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UNANED

At nguszasdfionanlusunsuyy wazivg vielusunsuelodmiuamaiingsy
waduziSeanszmnzlaane vila urothelial carcinoma TnenistmaluladdganussAvgundssyndld
TunrseunawadInenvesdaans i erreliaiusainseinazduwunivad nsuinizdaany
(urothelial cells) amuLNu9i Y03 The Paris System for Reporting Urinary Cytology, version 2.0 1ae
Ifweialassngszamifisuwuuasuligdu (Convolutional Neural Network, CNN) lagideanldy
SanesTiueudiiin (DenseNet121) iilosnifudane3fiudifiuszavsammuzandmiudusuusiass
(model) #ildlunswaulusunsuele InglifeyawadnszmnzdaanizananituusSauimnilunns
a519YARNAOUYANTIABULALYANAHOUKUUTIABY KT8 UTLiIUUTE AN NMUUUTIABIIENTAY
Al (sensitivity) A1AI1UTUNTE (specificity) A1AIIUGNABY (accuracy) LAZAIAINUL B9ATS
(precision) wagmmanudedeldlunisliditedswadnssamnelaanzsenindusunsuolofunens
wnng $1uu 50 AY (benchmark) Tagmarauaenadadtunislinaiidsainnismeandulseans
Cohen’s kappa kaN15M1AIMADULTEFIU @IUNITNIAINLUUATININLNLY (criterion volatility)
el Itadevesfiunensunnduasinwadinenduinasininggiu (sold standard) naainn1s3de
wuhiAauly Arrnudunig ARNgnees wazAANLLTiBInse Souay 97.50, 100, 98.33 uaz 100
audIdy 81 kappa 0.716 - 0.970 dsfinuaenndoslusedud - fuin wazdenmaaousisegu
YosmANdenAaodlunsAIdd lunnANeiY ﬁﬂﬁu%ﬂﬂjﬂléf’jﬂﬂ3LLﬂSMﬁZyJQJﬂU§$aU§:ﬁ’m§Uﬂ’]S
palinieaduzssnszmnztaanziduniedlofifiniunindede aunsaldifuedosdeativayy
msdpdulamsnsumdlunisitadougiSanssinedaanyles
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Abstract

This research aimed to develop an artificial intelligence program or Al program for
urothelial carcinoma diagnosis software. By using artificial intelligence technology for classifying
images of urothelial cells in urine liquid-based cytology specimens according to the criteria of
The Paris System for Reporting Urinary Cytology version 2.0. Using Convolutional Neural Network
(CNN) techniques by choosing to use the DenseNet121 algorithm. Because it is an efficient
algorithm suitable for use as a model used in developing Al programs. It uses urothelial cell
data from the National Cancer Institute to create a training set, validation set, and test set of
the model. The researcher evaluated the model's performance by determining the sensitivity,
specificity, accuracy, and precision and determining the reliability of urothelial cell diagnosis
between the Al program and 50 pathologists (benchmark). The consistency of the diagnostic
results was determined by finding Cohen's kappa coefficient and finding the median test value.
As for finding accuracy according to criteria (Criterion volatility), the researcher used the diagnosis
of a team of pathologists and cytologists as a standard criterion (gold standard). The results of
the research found that the sensitivity, specificity, accuracy, and precision were 97.50%, 100%,
98.33%, and 100% respectively. It has a Kappa value of 0.716 - 0.970, which is consistent at a
good - very good level and there was no difference in the median test value of the consistency
in giving the decision. Therefore, it can be concluded that the artificial intelligence program for
urothelial carcinoma detection is a reliable tool. It can be used as a medical decision-support

tool in the diagnosis of urothelial carcinoma.

Keyword: Artificial Intelligence, urothelial carcinoma, detection, diagnosis...

1. unih Haaududen Jasfotiddouenisaanisa
wsifanssmnedaaniy e uothelial  Bu 19U nsziwzdaanizdniau Femsnuunme
carcinoma fie TsaflinanerufinUnfivensad  szuumaiudaanziieTiadeliuyueu
Tunsumedaansiiinisadayivln fnsulen  denumddnuseifnaznsiasnaniouds ali
ot uTuiuead@auniegresands qu  Hiudaanzananaiesujuininionsaiaind
nareidutounsidsiun wasdeumiounfed  Windenvniviewaduziiwyduaywiol
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T1LABY wazunsnszegnszsuaionls win Faflarwusiugria 80% usilnnuiladoudaas
ananulsaléiSatezilonamels eghlsfiony e 16% [1-2]
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yrifesiadnnlentansvund usileas  vaeUusziufe anufssmsiunsasiafiunnug

(recurrence) uzidanszimzdaanizidunzised YIANTNYINT LU oS unmdauiead Inen
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NifumesugiSaisel
ludagdumalulagaudyayiuseivg
(Artificial Intelligence, Al) A& UNUINBYY
wnluunanIsunng isedaueanadivny
2817 @111509A97 PuNLarUTEINaNaTYa
(a1 @ee Toanw) Taegrsliusza@nsain 1agy
aussnatiunisifeugvesini o9 (Machine
Leaming, ML) #ifin15158usa1ndaya udnh
am{tuunldlunsiinaesinianisa vie
Fuipdeudsing 4 Wiy ussing nsFeus
voua3 aaansaluldanldvareguuunlog
ardelusunsuiiisenindane3iu (algorithm)
wazdaneifiuimaslasumnudende nmsFeus
13980 (Deep Learning, DL) %aﬁ%’%miﬁauiﬁw
wadansyhnuiidudnvuzinievisussaim
2.1 msaiadeuzansznzdaaizaiunae
UINIZIUVBY The Paris System for reporting
urinary cytology, version 2.0 (TPS)
YU udMsWauIT2UUNITI18UNA
71399 urine cytology 1ag TPS version 2.0 i
inasinmsidadeiduinasgufoaduildiui
Tan [5] devilldditedeitinugndeanseiu
Fanndt 1 (6] 1 eaaninasiuinsgIu TPS
version 2.0 lalwineuai (criteria) Tun1s3ady
wenadsevinneadfasdeindueadugise
nsziwrzdaanie (Suspicious for high-grade
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Wiga (Artificial Neuron Network, ANN) ﬁﬁmm
Snvanetu (Deep Neural Network, DNN) Aae
lassneusvamluaueavesuywd wazlud ..
1998 LeCun et al. [3] loinauslasaiguszam
Wieni ddnwaznsvhausuuasulagfu
(convolutional networks) Ingnsifiuduaudu
au (hidden layer) 1l 092819 n15FM UMY
SnwaiziiuvesgunmiuseAniamanniu way
Sonmedaid Tassdisdsvamifeuuuunou
I’Jausljuu (Convolution Neural Network, CNN)
wannisiaudunssuiunisaindnwasiau
(feature extraction) IA&NSHENLBIAMENYAY
iwuresingioglunwesnuiiou WU lduvey
ulAs uanidudes annandunmsuindi (nput)
Foyamaniululszananaluedetiodulszam
(Neural Network) 1 811A2 111191 uwda
Fuun (classification) Y Had s nT ooy ad
dsoon (output) Hudeexls [4] Fewgiisding
dnalan1siseusideanaelaseiguszam
Wisnuuuasuligtusnlduselovilunisdnuun
AEaAN NS Toudusin1sitadelsn

2. vaufjuazaudseiineadas

urothelial carcinoma, Suspicious HGUC) A
waauzLsanssinigTa@anay (High-grade
urothelial carcinoma, HGUC) A 38n15Wean/13l
USunanwadiinu nanie dmuwadidesnin 5-
10 wadazdnogluvda Suspicious HGUC Tagi
sUTwasgadainilouiu Felunasediduns
Anneiianednuuzveneadisda 2 nquil
Wurdaneidu wagldnisidadeniuineue
UIAIFIUYEI TPS version 2.0 1unauiveniin
wasuziSenszmnzdaaney fimsned 1
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The Paris System for reporting urinary cytology, version 2.0

Is there increased nucleus-cytoplasm (NC) ratio of at least 0.5?
Not including intermediate cells and basal urothelial cells.

r—-- NC ratio 0.5

Is atypia commensurate with
non-neoplastic findings?

- Polyomavirus?

- Granuloma?

- lleal conduit?

- Urolithiasis?

- Reactive changes?

Check for presence of:
- Hyperchromasia
- Coarse chromatin

- Irregular chromatinic rim

- @

At least 2 features present NC ratio 0.7

and
High NC ratio (at least 0.7)

At least
1 feature present

| [Quantltv of cells with these features]

[ Few, <5 — 10 cells |
1

[many |
i

A
-fod

Negative for high-grade
urothelial carcinoma
(NHGUC)

Atypical urothelial
cells (AUC)

High-grade urothelial
carcinoma
(HGUCQ)

Suspicious for
high-grade urothelial
carcinoma
(suspicious HGUC)

i 1 Lﬂmsﬁmmgﬁwum The Paris System for reporting urinary cytology, version 2.0 (TPS) [6]

SEUUNITINENUNALIARINYIRINAIUA
q Y9439NBEINTI “negative category”
nu18de n1snuweLtgaa und taglinunis
Wasuwlaswosead winsdiinunisidsuntas
L’Sﬂﬁam“mﬁm’]ﬂu “atypical category” GR
mﬂmvmmumaa TPS version 2.0 ¥MANTZUY
5y 9 Fuaznuin “atypical category” %UIWU
wnuazlifiusslovinienadn [6] Fadu TPS
version 2.0 Sesaungaddnuaizsng 4 filidain

dedlunsiin HGUC Tunendslindu “necative
for HGUC” Tnedi wadna i dodladl atypia
wsgIa1d9gdney Ty atypical cell (AUC)
wanand sUamuneves TPS version 2.0 Ao
Foantsueniaartastiu q Irdanudsses
HGUC w3 eyl saifunaslel “Negative for High
Grade Urothelial ( NHGUQ)
category” 3aiiUszloviiun

