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Abstract
The purpose of this research is to design and builds a prototype of an oxygen water-turbine with

solar energy for wells. The principle of using solar is a source of energy to drive water turbines producing
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sufficient water diversion for using and creating a system that measures the volume of oxygen by using a
sensor measures volume of oxygen (Do-sensor) compared standard oxygen meter (Do-Meter 450). The
prototyping of an oxygen water starts 08.00 a.m. — 16.00 p.m. and controls turning on-off of the water-
turbine by setting the timer of 3 periods. There times are start on 08.00 a.m. — 10.00 a.m., 11.00 a.m. - -
1.00 p.m., and 14.00 a.m. - 16.00 a.m. The closing times are 10.00 a.m. - 11.00 a.m., 1.00 p.m. - 2.00 p.m.
and 4.00 p.m. onwards through the time setting with a microcontroller. The water turbine controlled
functional both automatic system and from users through the application of terminal Bluetooth recorded
the amount of oxygen in water in unit milligrams/liter (mg/L) on the SD-card every 20 minutes. The
location in recording experimental data is wells at Hathai Naretsuan Temple, Pak Tho District, Ratchaburi
Province. The data collections took 10 days founded amount of oxygen in the water before installed the
water turbine with an average of 4.13 milligram/liter. After installation of the water turbine in the wells
found amount of oxygen with an average of 5.46 milligram/liter. The experiment compared to the values
before and after installation found that the amount of oxygen in the water increased with an average of

1.33 milligram/liter. In this prototype-machine can operate equivalent to standard machine.

Keywords : hydraulic turbine, solar energy, Oxygen Level Monitoring System in water
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Abstract

This research is a participatory research between the research team and Thanon Khong village
community at Chai Badan District, Lopburi. The objectives are to: 1) analyze the condition of plastic bottle
and cans compression machine for the community, 2) develop a semi-automated plastic bottle and cans
compression machine for the community in order to increase the efficiency of use and save more space,
and 3) compare the cost of plastic compressions and community waste cans. The research results found
that the size of a plastic bottle that could be compressed the most efficient was 550 ml. and 23.0 cm.
height before compression, within the compression time of 2.81 seconds it had been reduced to 1.8 cm.
height, a 62.71 percent of the collapse; and for the can size that can be canned with maximum efficiency
is 320 ml. at the height of 14.5 cm. before squeezing, within the compression time of 2.25 seconds, it had
been reduced to 5.0 cm. height, a 65.52 percent of the collapse. This experiment passed the specific criteria
of good quality level. Moreover, it can reduce the cost of production of plastic bottle and cans compression
machines from the market price of 10,154 to 7,700 baht per device, a 24 percent of reduction. This is

beneficial for both usage and cost reduction for the community effectively.

Keywords : Plastic bottle and cans compression machine, Semi-automatic system, Efficiency

1. unin Wewmeron1siniu Wegeaiodeuly Jalinsfndu

1.1 ﬂgquﬁqﬁ’muﬁgﬁquaqﬂmuq%%ﬂ Lﬂ%@qgﬂiﬁﬁjﬂqiﬂélﬂ‘u']ﬂwa']aaﬂLLaSﬂigﬂ@Q;ﬁuNW

]

nefafuededamananainuasnssledy  Welimnzausumsujifnuussldusslenian
gravnIsuATinuAdInUsEAnSamuazesnis wesshmamaafnuaznszladilduniiae o
Waunaumelulasldiuass 910153 Souazmun fimsitmunaiessavanaainuaznszlotuintone
R adnuannanainluein uwea Bownny (1114 Helanuagaindenisldau sawfsnuazainse
A NS AZIAS 098 ATIANANARN WUnsSaae  NITAABUIELAZNSLENTEE LA UTELAVLA A

' v , o & A v & o a o o a
wanaRnLUUIRNT sSavawanadnlatn warlivaense  uilumsdafveszanviemanafinuaznsyUeamie

TunslussnuausuImann Wamnudesdilunns

o a

91U LHOWAIUILATIEATIANAIEANLAD @1U1T060 Jaguunsldaunsesdarinnanadinuaznsz o
yananadnlalunafiEiuninfvanuuinveman  W8stugnrudiuauuld Suneteuinia Jainde

WanaR i sty wazdauvasatdudy daly  8nus Fedsvadseansnmlunisdaviananafinuay

a

Hadueiesdavienanainuasnszlosgmiunlduae  n3vles ilssmnusidavesdinsenivssdnsnmues
9 Y

Y

funumddnlunirenamngsuanniy enaununsg naildlunsdauazmsguiifidelitine Sahldue
TFusauarnaulunisiiaui asndunasled  nananuaznszleundeldvesyusuliinisdudianas

UsEAVRATNLNNE I uardiedoailogunsalfiazdoan AUYUIATIABINIT TINDIVUIAVDIAUATDITAVIAUAY

Funeulunssnvianarainuaznsz el 3dusin nsyUesiiivunalvg Suwiniideudrann e Tann

q
I3

s1aauUnsal wazweluladlusradotudoudnaaann  hanmandsivualugiuly Ssdaalinisdaiu
suldadgmlunmsiafvrananainuaznsededt  Indudaddiudiainlunsdaiudaaiesdnuan
Foddiuilunmssaiuidusununnuaruandaonalal wanadnuaznsyUos wazduunalvinsujiRauien

waraunaensideudglunfazasun1shIuYed

107



NFANFINMIIMNERS -TECH T 17 atfufl 2 nsngrau-uanay 2565

yvulugusy WieliiasessnrananainuaznsyUos
wideldresguruinlasunisiawaiusavinaulasgg

I a2.a =l o A
Wulszdnsameesusikaziianldlunisdaiiaiunse
gudivesInnatainuaznszdes e lulduselevd
Tildunniigauagsesaanisimnsluamsliaug
Tun1sldau

ya o

MnmnratsfuiliauzgIdoaulad oz
\n3esdavaananafinuaznszlounaslivasyumy e
Winuszansamlunisldaulidauisadusaaan
wanadnuaznszUosldnd sy wasdvunadesiidnas
vnzaudunailunisldau Wedaldmindiunas
i el auaunafudaias esuazazaandenis
waoudheluusazadilunisldonu Hdudumsaniiui
Tunsdaivuazandunualdineliegaiuszansam
sald

L I3 a o
2. 0QUITEIANITIVY
2.1 WiadnsgianniaIesdavianaainuaznse o
P ¥
widelduosyuyy
2.2 Wewaesedavnianaiainuaznszlouniold
YoaguBusTUUAISnludRia iuUseaAnsanlunsly
NuuazUsendaiunldasgliunau
2.3 ialUTsuiisuduyualldangveanieasdnuin

warafnuaznszUeumnieldvesyuvy

3. YOULIAYRINITINY
Usgnsililunis@ine Ao vrdugusuouulds

° o °

gunadauinia 31w 10 ASaTeu 1ag aunsal wag

Fudulsenau Mawuyuatdiglunnnnsewen

nenarafnuaznszleunieldvosyuvy

4. NINUNIUIITUNITU
4.1 wudA auazngudnasd uuszdnsaawnns
iRy

$nEdnd ypans 12 Idndndsnnudidgues
UseansamnsujuRaulidn vildguinisamnse

ANUANINTTUNABIANTUNITANUAIAUTUABUVDA

Aanssur1eg nanAeaiusaRasanusiunay
A1 UTUABUYRININTINUALNITIATILVAINUAAIY
WnzaunaaIesdnswazaunsal vinliiAnnseanuiuy
a day vy v 8 & woa a a
N3EUIUNSHARTIAL anduyu Bnvisduinuszdnsam
n1sUURNuLazdiaunsavIsaingUssahvesay

