuinm
yematnes faingiin S1uau 20 fegn Tnglihindsduvueedundenuianiuasssuunsinsssikuuuny
aninsalnl Tdaalunisiaanudunninssdveausazangns 10,000 3w wuindlelelnused ves Pb-212,
Ac—228, T\-208, Pb-214, Ra-226, Cs—137, Th-232 Wwag K-40 Uiﬂﬂgagﬂu&haﬂwmﬂ%wmméﬁ’aﬂén wazlevin
mii’mﬂ%mmﬁm:ﬁumﬂWW%’Qﬁiuiaiﬁiwﬂ%“ﬂﬁwuiw%mmﬁuﬁummw%’aﬁﬁﬁ’mlﬁagﬂummeﬁﬂﬂﬁ uazfiEenAaIny
nATeves unsanysal anlex(2558), Ustasd 1nws1SAn(2552) Ailsvinnnsinusunaiuiunnwdeduagnuin
Usnaufusiunamssdininldeglunasiung Lidusuasededilegendovdedfiumiondien

fu'1ﬂamamuwudwﬂ'm%mmﬁ’mﬁummw%’a?mmnﬁu‘iummﬂﬁ'mammmelﬂau JminUszaauAITusl
nfideutnsganiiivieniaumd Yszmaduladide wazvieminaivan daminasan MNHANT Adufinuil
iesnandnunizgivseimansagyiosi Ssdamalienilaadsuiunssduisiaduinadilivindy fawamsduiu
safinnudssUsinasdlneuildsuannansiseveshegmsememana 3 uwnasdidfilndidssiunazegly
smumm%mmgmﬁmum(uNSCEAR,ZOOO) mmL?imm%@uﬁumwagﬁszﬁwﬂa

e

JaLduDLu
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MnMsAnwImuIfiviiaddsssumaluneviemeiinitdiadsuinsgiuvesieyasiniilan
(UNSCEAR 2000) @sfianuvanginseanuulufiufigenanagldsuusinasdsssumalusssutnian usunnsed
fanandsnseglusziuilailfidusunsesodiiogerdeluiiuiidndiusognila egrdlsfinm Auiidasnsaaou
danduldun memamnesfiou SmiaussuAidus Suhedsiiivangninuiisnsiaseaildsuneuen
sumeuazmelugainitgndunazlndunnuvasey doyafimssiaaouity
1. Ysinadedluenmia (Exposure rate) 7iszu 1 wns wileiufiu USunaansiusunddlunuuayluh
Uslnavaaguwu Usunausaaulueinie

2. dnufthsusdduitudl wnldwuhfiviudiisuziadinund faguldiusinusdaiuaud
Ussrmuazuanildudulifinadenisfiusuauvesitheusnss Aeuiuuseddfudlssudugsll
geoufssziuivziinansenusieguain uimnnuindsnugiisuzianninund Seewmsiaaouin
Hadendnitilnduuzsafuddmfotoanniondioda Jadesman Iiun yni wén uafivmis
wifluerniauaglui
Husu vémnifuiasnfinsuriviinafdduiuildsuiaiuleloaiude wifdinaunies
wiesla

3. udsnesalssnugpamnssuiidsmadensiuyiinaidilaaduiunsedlusssund
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Application of the electrical resistivity determination of
ground layer for the groundwater sources prediction

Thanawat RangSungnoen'
Physics and GeneralScience Program, Faculty of Science and Technology,
NakhonRatchasima Rajabhat University, NakhonRatchasima, Thailand
E-mail; kruneng.kk@gmail.com

Abstract

The aim of this research was to determine the electrical resistivity of the
ground layer to search for groundwater sources to find drought solutions. | has
studied and selected techniques for determining the electrical resistivity of the
soil layer to conduct this research. By the method of placing Schlumberger pole
and choose areas that are affected by droughts and remote water sources as a
case study at Baan Sok Chan Phatthana Makluea Kao Subdistrict, Sung Noen
District, Nakhon Ratchasima Province. By conducting surveys and targets with
selecting coordinate points and referring to the data from the Department of
groundwater resources, that used to conduct preliminary surveys. | selected 7
points for measuring the electrical resistivity of the soil layer and 1 comparison
point. The analysis results from the ground resistivity calculation and using the
IPI2win program, it can be concluded that the survey points at A1l and A3 are
groundwater at the depths of 34.7 and 39.8 meters, respectively. There is
sufficient potential for groundwater drilling. The exploration point A5 has
groundwater at a depth of 62.35 meters, which is too deep. However,
groundwater that can be drilled and used must pass the quality inspection
process in accordance with the standards of water sources for the safety of
consumption of people in the area.