Carcinoma

A51991 1 anwauvvaLaaaNiS STy daaInLnaeiues The Paris System for reporting

urinary cytology version 2.0 (TPS)

AnwaLaIAY VI ITAS

LNEEINISRRANSMINLNLET TPS

awwad

1. wasnsywnzdaanizun® (NHGUC)
- Dupdgavuindn

- N/C 88111 0.5

- Chromatin agldun@An@ans

Negative for high-grade

urothelial carcinoma

e
®e

(NHGUC)
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2. waansyinglaaneiaund (AUC)
Tedavruinnany

- N/C0.5-0.7

- Chromatin @

Atypical urothelial cells

(AUC) “‘ A

3. wasuzsnsemnzdaanig (HGUC)
- Tedgauuinlig

- N/Cunndn 0.7

- Chromatin weURRELTLY

- Irregular chromatinic rim

High-grade urothelial

carcinoma

(HGUQO)

2.2 lasevnguszamiisuuuunauligdu
Tuns3seilifeadestunsimaianig
Weusldaanaielasigussamiiguiuuney
Tgtuanldmedunisnisunmgvsensiiasien
A deell un3nende Stanford [7] Uszay
anudnsalunstinuuuinaeswunnnseslsa
Aandeiidsaduuze Ineldiadenne Deep
Learning lsfanunsasuunainseslsafiandaiisl
audssandunzise Undsuleilnaeulasadne
Uszanmiiisuseguaneseslsauuilvisiilasy
arudevngainlsanin 2,000 Tsa savuandn
129,000 3U nouvzt1danainulunnaey
Aiasrzdnssunawimilafiunftuninses
TspfamdafiBunzide InawSeudfioutunanis
Aadyvaunng A Usingindanesiiu
aursadnunninseslsadmdslagndes
Wiguwivs emtleninan1siiadsvesunng
Aautle Hashmi et al. [8] lavinns@nwnnisin
oluveslpemsnienennisFeuduulaseas
Resnet18, DenseNet121, MobileNetV2,
InceptionV3 lag Xception 1aga1nn15A Nw1
WU7 1 DenseNet121 uay Resnetl8 Lo mAau
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Lag DenseNetl2l 91AA1SA AEINUIN
DenseNet121 @111 ueMg4n71 Resnet34
Tsuneki et al. [12] la¥inn1sAnwIn1sARNT B9
uziSeiedaanizlagldnisSeusidedinluguuuy
WSl ansegstaanizmasadinen Inglens
\Fousein vulaseas1eves Resnet3d wag
DenseNet121 91A15AN®INUI1 DenseNet121
1AAI1UAUEIFINT Resnet3d Krishnadas et
al. [13] ladnwnsn1smsiamlsaunanseuuy
gnludfnliunislaenisseuiiddnmelausis
Pytorch UulAS39d519084 Resnet50 way
DenseNet121 31nN15ANWINUIN DenseNet121
emnausiugnanit Resnet50
Fafunsisedsadonmaiaues CNN
yulAIAS19 DenseNet121 [2], [8-12], [14] 11
Wuwvudaesdunisiamuilusunsueledmsu
AINSINTATITTwRd NS anseinslaaiey
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]
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nsnaasudszansniwldsunsuele
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2 # 3 AseuuuIAnluN1SITY

nswwIsuyateyaninddunouded 1)
dumdlas (slides) filesunsidaseinduad
nszwnnzdaanzun® (NHGUC) lwaansyinng
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(HGUC) ¥finay 240 wad sauidusuiu 720
MnLEaa

Tneduneaaing) 91u 1 AY Lazdl
NYITUNNE WU 2 AW B1UBUTUNaIINTD 1)
Wi atud uninsgiunisideds (gold
standard) @3y label Tlusunsuelofiwmun
IaSeusludiuvestayalnasu (training set)
T93an539d0U (validation set) 3) Juvinifiu
Toyalvldnniwad

4.2 N1SANEDULAZES 19ULUUTI8DY
Juunmwadnsziwizdaaizuaznisudayn
dayanin

3398114 8anes7iu DenseNet121 lu
asasawuuinass lngvhnisususunanmdu
224x224 WaLga uwdusuainadeyalvden
581319 0 019 1 A1835 normalization lagvinnns
Wstayanie 255 wagvinnisuuadayaludnn
waanszwnedaannydu 3 via loun nwead
NHGUC nwiwaa AUC waznwieaa HGUC lng
dnsdanseudeyalnd ningadnsziniy
Yaanzdmsuldluwuudiaewdadu 3 ¢a
loun Jeyaringeu (training set) oyansiadeu
(validation set) LLam”a;guamaaU (test set)
AIUEIRY 9915199 2 Taevin1snadeunis
FUTBILUUTIABIRIUIY 3 ASe WEARAY

dl 1 o & &
A15199 2 NI WRANT TN
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doya doya doya
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M5 UsvdusEanE LU as
728 confusion matrix @ a1 ua1519% 14
UTLLTUNAE NS N1TUIUIENS BHAANTIINNTT
FUUNVDIUVUTIABY aetUSauliiaunuanass
(actual) w3ou1nsgrunsidads Tnemisradu
wuuwianguilu 2 ngu (binary classification) &
naviuie 2 Uszian laun tduwaddnuni
(abnormal cells) waztduiwad Un@ (normal
cells) [15] Tnei3uduasiiaidosavlaanun 4
A1 A
1) True Positive (TP) Aa Lwad A AUNALAZHA
Puneduwaaiaund
2) True Negative (TN) A9 Lgaa Unfuazua
ueduwaduni
3) False Positive (FP): lwagunfiuasnainuig
Wuwadiaund
4) False Negative (FN): tloaddaunfLayna
Munedueadund
nsiasgrideyaid etinan1sviiuneves
WsunsuelonnuFausuduunsgiunis
194w laaldmn1919 confusion matrix T u
w3osdlolunsuszifiunadndvesnsyueves
LuUSaes ATl wadnsymny aanedile
fnsimunwadidu 2 ngu elddoyalumng
confusion matrix §sti
- nqu7t 1 1wadund (Normal cell) Ao Lwad
nszanedaansiwadidusiln Negative for
High Grade Urothelial Carcinoma (NHGUC)
- nguil 2 lwadiiaUni (Abnormal cell) fio 1wad
nsgnnedaanieiwad Wduvida Atypical
Urothelial Cells (AUC) wagi9aa nsyinig
Yaaefwadifuviin Higsh Grade Urothelial
Carcinoma (HGUC) (Amunlsn AUC way HGUC
seglunguiwadiaun)
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Wieudunsvhwefignseaisiunvesmaiduns

YINLAZaU Aeaunis (2)
specificity = l*100 2
TN + FP

4) A1AUYNA B (Accuracy) ABdAdIY
Wesidusianugnses fsaunis (3)

TP+TN
accuracy =

100 (3)
TP+ FP+TN +FN

5) Aaiieanss (Precision) Wunisaula
lunsviunenatiu m‘sv‘fmwﬁgﬂéfaqé’w%’u
nahduvindianuaadunsiwalvg faaunis
(4)

precision:L*loo (4)
TP +

FP

M15197 3 M1519 Confusion Matrix VBITEUUNTIMUNLUU 2 Classes [2]

Tsunsuiele viune
(predicted)
U3n (positive) au (negative) By
waaraAUNR \waaunf (total)
(abnormal) (normal)
AUC HGUC NHGUC
o —
2| © T | HeuC
= a2l & E TP FN
o> 2 a8l & O o ) TP+FN
SRS Z| €& & (True Positive) (False Negative)
= 5 | S| ® 2| AUC
£ o
= 3
=5 3.
=21 5 SF FP ™
< 2 | 2 @ £ | NHGUC N . FP+TN
Y Sl g 8 (False Positive) (True Negative)
@
97U (total) TP+FP FN+TN TP+FN+FP+TN
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TUsunsuelevhung (predicted)
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TUsunsutalafunanisliaiidadeveanens
Wnng 91U 50 au taeldisuseiiuniiy
A0AAABIVBINITIATIEHLTAF LIS INTEINY
YaanzvedUsunsueladuuinsgiunisidade
wazMIIATIERwaaNzISanseine Yaagves
neSunndAunInsgunsidads (woniduns
Uszflupuaenadondusier) Inananismen
AMUEBAAA BILUNSITNAITEBRINA1TNIAN
&uUs¥anS Cohen’s kappa Lazn1SMIAIMAZDU
Ws8g1u WUl fA1 ANADARRDY Kappa B¢
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ABSTRACT

This research aimed to study the chemical and physical properties of clay for
handicrafts and the application of various types of color schemes for clay modeling. The study
was conducted based on the characteristics of 3 types of clay, consisting of Japanese clay, Thai
clay, and paper clay slip. The factor studied was the type of paint, divided into 3 types, e.g.,
food color, acrylic paint, and oil paint. Two levels of color, representing 5 and 10 percent of the
weight of the clay, were also investigated. The experiment was designed using Factorial in CRD

with a total of 6 experimental units per type of clay. The results found that each type of clay
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was suitable for mixing different colors. Japanese clay was suitable for mixing with acrylic paint

in the amount of 10 percent of the weight of the clay for sculpting with a moisture percentage

of 39.32 and a compression strength of 10.43 newtons. Thai clay was suitable for mixing with

food color in the amount of 10 percent of the weight of the molding clay with a moisture

percentage of 18.91 and a compression strength of 10.43 newtons. Finally, paper clay slip was

suitable for mixing with oil paint in the amount of 5 percent of the weight of the clay with a

moisture percentage of 25.16 and a compression strength of 12.43 newtons. The clay used in

the craft was suitable for molding products in a variety of forms according to the texture of each

type of clay.

