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This work is focused on innovative product developrment of “bioceramics” which
have ability in removal of pesticides using physico-chemical and biological mechanisms. The
ceramics were synthesized and characterized for their properties. The bacterium were
immobilized on the surface of ceramics. These bioceramics are expacted in providing high
efficiency in pesticide removal from contaminated watet. In this first phase, several types of
ceramics were synthesized, and they are can be categorized into two group, Ci the high
porous ceramics which are the good adsorbent for the pollutants in water and C2 the rich
nutrient ceramics with high porosity on their surface. From characterization techniques, such
as BET analysis, XRD analysis, point of zero charge measurement, Scanning Electron
Microscopy, and other testing, the obtained ceramics from this work have a pronounced
surface for adsorption application with high porosity and surface area. These ceramics can
be use further for cell immobilization with the further application in degradation of the toxic

pollutants.
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Bacillus subtilis (8. subtilis) L?anwémﬁ’mﬁﬁ’dﬂ "‘Lu‘[.al.ﬁi‘zﬁﬁnﬁ” wagnsfneisnisiedevasunlu
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211  auanifvamiinien
w1518n (paraquat) tJuaisiaditiSa¥ediy (herbicide)  Tungu quarternary
nitrogen herbicide aillaswdlinanawssaumnifvemimmendudadunm2.l wavasn 2.1
auddu vmmemluaniasumslu Holiarapplied herbicides ) Mialfguuududamenio
vianenileviuigad (contacts membrane disrupters) taziludssinnliiienihang (non-selective
herbicides) vldntasdudaionmsudeddauasuwisnsiludign [1
wismaeniiouldedruwmswanalunarstsavanaslulssnalvoiivandwiegege
wasilwualihnduindooq Tneddevamadnnang Joifisulfaz iuifnfuumiveans fe
n¥ufenlau (grarmoxone) iintsliwnsamoniislusiaisaangut (active ingredient) wazlugdans
watyl (formulation)  indlenldlugUrasarsnaududaulug Tngwsineaiiidwisiluiinay
dudssnes 47% wAs Sasmslivsmeniiuanzauniuiiaandimue Ao sz 3-5 au.
wading

o
sun2.1 Tassailaanaveswisazen (1]

212 MTUWINTIILUASANITALVDINITIA2DA,
mnisnisufiadlaigndadlunsld naAnetimaurdnssaotazarudansld
wireeadnniulunismizgnissnuasng sl U monandegiludaandeuiiu o
wazeme Fannaandnsuesasvnrmenludaindanannsodonlsdgunmasunyudld deen
aswmmenannnasaiuiaidafauadn i
1) nsuwInssmsuazniTazauresITImeniuiy mnauaudivessend
anrsagngaduieiuldimiy dilivmennnisedlufugusisnzdofumuiuiiviaznis
ursnsregdiuandenaug anaq 1ty hemduiuesnmaresluiuiusgfunrmannseluns
aeduanTiImentesiuusasyile wimiisunsoiatulddiinsldmitmendadesanfiudy
Feq miw?\uaWﬁ&gmé"uﬁ’ﬂummﬂ%’uLLasﬁﬂﬁ"miwmamgﬂfuxé"mml,méqgﬂﬁ (2] vdevuidlou
Tutwiugn
2) nInszewkavavduvesiTAtenluth anauaudivensineniianings
azawaﬁw‘l&‘f@gﬁﬂﬁwumsﬂugﬁau‘tuéﬁmﬂﬁauﬂ"ﬂ gnfIg RAnTINN 1 lENIIAIBRYEANYAINT
Suneciosan Famiaing Afinsugndriiwlduasdainauiinslinimmentnduvdaihins 30
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amudutumesssmmmeniivudioulumvdairludssmdlng anseunside
AISUNINTY amrz}aumwmamaaameaaymmwawmm uazaais. 3 wudnaibmanousisly
Ussinetlne Tour wifudmeszen wibasnsur wihdands wasusdihiumgd dneesanons
Vutleuresariaiivrudngiovarssiin iy wisimeaddT sasmdlusiu Wusu Tagluyn
Fegrathunusihdung@smomuiisenmmaniinududuedsenin 2.68-15.04 lulasnduda
ans LLaiuqmluwuﬂimmm'i'm'aamnnmﬂqm;m Fauanaliiiiuiimnsaianiinisundnszane
nagaith waraneeunAnsmmudiouareivudasitlufiudfud e nsd
wazansz (4] vunrrudieuveasimenluduth 11u 8 aevasdmimitugegn 8.55 fadinude
ans
3)  nauninssnskasarasluen asmmsmenfuaseiithismmeadule
(non- volatilization) Ssfinsnszarseglummeludnunsiiivaseasdn 9 mevdimsiavulag
MsnsETeiveasenTIRTEntuRUANvaE M Eavl tniesile dnivne wavanmigiionie [2]

o aicy
M99 2.1 padnuaYasvTAanl, 2]

Fadtia)

w13een (paraguat)