ANUNFBINTTLA

A15197 1 WARLNTINSIMUSEENSAINNSORYIN

WaaRAn
pdail wait | weeny | aweanu oSl dud
genouly | gewdslu N3EUsN
(aa1.) (1131.) (Souay)
1 230 128 44.34
1
2 230 122 46.96
3 230 120 47.83
1 230 130 43.48
2
2 230 122 46.96
3 230 123 46.52
1 230 131 43.04
3
2 230 124 4609
3 230 127 44.78
1 230 118 48.70
[
2 230 121 47.39
3 230 125 45.65
1 230 131 43.04
5
2 230 126 45.22
3 230 131 43.04
nagum - 230 126.4 45.04
\ade

AN175 winaney [3] 1 lianunuigvesd1dn
Usgansamlunisusmsnuaiuniegsia luanuving
ag1auAUT NN nTandunulunIsnEauas
AUNU18DE 19NTI MUY TIAUNINYBINTTH
Use@nBna (Quality of effectiveness) LazANAILTA
Tun13w@n (Competence and capability) waz Tunis
sudununeiugsiafiaziednsl Ussansamgsga A
Wieannsananaudn vdeuinsluiunauazaanini

Aoe NTA NITANLAaZAUN UL BET daLi oATad



NFANFINMIIMNERS -TECH T 17 atfufl 2 nsngrau-uanay 2565

o
v @

anmunsaluazdoynWua1un1siiuidey fadu

&)

a o

wuIAUARYeIA1I1UTEANS nnludugsiad
93AUTENOU 5U58N15 AD AuNU (Cost) AMAIN
(Quality) U3u18u (Quantity) uaz35n15 (Method) Tu
MIWan

audnd anudeu (@) Tdhmaesgideyauas
MruanNuginIsUsEansnmnisdavianatafinuag
nszdles Inorimuninausilofidudnissudindedosay
45.05 F99g NN TUTEANT AN TEURIYeN

= a + @ a
ASTUVIANAIEARNLALNTEUBY AINNT19N 1 Lag 2

a I a a o +
15199 2 LEAILNUNNITINUTEENTNINNTEANTEUDY

ﬂ%&ﬁl UIANeUTU (WuRung) | vuanasdu (wudiums)
1 12 q
12 3.8
12 4.2
4 12 q
5 12 3.9

asUldrinuseavisnm vunefia msufuRauiiiilug
o < = a 1 v
nadsalnednisusziiunszuiunisnig 9 lagld

Y o
NINYININULY

U

ag1aUsendauazliinysyloyigee
Tagaguuitugruaudussuu finusifuualuns
Usziiumsvageunisiauvesn’ essnvianatain
waNIzUaeruIaT ATUAMAIN ATUNEATUY Au

suvu wagsnumsihluldusslosunsvuningy

4.2 WUIAAUAZNOUINITEBNUUULATW MU
\W3asdnsna

2303 Sannsal waz ey oy (5] Lenanai
nMseenuUUTudAIesdnsnaiieadesfuniseanuuy
U519 Rugrumsdunsdunauasvdnnisidenld
i’aqﬁw%’uw"w%‘yudaummmmmmxauﬂvumﬂ%
\wSeednIna wasAuunuludnvassing 9 AUNIg
sanuuuinIssdnsnaidudadzvesniswauimeiiy
aruAnlv 9 medueiesdnina udruanininudn
fuasuunszawluzuveauuuinesdnanalml q vz

Wduls Asiganudeanistunisldau waginain

ulunmitldanyaravaisiie 1wu glia3esdnsna
Judniedosdinina fafudenaninarufnuiueg q
iliAamssauasufulgunsesinsnasgnasniian
warAunUIsnsudtmieng 4 egrann aunseiany
acda ryeaaA o

Snavian dwmideiszvimdelaldndedalylunis

28NKUY K anuuufiaAIsidadzlunisesniuume

%
1%

Aavzniseanuuueivesuielanede feonuuuld
AMNANTIIUNNTUSEENAANMUNIN AN AR S
v a a aa a =~ '
asruuiiaunsandalalaeisnisniaiainssudaly
a ' ° v & ' v a aaa
Viveaka 92 Ula gy wasdaandnla eI SH
Usendaigauaziinaulafiussdvsnimiian
wans wasurevan [6] lana1ideniswaun
1As pednsnarduduni i draglunisudndunn
guamnssulidussavianmunTuuazdanaliinaiy
WoulealUdamiiagnasiuanansuanang 9 8naan
2 & v o W 9
Wuiugiududdglunisimungeavnssuludssine
N1sNAIIgRAIMNTTULAS 03T nInadidan nlsiane
Tngninsguradaladulevied wasuuaswaun
QNAMNTTUATBIININALAER I lgRaINTTUE gLy
anusauratuiunaUssnels ludaguussineds
91AuN15U NI UATBIINTIINANUTEINABY LN Aat
vielinswaungaaimnssuas sednsnadululy

LU ALLAYERAAABIN UNSHAILNUS YN A

4.3 uulfauazng el Iaamaelyd

17U Funseiudiag [7] Tanuvngveananadin
' I3 a 4o & a a
21 WUnad@f NNy uUNanNaanNYuIUNIsilaguluas
maadl AgIsN1sdunTEiIningdv 1y duau
finvsssurfuazaiufiu 1wy Tandunid msuia
21INNF5INFIVBIASUDULNI UNANERNTA LAY nud

2 4 (v [~ aa a 2 [
gidumsvounaulluganou wanafnazsldulanuls
luana

Tutadunanafniduniiunumseinuseiniuves
wuwdisun Mevenau gunsaliad ealdludn
VAT 0UTEAU TIURINYULUTTRFUANN 9 UINUY
wanadni dnanldmanidvateyin aliauaud
wanean Ul Tuussenvesiivialanaiainaanaid

wanafniian1sussyiuve Wulildsuanuaulailu



NFANFINMIIMNERS -TECH T 17 atfufl 2 nsngrau-uanay 2565

LAy HIluIN15A1 N398R wazgnaInNIsu 46m3
maasiulaiindugann wuslidu 2 Ussian laun
Usztnnn1wuzusswdauds (Rigid Container) 19 30
% o4 : -
Uiy vanun naesldy a1anaadin wazUseian
AMurusTvlingeudils (Flexible Container) LWy g9
Tduuds guauy gefiaiamany sawalduneams
afluuna (Skin Pack) wazu3ainesuna (Blister Pack)
suidunivugnatafinfivhainuiuwanadin #0ugusae
AusausdiuiUsznunieUsznaunsemunds &
wHunaaRndIna1viunaneadliianaslsd (PVO)
feghaduaiandow wlsedity [Wudu
a a v v a

4.4 yuIRALATNBAUNULAZAUUNITHER

WuIN1 unadns [8] na1aldidn dunu (Cost)

= i o a ¢ v ¢ A g v

e garrveminensfiesdnsliuselovdiialy
ussadnguszasdniudbadvuald Wy dunuees
IP0AULATLTINUNAR VUL NONANFUA T OUTNNT Ay
WesunulaneiAnUselovinogsnaudd sunudauty
azdsuanmluiluenldane (Expense) Fsazilusin
Mnnelalulsaz Uyl