Keyword: Thai clay, Japanese clay, Paper clay slip, Crafts, Chemical and physical properties
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ABSTRACT

This research was aimed to study the optimum conditions for reduction of free
fatty acids content in coconut oil to less than 1% w/w by using esterification reaction with
methanol in the presence of Amberlyst 15 as a catalyst. Coconut oil, which is used as a
substrate, has an initial free fatty acid content of 3.93 % w/w. In this research, the effects of 4
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different types of important variables towards esterification reactions were investigated. These

variables included methanol content, catalyst content, reaction temperature, and reaction time.

The results of the study show that under the optimum conditions (methanol content of 10 %

v/v, catalyst content of 7.5 % w/v of oil, reaction temperature of 60 °C, and reaction time of

1.5 hrs.), the free fatty acid content in coconut oil was reduced to 0.90% w/w. All four variables

had a positive effect on the esterification reaction of free fatty acids in coconut oil, except when

methanol content was 20 and 30 % v/v

Keyword: Biodiesel, Cation exchange resin, Green catalyst
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Hudomdwiasiieg dmsumsldnmelulssme
dwaiiinn15v1anan1en15A Tnandndud
‘fﬂﬁuL%@Lwﬁﬁﬁmmﬁwﬁz:gﬁiamﬂsi’muﬁu’ﬂu
mAUduaz AR MNTTY Ao thifufiua [1]

[

nAndantaiunadlnsdeufids
svvunlUlueuan saudan1silandesndayiu
ﬂzymmsl:dﬁ"auuﬂawamquﬁmmﬂaa’m
JULTS s?fqmmmﬁuﬂuwammﬂmﬂmlwﬁ
Fowmasntlnsideuilifnnsudesuiadeu
nvanitalantuuFinasnn (2] femniFatlid
AN TUNI TN SNUNAUNUTR §199)
othuldunundsnuandlnsdou Tnowd s
noawnurdand o uraulanaziinisldiuogs
nf1svndlutlagiu Ae lulefiea (Biodiesel) G4

VUL LN WARNUT b TULAS ae8ud ALwale

o A
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Tnensdaglidesdinsdaulanadoseus Tnonis
19luledwaavildrur 8y lnanus ununsly
vstud wad wsguanandinnid oy i
AT TN SN AULBIN A UNS 397U
WHudnsiud windennazdadunisasuasia
musiuRsuLAsssAl TuUsEIne 1ng
Aelul w.a. 2580 Uszinalnedidnvunglunis
W adndaunsTong I unaunuRas N 191U
‘vmaLﬁaﬂ@iamﬂ%’wﬁwm%uqmﬁwEJﬁi”asJas 30
(AEDP2018) [3]
Uszalneduuszmenuasnssud i
Fnenmlumsuaalulofiea neilssmundniann
15 WA A& InsHaRTINLINNTT 11 AMUAnS
sotu dmsuTngaundnildlunsuande ity
Undu eehslsAmuneludsemadfidsiufivsln
3uq Mdumaden Feaunsaanldlunisude
Tulofwald i difuuewim dduays thiu
Sumdes diudidasuaziiiuass Inslans
ogsBahdungniiduingiumadoniiunaula
1Juegaun Lﬁma}'mmw%nLﬁuﬁ‘nﬁﬁmsﬂgﬂ
WudwuanluniangYusenuazaialives
Useinelne ﬁmf’u%ﬂmmamﬂé’dwLLazﬁiwmgﬂ
FeawesingAvezdwarilisniveslule
flwasadae [4] uenaNndannnisAuisiy
ugwirudubsuiifinsnlusududluuiings
11N31508ay 90 [5] J9dwanmnoauURluA U
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YoIANUIUMUNISAnUL A eendwduresiu
ToRwainanldannthuusnd

Tulefiwa Ao NoUDLDARALOALNDTUDY
nsnlasuleena (Monoalkyl ester of long chain
fatty acid) nanlAaNASEUIUNTNIIUALENB-
AT (Transesterification) #ioLoanagedda
(Alcoholysis) Ineldiuanonsaiudaussufizen
waziindlwesen (Glycerol) Wunawassldiisinman
Tudemndled Geanansnihunldlugnamnssue
91715 1A3 eadeLazgRa N TILAne Tnglu
nssumsansRaduRe Tnsndlwelse (Triclyceride)
FadussAuszneundnvenituiivuas lutudn’
Mufiseniuueanssed dwiulssmalveinng
wanlulefwariauiialeames Jueanosedily
suidunuea lneujisemsudieanesiia
Fuvealnsndwelsaiuiumusananaduaunis
willawsil (6]
RW—? OCH;

o]

Rz—'! OCH; + TH
C

Hz—o—é' R, Ha—OH

Asalfiaen

iTH—OﬂP—RZ + 3CH;OH
c

wmuaa

Hg—o%—ﬂ3 Rrg}_omi H>—OH

Insndvwalsd

witalames nawosea

’Lumaammmmsmvuaaﬂ,ﬁummﬂgﬂ'ﬁmw
Huwa lesndudeufisoviadannnis
U ATemsudieameIliaduladndnfdugs
UfAlunsn winsldfusefisonvansd
fodrinluFomwasnunmvasingiuSusudly
Favzdoalinunng Inedediusuiunsaluiv

Sasyenin 1 wWasidudlaswinyn [7-9]

2

aﬂﬂﬂliﬁmwufwﬁuﬁﬁﬂmmwrﬁmmﬁ%ﬁﬁmqq
danalilulefiwadindnldfisnangenulusae
Femailutiagiuiailiniseswaumnnneiew
fazldinnAuifinanimd FeiuTinaunsaluiu

a

dasegd willsnagn W Wiluusznauemsi
Tduen dnfuitwselududniniivsununsaledu

dasrgeuaztidunIANATTUIUNTNARNITY

o

e Wudu dmsunisuan lulefwaaininsiuie

N

vieluiudniniusnunsalududassgaasl
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anunsaldnszsuIuNMIMIIudLea- wesiiadulae
THwaduiusswiasoldlaenss iesann
lastuBaseiflogludifuasvhugasenfusdause
UfAsenvaldaydundninst nsayfiintuas
vinlansnanvesufiserflauviaifistuvie
liiAnea desuniunisiinujfsen lasay
danavilviale (Yield) vaslulefiwaanaansaly
anunsnvhufAseneluld uenantaydssumu
msuentuvesnaweseatululefiwa vilvdedd
nanlunsuenuy [6] faunsuasiulefimasn
5113’14‘*7@W’%aimﬁué’m5ﬁﬁﬂ%m1mﬂsm1mﬁu§aizqq
Sededldnszuaunisuuu 2 funousdl
Fumoud 1 duiafuiiondelusiudniun
aninansaluudasslivdosimn 1 wesiius

o

Imsﬁmﬁ’ﬂﬁwﬂﬁﬁ%mLaama%‘Wmmuﬁ’mum

aaa

uaslagldnsaidusussljisen UFAsefiAntu

@

wanaduannisiedilasadl [6]

Ausaunsen
—_—

I
HO—J!—R + CH;0H CHsO0—C=R + HO

———————

ninludiudass  wmuea wialeawas

Tutumeutnsaluiudassluiuiianie
ladudniazinuiseneamesniaduiuwm
uealdfiaeamesuazinundnios

Fumoudl 2 tmduilldanduneui 1
ugisemsudeamesiliaduiuumiusalag
THwadudnssfaser Favai dould fe
loiasulansenlen (Sodium hydroxide; NaOH)
UfAseniAnTunansduaunaindléssd (6]

Q

Ry— H-OCHQ

H;,_—O%—R1 Hz—OH

O T
S RZ—JI—OCH3 + TH
C

TH—OJ—Rz + 3CH;OH
C

wnuea

Hy0—C—R; Hz—OH

R3—H—oc Hs

o . o
Insnéiwalsd wialesmas névasea

Turuneuillnsndwelsandluinduiymie
ladudniaziugisemsudieamneiinduiu
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wnuealelfuadudussfisenliwiawames
uazndlesea