Keywords: Schumberberger, Groundwater, drought
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Development of quantum mechanics learning by integrated
teaching using normal scattering effects on charge transport
in a metal/superconductor junction
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Chiang Mai Rajabhat University
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Abstract

This research studied the transport of particles through a potential boundary well of
metal/superconducting using scattering theory and simulating the movement of free particles
in one-dimensional systems. Which aims to find the results of the transport of particles through
a mixed structure of metal/superconductors for s-wave by emphasizing the effect of potential
well with normal scattering and to improve the learning of quantum mechanics integrated. The
effects of normal scattering used particles on particle behavior through mixed structures of
metal s superconductors for s-wave. Found that, the effect of the potential well was an effect on
the chance of penetration and the likelihood of particle reflection. So, the conductivity was
depending on the reduction and increase of z. When applying to develop learning in the

integrated quantum mechanics course by collecting data from students the sample consisted of
50 people. Comparing the self-assessment results and teaching results according to the standard
criteria of all 3 courses (TQF2), intellectual skills (TQF3) and numerical analysis,
communication and information technology (TQF5), found that students were studied
integrated in quantum mechanics increase points and trends to higher learn quantum
mechanics. The percentage of the self-evaluation score is higher than the level of the test results
in all 3 areas, namely (TQF2) 40.74 percent, (TQF3) 75.93 percent and (TQF5) 77.78 percent.

Keywords: Quantum mechanics, Tunneling probability, Reflection probability, Development
of learning
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UnAnga

Janiidarnsiladidnnin €') Aganldsuanuauladuegisnn esnntandsnanansatild
Uszgndlazimungunsaldidnnseindfiddny 1wy fufvlseq gunsaifuarud Wusu fssnunisduwuian
nguesnletdimesewalns CaCusTisOr, (CCTO) uansdnAsitladidnadnfigeunn (> 109 eeslsfiniy dmiunns
Uszgnaldamiludunsdssiviiduiufulsey Janesidin CCTO Snsdlrunmuaudmsgaydendladidnainiigs
(tand > 0.1 fiaawid 1 kHz) iundanasgiuiisimun fadu mu’i%’aﬁgqLﬂuLﬁaﬁﬂmmim%uuas@mamﬁ’a%q
Fanoenluinesonalndlunguues ACUsTOL, iitoliflnuauTafivuzay Ao fid1 & figauazen tand s
dieftazanansoih Janiidnuluiaulivigunsaisidnvsednduarldnlénge lumudded Anvnaniouvestan
w@373n [NawsCaisYbislCusTisOrz (NCYbCTO) lngdgnisaanasianisaiuiousgaireuagiiunismiwnaa leily
Foulvsnag mefiinunswiuaaleduazmadnludoulusieg Anvimalassaiwesianivioslddnwisemaie
nsiagaLuuTessidiond (XRD) warAnwiaudanidladidnninarsimaiaduiivaudidedou (impedance
spectroscopy) HansnAaes nudn Yaqesidinyndetiainiodlsilassaauuugnuiad Auaniisnnsiinesd
AsEMIng 7.381 - 7.385 mansAnwandinsladidnain figuvniivies nuin a1 €' fergeandn 10° Tudasadnud

10%-10° Hz wawe tand fA1sewing 0.083 — 0.140 fiAud 1 kHz

AdARy: CaCusTicOrz, 318N, Aasiiladidnedn, Anisgapdenidladidnein
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Preparation, Phase Formation and Dielectric Properties of
Na13Cai3Yb13CusTisO12 Ceramics
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Surin, Thailand
b Department of Physics, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand
E-mail; 2tjutapol@gmail.com, °pthongbai@kku.ac.th