Tasgy) 149059 [9] Aumuneveer1dn Auvuns

a ~ v a o W va v o &

Wi e nuneds dunuivinliladuadsaula q
Usenausie Tngaumenss Mdnlglunmsudn usenu
ManssifgtesiunsruIumMIndauarAldneluns
HAR LaNs 3 duusznau laldgtuneusiig 9 193

|3

flnzgnuusanimdududdnsogy Inensduun

K]

NE#

Usztandunuuuseanidu 6 Yszuan laun dunuay
FEUZLIAT AUNUANENBUENTANTUY AUNUAY
diulsznovvendnduel AunuaIuUIuIuAINTIY
FunuiitonismunuuazIanan1sUfIRIL dunuiite

Asdndula

5. NTBULUIAANITIAY
A I3uldAnyIaInienans 61 wuIRaNg L]

av A a

uazHaUIdefiNendes uazuUsvananadunseu

e

1%

LUIANNNSIVY At

Tangunsol )
' msmasaszAY
1. wrinndas 6. wiuden 11, gl Ussvsam (KP) ail

— L unsmugioudy

2.uutos 7. aind on-off 12 lan 2 9

. 2. nanildlumsé
3, dnuuy 8. e 13, enhiuuy

3wy

0,486 2. 9. weiwwn 14, iy

4. Wasduinnuh AN

5,400 83t 20.wlsand 15, 1o

WATANuAY

16 ludy nszlaundeld

4 v§ own
ssuuResmudh

mssanNuURuASaedAaANAERn

uaenszdouvdeld

o agr
1. msgenuutlaseeine Taniald
2 MiBAnVUTBLTATIMEANGY

nile .
-yl

3 Aseanuvutaisn

4, MIBANLUUIAIMSTIY

5, MsgankUUNABITRRUIANMARNUAS

|

|

I

I

I

|

|

I

I

I

|

|

I

I

|

|

|

N I

- AN !

|

|

I

I

|

|

I

I

I

|

|

I

4 I
nsedey I
|
|

P a aw
E‘U‘VI 1 NFDULUIAANITIVEY

6. 35N1IALUNITIVY

va

augy 378l imaTan 13T Teuvuddaus iy

(Participatory  Action Research: PAR) 1 o ®

av v av 4 & .
AFLUAUNTIVYLUUNFAENLUULUUNEUNEU (Mixed
Method Research: MMR) @sUsznausie n1sanuIdy

¥ 9A N1 (Qualitative Research Method) uag

a o a

T9u199U5 810 (Quantitative Research

Method) Tnafltunau 8 Junausall

A15A NN

6.1 Anwdeyammguiiisrfunsiamuieiesdn
YIanatafnuaznsyd o ovil uUsEan3awnns
UUReu iy nsdaudaslassasdifivunaidnas
waziiuUszans nmusesalunissavaiananafinuas
nszdoasiuadedliiiuaniy ieldldndesdn

YwnaainwaznseUaanuulvl

110



5ETIINTNNERT |-TECH TN 17 20U91 2 nsng1au-5uineu 2565

6.2 8NLUUlASIAS 1A AYIANAERNWAENTE U
& v =1 v 1

wideld lnen1sideuiuulaseasne ¥aussguin

nanaRnuaznszUee Jauieedinsudn 1995A15vau

HINTUNILADNATITIIU WALNABITBISUVIANAERN

wagnsrlaamnainisen é’fag‘dﬁ 2 uay 3

3U% 2 lassaianieuen

3U# 3 lassadangly

6.3 @s1aAsesdnvInnaaRnLasnselaunaely
6.4 UsenauTudluasassnuInnana@inuaznseUad 9
U7 4, 5 uag 6

U

JUN 6 MsUszneutawieuasnIzuangu

6.5 NAFOUTTUUNITTNIUVDILAS 098 IANAIERN
waznszd aqNaﬂﬂﬂgdwLﬂ?laafj"mmwmaﬁﬂu,az
nszUesinaulaeg1efiusy@nsnnuazkanisnageu
Y0903 098 ATIANAIERNLarnIE o ENSaiINITen

v

Ienuiidosnis daguil 7, 8 way 9

111



3
U

U

=
7

5ETIINTNNERT |-TECH TN 17 20U91 2 nsng1au-5uineu 2565

9 NSLATBITAIANANERNWALNTEUBIUGD 1Y

112

6.6 asUnan1snadeuLazn1slinuveaaIesinvn
nanadnuaznszlounaelyd

6.7 Wisuisuduvuenlidnenisndniniosdnvan
warafnuaznszloundeliveyuyy

6.8 ToviguiduBaITsatuanysaiuazieunsio

s lulgUselevtl

7. nan15Aaszvidaya

Az 338l smaaeumUsE AN mue i es
gnvanarainuaznszleundeldvosyumu lnan1si
vauaznszUounaslififvunuazanugaunndneiu

1NMUNSNAFBU AIRN5197 3, 4, 5 uag 6

A15199 3 LEAAINSINUSEANSAINASERV I NAERN

YU YUA
YUINVD y
AN | 1am | eu o
UIN LUDILTUR .
~ R T4l 5N . LNt
(Usuws _ . . ATYUA
N Aoy | N139m A . 1195574
ano : . . - (Sovay)
du Aun) v
1a.)
(2931.) (31.)
350 wa. 20.5 2.90 8.9 56.59 N1U
500 wa. 24.0 3.03 11.2 53.33 WU
550 wa. | 23.0 2.81 1.8 62.17 N
600 wa. | 235 297 9.7 58.72 N

= a a o +
A5199 4 LARINITINUTEANTNINNTANTEUDY

YUIA YU
YUINVDY .
. AN | e | eu e
nszUos LUDILTUR .
ER 14l a9 . Lneuan
(nns _ . . ATYUA
N Aoy | N19m | &g . 1195574
ans : . L - (Foway)
du Qun) U
1a.)
(231.) (w3.)
180 ua. 10.3 2.34 5.1 50.49 NIU
320 ua. 14.5 2.55 5.0 65.52 WU
325 8. 14.5 2.32 6.5 55.17 N1U
490 wa. | 165 2.09 8.5 48.4 WY




NFANFINMIIMNERS -TECH T 17 atfufl 2 nsngrau-uanay 2565

A15199 5 UAnIN1TATUNANITNAGOUNITE NN i@ 3] sudu |35 280
- 8 2w 120 240
Wanain ]
. T udaamd 2 36U 20 60
YU AT .
LU anellyl VAF 2*15em | 1y 15 225
YBIUIN Y Y - - -
_ | A | edel | ASeR | ASER | ASW | anasp 15 w3
i flem 2 u 2 20 /2 2 40
1 2 3 4 5 U '
n sranglul 1 3 14u 60 180
519 52.6 51.2 52.6 56.5 . Huy
350 5 g ) 8 9 o Fuhsty 500 2 120 240
dadians nszlaq
56.2 57.0 56.2 53.3 — -
500 55.0 WU dansd - 1 50 50
5 8 5 3 nszdlod
47.8 504 | 543 | 621 . Tustn ain 8l 15 120
550 50.0 WY
2 3 5 7 Tuide 4 6lu 15 20
595 | 617 | 659 | 60.4 | 587 . AliTandn - - - 1,500
600 WU <
7 0 6 3 2 o
\A3e3sn 5,077
nszUes
Gl’ﬁ’Nﬁ 6 LLﬂGNﬂ']'iE"IEUNaﬂ’ﬁﬂﬂﬁ@Uﬂ?iﬁﬂﬂi%ﬂ@ﬁ w3edntan 5,077
Srnundd . yanafin
pweves o o o WNeuat ., 7700 | *10.158
. afe | eSe | eSS | eSed |, |
RERAIRN P39 5 | 11U
1 2 3 4
T a o
180 4757 |44.66 |49.51 |51.45 |50.49 WU 8. Eﬁj]Nﬁﬂﬁ’Jﬁ]EJ