Tudunoudl 1 sﬁqLﬁu%umaumsﬁmﬁﬁ%m
amesiliadu szfinsldnsaduiassufisen
Tngluilagiunsaiifenldfe nindaiin3n Fudy
Aiseufiiseneniiug (Homogeneous catalyst)
ag14l5A A b eusiTnsadai a5 nazid uduss
UAzenii fiuszansninge wiffideidenane
Usensiawn Aesiinismdnnsadanasneanann
KAnasindunendiniiufisedugeas 39
Foddindusuaunnlunsés dediduneuly
matahddailavsidunsn Snvansedaiiain
Faiansouregunsnifidulangsnas [10] 3
Fordomanivlnidone ndsnunasndiudunu
Tuntswamlulediaa [6] InTeilduv09nsa
Faf3nnanaid i liddnideaiuiuunn
\donldisaufnseniTswug (Heterogeneous
catalyst) § i uvesuds aursanwsnsenain
nAnSuYvsoasHaNvesUAsela e lidod
msldilunisananandasiuaslidostiduneuly
Astdaundng Tagdals W Asevangiin
annsathnduunldenldegeiiuseavanim aan
Ao fimsliFaussufisolunanengs
Wiiduaseiduasdsmmireludmnded wu
drufustud i uUsgUanaindanumd en e (1]
woslaleumslua [12] Montmorillonite-based
clays catalysts (KSF, KSF/0, KP10, wag K10) [13]
sdunania sulossuilid enenisanduneu
LWesadn 15 WaNUBSAds 16 LaNLUBTAdnA 36
wazweuLUadaas 70 souvslanzesnladain
199 Avdunse Wy SOF/Zr0s, SOZ/Tax0s,
SO /Nb,Os waz SO/ TiO, & sluussafaisa
UfAzeiduvesuds nguuesiussufiseonsd
wnaniasulossufimuirauladusgisuan
Wesmndufinsdedwindou fnnuamuse
mufeu annsathndunldanldvanands Snis
ge@1u1509anbe buUSu1uunn [1, 10, 14]
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TnglawgegaBauouuesaan 15 1ufussuizen
Afszansnmuagianuiumnzduuiiseea-
wesTledusunmeiligus nelinendnoames
Tutsinaugeuaransnsminduanldsnld (14
uonand Sl uidedldiuTsuiien
AU783IVR AT ATE1ITTRUG USBLANLS
Fu 4 vlin lown wouuasdad 15 (A-15) wesiues
§ad 35 (A-35) wauLUBSTAAA 16 (A-16) waz
1auINg HCR-W2 (Dowex HCR-W2) siaUjjisete
amoifl-aduvesnsaluiudased dludhify
Usznauamsildudrmeligamgiilugag 50-60
paAnwa saLarUTuIALT U AT e 12
Wosdudlaeinin naitlduandliifiuin FrA
Conversion 931 19 util 0w flunis
\AnUfAseuazdsinuiusAseniinduas
SunnaeshvesinseufAsenduded A-15
> A-35 > A-16 > lawang HCR-W2 [15]
miAdeieivedsdannuaulafiagdng
Aeatunsihtunendndfauaine e
57A190 wadluSuaunsalududasygeanin 1
Weddudlashuinunanysinansaluiudasy
Thmdernd 1 weddudlaetmingeufase
wawmesiladuiuwnuealngldieuuesiad 15
Wudssfasen Tagagviinisuiniaed
wanganlunsiniisemdeniafinunaves
Fuuseiiasine Addnyeuffzeeamesiliady
voansalusudaseifluhiuuenim

2.70 aunsal wazdFaiunside
2.1 #snedunazasiad

Yrstunndnd dnsalestudass 0.03
Wesuslaeumndn @ Lorika: Uszinelng)
drshuendniiinselatudasy 30.50 WosiSudlag
‘limﬁﬂ WNUea (Kemaus; Australia) LRULBS-
aas 15 (Supelco; twasull) Lan1usa (99AnT
497; Useinelne ) loasulansonlan (Ajax
finechem, Australia)  4ad W9N1a w (Kemaus;
Australia) waglnunadeulalasiau- nmas (Ajax
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finechem; Australia) lngensinilynulineniiu Leos-
sa 3 | s a I a I3
woesadas 15 waziueaWyiauduniniaiizy
druneuiuesaad 15 Jurdaiilddnsunide
waziannwazluedndudunsaiesujuiRinig
Tnguauuasian 15 wandaglunini 1

2NN 1 wauLUesaas 15

2.2 AMswTENUNuULzNEIINiing

lusiudass 3.93 Woddudlaetivin
Tuauideilditunend s
nselusudasy 3.93 Wesiuslaetminduans
Fagu Feanunsawmiealdanmisdnisiunsndn
FfUsiansalutudass 30.50 Wesidud g
i (enuSouiigungdi 110 ssmivaiioa

v
o o

Wi armTAALT U wazi n1snseeidn
?{ﬂL%‘U‘wuaﬂLL%ﬂmuﬂizmwmm Whathman
No.1) naufuLsTunswdafdnsalutudasy
0.03 Wesiiudlaemin dmdudtuuzninng
finsaluudasy 0.03, 30.50 wag 3.93 Wosldud
Taeshwin LLamasﬂumwﬁ 2

(n) FFA 0,03 % (9) FFA 30.50 % (@) FFA 3.93 %
A 2 ddunendnndnsaluiudasy

0.03, 30.50 uag 3.93 Wesduslaerimiin
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2.3 n1suan1znmunzaulunisan
Usunaunsalududaseludnduuzniiali

widemnd 1 wWasidudlasthuiin

(1) Tdthifusendmusinaddnunag
Turinanumefutuusuia 500 faddnsinngeg
vuaTesmuamnioslinrudou

(2) viosdndrauLAugasItIiuADYIN
daunans wioldlunismuuiulessivevesans
TinnnduasgansnauvesUjizen aevInaudng
sunilsorumesTufimesiieltingumgiives
asnauLazAvIndugavinedelddmiunig
WamueauazfusugisenUameandaum

(3) Thaueuiutiifuuznimiouis
nunaenawnednsISIATauRagungll 60
pswalded Aows) WRuumusaaslululIuu
fifmun Tnsnuaue umgdliasif 60 s
AL

(@) \Auueniueidad 15 nmUIuwi
svunasluluansnauvesjizen antduiadu
Juiian

(5) lonsunalunniaufAzelivans
HANYDIU A3 8189l UNTIBUENNIUNTEATYNTOS
Whatman No.1 waznsieudafudu iilowsn
wosuesAar 15 oanly udadsansnanves
UfAsfieglunsaoueniisliday lelians
KA

(6) loduihifudaeg fudreonlddnines
udahlulimnudeuiigumail 110 ssrniwaidea
destimousniumueaiivdenarthiiatuan
UFisen Tneuloumusauazihszvelunuauda
arlalivosenmainiy

v

a

v
U a

(7) fanAnSausinfuis RS uudahly
miFinansalududaseindeogd035n1s
11135711 AOAC (2000), 940.28

dmsunisdansgunsallunisviiufasen
asnanveslfizenienainisiteniuesaan
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15 waznsmaanskaNveaiisendial i eiuly
nmusnuanIeglunmi 3
2.4 NSANEINAVRIAILUTTUARIG
saufjiseasimasiiaduy
Tusudsedlavimsanwnavesianys
wilasnaq gy 4 %ﬁmﬁﬁﬁaﬂﬁﬁ%a%aamaé—
fipduvosnsaluiudasyludtunend 3w
wdsivanil Téun YSunanamiuea (5, 10, 20 uay

s1BsUIAAa
nNgIINwW
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30 WesidudlagU3ung) USunadussujise
0, 5, 7.5 uay 10 Weddudlagthmindeusinms
yosuniiu) gangiluninfnufasen (40, 50
WAz 60 BarwaLgya) kaganbunAnUgAzen
(0.5,1,1.5 wag 2 T2lu9) laolusmsd
MN13ANYINAVDIRIUTUS aZTT AR IAUA R
wswiindue) Senasfiuasusiaznmedivhnsing
awvhdegaiien 2 s

aaa

(W AT AR RIS Un o U MRS i SRUFF e

NsANkEULUDTAAA 15 wazn1shanINanvesUfAsenlunsewen

2.5 MFIATIEHENVANIINIEATN
vaeuAnfnaiisiy

dloldnmefimnzalunmsanusuanse
Tsfudassudn awvnsdamssidsuewimig
nsalusiudaszing 1 Wesduslnethainidie
i lUdesgiaudAnisnieamunslsen1saiy
WNsesgu lawn anuvdla (ASTM D 445-
19a) ANURUILUY (ASTM D 4052-18a) uas
Usunauth (ASTM E 1064) a danddeuazsimun
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ARSI ToIA AT VST Ueann Aes-
Vaisdu $1110 (unasw)

dwsuidediofldlunsmarnnunia
(Auto Viscometer; Herzog model HVM 472)
AMUMUILLIL (Density Meter; Anton Paar model

DMA 4500 M) waz U3 uraui (Mettler
Toledo Coulometric KF Titrator C20) LLamaE‘J:
Tunnil 4
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(n) wserinANunin

() ASTINAIILIUILLY

() wsaNInUSUIN

2nA 4 we3eatiadunsultlunsmainNunia ANuLIBLLLarUSLIMLN

a o =

3. NAN1528LAaZRNUIIBNE

Y v ~Ne v S v oa a

PTUNE NS 1IN D uansaenuiuSuna
nsalvsiudase 3.93 WosWudlagumdn
Fnway Wuveuvamin la awmdes Failanse
lafudassluinduueninfnujiseeamesi
wutuuealagldweuuasaas 15 Wusisa
Ufnsenazldufiaeamesuazundundndoue
AIFUNTS

Amberlyst 15 j
— CH+/0—C—R + H0

wiaeamas

o]
Ho——R + CH;OH

nsalvdudas:  wvuea

drusunsaleduiidussdusenaulu Insndwe
lsAuaainsuuznsninansabuuduakasnsn

(0]
Il
CH;-(CH,),,-C-OH + CH,-OH
nsnaasn wnuea
i
CH,-(CH,),,-C-OH + CH,-OH
NIANIALIAN wuaa

0
I
CH,-(CH,),-CH=CH-(CH,),-C-OH + CH,-OH

nsalawadn nuaa

Amberlyst 15
——

—_—

Amberlyst 15

\l

Amberlyst 15
P——

—_—

Tostulldusalaun nsnAwsan (Caprylic acid;
C8:0) wazAIN3n (Capric acid; C10:0) N3A @830
(Lauric acid; C12:0) nsalusafn (Myristic acid;
C14:0) nIAWIadiAN (Plamitic acid; C16:0) nIAd
Wesn (Stearic acid; C18:0) nsalatadn (Oleic
acid; C18:1) wa¥nsmatutadn (Linoleic acid;
C18:2) Tnensaaesnidunsaluiuiififusuu
winfian [16] deiudlensalududase il
ugniinUfATeeameIiiatui ey 10y
wiiaeamesvansalutumani wu wiia-
aoL30 (Methyl laurate) Luiianading (Methyl
palmitate) waziuvialotatan (Methyl oleate)
Fauanslunnunng 1