Abstract

Dielectric materials with high dielectric constant (¢'( have been interested intensively due to
such materials can be applied and developed to use for important electronic applications such
as capacitor and memory devices. It has been reported that the CaCusTisO12 (CCTO) oxide-
perovskite materials exhibited the giant dielectric constant (> 10%). However, for applying
capacitors, the dielectric loss tangent of CCTO materials were higher than those standard
values (tand > 0.1). Therefore, this research aims to study the preparation and dielectric
properties ACuzTi4O12 oxide-perovskite group for suitable and good properties, i.e., high &’
and low tand values. Such good dielectric properties of materials may apply to make the
electronic devices in actually work. In this work, the aims is to study the preparation of
[NawzCawzYb13]CusTisO12 (NCYDCTO) by a simple thermal decomposition method and
calcination in various conditions. The phase formation and the dielectric properties at room
temperature of the obtained calcined-powders were investigated and studied by X-ray
diffraction (XRD) and an impedance spectroscopy techniques, respectively. The results
showed that phase structure of all of the prepared ceramic materials exhibited the cubic
structure. The calculated lattice parameters were about of 7.381 - 7.385 A. For studying the
dielectric properties at room temperature, it was found that the &' values exhibited higher than
10 in the frequency range of 102-10° Hz and the tand value were found about 0.083 - 0.140 at
1 kHz.

Keywords: CaCusTisO12; Ceramics; Dielectric constant; Dielectric loss tangent.
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msiaumalulaiunisussAvgaunsadidnvseiindlailuluegnemng wastanladidne3niidianwedis

<

AFge (high permittity dielectric materials) #3e7iienan Jandfiriaanladidnn3n (dielectric constant, €') g4

a ¢ A A =

wazdaninanansadududdglunsdssAvgesesdiouazaunsalmslulasdidnnsefindidusdsnn Janid

lassasrsuvumesenalnd (perovskite) \unquianfifidmsiiladidnninginsedanlaueuriladidnesn (siant

dielectric constant) ausatunUszivgilugunsalnsdidnnsefindfid Aaysnee wu Fuiuusey (Capacitor)
w30gUnsalAuT1u1UTELAN (Mmemory device) v wsu (RAM) t8ugiu (Homes et al., 2001) Wuiuad .6,

2010 dafiudszglnihifimsndngiowaiaddnuauunnnit 1000 Fused wavduwiliufiasiintuegsieiilos a1y

D

mméfaqmisumqmmwmwﬁLﬁﬂmaﬁﬂéﬁtﬁwfu ﬁ%iﬁawwaﬁuﬁuﬂwaﬂﬂﬁ’lLﬂu%udauﬁLﬁﬂmaﬁﬂéﬁ'éﬁwm
gUnsaldidnnsednddne lnslawzgunsaifiierduimaluladdeans 1wy lunnszuuveslnsdnsisanios
(smartphone) azUsgnauseduivusyaduiuiudud vislumalulad “ugys (Bluetooth)” syuuisaslil
nileq avUsznoufieduivdszaiiufesda (khom et al, 2011) femail Fufvlszgluihdetuinduiud
3udnnsefindiifiunumddyesBsiensimumeluladdeanslusuan

Taevhlu nguvesianladidnainiidlassadrauuuimesewalnd (perovskite) SwanTanuieslsdidnasnuuy
Un@ (normal-ferroelectric materials) 434 BaTiOs, Pb(Zr,Ti)Os (PZT) kazhuushantaas (relaxor-ferroelectric
materials) 11 PbMgi/sNb1/505 (PMN) (Wu et al., 2003) 5uLﬁundmﬁﬁmmﬁim@Lﬁﬂm%ﬂﬁqq asuanuaula
sgenhernaargmihuwdndugunsaldidnnselindiuegrunsvatelutiagiu sgnslsinnu Tannadudananadad
FodrAasunisiasunlamugamaiifuegiann Ssnafinanenaneliinarudemesenisinlusegndld
UszAvfiugunanididnnsaindldiilogaungiigs uonainil Tannauil lnsdnlvgfidaulsenouresmeia (lead,
Pb) LHussddszneundndae duduiinsuiuiime fduduasiiv finolhiAefivdedeiinuardundeuls
Tnenss fedulutigsuifledumianlndidnminiifnuaifivmnsay dufo frnsfiladidnnings Aunmuausinig
gadensladiannin (dielectric loss tangent, tanO) i1 warliflosdusenevuewnsi wavinnuadssnmluns
vauluaningsnedld FaldFumnuaulauasiinsfnuideegiaunivans weannsatludssandiduduiuuseq
ihfuszavsamlumsynaugs