320 |34.82 [46.21 |47.72 |55.17 |[65.52 Taieinu

325 48.27 |49.66 |48.97 |53.10 |55.17 A

490  [36.36 |41.82 [45.45 [43.03 |48.4 laleinu

A19199 7 wanan1sUSEuiBuTIAAUNUNSHERLAS DY

dnvananainuaznszUovaeldvuasyuu

578M3 YU el 510/ 5101 5181
Vel bR fAM
(v) (um) (um)
wmannaeg 2%1 3 du 220 660
1.8 3. 2 1y 220 440
1%1/6 vun
1.5 311,
191005 Y hp 220 v 16h 1,450 1,450
WiAnuuy 744 4 \du 220 880
anLdeu 2.6 313, 1 vie 120 120
yidd 2 26h 180 360
8 i 16h 450 450
wiudeu - 39U 35 105
@3nd on-off - 26 60 120
A 60A LU 60 60
30A 11y 30 30

1153981309 NIRRT 098ATIANATARNLAZ
nszdoundelduosyuvuszuuisnlulid wui ve
wanadndldlunisvaaeuiivuinuazanugefiuansng
fiu Tneflauin 350, 500, 550 way 600 Haddans 1u
mmwamﬁﬂﬁﬁmmmmmgmﬁ’ﬂﬂ PNHANTNAEDU
YINAEARNIUIN 350 Aadans JAnumzauiunig
dundusanniign nszdesildlunsmagey vun
180, 320, 325 Wag 490 UAAANT ANNHANITNAADY

AseUaauun 180 Hadans JANUMINZENAUNISTNNN

v a

Judauniian feananafnuasnszdeddialums
Judnties uaziinisnisyuiilafnitvianaiainuay
nszdosunndu vihlvnananafnuaznszUesdigniu
Sndvuraiidnasegraiulddn waganuanisaaeu
\n3osdaniananainuaznszies Tumsmaaeumsiia
Uszavsnmnssavasiaiessaviananafinuaznszles
sgldviananafinuaznszosiidauraiiuansinafuas
Faunaledn nsgudivesmianatadniduluniui
#eans slumsnageunisdavesuianarainlviany

gUAIYBIVIANAEANYUIA 350 Taddns U1NNI1



NFANFINMIIMNERS -TECH T 17 atfufl 2 nsngrau-uanay 2565

53.02 % usnsguivesnszlesliidulunmuiidonis
\loanInvunnveInszUeaiunssuanUITRUIANAIERN
wagnszdosdvuraiuanaiady winvuianseUesd
yuaineiiunszuanussavIRasiliinisdansy ol
UsgAnsnnlunsguinunndetu dslunimaaeunis
dnveanseUasliaugudiveinseUasuuin 180
fiaddns 1nndn 43.01 % Fevhlilauseansainlunis
Faunnivianatainuaznsedesitfvuraidnnin
N55UBNUTIIVIN IABYLUINTBALAT BISAYIANAERN

waznszlasdsarunsaviliasuilunisdariulauin

a

f9tu ulufsiiedosdaiitvuaiidnamuasdthmin
windaaIeadailianusondsudiouaztinlly
awldine Snitsdsannsoandunualdanenisude
13 a9 avaanaafnuaznszdoundelduesyuuule

pgnilUsEAnEanuazALe

9. HalauauuziiuAy

9.1 AITANYILAZOBNLUUTTUUNANNITYIUVBS
FnTesdnviemaainuaznseoumaelfvesyumuls
Tdulsuuussuudnlud®

9.2 asnwianiiunlilunszuiumsnisinsguen
vsTyuIananafnuaznsz e dunuszaniainly
n35993ULs8ANGIgNEY LpsaInnsEUBNUTININ
wanaRnuagnszlesivunafisailianunsouiusunale
ANTUINTRIVIANAERNLALNTEUDY Fadamalilunis
sansgdosuuiaiidnuin deliamnsadansevasld
Fattuasiannszuenussyvidvwaiusuldmuen
nanaRnuaznszlas

9.3 AsANYINITINMKUNSTDS A Tan gunTal uae
Fuduusznousng q Tunsndnnedossavannanatin
waznszlosszuusnlus@ ilovauanduyuadonad

wazauuAndslonialunsaniivau

10. 1@N&E1981984

[1] S. Noppadon. Plastic Bottle Compression Machine.
[online] (2020). [Cited October 17, 2020). Available:
https://www.thailandinnovationportal.com/info/inn
ovation/item/27580

[2] B. Raksak. “The relationship between school
culture and performance the needs of teachers
must be requested by supervisors,” M.Ed.

Educational

thesis, Department of

Administration, Ubon Ratchathani Rajabhat
University, Udon Ratchathani, 2010 (in Thai).

[3] P. Kathawut. Operational Efficiency. Bangkok:
Ramkhamhaeng University, 2002 (in Thai).

[4] S. Somsak, and T. Chadchawan. Drinking water
container compression machine. [online].
(2020). [Cited November 8, 2020] Available:
https://dric.nrct.go.th/index.php?/Search/Searc
hDetail/179254

[5] A. Varit, and T. Chan, Mechanical Design (2th
ed.), Bangkok: SE-ED Publisher, 2013 (in Thai).

[6] S. Poonporn, Total Productive Maintenance,
Bangkok: Chulalongkorn University Book Center,
2001 (in Thai).

[71T. Manop, Engineering Materials (3 ed.),
Bangkok: Technology Promotion Association
(Thai-Japan), 1995, p. 34 (in Thai).

[8] P. Monvika. Cost Accounting. Bangkok: Physics
Center, 2013 (in Thai).

[9] M. Soraya.  Production  Cost.  Bangkok:

Srinakharinwirot University Publisher, 2014 (in

Thai).



NIANTIVIM TGRS -TECH 71 17 adfudl 2 nsngnes - fuana 2565

FTUURAAINURYaN TEUEUILUULIAND3IAINULUULARDUT

Real-time tide data tracking system with moving buoys
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Abstract
In the present, tide data tracking system is used for measuring water quality with the fixed location
of the anchored buoy. However, if more testing areas are required, more anchored buoys are needed to
be installed, which leads to more maintenance issues. In this paper, Real-time tide data tracking system
with moving buoys has been proposed. The buoy is freely floated and moves along the water current,
covering more sensing areas than the anchored buoy. The proposed system is equipped with many sensors

such as essential water quality measurement, temperature, water turbidity, current wave characteristics,
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and GPS tracking. All periodically sensing data will be transmitted to the gateway via the LoRa technology.

Then the gateway will forward the data to the database server on the Internet via the mobile

communication technology for analyzing and displaying the results in the web application. The results show

that LoRa signal strength starts attenuating at 350 meters due to obstacles and RSSI limits. On an 11000

mAh battery, the device can last up to 80 hours and 134 hours for the buoy and gateway sections,

respectively.