Fomaiail: IUPAC

1,1’-dimethyl-4,4’- bipyridiniumDicholoride:
1,1-dimethyl-4, 4’-- bipyridiniumdicholaride

gmﬂu&aqa Dication: CpHpeNa Dichlerde salt: CaHypClNy
ihwtinluiana Dication:  186.3 Dichloride: 257.2

L] J
AHgg e 20°C

1.240-1.260

WNADUVAY U0Lian

175-180 °C_/ 300 °C (#anafa)

Solubility at 20°C

Water: 700 nRU/865

Henry’s law constant:

4x10-9 Pa m3/mol

Vapour pressure:

<< 1x10-5 Pa at 25°C

Octanol-water partition
coefficient (Kow):

Log Pow -4.5 at 25°C

Volatilization

Mon-volatilization

pH luguvas arsazan

65-75

LDSO Tuniyud 35 ma/kg (Changbin Du, 2005)
Hydrolysis: Lilinnsdesaanslaoi
Photolysis: Tuensazany, Iiansdegaasanmsaaduisd UV
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fufa nsAunavntswdlas aslddunarnenifiowmilalaus (5 fiaddng) mmmﬁﬂﬁma‘lﬁ
TunyudrmuliuRvussisiaeniian. LDSOL‘ift'lﬂ‘U 35.un.60 nn. viwindals s wu umua“’h
§1A" LDspaeflugda9 20-50 un.da n.n. vhwtinh wTmeaidunsgsaiaizdiudieq vaesienisi
Hufle 1y ArulufureiimiazdemAnnsszaies aanduazifianazae arullufveinis
Iummendidumeinasiiomsuaudouludanhnuasmafuemisdniauiiosngvilunis
fandeuvesiataniionnisaduld ondeu viaiies deuwmds weladn Woemns wiladud
Aawifandn ssuvmaledumen wadduuaslngnihmsnazansluiian lunsdlvemdedasfalasy
wisaraanUinUssing 60 augu. wwkantenstdastieaniiund la tauvy daudes wasds
wuTwnantuassiazaely 13 Juvdiannsldsudiv dnensaazagly 17 vdeanldfuiie

214 rumdnassatesivuiouludwandon

'w'mmafaﬁﬁmﬁau’tuﬁuLLasﬁ;'lamﬁaQnaiaﬂammaammﬁumﬁéh BASEUIUNTT
gegdatlneumaiing (photolysis) waznistegaanelasqgunid (biodegradation)

1) Photolysis lunszuiumsdesaaevisimenlasuasaifing laseadeuasas
wisarengaduisdaanitlalamnludas 285-310 unlutwas vibindsunadidnnseuain 1T
orbital - gansedulitadioudilaglussduiiiindagandn (T orbita) vibilananadidnuaedy
electrophilic v iduaisaaniled Wesudinnseuannansauinlilas e wasasmnsason
wasugtudueygavemnsingen Bonuifserildn photochemicat degradation uasedilitegiites
5 Wasidudluuasanfind viliinsdosaaaialiton Tummanssiuday eiluauwandamuiniidns
nsdegdaneiia 25 weddudnielunal 3 flan

2) Biodegradation ijuﬂi“mumiéaﬂamawwmmam‘[maﬁ%ﬂssmma}ﬁw‘%é v
Cownebactenumfasaans Clostridium pasteurianum, L.vpomycesstorkeyrtﬂumu Luaﬁ!aumaaﬂ
Tuanmundeniiiinismen sewionhseiuiulunasinuasuda anti-oxidants 1um'sﬂaanumi
Wrdnmsasunaanfinduainviisialen (paraquate oxidative stress) malw,saaaaaiaﬂ‘luaﬂﬂu
fanans muﬂaumamwuﬂﬂuufmuamTm’iun'ﬁaswwumumﬂwmmmms antioxidants ¢
sat datu maluntduumaniufiviazaedsenluanmzdinaivesgdunidud
azyilnwinaiu

slagdunisaunsodunudensmenudidesiinsuiusaitansiesaluanis
fanan Tesnsnssduihuliedaaswiveulaiilonizesnuanwad (extracellular enzyme) dilavh
mstevaennmeniuanalugliivunndnas eanariuiiviasililasefadnasaunsy
eamsainindwaduasiinnssuiunisdesaarsnieluad Tnovnsaten awisaduuds
arsusunaslulnaaud miumsaiyvesgduidls)

fleddauas Yamada et al, 2016 [7] ifnundunanisdegaaiavanistaisndae
Uiidalnladauaznisdavaanslaeqduvddeduniduesile 1uLipomycesstarkeyidafauenls
amﬂuLLavﬁmﬁaaaﬂamam?smwmamlmamqamum Fananslusuit 2.2 nsdesaanendneg
dfintu 2 ads fe n1sdevaanuadadl 1 Wunsfanguifiaesnvinlaseaiiaisuiiinien
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(demethylation) ﬁﬂﬁtﬂgﬂugﬂﬂu monogquatwasnsiineandady 1 Fadt pyridine ring Vil
Waau gy pal‘aquatmonopyridonef’l’l‘L!ﬂ’l’iEi@ﬂﬁﬁﬂﬂﬂ%zﬁﬁ 2 1unsunndives ring  waly
monoquatias paraquatmonopyndonemaﬂmﬂL'Uu 4-carboxy-1-methyl pyridinlum ion (MINA)
%@bﬂuauuaﬂawﬂ‘iﬁmeﬁa’LU‘iiqum'lmﬂuwmm TaafiAn LDy 5,000 snde a0, tmiada