Tud aa. 2010 ldfinsmenumsiunuiagnguesnlatiflassairanuumesondlnd Ad1nsiladidnssn
a9 wagfinaBsuudasiogangiiuasanuiidosunn uenaintdildfasnedudussdusznaudae Tdud Yaqlu
nguoenley ACusTiO, F331n51891uFTonun Fageenleduaa@ounsuiveslumiiun CaCusTiOs, (CCTO)
(Subramanian et al., 2000) ﬁﬁalﬁdwL‘?;Jui’a@"l,w,auﬂm@tﬁﬂm%ﬂ ﬁLLamﬂ'wmﬁlm&ﬁﬂm%ﬂﬁqamﬂ (8'~10% 1il
dieuiuTagoonluidug Aflessadadeatu uenani¥agdnanirouddliivdsuuawmugamgilugag 100-
400 K dwiulassairendnvesianesiin CCTO Mdulassadauvuiwesenalndadie faanddunmi 1 lng
Usgnauseezmexvauaaido (Ca, #187) oy a1 sumiausiazysesgnuiaduagdnnisernouegigaaudnans
va3gnuen nelulassasisgnuian 1 mieysenaumeunsauwdaves TiO; 31usu 8 e awsadunale
Farauiusazmhewadgnuiadveslasiaiiandn CaCusTiOr, finsideusedumeszuudivasuveseandiou
&ousoulosaues Cu* Ewdey) feomadinaniaeilitani IWuemnuaulawasAnmainidnideduegienn
flausiintan CCTO aeilnmuantadia fo dAnnaiiladidnainfiguazaeuininsidegamniud uidsnsdaunuaus
nsgaydenniladidnedn figafuniidanmsgiuiivue (tand > 0.1) ey tinidvdnilvgasUssiduiiorian
wazUsuUpsandAmaladidnsinvesiansanan elviiussansamgdlunsiluuszgndldnulinds dufe msan
Ansgidndladidnain dmiuiinisuiuussandinisladidneinl ity nilduisdlatunisineide fu
og1anenns Ae msidadelessusine Tulassadrswesian CCTO wisuuiasuaniwmslwihnelutas (Li M
et al, 2008; Yang et al,, 2011) fegrutu msFedelossulanzues Me® wnuidumnimes Cu’ Tulassasns
v3¥agLes1iin CCTO wuin a1wnsaanA unulauinisgaidenisladidnasn wasiiud1nsitlndidnadnld
Wisuitsuiinnad 1 kHz wazgamaiivies lnefirndsnaniiiuszana 0.042 uaz 17,300 WewSsuiutagwsniin
CCTO #lsisiun1aide @9 0.125 wag 14,300 ANEIFU (Li M. et al,, 2008) woNIINE Fn13T1B3LNSUTUER Y
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$1uauluaves Caway Cuanunsaneliifinnszuiunisduassifutanaoulndniu luguuuuvestan
CazCusTieOr, (CCTO/CaTiOs) Uz UFIBLIHAYDY CCTO (3333 mol%) WAz CaTiOs(66.67 mol%) @117158
Usuugsantimaladidnenldiguientu dufie aunsoansunuaudnsgadenaladidnain luvueidnsd
AnsiilaBianA3nfigaAuni 1000 fgumniiviesuazanud 1 kHz (Kobayashi et al, 2005) nangiing1nani
anunsaUsuupanimsladidneinvesianesnfin CCTO liusansangdld