I
CH,-(CH,),-C-OCH, + H,0

wiiaaaisn

Il
CH,-(CH,),,-C-OCH; + H,0
wianadiva
it
CH,-(CH,),-CH=CH-(CH,),-C-OCH, + H,O

wiialawalen

A 1 Uiseneanesiiinturesnsaluiudaseiumuea
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3.1 nsunziwunzaulunig
anUSu1aunsaluliudassaznIsANEING
Ya9AWUTUUAR19E)

3.1.1 wavaIusuILUNIUDa

s UgAsoneameI liadudu
UFRseTidunduls fefuddesnsliiasen
Tufraniuintuled endnduendusiuaunn
Feffeddusmanunueaiiinnifune Tun1side
HlavhmsfnvmavesSinaamiuea ¢ A ldun
5,10, 20 wag 30 WoesiduslasUiuns 1y
Tummuﬁﬁwmiﬁﬂwwuﬁ’muﬂﬁﬁaLLﬂiﬂjﬁmé"‘uq
NS iJsmzumLiqﬂgnim 10 Wesidudlag
dhwiinseusinasveniniu gamgiuaziaums
AaUfATe1 60 omLwalfoauay 2 9219
mudyu wafilduansegluami 5

1 0.92

=wia

0.8

Wmnsnlviiudas

0.6

0.4

(wWadidudlaenimiin)

0.2

0 5 10 15 20 25 30 35
Vaamues
wWedigudlasuiinas

ANN 5 NaVeIUTIUUBARBNTS
inufAseneamnesiadu

Y27 n15A N (530 1T uslag
U3u1a3) viliuFAseneamestaduintulés
Fsaziulaainnisiivsuunsaluiudassly
dritumdesnin 1 wWeddusleeimin agnslsh
fnstdusunaumueaties (5 Wasidudlag
U3ims) et eamesiiaduinauld
AfpuninisldUsnaummueandug wasileld
USinanuvueatdi udwdy 10 wWediduding
U5ams UATenee  Anldaundu Seasiiuls
9100157 Usuraunsaladudasesi i olu
nanfausiinuanas Ingavanaundeiios 0.41
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Wosfuilaeimin uidloldUsunaaumivea
20 way 30 WoesidudlaguSuinsaznuinlu
nansusiiTudusuunsaluiudaseiiuiy
Entos Mluuionniiienn mnitusunamm
ueaRina1UAseneameIT-atuAnTulad
WHuegreunn Sevilsdung adundndusivin
wilwenfAsenint wdusaun dwals
aunavesufAzendeulumedneldnsaluiudasy
LAZLINUDANAULN ﬁﬂmmawﬁaﬁamﬁw’ﬁuﬁa
ﬁwﬁtﬁmmnﬂﬁﬁ%mmﬁma?ﬂmi’fmﬁmﬂﬁﬁ%m
1glnsada (Hydrolysis) Aulnsnawelsaue gy
wgnsnlansalududasy [10]

g msuUSunauniuead Lninzau iy
H37eiden 10 wWesldudlneUsuesilosnnduy
Usunaumuead vlsmdsusunansaludy
sasyluigfusinia 1 wWedidudlaguindn
faudnUsunanumueaninaaglilyauSunouy
nuoaivesiianiviliing eusuunsaludiu
daszendn 1 wWedidudlasiuniin usigide
ANANIIINALEINITOANAIILLTIVBINSITA YT
findesn 3 vinaddlaeiivsunansalusiudass
Tudsiudinsiing 1 Wesdudlagimn

3.1.2 WavaslsuuAusUfAzen

UfnseeamesiinduiulfAzeily
nsndusssufiten defuuTnuiuseiisen
Fadusuusdneiandafidanudify Jelunu
Wodlduenvesaas 15 Hudussuiasen Tas
wouwesdad 15 iJulstunanideulessuuin
(Cation Exchange Resin) ifimnsidunsags 3
lulassasreaziing nsadalniln (Sulfonic acid
group ; -SOs H) figag AutaumIniuudy oy
Tassaisveaueniuasdad 15 uanseglunwd 6
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— (CHCH,),,—

SO;H
AW 6 TAssaiwesueuLuoiaas 15 [17]

Tuns33eilafnvinavesUSunasaiss
UATe1 4 A1 ldun 0, 5, 7.5 waz 10 Wesidus
Tnethmindeusuimsveniniu Tnsluwaeiivi
MsAnwagimualiiulsyingug danaed
el Uswnasumuea 10 wWesifudlaeusunas
gaunndl lumsiinufisen 60 asmLsaideauay
nalumaifeuiisen 2 $alue Tngwadilduans
oglunnil 7

Wnunsalviiudassmitvde
P ¥ .
Gudlaenmiin

(ol

U ndaufiien

£ o ¥ o
(Waddudlasiwindeuinasvoniiiy)

a a o aaa \
AN 7 NaYIUIUFILTIUNNIBIRBNNT
inufAseneamnesiadu

gt 7 wansliiiurudielildueuiues-
dadt 15 \Judusaisen Ujnseeamesiliadu
vesnsaltudassludhiiunendnorlietunse
Aedulatosunnnelunan 2 dalus wddloldy
wontuasaan 15 ashuluansnanvesuisen
Wie 5 wWedudlasdmdnseusinasveninty
wwu UFseeamesTaduannsaiatuls
Huoged newdeufAsenduanasaeiiuiuin

o A
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nsalusudasswdoogluigu 1.07 Wesibud
Tnethwin wasiiodudsinauemueiaad 15
Fuludn saruslumsiaufsenfasdiuiu 39
suituldannnsiivsunansalotudaseiily
vafunzwinanased el ssaunssianie
Wies 0.41 Wesiiudlnethuindioldusunauey
wesaad 15 7 10 Weosidudlnsuminde
Usinasvosiniy
Tl ”stiuaﬁ]sJLaamﬁmmLLam

wedaad 15 71 7.5 Weddudlaethwindetsinms
e

WuuSurad wmuizan o esannidu
USHULTS

Uffzeitesigaivilivdousinanse
Tyshudasyinin 1 wWeddudlagtmin

Ya u oA

3.1.3 Wavesamuugiilunisiin
Ugnsen
RN

°

aillumsiinufisendududsdn
silavisiiddydenaiinufisoneameithadu
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ABSTRACT

Heat stress in power plant operations is considered a serious threat to the health and
safety of workers. This study aimed to perform a heat stress assessment using the WBGT
index among power plant workers in the context of climate change. The study was conducted
at 23 operating locations and involved workers engaged in the electricity production process
at a power plant in Rayong Province, Thailand. The study's instruments included a Wet Bulb
Globe Temperature (WBGT) monitor and a heat stress assessment tool. The heat index was
calculated to evaluate the impact of heat exposure in the study area. The results of this study
showed that the WBGT values during work ranged from 22.7°C to 32.5°C. The relative
humidity ranges from 67% to 70%. The metabolic rate of 198.5 kilocalories per hour is
categorized as a light workload. This is compared to the standard values established by the
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit
Values (TLVs) for heat stress. Most of the values are within the specified range. Assessing
the potential hazards of heat exposure using heat index measures requires extreme caution,
as sunstroke, heat cramps, and heat exhaustion can occur after prolonged exposure to the sun
during physical activities. Climate change significantly impacts human health by increasing
the prevalence of heat-related illnesses, respiratory conditions, and the spread of infectious
diseases, ultimately straining healthcare systems and threatening public well-being.

Keyword: Assessment, Climate Change, Heat Exposure, Occupational Health, Power Plant

1. INTRODUCTION

Heat is a significant and common
health risk for individuals working in a wide
variety of environments, both indoors and
outdoors. The combination of heat exposure
from the work environment and heat
generated by metabolic processes can lead
to an increase in body temperature.

v A

Uit 18 atiufl 2 nangreu- Sunay 2567

[11[2][4][53]. Heat stress is a significant
factor for individuals who work in high-
temperature environments for extended
periods. Heat stress, particularly in outdoor
workplaces in hot, dry regions, can affect
physical and mental function, impairing
human performance. The assessment of
occupational heat stress must be conducted
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using internationally recognized indices.
[3]1[5][6]. The Wet-Bulb Globe
Temperature (WBGT) index, approved by
the  International  Organization  for
Standardization (1SO), is one of the most
well-known and frequently used indices for
estimating heat stress among workers in hot
environments. This index takes into account
the effects of basic parameters in any
human thermal environment. [9][10][11].
Currently, climate change is having serious
impacts on the safety and health of workers
worldwide. Workers are among those most
exposed to climate change hazards, yet they
often have no choice but to continue
working, even when conditions are
dangerous. According to the latest
estimates, over 2.4 billion workers are
exposed to excessive heat at work each
year, and around 1.6 billion workers are
exposed to solar UV radiation. Air pollution
is also a concern for billions of workers,
particularly those working outdoors.
Hundreds of thousands of workers are
dying from  hazardous  exposures
aggravated by climate change. Extreme
weather events are increasing, exposing
workers to wildfires, flooding, and major
industrial accidents. [8][13][16][22]. This
aims to reduce workers' health hazards and
monitor body heat to ensure it does not
exceed safe levels, according to the
American Conference of Governmental
Industrial Hygienists (ACGIH). [7][42]. It
has been found that body heat from work
should not cause the body temperature to
rise above 38°C for those who are sensitive
to heat, or above 38.5°C for those who are
accustomed to heat. Otherwise, severe
symptoms may appear, such as fatigue,
vomiting, dizziness, lightheadedness,
fainting, and a rapid heartbeat.
[12][15][27].