Keywords : Water quality measurement, LoRa technology, GPS tracking system, loT
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U513uy3 lnefimsnfiwesinualaun DO, pH, EC uay
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JUMUUTRAteYa JSON AgUnInd 9 uavuaninau
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_id: ObjectId("61acba@9135aed@easladcch™)
buoyid: "87"
battery: 98
temp: 27.085
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long: 18@.57525
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hh: 3
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Abstract

This article presents the development of an automatic lighting control system for turning on and
off hallway lighting using YOLO algorithm image processing. The automatic lighting on and off control system
uses a webcam camera conjunction with a Raspberry Pi board to detect and analyze the likeness of portraits
using the YOLO algorithm by considering the identification of portraits with a confidence score of 0.35-1. In
the experiment, the system operation time was set from 6:00 p.m. to 8:30 p.m. using a sample of 30
individuals. The experiment results showed that when a person enters an area within the range of a portrait
detection distance of 2 to 19 meters from the position of the webcam camera, the system can detect
images of portraits whose confidence scores are within a preset range. In addition, at a distance of 20

meters, it was found that portrait detection had an average confidence score of less than 0.35, resulting in

the system being unable to control the automatic lighting on and off.

Keywords : YOLO algorithm, Webcam, Likeness of Portraits, Confidence score
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memﬁﬁ%ﬁuamiammmaqmﬂmmﬂ”l,mimam%ﬂLLU‘Uﬁaﬂﬂ%aaﬁﬂéfm%'uwmushumm5@&?1'@518
wadadunseunuuuiuladiinaindsannsnasvuiaesarseinimadld 25 % nHANTTBNLUULATYIARDY
agemefithiaueiidduiiuaudidilnd 50 Q uazile |s, | doanth -10 dB lugsemmd 332 MHz 1 3,000

Yy a

MHz Aseumaudmsunsldeugeudvedinglnsiiml Ingdeas nsdniiiadeud uagsvuuinsevienaaduls
ae fuuugunisunsnsgateaiuvesaeenaduluufiamedieaunitwesdindu 30 aee uaziidninveny
1NN 7 dBi paenYANdYEIsoINIANUEweasaltnuns Uiy s unIunIRNdIngla gl

Uszdndnm ndeuvialSoufisvagennimnasgiuivaseinaidiauenuinfawindnniuasivminiesndn

AdATY : anganAkUUaeNAseana, walan1sanwuin, WdEnesn, Fuiadeu

Abstract
This paper presents the miniaturization of microstrip Log Periodic antenna in Ultra High Frequency
(UHF) band by using dielectric Superstrate which can be reduced the total size by 25% of the conventional
antenna. From simulated and measured results, the proposed antenna has an input impedance of 50 {2,
|s11| less than -10 dB in the frequency range from 332 MHz to 3,000 MHz, that covers the application of
Television Broadcasting, Radio Communication, Telecommunication as well as Wireless Communication.
It also has a uni-directional radiation pattern with HPBW of 30 degrees, and an antenna Gain more than

7 dBi over the operating frequency. The proposed antenna is effective in detecting radio interference.

Keywords : Log Periodic Antenna, Miniaturization Technique, Dielectric, Superstrate
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UNANED

mmfﬂEJummqﬂizaqﬁlﬁaamﬂ%mmmﬂ%’wé’mwu@ﬁul%lﬁﬂumsmumiauEmmLmeﬂizﬂaﬂ (Lining
Compound) vinlWaunsaanduyunisuantunssuiunsuandisu Shell 300 Inglinguinisaaimnanuiounn
fimsanuulssiumimsiasaaiosieuieuriednnes (Heaten) warluanes Blower) uananildlingud
nsmusIAnguiiegnsvemls s Tunisdueh shell iteiiutoyanisadd Ineduaidesiuianuiy
YYD asj'mliﬁmm'ﬁﬂ%’uﬂgw‘hLmﬂqamﬁy’aqﬂﬂiaié’&ﬂﬁn Fosidamuturesensndsoulannuty
Taedosdiantionndt 5% sufiunmsgiusinun uazld Control Chart lunsmuauAmAMANLTUTsE e MLAT
Kunseulanudunds mnnsnemudn Weusuussumisesdmesuarluanes Inedresundslufiviinn
Fruvuresyadeulannudusseuun awsaaanisldndsnlaiildiade 32.7 kwh wioanas 37.36% 1
Tnefiefidudammuiuressnssuuaiity 1.87% vegluaiiinsgiudmun annsinssinaasegenans

wud1 dmfunisaiiunmsusuugsiundslunisiegunsal dssegianauu 2 e

ANEIATY : NSARAUNUNITNER, NTBUSIENEINU , NMIUTUUTINTZUINNINER

Abstract
This work aims to investigated reduction electrical energy consumable solutions in lining compound
curled process of can industry. It can be decreased the production costs of the Shell 300 production
process. Heat transfer theory was applied to improve the installation position of heater and blower. In
addition, the sample size of sampling shell was determined by using Taro Yamane’s sample size

determination theory for statistic investigation. The moisture percentage of lining compound after curling
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has to less than 5% according to the standard, and it was controls by control chart. The result of this work,

after the installation position of the heater and blower were enhance. The electrical energy consummation

decreased to 32.7 KWh or it can be decreased by 37.36%. Moreover, the moisture percentage of lining

compound was 1.87%, which it followed the standard. An economic analysis of the payback period after

the position of heater and blower improvement was 2 months.

Keywords : Cost reduction, Energy conservation, Process improvement
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Abstract
The design and construction of a permanent magnet generator for small residential applications is
a 1-stator, 2-rotor, cast over resin for bonding to the structure. The rotor consists of 2 sets, placed in
conjunction with the stator to position the magnet, cut the coil sheets on both sides of the stator. Test

results at 1500 rpm with no load in star connection, 235 volts and with full load Connected the star circuit,
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measure electricity at 6.49 amperes, measure voltage to 53 volts , the generator a power of 343.97 watts

with an efficiency of 34.60 percent. The generator can be applied to demanding power systems such as

wind turbines and water turbines.

Keywords : Permanent magnet generator, Wind Energy, Efficiency Test
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PM Rotor Stator
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Abstract
This paper presents the development of a smart plug prototype for solving a problem in utilization
and power management monitoring connected to a SMARTPLUG application. Developed for data logging of

voltage, current, electrical power, and duration of use of electrical devices in each plug. It can
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independently control the electrical current to each plug. Automatically cut off the current from the socket.
When it detects an electrical current over 10 amperes. The smart plug prototype uses a PZEM -004T current
sensor to measure the voltage and current of devices and send the data to the ESP32 microcontroller. To
process the operation and send the data via the Internet network to the SMARTPLUG application for display.

Functional testing reveals that the smart plug prototype can effectively control the power supply
to each plug. The voltage and current of each plug can be displayed and calculated the power used. The
voltage measurement error is less than 1% and the average current measurement error is less than 10%.
The result of disconnecting the current from the plugs. When it is detecting an electrical current over 10

amperes were found to be correct under the specified conditions.

Keyword: Smart Plug, Electric Control System, Internet of Things
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Abstract

This article presents a solar-powered battery charger for a mobile phones and laptop reporting via loT
system, which can be used without electrical distribution system. The implementation is compact, suitable
for long-distance travel in rugged areas, and can be charged from both the solar cell system and the 220V
electrical system, converting 220VAC to 12VDC by an adapter. Furthermore, the device can be connected
to an loT system to display various charging statuses as follows; the charging current, the remaining time to
full charge, the charging capacity (mAh), the battery charging percentage and the charging time. In addition,
there is also a notification system on the Line application when the battery is fully charged. From the
results, charging the battery from the electrical system is faster than charging the battery from the solar

panel for 35 minutes.