Ml 1 lassasieudnvesian CCTO; Usenausiglessues Ca™ @le), Cu™ @mdey), i @) eganelunse
wUanth, wacloopuves O (@una)

ueninieanmsdaasigitagus CCTO fignindoudeisnanauasuuudafuvio FBUjAzenanuy
999uT4 (solid state reaction method) FuUSRASBULUUALALLE? Imal%aﬁﬁv’ﬂéfu‘lmfjuaaﬂl%ﬂ (CaCOs, CuO,
waz TiO,) NMsusuugsautanialadidnasndenszuiunisdunsziiagus CCTO seddmuaiiilasunisiinm
061910 wazidusnmileiffussavsnmgeidmareantimaladidnssnuazasfvdlalihegann nszuiums
msﬁﬂmeﬁmqLﬂﬁL‘T;Ju"“g%'wﬁaﬁQmé‘aﬂlﬂﬂumim%ui’a@m CCTO 8191L4U I0l9a-498, I9n15A1THNALNDUITIY,
F3n15aaefnieaIusousgnsiny, AIndiuesinlalsda tJudu (Sun et al, 2008; Li et al,, 2013) ¥9fv94
nszvuMsduagiiannsieIosisnismand e 1Wunsruaunsitligsenn eynavesTanuaiidansgiled
yuadnuazasiden (Hoonit 0.1 luaseu) Jedwmaludenissauiusaldfninvunaveseynalg uaﬂmﬂﬁiumi
GAGERE mﬂmﬂuLWanawﬁmamamﬂ%mmmﬂaumamuaJ[fuLam‘ummﬂmaimﬁlmmumnuﬂ leiiey
nsvUIUNMIdIATERLUU TR AN SRR uaﬂmuamﬂumLtJumiammumuiuaameumammﬂm

9NNM5518YITBvesNgu Subramanian wazaue Smut Yandifllassairsuuvesnletinesonalndly
nda ACUsTieOy, wansantimaladidnmdniimiguieniu dufe daniladidnsiniigeminnii 10° deumdsenn
nsunuiana Yanduq iflassaauuuidisriuduianesiin CCTo Aldfunnuavlauaziinis@nwegisning
waziigauszasaiigatiuiieuiuugsandinisladidndnuasinunauantAliiussansnmaediazanusan e
UsgAngaunsaldidnnsedinduazlfldanliate Tanoonlevnguasiin ACUsTIO \ile A @9 Cd, Bixs, Yos, Lazs,
Na1/2Bi1/2, Nai2Y1/2, NaysCai/sBiys vJudu (Subramanian et al,, 2000; Thongbai et al., 2012; Kum-onsa et al.,
2015; Liu et al,, 2016) 91n51891W3d8 wuin Faguesdinngudanan visdnansaudfmaladidnainiia dude
AnsiilnBidnainiigauaziaiosdenamailugisnineg uasiidnsgaudendadidnadniisn 91nnsfnuTasuesn
fin Nayzlay2CusTiaOr, fignineuseteulunisunilunnsnety anunsauansenasiiladidnminganndszana 10°
FeflenlndiAnstufisneaulufanesifin CCTO (Thongbai et al, 2012) uenand Fansranuirfanesdn

Nai,2Bi1,2CusTieO12 8% NaisCar/sBiysCusTiaOr, hansautinialadidns3nin lnenuindlan tand A¥1n31 0.05 lne
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figsnsinuAnsiladidnesn gufundr 1000 feduannsnsdléin ssuuvestanesilin ACusTiOs Wundsly
szuuanledidnainifdnenmgauasdwnliuiazgnldlunsussivgidudiuseqludhle

Femniinanndisiu lunuitedisssdudionmsdaeset Anviaesdusznaulassaiiandnuas
andAnsladidnainvesTanesineonluiimesenalndngy ACUsTiOw 1nefl A fe [Na'sCa’1Yb* 1] Tu
sUuUUIAT3a$7 NaysCaysYbsCusTiaOr, (NCYBCTO) Tin3uulagiBnisaatsfmnsainuieustisdie (simple
thermal combustion) filunsz UM TILAa LAz wdnluteuluisaiy Tnsaenisinsnumares
nszUNNsdLATITikazdateveansmsaaleduazininludouluseg avdwalumsiiddeantinisladidn
minvestanusiiniidansesdls elvilnuandanunzaulunsihludssgndldnusugunsaididnmsedndse
Tuawan

IUILEIAYRINITITY
1. iloduns e Ianiesiin NayCaysYbysCusTiOr
2. veAnwinalassairsvestagusinfidaaszild
3. efAnwautAinladidnainvestagusinfidaaszild