In Thailand, the Department of Labor
Protection and Welfare issued an
announcement regarding the temperature in
workplaces. The Ministry of Labor requires
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the measurement of Wet Bulb Globe
Temperature (WBGT) during the hottest
month of the year, as well as during the two
hottest hours of the day. [38][39][44]. The
organizations  required to  conduct
measurements are as follows, organizations
that use heat sources or perform work that
may expose employees to heat. Employers
are required to prepare and provide personal
protective equipment as necessary and
conduct health checks for employees
accordingly. [11][25]. Climate change in
Thailand impacts outdoor workers by
increasing the risk of heat stress,
dehydration, and heat-related illnesses due
to rising temperatures and more frequent
heatwaves. Workers in industries such as
agriculture, construction, and transportation
are particularly vulnerable to these
conditions. The intensified heat and
prolonged exposure to high temperatures
can also lead to reduced productivity and
increased health risks, including fatigue,
sunstroke, and long-term conditions like
skin cancer. These challenges necessitate
effective heat stress management strategies,
such as adjusting work hours and providing
personal protective equipment [44].

A combined cycle power plant in
Rayong Province, Thailand. There are two
systems involved a type of power plant that
combines agas turbineand asteam
turbine to generate electricity. The gas
turbine is used to generate -electricity
directly, and the exhaust gases from the gas
turbine are used to generate steam in a heat
recovery steam generator (HRSG). The
produced steam is then used to drive a steam
turbine, which also generates electricity
[40]. Furthermore, electricity is produced
continuously throughout the 24 working
hours. Through the observation of
individuals involved in the electricity
generating process, it was found that
employees' work must be inspected during
the production process in each location
[47]. Some places have high temperatures
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leading to the heat in the workplace could
risk workers. This power plant has
established safety procedures, but it's
insufficiently thorough or efficient.
Therefore, this study aimed to assess
heat stress using the WBGT index among
power plant workers in the context of
climate change in Rayong Province,
Thailand. The information gathered will be
used to provide comprehensive guidelines
to improve the efficiency of prevention and
control measures for potential risks and
hazards affecting workers in power plants.

2. MATERIALS AND METHODS

2.1 Plant and Process Description

This is a cross-sectional study
conducted in a power plant located in
Rayong province, Thailand. The data
collection was conducted throughout the
months of April to May in the year 2024.
The investigation was conducted in an
environment with continuously high
ambient temperatures ranging from 37-38
degree Celsius for around 3-4 months each
year. The standard daily working hours for
employees are 8 hours. However, during
periods of high production, some workers
may be required to work an additional 1-2
hours of overtime on random days.

2.2 Methodology

A total of twenty-three stations
throughout the power plant were chosen as
locations where workers could potentially
be exposed to heat stress. The heat
measurements were taken using guidelines
specified by the National Institute for
Occupational Safety and Health (NIOSH)
[55].

2.3 Tools and Equipment

The research is using the Heat Stress
Wet Bulb Globe Temperature (WBGT)
Meter model EXTECH HT200 as its
primary tool. The measurement process
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complies to the 1SO7243 requirements.
Effectively completed the calibration
process for the measurement instruments.
Perform the calibration procedure to ensure
the precision of the device on January 18,
2024. This is an immediate evaluation of
the WBGT index. It is enough to take one
measurement at a height of 1.1 meters
above the ground, where the heat stress is
highest. The equipment will be positioned
in close proximity to the eat source [55], as
shown in Figure 1.

Figure 1. Heat Stress Monitor

WBGT [19]
2.4 Heat Stress Exposure
Measurement
The WBGT-TWA values are

measured and calculated using the 3M/
QuesTemp32 heat stress monitor, with the
serial number TPQ030024.The accuracy of
the instrument is calibrated according to the
DIN EN 27243 standard on Januaryl8,
2024. The WBGT test should be conducted
for a two-hour period that aligns with the
highest level of heat stress, known as the
peak heat stress. Specifically, this occurs
during the daytime or when the heat-

generating equipment is being used
[38][39].
Additionally, the  measurement

period is scheduled to occur at regular
intervals of five minutes, resulting in a total
of 23 samples within one hour in certain
locations. The measuring point should be
situated at the precise location where
personnel carry out their tasks, totalling
twenty-three points in total.

The standard methods allow WBGT
calculation inside and outside buildings,
even without solar radiation data, using

Vol 18 No.2 July — December 2024



these variables in equations 1 and 2
[38][39][55].

For indoor and outdoor conditions
with no solar load,

WBGTin = O.7an + 03 Tg (1)

The formula is modified for
measurement of the environments of the
environment outside buildings with solar
radiation:

For outdoors with a solar load,

WBGTout=0.7Taw + 0.2 T+ 0.1Ta 2

Tw is the natural wet bulb
temperature (measured with a wet wick
thermometer exposed to the local air
movement and radiation).

T, is the temperature in the centre of
a 150 mm diameter black globe.

Ta is dry bulb temperature refers
basically to the ambient air temperature
measured by a thermal sensor, such as
ordinary mercury in glass thermometer, that
is shielded from direct radiant energy
sources.

Although wind speed is not directly
measured and included in the above
equation, Tnw and T4 combine the effects of
radiation, humidity, air temperature and
wind.

To determine the average Wet Bulb
Globe Temperature (WBGT) according to
the 1SO 7243 standard, Ministerial
Regulations: The standard of management
and operation on Safety, occupation, and
workplace environment regarding to heat,
light and noise, B.E.2559 (A.D.2016) [58].
and Notification of Department of Labor
Protection and Welfare prescribing
Measurement, Analysis Method and
Regulated Business Type related to Heat,
Lighting and Noise in Workplace, B.E.2561
(A.D.2018) [38]. The time weighted
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average WBGT is given by the following
formula as shown in equation 3.

WBGTrwa= (WBGT1x T1) + (WBGT2x T2)
+....+ (WBGTn x Tn))/ (T1+T2+...+Tn)

3)
where:

WBGT1 is WBGT (°C) in T1 (min.)
WBGT2is WBGT (°C) in T2 (min.)
WBGTn is WBGT (°C) in Tn (min.)
T1+T2+ +Tn = 120 mins at WBGT
Max.

2.5 Heat Stress Assessment

2.5.1 Workload Assessment

Under conditions of high temperature
and heavy workload should determine the
work-load category of each job as shown in
equation 4 and the assessment of work as
shown in Table 1. [7][57].

Cool rest area: When heat conditions
in the rest area differ from those in the work
area, the metabolic rate (M) should be
calculated using a time-weighted average.

Averagey= (MD)(tH)+M2)(t2)+.....+(Mn)(tn)

(t1)+(t2)+.....+(tn) (4)
where:
M = metabolic rate
t = time in minutes
Table 1. Assessment of Work

Body position kcal/min*

and movement

Sitting 0.3

Standing 0.6

Walking 2.0-3.0

Walking uphill Add 0.8 for every meter
(yard) rise

Type of work Average Range
kcal/min kcal/min

Hard work

Light 0.4 02-1.2

Heavy 0.9

Work: One arm

Light 1.0 0.7-25

Heavy 1.7

44

Vol 18 No.2 July — December 2024



Work: Both arms

Light 15 1.0-35
Heavy 25

Work: Whole

Body

Light 35 25-150
Moderate 5.0

Heavy 7.0

Very Heavy 9.0
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*For a standard worker of 70 kg body
weight and 1.8 m2 body surface. ACGIH
2.5.2 Metabolic Rate

The metabolic rate is impacted by the
employees’ job responsibilities and the
period they are exposed to heat during
work. Refer to Table 2 for instructions on
how to choose the appropriate work rate
category

Table 2. Metabolic Rate Categories and Example Activities

Workload Metabolic Thai Examples
Rate [W]? Regulation
(kCal/hr)®

Rest 115 - Sitting

Light 180 <200 Sitting with light manual work with hands or hands
and arms and driving.

Standing with some light arm work and occasional
walking.

Moderate 300 201-350 Sustained moderate hand and arm work, moderate
arm and leg work, moderate arm and trunk work, or
light pushing and pulling. Normal walking.
Moderate lifting.

Heavy 415 >350 Intense arm and trunk work, carrying, shovelings,
manual sawing, pushing, and pulling heavy loads,
and walking at a fast pace. Heavy materials
handling.

Very Heavy 520 - Very intense activity at fast to maximum pace.

& Metabolic rate from TLVs and BEIs by ACGIH 2015 [56]. The effect of body weight on the
estimated metabolic rate can be accounted for by multiplying the estimated metabolic rate by the ratio

of actual body weight divided by 70 kg (154 Ib).

b Ministry of Labor of Thailand. Ministerial Regulation on the Prescribing of Standard for
Administration and Management of Occupational Safety, Health, and Environment in Relation to
Heat, Light, and Noise B.E.2559 (A.D.2016) [36].

2.6 Heat Index

The heat index is a measure that
considers the combined impact of heat and
humidity to determine the perceived
temperature. Direct sunlight raises the heat
index by 15°F, which can be utilized to
estimate when outdoor activities should be
avoided and the resulting health effects, as
shown in Figure 2 and Table 3 [41][43].
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Table 3. Effect of the heat index

Possible
heat
disorders

Classifica Heat Index
tion

(°C)
Over
54

(°F)
Over
130

Heat
stroke/sunst
roke highly
likely with
continued
exposure
Sunstroke,
heat
cramps, or
heat
exhaustion
likely, and
heatstroke
possible
with
prolonged
exposure
and/or
physical
activity.
Sunstroke,
heat
cramps, and
heat
exhaustion
possible
with
prolonged
exposure
and/or
physical
activity.
Fatigue
possible
with
prolonged
exposure
and/or
physical
activity.
No adverse
effects
expected
due to heat

Extreme
Danger

41-54 105-

130

Extreme 33-40 90-105

Caution

Caution 27-32  80-90

Safe <26 <80
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2.7 Factors of Clothing

Clothing provides an insulation that
reduces or prevents the transfer of heat
between the skin and the surrounding
environment, providing thermal resistance.
It is important to conduct a heat stress
assessment, as it determines the rate at
which sweat can evaporate from the skin
and cool the body. gaps, flaps, and
openings in clothing, as well as air
permeability, can alleviate heat stress by
directly transferring hot, moist air from the
skin to the environment [57]. The ACGIH
has classified the modification of clothing
using the requirements [7] shown in Table
4.