Keywords : A solar-powered battery charger, mobile phones and laptops, internet of things
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Abstract
This paper present performance comparison of multi-level carrier signaling techniques from the
effect of third-order harmonics injection in the reference signal on a five-level inverter flying-capacitor, The
PWM techniques to be compared are: ACPO IPD POD and APOD. All of process are simulate with computer
program. The result of simulation has shown value of total harmonic distortion output voltage, focus on
comparison of multi-level carrier signaling techniques, from the effect of third-order harmonics injection
modulation (HIPWM). In-Phase disposition carrier signaling techniques generate a minimum of total harmonic

distortion at 16.84%, and 14.46% in third-order harmonics injection modulation.

Keywords: Five-level inverter, Pulse width modulation, Third-order harmonics
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Abstract

Environmental contamination by synthetic dyes has been a serious problem due to their
adverse eco-toxicological effects. Recently, there is a growing interest in using low-cost
adsorbents to adsorb dyes. In this study, the adsorption experiments were carried out in the
batch process to remove a commercial synthetic dye with Lopburi red perlite. The factors
affecting the adsorption process, such as pH of dye solution, contact time (5—540 min), initial
dye concentration (10—100 mg/L), and temperature (20-40°C) were investigated. The results
showed that dye removal reached equilibrium at about 180 min at all temperatures. The
Langmuir and Freundlich isotherm models were used to fit the equilibrium data. The better-
fitting isotherm model was found to be the Langmuir isotherm at all temperatures. The
maximum monolayer adsorption capacity values were 13.70, 14.71, and 16.63 mg/g at 20, 30,
and 40°C, respectively. The kinetic adsorption data could be better described by the
pseudo-second-order model. Moreover, the thermodynamic study showed that the adsorption
was a spontaneous and endothermic process. The results of this study indicated that the red
perlite was a good and promising adsorbent for removing dyes.

Keywords: adsorption isotherm, dyestuff, perlite, kinetics, thermodynamics
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1. Introduction

Synthetic dyes are widely used in many
industries, such as food, cosmetics, and
textiles. The presence of pigments can cause
damage to living beings in the water. Also,
most dye molecules' stability under the
conditions of light, heat, and chemicals leads
to the fact that the dying effluents are difficult
to degrade [1]. Many methods have been
used to remove dyes from aqueous solutions,
but adsorption has wide applicability for
decolorization due to the economic system,
high efficiency, eco-friendliness, and
inactivity towards toxic substances [2].

Natural adsorbents such as agricultural
waste, waste food, or inorganic materials
have been the most popular for wastewater
treatment due to their availability and low
cost. Recently, Coal fly ash [3]., water
hyacinth leaves [4], Moringa oleifera pod
husk [5], bentonite [6], Tunisian clay [7],
bentonite from Brazil [§8], kaolin [9], and
Perlite from Morocco [10] were used to
remove dyes from dye solutions.

Perlite is an amorphous volcanic rock.
Natural perlite is commonly grey, but can
also be green, brown, blue, and red [11]. Its
main constituents are silica and alumina.
Silica and alumina can form the silanol and
alumina hydroxide groups, which can bind
adsorbates. Perlite is found in Lopburi and it
can be used as a low-cost adsorbent. From the
literature survey, it is found that the removal
of magenta dye using perlite has not been
reported. This work aimed to study the
adsorption of a synthetic dye for silk yarn
(magenta dye) onto Lopburi red perlite. The
effects of adsorption, such as pH, contact
time, initial dye concentration, and
temperature ~ were  investigated. = The
experimental equilibrium data of adsorption
were analyzed using the Langmuir and
Freundlich isotherm models, and the
experimental kinetic data were analyzed
using pseudo-first, pseudo-second-order, and
intraparticle diffusion  at  different
temperatures. Also, the thermodynamic
parameters such as AG, AH, and AS were
determined.

2. Material and Methods
2.1 Preparation of adsorbent

The red perlite (Figure 1.) was collected
from Sa Bot, Lopburi, Thailand. It was
washed with distilled water and dried in a hot
air oven at 100°C. Then it was powdered and
sieved to a particle size of 150-300 mm. It
was dried to a constant weight and stored in
a desiccator for use.

Figure 1 Red perlite

2.2 Preparation of adsorbate
Adsorbate is a commercial synthetic

dye for silk yarn. Its color is magenta, and its
brand is “Cats run around the World”
(Thailand). It was obtained from a local shop
in Lopburi, Thailand. The dye was used
without further purification. It was dried at
80°C for 2 h before use. The stock solution
(500 mg/L) of dye was prepared by
dissolving an accurately weighed quantity of
dye in distilled water. The working solutions
of the desired concentrations were obtained
by dilutions with distilled water.
2.3 Characterization of adsorbent

The red perlite used in this study was
characterized by Fourier transform infrared
spectrometry (FTIR, Perkin Elmer, model
two) and a Scanning electron microscope
(SEM, LEO, model 1450 VP LEO). X-ray
fluorescence spectrometry (XRF, HORIBA,
model MESA-500W).
2.4 Determination of pHpzc

The point of zero charges (pHpzc) was
analyzed by the pH drift method. The pH was
adjusted to a value between 2-12 by 0.1 M
HCI and 0.1 M NaOH solutions. In the
experiment, the adsorbent was dried in a hot
air oven at 110°C for 3 h., and 0.1 g of
adsorbent was taken in 50 ml of 0.1 M KNO;3
solution under agitation speed at room the
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final pH was measured and plotted against
the initial pH values.

2.5 Adsorption study

The adsorption study was performed in the
batch method. For each experimental run,
100 ml of dye solution of known
concentration was taken in a 250 mL
Erlenmeyer flask containing 0.6 g of
adsorbent. These flasks were agitated at a
constant shaking rate of 200 rpm in a
temperature-controlled orbital shaker (Vision
Shaking Incubator, Model VS8480SRN) and
maintained at 20, 30, and 40°C. At
appropriate time intervals, each sample was
withdrawn and filtered, and then the
supernatant was measured for dye
concentration by UV-visible
spectrophotometer (Analytik Jena, Specord
210 plus) at 548 nm. The amount of the dye
adsorption was calculated as Eq. (1):

(Co-COV

W (M

9 =

where C, (mg/L) is initial dye
(mg/L) is  the

concentration at any time, q; (mg/g) is the

concentration,  C;

amount adsorbed at any time, V(L) is the
volume of the solution, and W(g) is the mass
of adsorbent.

3. Adsorption Isotherm
3.1 The Langmuir isotherm

The Langmuir isotherm in a linear form is
represented as follows [1]:

C 1 1
—= Cet 2)
de Gmax  Kildm

where C, (mg/L) is the equilibrium

concentration, ¢, (mg/g) is the amount
adsorbed at equilibrium, K; is the Langmuir
constant, and ,,,, (mg/g) is the maximum

adsorption  capacity. The  essential
characteristics of the Langmuir isotherm can
be expressed in terms of a dimensionless
separation factor (R ) which is defined by:

1

bR .