EERVVPRERT

nsdaasgiTangesfin NCYbCTO MnFeulagdFnisaatofanianinuioussising (simple thermal
combustion) lutuneuusn navassssumudndnlnsluaveslufonesding (NaCH-COO), Snmesidunazdinn
(CHsCO0)3Yb.xH,0), wAaLdeuasdnn (Ca(CoH30,)2.H,0) karapUilasosdian (Cu(CHsCOO)2-H,0) avanalu
A1392A8NIATASN 5 W% (citric acid) waztefidulnanau (ethylene glycol) asluteadidanaznsuunauiou
(hot plate) nieurtumiliiiriusgaseiilasiouausinmgn (magnetic stirer) flgamgiivios nduiismsazany
Iyl (CieHs0eTi, 75 wt %) adluansazansludhefidatneduudmilidfuesteiouies udmnduiuion
uga (ethanol) U3unas 80 faddns asluansazansthafunazausgrssatilesuu hot plate lngldgamai 150 °C
unsesdusauinfueanin (vicous gel) viaatilaluaufigaumail 350 °C 1Wurian 40 unil Mé’qmm‘fuﬁﬁa@g
nawisunlviaziBenuassourunzunse thlumnuaaley (calcination) figamail 850, 900 uaz 950 °C 1uan 8
Flus felitanuainiduasusznou NCYbCTO garhetfaguemniegsfiandenlutuglinsmssaussiunuy
fienafiorwdrihanfituguudlunnin (sintering) igmmgd 1075 °C Buiian 12 Falus uasidieliiAnaay
iinlauazagmnsonisidondetaguedinuuaaletifing1d lnglddede Ae C800 S12h, C850 S12h wag C900_S12h
AUEAY

osfUsznaumalassadrsvastagesiniiduasedld gninwlasaglinadanisidonvuisdiond 4
wefladazorfonafsnvuiarnianssdwesisdond Tngldim 20 Budufl 20 osn uazdugn 80 osn doyadild
fuarvsvonislassadrendnuesaisosddsenoy wazanunsamansiindnvioamisifinesudn (attice
parameter, a) wardtasiginalassainsiioivaia Rietveld refinement vaslassadrananvesatsosnlsznauls
iWeButunsinuialassaiswesianfidaunsizsild dmsuiagiriunmsdanneiud azgniandnuandinided
dnm3niagldia3asilo Impedance spectroscopy ﬁ&y’qag o advilang uminendeveuniu e inldiiues
aglugUresnauglnil (Capacitance, C) warAunuaudveINsgaydenialadiangsn (tand) Tnglunuidodas
Farndanailuraeniud 10107 Hz feungiivies Serniidaldi aunsathludumdailadidinasnuosianld
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NaAN1538

nansAnwnIsiinalassaisvasanwsin NCYbCTO

mami"“zLﬂiwﬁé’amwﬂﬁﬂmﬂgmL‘U‘wuaa%@ﬁmmﬁmaqﬁ’ammsﬂﬁﬂ NCYbCTO 17ir:huﬂmmuﬂalszmﬁluﬁaulﬁu
A9 wagsunaiEmin (sintered) figaumgdl 1075 °C 1Juan 12 $2lue uamadanmil 2 wudn JUwUUNIS
LamwumamawﬂwmaamLezjimnwﬂm’;aa’mwaamevﬁlm LLamwmaﬂmanammaLsaﬂmamﬂaﬁwmmm (CCTO)
Tagfiszunu (200), (013), (222), (321), (400), (422), (440) WazszuTy (433) ﬁumaa@mimﬂﬂﬂﬁj@ﬂﬂnmmaulm
Lﬁmﬁuﬁgu 20 Useuna 34, 38, 42, 45, 49, 61, 72 Way 74 891 AIUAISU LLaz’Jfa@Lezmﬁﬂﬁqﬂﬁaasmﬁﬁmswﬁlﬁ
flassaauugnuied dslassadadisnanuansnunmil 1 Weiieuivfiavanazaenadesfudeyauinsgiu
CCTO (JCPDS 75-2188) (Subramanian et al., 2000) kazfanesifinnnfegsidunsesiladmmanuimayasy
(impurity) 194 CuO fisumiiss 20 Uszana 35 sam wlavassuiiintudenannd dnfimsnmanulutagngy
ACUsTiOr, Wuiienfiu uenanildsiinisnsanumalasuiures Cavb,0s lamzanusiidiunsiaiuaaled
950 °C \uan 6 $alus msfiauasutudand il aungesunnaavesgugiinaziatlunsndnils
winnzan syl lunesuduwa NCYbCTO ﬁi@iamgszﬁ Foulunsuidamainani enafinsudlelaensusu
gungfivienavesiininauaalsiuag mawndnlifianumzan dufle enaazdesanaiuay/Miogumngd
vosmasnaaleflazerduag