Table 4. Clothing Adjustment Factors for
some clothing ensembles

Clothing Type Addition to
WBGT (°C)

Work clothes (long sleeve 0

shirt and pants)

Cloth (woven material) 0

coveralls

Double-layer woven 3

clothing

SMS polypropylene 0.5

coveralls

Polyolefin coveralls 1

Limited-use vapor-barrier 11

coveralls

3. RESULTS AND DISCUSSION

3.1 Characteristics of the subjects

A total of 23 work areas were
discovered in the power plant through field
observations and onsite discussions with
power plant workers. These activities were
carried out continuously in sunny weather,
every day of the week. The workday
normally started between 07:00 a.m. and
07:00 p.m., depending on the arrival time at
the site. However, it was found that the
activities of power
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plant workers, both inside or outside,
were limited to a maximum of 3-4 hours per
day. Normally, all employees comply to a
uniform dress code which consists of long-
sleeved shirts, long trousers, safety
footwear, protective helmets, and safety
gloves when on responsibility. The results
of this study were consistent with several
prior studies that climate change and
occupational heat stress in outdoor workers
are likely to cause dehydration, fatigue,
dizziness, disorientation, decreased brain
function, loss of attention, and pain
[18][20][21][37].

3.2 Heat Stress Measurement and
Assessment

The heat levels associated with the
electricity production process area were
measured at 23 work areas. The average
maximum wet bulb globe temperature
(WBGT) measurement value was
determined to be 32.5 degrees Celsius,
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Celsius, respectively. The comparison is
conducted using safety guidelines as
specified in the ministerial regulations that
set the standards for managing and
operating safety in heat-related work.
According to the findings of Light and
Sound 2016, the temperature in the work
area was not going over the specified limit
of 34 degrees Celsius. However, when
compared to ACGIH's standard criteria, it
was discovered that the temperature
exceeded the standard at all 7 sites, as
shown in Table 5.

The results of this study were
consistent with several prior studies that
WBGT index is rising. The explanation for
this increase could be global warming or a
lack of suitable work conditions in these
areas. It would be a warning for workers
who are working in outdoor environments
or hot operating conditions [27-30].
Therefore, regarding the adverse effects of
the heat on workers' health and impose
additional expenses on workers, it is

while the average minimum WBGT  jmportant to evaluate the working
measurement value was 22.7 degrees conditions of them [49][50].
Table 5. The result of heat stress measurement
No.  Work Duration Weather Standard Evaluation
Location Measured  Condition Exposure Compliance
(mins) Measurement Data limit
TLV & AL
(°C)
Tawe  Tor Tos WBGTinjout WBGTrwa @) ) @) )
€9) 0
1 Location No.1 120 Sunny 28.2 37.8 337 31.1 (in) 311 340 31.0 Pass Not Pass
2 Location No.2 120 Sunny 289 372 339 31.0 (out) 31.0 340 310 Pass Pass
3 Location No.3 120 Sunny 281 353 349 30.3 (in) 30.3 340 310 Pass Pass
4 Location No.4 120 Sunny 279 352 333 30.0 (in) 30.0 340 31.0 Pass Pass
5 Location No.5 120 Sunny 282 377 321 30.4 (out) 30.4 340 310 Pass Pass
6 Location No.6 120 Sunny 289 416 334 31.9 (out) 31.9 340 310 Pass Not Pass
7 Location No.7 120 Sunny 278 388 334 30.6 (out) 30.6 340 31.0 Pass Pass
8 Location No.8 120 Sunny 286 356 342 30.5 (out) 30.5 340 310 Pass Pass
9 Location No.9 120 Sunny 290 368 350 31.2 (out) 31.2 340 310 Pass Not Pass
10 Location No.10 120 Sunny 283 324 322 29.5 (in) 29.5 340 31.0 Pass Pass
11 Location No.11 120 Sunny 207 274 271 22.7 (in) 22.7 340 310 Pass Pass
12 Location No.12 120 Sunny 220 272 268 23.6 (in) 23.6 340 31.0 Pass Pass
13 Location No.13 120 Sunny 283 376 338 30.7 (out) 30.7 340 310 Pass Pass
14 Location No.14 120 Sunny 301 383 379 32.5 (in) 325 340 310 Pass Not Pass
15 Location No.15 120 Sunny 283 372 338 30.9 (in) 30.9 340 310 Pass Pass
16 Location No.16 120 Sunny 28.7 386 349 31.3 (out) 31.3 340 310 Pass Not Pass
17 Location No.17 120 Sunny 281 355 350 30.3 (in) 30.3 340 310 Pass Pass
18 Location No.18 120 Sunny 280 402 327 30.9 (out) 30.9 340 310 Pass Pass
47
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19 Location No.19 120 Sunny 279 376 347 30.5 (out) 30.5 340 310 Pass Pass
20 Location No.20 120 Sunny 281 405 328 31.0 (out) 31.0 340 310 Pass Not Pass
21 Location No.21 120 Sunny 279 361 327 29.8 (out) 29.8 340 310 Pass Pass
22 Location No.22 120 Sunny 30.0 380 375 32.4 (in) 324 340 310 Pass Not Pass
23 Location No.23 120 Sunny 283 349 338 30.2 (out) 30.2 340 31.0 Pass Pass

! Regulation of The Ministry of Labour B.E.2559 (A.D.2016)
2 American Conference of Governmental Industrial Hygienists (ACGIH), 2017

3.3 Heat Exposure

Through the observation and
documentation of employees' work
postures during the electricity production
process, specific work characteristics were
identified. These include driving from the
office to the work area, growing stairs,
inspecting machines, recording
information, and preparing computer
documents. This activity has a metabolic
rate of 198.5 kilocalories per hour, which is
classified as a light workload. Heat
exposure is a major cause of health issues
in outdoor workers. Therefore, there is a
need for implementing control measures
and continuous actions such as
environmental and physiological
monitoring, light clothing, and flexible
work shifts [45][46][48].

The measurement of the Heat Index (HI)
for the 23 work areas in this study. The
result found that a total of 21 places were
identified to have a Heat Index (HI) falling
into an "Extreme caution" category,
indicating that extended exposure and
physical exertion could potentially result in
sunstroke, heat cramps, and heat
exhaustion. UV radiation causes short-term

48
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injuries such as sunburn, skin blistering,
and eye damage, but the long-term impacts
can be severe. The International Agency for
Research on Cancer (IARC) has classified
solar radiation and its various components,
specifically UVA, UVB, and UVC, as
carcinogenic to humans [22,31-35].
Nevertheless, the likelihood of power plant
personnel being impacted by this intense
heat is likely to be low because most
workers do their duties indoors and have
limited exposure to outdoor tasks, as seen
in Table 6.

In addition to the environmental heat
that is imposed on the workers, these
individuals are at a high risk of heat stress
due to the high metabolic heat load that
occurs during their shifts. This work
involves intense arm and trunk work, as
well as the carrying, pushing, and pulling of
heavy loads [23][24][26]. As a result, the
organization includes heat-related hazards
as a key priority in Occupational Safety and
Health policies and strategies, recognizing
the importance of protecting workers and
workplaces in general from this growing
risk, and defining assesses and initiatives to
be implemented [51][52][54].
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Table 6. The result of heat index assessment

No  Work Location Time Relative Heat Index Clothing Work Metabolism Risk Decision
Measurement Humidity )P Adjustment  Load Rate (kcal/hr) 2
(%) Factor

1  Location No.1 09:30-11:30 70 37.9 100.2 None Light 198.5 Extreme Caution
2 Location No.2 09:30-11:30 70 376 99.7 None Light 198.5 Extreme Caution
3 Location No.3 09:30-11:30 70 358 964 None Light 198.5 Extreme Caution
4 Location No.4 09:30-11:30 70 351 951 None Light 198.5 Extreme Caution
5  Location No.5 13:00-15:00 67 36.1 96.9 None Light 198.5 Extreme Caution
6 Location No.6 13:00-15:00 67 39.1 1023 None Light 198.5 Extreme Caution
7  Location No.7 13:00-15:00 67 358 96.3 None Light 198.5 Extreme Caution
8  Location No.8 09:30-11:30 70 36.3 973 None Light 198.5 Extreme Caution
9  Location No.9 09:30-11:30 70 38.2 100.7 None Light 198.5 Extreme Caution
10 Location No.10 09:30-11:30 70 33.9 929 None Light 198.5 Extreme Caution
11  Location No.11 09:30-11:30 70 229 731 None Light 198.5

12 Location No.12 09:30-11:30 70 239 749 None Light 198.5

13  Location No.13 12:30-14:30 67 36.0 96.8 None Light 198.5 Extreme Caution
14 Location No.14 12:30-14:30 67 40.8 105.3 None Light 198.5 Extreme Caution
15 Location No.15 09:30-11:30 70 374  99.2 None Light 198.5 Extreme Caution
16 Location No.16 09:30-11:30 70 384 1011 None Light 198.5 Extreme Caution
17  Location No.17 09:30-11:30 70 358 964 None Light 198.5 Extreme Caution
18 Location No.18 13:00-15:00 67 36.5 97.6 None Light 198.5 Extreme Caution
19 Location No.19 13:00-15:00 67 355 959 None Light 198.5 Extreme Caution
20  Location No.20 13:00-15:00 67 36.7 98.1 None Light 198.5 Extreme Caution
21  Location No.21 13:00-15:00 67 33.9 930 None Light 198.5 Extreme Caution
22 Location No.22 12:30-14:30 67 405 104.8 None Light 198.5 Extreme Caution
23 Location No.23 12:30-14:30 67 348 94.6 None Light 198.5 Extreme Caution

& Ministry of Labor of Thailand. Ministerial Regulation on the Prescribing of Standard for
Administration and Management of Occupational Safety, Health, and Environment in
Relation to Heat, Light, and Noise B.E.2559 (A.D.2016).