3.2 The Freundlich isotherm
The Freundlich isotherm in a linear
form is represented as follows [2]:

1
log go = log Kp + (; Ylog C. (4

where Ky (L/g) is the adsorption capacity,

and L is the adsorption intensity.
n

4. Adsorption Kinetics
4.1 The pseudo-first-order model

The pseudo-first-order model in a linear
form is written as follows [1]:

k
lo —q)=1lo i 5
g(qe qt) g Je 2303 ( )
where k; (1/min) is the rate constant of
pseudo-first, and q; (mg/g) is the amount

adsorbed at any time (min).
4.2 The pseudo-second-order model

The pseudo-second-order model is written
in linear form as follows [1]:

t 1 1
et ®)

qt kzqg Qe

where k, (g/(mg-min) is the rate constant of
the pseudo-second-order model.

4.3 The intraparticle diffusion model
The intraparticle diffusion model is
expressed as Eq. (7):

q;= Kia(®"™+C (7

where q is the amount of adsorbate retained

at the time (t), Kis is the intraparticle
diffusion rate constant (mg/(g-min'?), and C
is the intercept.
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5. Thermodynamic parameter of
adsorption

The Gibbs free energy change (AG) in
the adsorption process can be expressed as
follows:

AG=-RTInK_ (8)
where K. (K.= q./C,) is the equilibrium
constant, R is the gas constant and T is the
absolute temperature. Also enthalpy (AH)
and entropy (AS) changes can be estimated
by the following equation:

85 A0 9)
R RT

where AH and AS can be determined
respectively by the slope and intercept of the
linear plot between In K¢ and 1/T.

In K, =

6. Results and Discussion
6.1 Characterization
FTIR study

The adsorbent's functional group was
observed using a Fourier transform infrared
spectroscopy. The FTIR spectra of red perlite
is shown in Figure 2. The spectra showed the
presence of the following groups: O-Si—O
stretching at 1009.9 cm(1, and the peak at
790.68 cml11 corresponded to amorphous
silica [12]

SEM study

Figure 3 represents the SEM of the red
perlite surface. The micrograph showed the
heterogeneous nature of surface morphology.
The red perlite had a rougher and porous
surface with random, widely distributed
crevasses and pores of varying sizes. Its
image is characterized by open pores, and the
perlite used in this study is a good possibility
for pore diffusion during adsorption [13].
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Figure 2 FTIR spectrum of red perlite

Figure 3 SEM of red perlite

XREF study

The red perlite used in this study was
obtained from Sabot District, Lopburi,
Thailand. By analyzing the adsorbent with
XRF, the chemical compositions were SiO»
(71.34%), Fe2O3 (4.26%), Al2Os3 (11.13%),
CaO (1.88%), KoO (10.59%) and TiO>
(0.801%). It can be seen that silica (SiO2) and
alumina (Al>O3) are the major compositions
in the perlite, which is similar to Czech
perlite [14]. Silica and alumina can form
silanol and alumina hydroxide, which can
bind the sorbates in the solution.

Point of zero charge (pHpzc) of adsorbent

The pH of the zero point charge (pHpc)
was measured by pH drift method. As seen
in Fig. 4, the intersection plot shows the zero
point charge at pH 3.5.

10

pH

Figure 4 The pH at point of zero charge
(pHpzc) of red perlite
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6.2 Effect of pH
The adsorption of adsorbates from
aqueous solutions is dependent on the
solution’s pH, which affects the surface
charge of the adsorbent and degree of
ionization. In the experiments, the effect of
initial pH between 2-10 was investigated
while the dye concentration temperature and
contact time were fixed at 20 mg/L, 30°C,
and 180 min, respectively. Figure 5 shows the
percentage of adsorption versus pH. As seen
in Figure 5, the percentage of adsorption
increased with the increase of pH from 2 to 6.
And, the maximum adsorption was obtained
at pH 6. As the pH increased, the surface of
the perlite gradually acquired a negative
charge. As a result, the adsorption decreased
and the percentage of adsorption was lower
than pH 6. It was found that the pH value at
the maximum adsorption was higher than the
pHpzc of perlite. At this condition, the surface
charge of the adsorbent was negative.
Therefore, the anionic dye could not be
bound on the perlite surfaces due to the
electrostatic interactions. However, the
interactions could be hydrogen bonding [15].
Similar adsorption was reported for the
adsorption of azo dyes [16].
90

85
80
75
70
65
60
55

% adsorption

Figure S Effect of pH

6.3 Effect of contact time at different
temperatures

The experiments were carried out to
investigate the effect of contact time at three
temperatures (20, 30, and 40°C) on the batch
adsorption containing 100 mL of initial dye
concentration of 20 mg/L and 0.6 g of perlite.
The plots of adsorption capacity versus

contact time at different temperatures are
shown in Figure 6. The results showed that
the adsorption capacity increased with the
increase in contact time and temperature. The
removal of dye was rapid in the initial stages
of contact time and gradually decreased with
time until equilibrium at 180 min.

The initial faster rate of adsorption may
also be attributed to the presence of a large
number of binding sites for adsorption, and
the slower adsorption rate at the end is due to
the saturation of the binding sites and
attainment of equilibrium. A similar
observation was reported for the adsorption
of dye on natural untreated clay [9].

The effect of temperature was investigated
at temperatures of 20, 30, and 40°C. The
adsorption capacity values at equilibrium
time were 2.90, 3.11, and 3.38 mg/g at 20, 30,
and 40°C, respectively. The adsorption
capacity  increased  with  increasing
temperature; thus, the adsorption was an
endothermic process. This is because of the
increasing mobility of the dye and an increase
in the number of active sites for the
adsorption  process  with  increasing
temperature [17].

3.6
3.2 L T I I I I
C) T 1+ T 1
g 28 I I 1 1
=
——20C
2.4 ——30C
——40C

0 100 200 300 400 500
time (min)
Figure 6 Effect of contact time

6.4 Adsorption Kinetic study

The adsorption kinetic data, obtained from
section 6.2, were analyzed by the linear
pseudo-first-order, pseudo-second-order, and
intraparticle diffusion kinetic models. The
calculated parameters were shown in Table 1.
As seen in Table 1, the correlation




FANTIVINSTNNART -TECH U9 17 adudl 2 nsngiey — Swaau 2565

coefficients (R?) of dye adsorption were
0.936, 0.882, and 0.942 for the pseudo-first-
order model and 0.999, 0.999, and 0.999 for
the pseudo-second-order model at 20, 30, and
40°C, respectively. Therefore, the kinetic
data were fitted better with the pseudo-
second-order model at all temperatures.
For the intraparticle diffusion study, the

plots (not shown) between g, versus t'?

were drawn, and the results showed three
linear steps of the adsorption. The second
linear step was the intraparticle diffusion of
the adsorption. The values of the

intraparticle diffusion rate constant (Kiq)
were 0.072, 0.051, and 0.046 mg/g min'?
and the intercept (C) values were 1.881,
2.463, and 2.609 at 20, 30 and 40°C,
respectively. The linear portions of the plots
did not pass through the origin. This clearly
showed that intraparticle diffusion was not
the only rate-controlling step. Therefore, it
might be concluded that surface adsorption
and intraparticle diffusion were concurrently
operating during adsorption

Table 1 Kinetic parameters of dye adsorption on red perlite at different temperature

o Temperature (°C)
Kinetic models 20 30 0

q. (exp) (mg/g) 2.901 3.113 3.385
Pseudo—first order

qe (cal) (mg/g) 1.095 1.550 1.154

ki (1/min) 0.021 0.018 0.025

R2 0.936 0.882 0.942
Pseudo—second order

qe (cal) (mg/g) 2.933 3.138 3.409

k> (g/mg.min) 0.078 0.094 0.100

R2 0.999 0.999 0.999
Intraparticle diffusion

Kiq (mg/g min'’?) 0.072 0.051 0.046

C (mg/g) 1.881 2.463 2.609

R? 0.901 0.941 0.887

6.5 Effect of initial dye concentration

The experiments were carried out to
investigate the effect of initial dye
concentration from 10 to 100 mg/L at three
temperatures (20, 30, and 40°C) and
equilibrium time (180 min). The adsorption
capacities are shown in Figure 7. It revealed
that the dye removal was concentration-
dependent. The increase in initial dye
concentration increased the adsorption
capacity (q,) of the dye. This may be due to

the increase in driving the force of the

concentration gradient for mass transfer with
the increase in initial dye concentration [18].