+ Na,Ca,  Yb Cu.TiO

13 3 4712

* CuO
# CaYb,0,

+ (220)

—— + (400)

+ (433)

* +
CO50_12h  # \‘L_J'\_“_J
C900_12h Pj‘ LJ k "L

20 30 40 5o 60 70 80
20 (degree)

Intensity (a.u.)
——+ (422)

A 2 JULuuNsReIULYesTidienduasTansnin NaysCaysYbisCusTicOrn MHunszuunswseluteuly
uAnenafiy

YonaNiua mngﬂuwﬂmgmLuusum%’ﬁl,aﬂsﬁ mmaaﬁwmmmmmﬁ'wﬁﬂmaﬁa@Lﬁvswﬁﬂ NCYbCTO
Adaaszild nudn Areefindniidualdvesiagusnin €850 S12h, C900 S12h way C950 S12h fiAndu
7.383, 7.382 way 7.384 A enuaisu mﬂwamﬁﬁwmmﬁaﬂdwmmWiﬂaqﬂé’ameﬂumwﬁ 3 9INAASTINENT
AuINlAAeiiA19g581I19v097d0 NaosYbosCusTicOr, kay CCTO AifiArasfindndu 7.361 way 7.391 A
(Subramanian et al., 2000) M1Ua1AU mm&;Lﬁaamﬂ%’ﬂﬁiaaauﬁwﬂ@mﬁ’u FeUsvneumeleosuves Na, Ca?*
wag Yb** ganszarefuuudulusiumis Asite Tnssadiandnvesian NCYbCTO efiansanludumia Asite
yuinveslonsu Ca” (1.00 A) fleglulassainatan CCTO nuin lovouves Ca* Svurndideutrdlugnilessy
yoaa Na* (0.95 A) uaz Yb>* (0.86 A) ﬁasﬂuiﬂiﬂa%ﬁﬂ NaosYbosCusTiaOr st Wefiansannisunuitlossuwes
W1 Na® (0.95 A) waz Yoo (0.86 A) audadrulualudundseslossy Ca? lusunis Asite vaslasadng
NaosYbosCusTiOr, SamuinAnsiindnvesianesiindiegns NCYbCTO fidmnalld fdegseninaiasiindnues
Fan CCTO Wag NaosYbosCusTiaO, tiufie fatdasnitfan CCTO uarda1u1nninTan NaosYbosCusTiOs
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audfu uaziielIeuiiisutuAasindnvesiani dlaseadranuuimesowalnd NaysCaisYisCusTieOr Fadu
Tasaad1afidiumus A-site Uizﬂa‘uﬁwmiﬂizmamaﬂlaaauﬁﬁmzq 1+, 24 LAY 3+ MUOAT1@NUTTUI 33.3
at.% winfu tiufle Na* Ca®* wag Y** nszaweglumumis A-site vodlasaadnedan ACUsTO:, 2MNTIBNUNTITY
maﬁa@ﬁaﬂdnﬁwudwﬁﬁmqﬁwﬁﬂ"dszmm 7.387 A (Liu et al, 2016) BsArmsfinandisnanitaideudrannnid
Wisadnifes eifisuiunanisnaaesuesriasiinanuesian NCYbCTO Faflamamdnidesaniniflessuves Yb**
(0.86 A) fimunfidnnitlooouves Y>* (0.93 A) et Ssdsnaliifinaruunnsinaszninsdiasasiindnes
lassainedan

7.400 F
7.390 - C900_S12h o
oy | CCTO
— O O O [Subramanian et. al., 2000]
1,3 7.380  C850_S12h C950 S12h
E L
=
= 7.370 |
)
=) r
5 7360 - @)
- | Na1/2Ybll2CU3TI4OlZ
[Subramanian et. al., 2000]
7.350 | | | ! !
Samples
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