4. CONCLUSIONS

Based on the findings of this study, it
can be inferred that power plant workers
working in the electricity production
process of a power plant in Rayong
Province, Thailand. Exposure to heat is a
potential hazard. The following risk

sunstroke, heat cramps, and heat
exhaustion possible  with  prolonged
exposure and physical activity respectively.

The effects of climate change and
excessive heat on human health, effects of
occupational ~ heat  exposure.  The
consequences include extreme fatigue,

factors have been identified. The metabolic
rate of workers is 198.5 kilocalories per
hour. It is defined as a light workload. The
working environment has a temperature
range of 22.7-32.5 °C which is within the
normal range of temperatures, not
exceeding 34 °C. The Heat Index is
calculated at the given level of extreme
caution temperature. This might raise the
chance of more damage from heat exposure
through related problems such as,

o o
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copious perspiration, and an immediate
inability to resume work. There were
illnesses among power plant workers who
work in outdoor areas, which can lead to
health effects such as sweating, thirst, itchy
rashes, fatigue, exhaustion, dizziness,
headaches, muscle cramps, vomiting, and
weakness.

The value of research in the
occupational heat exposure assessment is
recommended. Firstly, Engineering
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controls aim to decrease workers' activity
by implementing mechanical aids,
enclosing or insulating hot surfaces,
ensuring  sufficient ventilation, and
reducing humidity when necessary.
Additionally,  administrative  controls
involve overseeing workers, implementing
work-rest schedules, and establishing
emergency procedures. Lastly, there are
certain types of personal protective
equipment available, such a cool vest,
luminous suit, and heat transfer suit.
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UNANED

uneAseiisdnsaunsielewiulnd p* +(p +3n) =22 dle xy,z,n Wuswwdud
laduay, pp+3ntdusiviuianie Uil e p=1(mod3) aunisdlydnataay &1
p = 0(mod 3) udraunsiidnaamizdle p = 3 Wiy dmiunsdl p=2(mod3) way x +y <3
aunisd Tuateasidu (oyzpn) = (03320), (3032 1), (1,1,/2p + 3n,p,1),
(2,1, p*+p+3np, n) dwsuresuduildiduau n uas Huswawduuin venand
waldmanateasdt v uswawdud L d uavvesaunistalownulny 3 +3 =22 §efide
(x.y.2) :(2k,2k +J,2~3") dlo k Buswnududiliduau

Addey: dunislalowriulng, naaas, Srnuduiliduay, Swiuaniz

Abstract
This paper, we studied the Diophantine equation p* + (p + 3n)” = z2 where X,y,z,n

are non-negative integers, p,p +3n are prime numbers. We found that this equation has no
solutions when p =1(mod3), if p = 0(mod 3), this equation has a solution only if p =3. In
case p =2(mod3) and x +y < 3, the solutions of this equation are

xY,z,p,n) = (Y,554Y),(5V,54,n),\ 1,1, p+3n,pn)|21p*+p+3npn or some non-
( 0,3,3,2,0),(3,0,3,2,n),(1,1,/2p + 3 2,1,./p2 3 f

negative integers N and /2p + 3n, \/p? + p + 3n are positive integers. Additionally, we find the
non-negative integer solutions of the Diophantine equation 3* + 3¥ = z2, that is (x,y,2) =

(2k, 2k + 1,2 - 3¥) where k is a non-negative integer.

Keyword: Diophantine equation, Solution, Non-negative integer, Prime number
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UNANED
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v‘fmaizazmmﬁjmﬁaﬁmﬁnmmﬂsuaqwmammﬁﬂﬁmLLUiLU%"au 1AgagyINATATILUUTIADINLAN
wianlulWludofuuseensuiiiaunainndeuduimsvosszernsueuannism ageuassldiiu
Zopar 10 INBUTINANISAUIAISEEZNISWEY 5 frunds 7ildanlnludiedusieenduag e
LLUU@i’ﬁamwwLawmé“ﬂé’mfmﬂ’ﬂmmn 240, 480, 720, 960 way 1200 Alansy U@ 19AUNTS
puduiudlneszfeudTiasziiuuanas Ssainnansisenuiuuusasmanvaniulnludied
wudgerlsusannsarThuessesmsLeusImanvaninsiinuaaaedeuduimsesnindeay 7
dlaflsutunanisTassesnisusuiildannnisvaaeuads wazaunisiaduaunsavuigssesnisusu
futhminusmnuesmanmdnld shlilunsfdRansafmunnssernissudotntnussmnues
wnanwaniaulsivdsuldlnenmsifieusugRlasensd

Arddey : Wanman, Msue, dmiinuseyn, Iludiediuud

Abstract
This research aimed to discover the relationship between the deflection and the dead
weight of the steel pallet to estimate the deflection when the dead weight of the steel pallet

varied. The steel pallet model will be created in finite element software with a relative error of

64
Ui 18 altiuil 2 nngrAu- §uneu 2567 Vol 18 No.2 July — December 2024


mailto:chawalit.kh@ku.th

oo ssuUIAa
158713798 UTl nsyinw

ISSN 1906 - 0874, ISSN 2651-2130 (Online)

deflection from actual test not exceeding 10 percent. The results of the 5-position obtained
from the finite element software, which was loaded with 240, 480, 720, 960 and 1200 kg, were
used to create the relationship equations using the regression analysis method. The results show
that the steel pallet model in finite element software can predict the deflection of steel pallets
with a relative error of less than 7% compared with the deflection from actual test, and the
linear equation can predict the deflection distance with the load of the steel pallet. Which in
practice, the deflection distance when the load of the steel pallet varies can be calculated by
using the interpolation.

Keyword: Steel pallet, Deflection, Dead weight, Finite elemen
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UNANED

mAdeildnToufiduunaeeslafoneandlulase ieAnwnavessasinisinavesoendiau
voselassadaiiduuawodlaiiouoendlulase nsdnwlasadrmdnuasdnuvasiuivesfidudie
waila AFM, FE-SEM ua Raman Spectroscopy 31nnansiinwnuiniiewfiudnilnaufaeandiau
fsuuragesiadousondlulasiuasuaindmdemesfivnaniudindswazla fsnslnauia
sonduauludis 0.4 sccm uaz 0.8 scem Meiduuaedlaloneondlulnse (Zr,0N,) fillaswedawdEn
LUUUBA-aULADS ATA (bed) 7 58Ul (211), (222), (400), (332), (440) waz (622) A1UAIAU
Taefiszuu (222) Wuszuundn laefisnsluauiaeendiauiidy 0.4 scem dmnudundngsiian

wardnslrawiasandauiinasamnunuivesilauus Aswliednslvaniaoon@auiiuduain 0.4 1Ju
0.8 sccm NUIEuUIIARaU s dUUIANENanaIa1N 32.26 nm LU 23.18 nm LazAIUNUIANAY

970 965 nm 10U 859 nm

Aandgy : Wauuns weslalloueendlulase dnslvaufaeandiau lassade fduuniaseualamesa

ABSTRACT
This research prepared of zirconium oxynitride (Zr,ONz) thin films by reactive DC
magnetron sputtering of a zirconium target in an argon-oxygen-nitrogen mixture in order to study
the effect of oxygen flow rate on structure of Zr,ON; thin films. The structure and morphology
of films were study by XRD AFM and FE-SEM, and Raman Spectroscopy. The results show that
73
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the color of the Zr,ON, thin film changed from yellow gold to light yellow, and finally

transparent with increasing oxygen flow rate. At the oxygen flow rate of 0.4 sccm and 0.8 sccm,
the Zr,ON; thin films showed the crystal structure of the body-centered cubic (bcc) with (211),
(222), (400), (332), (440) and (622) planes, which the (222) plane was preferred orientation. The
film deposited with 0.4 sccm to the oxygen had the highest degree of crystals. When the oxygen

gas flow rate increased from 0.4 to 0.8 sccm, the crystal size of the coated thin film decreased
from 32.26 nm to 23.18 nm and the thickness decreased from 965 nm to 859 nm.

Keywords: thin films, zirconium oxynitride, O, flow rate, structure, DC magnetron sputtering
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ABSTRACT

The purpose of this research is to present the development of a semi-automatic
germinated brown rice water machine to increase production and save energy but currently
there is no machine that can produce germinated brown rice water in one step. Therefore the
researcher has designed and developed a semi-automatic germinated brown rice water machine
to solve this problem. The developed machine has a control system with a semi-automatic
germinated brown rice water control cabinet and it can change the operation commands of the
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heater and timer and inside the boiling tank there is a blender that can grind the brown rice
faster to reduce the boiling time. In addition there is a filter inside the tank when boiling is

complete, the valve can be opened to take only the water into the brown rice.

From the experiment to find the efficiency of the machine, it was found that the
machine can work according to the set objectives which is to reduce the production steps of
germinated brown rice water and increase production capacity that comparing with the original
machine in the production of germinated brown rice water from 1 hour, the original machine
has a production rate of 3.36 liters per hour while the developed machine can produce 22.49
liters per hour .The electricity usage rate of the original machine is 60.38 percent, while the

developed machine is 39.62 percent which is a difference of 20.76 percent.

Keyword: Semi-automatic germinated brown rice water machine, productivity, energy saving,
hypothesis testing
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