However, at higher concentration, the
change of g, versus initial dye concentration

was decreasing. It can be explained that the
adsorbent had a number of active sites, which
became saturated at a certain concentration
[19]. Moreover, at each dye concentration,
the adsorption capacity increased when the
adsorption temperature increased. Therefore,
the adsorption was an endothermic process.
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Figure 7 Effect of initial dye concentration

6.6 Adsorption isotherm study

From the results shown in Figure 6, the
equilibrium adsorption data were plotted as
the linear isotherm of the Langmuir and
Freundlich models. The plots of the
Langmuir isotherm at 20, 30, and 40 °C were
shown in Figure 8. The values of the
parameters from the linear plots of isotherms
were calculated and tabulated in Table 2.
By considering to correlation coefficient (R?)
in Table 2, the results showed that the
equilibrium data were better fitted to the
Langmuir isotherm than the Freundlich
isotherm at all temperatures. The adsorption
isotherm indicated the homogeneous nature
by the monolayer coverage of dye molecules
onto red perlite surface and the maximum

adsorption capacity (qmaX ) was 13.70,

14.71, and 16.63 mg/g at 20, 30, and 40°C,
respectively.
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Figure 8 Langmuir isotherms at 20-40°C

The R; values indicated the feasibility of

the adsorption process because they were in
the range of 0 and 1. A similar observation
was reported for the adsorption of anionic
dye on natural untreated clay [17].

From the Freundlich isotherm, the values
of 1/n below 1 indicated a normal Langmuir
isotherm and favorable adsorption [20]. The
value of the Freundlich constant (Kr)
represents the degree of adsorption. The Kr
value increased with increasing temperature.
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Figure 9 Thermodynamic of dye adsorption
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Table 2 Isotherm parameters of dye onto red perlite

Temperature (°C)
Isotherms 20 | 30 | 40

Langmuir isotherm

A0y (ME/8) 13.70 14.71 16.63
Ky (L/mg) 0.130 0.195 0.264
Ry 0.083-0.474 0.124-0.415 0.065-0.408
R? 0.985 0.996 0.987
Freundlich isotherm

Kp 1.82 2.55 3.35
I/n 0.591 0.558 0.586
R? 0.896 0913 0.893

6.7 Thermodynamic of adsorption study

The thermodynamic parameters such as
the Gibbs free energy change (AG), enthalpy
change (AH), and entropy change (AS) were
determined. The experiments were carried
out at three temperatures (20, 30, and 40 °C)
on the batch adsorption containing 100 ml of
20 mg/L and 0.6 g of perlite at the
equilibrium time. From the adsorption data,
AG was calculated using Eq. (8). AH and AS
were obtained from the slope and intercept of
the plot (Figure 9.) between In K. ant 1/T.
The values of AG, AH and AS were tabulated
in Table 3.

As seen in Table 3, the free energy

(AG) values of dye adsorption on perlite were
—0.861, —2.15, and —-3.24 kJ/mol at 20, 30,
and 40°C, respectively. The negative values
of AG indicated that the dye adsorption was
spontaneous.

Table 3 Thermodynamic parameters for dye

adsorption

Tem -AG AH AS
(K) | (kJ/mol) | (kJ/mol) | (J/mol.K)
293 0.86 37.12 129.29
303 2.15

313 3.24

The enthalpy change (AH) and entropy
change (AS) of adsorption were 37.12 kJ/mol
and 129.29 J/mol K, respectively. In this
study, a positive value of AH indicated the
endothermic nature of the process, and a
positive value of AS indicated the increasing
randomness at the solid/liquid interface
during the adsorption process.

In addition, E, can be determined from the

slope of the plot between In k and 1/T (Figure
10). In this, k is the rate constant of pseudo-
second-order kinetics, and the calculated E,

value of the adsorption is 4.45 kJ/mol,
indicating that the adsorption is a
physisorption process ( E, < 40 kJ/mol)

[21]. The positive activation energy implies
that the rate of adsorption increases with an
increase in temperature, which leads to an
increase in the probability of the colliding
molecules being captured by the adsorbent. A
similar result was reported by the adsorption
of methylene blue dye on the O-CM-chitosan
hydrogel [22]

Table 4 Comparison of the dye adsorption capacity onto different adsorbents
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adsorbents Class of Dyes Qmax, References
dye mg/g

Montmorillonite Anionic Magenta dye 161.0 [23]
HCI modified bentonite Anionic Methyl orange 47.8 [8]
bentonite Anionic Congo red 43.1 [6]
Perlite Anionic Congo red 55.5 [26]
Kaolin Anionic Congo red 54 [24]
Kaolin Anionic Reactive red 1.1 [9]
Lopburi red perlite Anionic Magenta dye 14.7 This study
Tunisian clay Cationic Crystal violet 86.5 [7]
Moroccan pyrophyllite Cationic Crystal violet 13.9 [25]
Kaolin Cationic Basic yellow 28 5.7 [9]
Pumice stone Cationic Crystal violet 6.99 [27]
Pumice stone Cationic Malachite green 22.6 [27]

1/T

-2.25
_2.38.0 30  0.0Q32

0.0034

0.0036

0.0038

-2.35
-2.40
-2.45
-2.50
-2.55
-2.60

In k

Figure 10 Arrhenius plot of dye adsorption

6.8 Comparative study of adsorption

In order to evaluate the efficiency of
Lopburi red perlite used as a natural
adsorbent in this study, a comparison based
on the maximum adsorption capacity of dyes
with different adsorbents is shown in Table 4.
As seen in Table 4, the adsorption capacity is
dependent on the class of dyes and the
character of adsorbents. It is clear that the red
perlite, used in this study, is indicative of the
possibility to employ as an alternative low-
cost adsorbent.

7. Conclusion

In this study, the adsorption of a synthetic
dye for silk yarn onto red perlite was
investigated. = The red perlite was
characterized by FTIR, SEM, and XRF. It

contained mainly silica and alumina. The
maximum adsorption of the dye occurred at
pH 6 and at the equilibrium time (180 min).
The kinetic adsorption data were better
described by the pseudo-second-order model.
The equilibrium adsorption results showed
that the overall adsorption data were better
fitted by the Langmuir isotherm at all
temperatures, indicating the homogeneous
nature of the monolayer coverage of dye on
the red perlite surface. From the
thermodynamic study, the adsorption was
spontaneous and endothermic. The E, value

of the adsorption showed that the adsorption
was a physisorption process. This study
proved that red perlite could be used as a
promising adsorbent for the removal of dye
in water. Moreover, it can be concluded that
the use of red perlite as an adsorbent could
contribute not only to solving environmental
problems but also to decreasing the overall
cost of wastewater treatment.
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