CO, + CHNH,
S S
i roorgnising 3 mu.murh.mi‘-m\ light
light »“nmunmr light
. . \
" H,C COOH
ok Pl ()
Rirugual \ /lh-m;y 1-meethy!
Hight light pyricinjuin fon
H’)UN':.\ /> <\ ;NGH} MiCroorganisms
light

O
Paraguat nonopyridone

CHNHy 4+ CO) + formite + oxalate + suecinate

\

NHq + €Oy 5 H,0

sUii2.2 Wunnisdasaansvewinmenlasuiisuniulaladauas yaunid(r)

2.2 wiingd

windind Wudagesifindfiadnuiamiagiiagiuasnn 16un fu (cay  minerals)
#1sUsgnaveandlaulasiing Ly d8ansentud (silica oxide) egfilsuannled (aluminium
oxide) Wiy Fesniludetanianmiug Wy nduuesialagiu nauveslaniondieunindngu
wradesmteatrls o TullagiudangsindldgndaunssitunmnnsUfudsusieingfusas
dndrumeaingiv el dnuaudiveYanuniindfidesnts wegldilnswanndnuazanTRTH
TV GIURE LLavwmnumama'samﬂ'ﬁm‘lﬂlmm‘lmﬂu:uumaq oen Fagmienisuvmdluns
Tmaununszgnuesily Sansoal uastandmiuthiadudedmivnsidesan dudu
YaslunguuaaeiindiigniunssituieTagiuufuinandeiuly deldldEnuay
autididoans TnevhluTanmsdndtinildnunsiuiiddy Ao astlawgu SHuiifags FilWAenns
anduansnneg 1aq tLauaﬂmﬁawitﬂmﬂugﬂsNmqS] mapdeamdlde fregneesiaaes

=,

iJﬂaa'msUU'mﬂmLﬁﬂ'Lumﬂa"l mttﬁmﬂu‘iﬂw 5
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| 1 o o - 2
Uil 2.3fedwedadnefiesiindilidmhemaissaanals]

wdfuwmilon (clay minerals) WudnaRvwdnitdlumaniniesiing Taluinghuiiintues
pusTTITRLasIAgn aeildssefifiadaulvahliulseau (negative charge) Seilnmanusolu
nsgedusEquInTiaguianseuy auldi dait uiRumilfsinamiidutgnduiinenduiins
Fudaeden nanfe uifuwindiuiisunegs Snuaudiluniseadu lituiasiidaoamly
mswanisuleseu OlmenamTRwdilhlilsdlddiusiatunsminanmeiviui asneu
wasthendedanmindiumile LUl Talangvinludlngldinsdne i Touwutunmssy
el wdumiaiandulugUsssumuazluguiivugsiuiudsiiaraansnlunssidalanswin
sinaq luthildfeehaiisauinmianszuiunaaeduli oluenainil wiiuwile dndutaaimsan
dwiulieadinnz8ndelunistdimsdnwdigs (advanced bioremediation) Fgntsaiaad
vunsumiley (cell immobilization) d@wiuni1siadnas polycyclic aromatic hydrocarbons
(PAHS) WAy volatile organic compounds (VOCs) Tutlagify fmsiugUudiumilondugudredy
(Samasfind) viu fou s Wiy weeldginddulanlunseiasad fodsenuideves V.
Nikolajeva et al., 2012 [11]#ildn3s Pseudomonas putidavuasiing

Surface attachment

» Clay’s cations

3 Adsorbed molecutes (drugs/
proteins / organic matcrials /
SRZYNIES)

gﬂﬁ 2.4Different biormolecule adsorption sites on a cationic clay mineral [12]
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o o 1 Y
23 qdumidifianuannsatunisdesaaeaisuaRudunid

o

dansodnaudatagtiufiowifeiidedesfunisdesdaroasuafulasqdundduinue
(the pollutant biodegradation) uaziinstlUldthdmtufiuivudiouasuafivedantianans
Inggfuvidunateviugiinruansalunvihanslasaivessasuaiiwisdesaaaansuaiuiay 1y
Wuwaewnslumsasey Tﬂagaum‘%éﬁﬁuwmwﬁ?ﬁm o dom Bad uaswuniide sudsu
231  msdevaaumsuafivlagdes
nsdasaasensuaivlnades Tnadeslungurlavisenilarmannsalunisudn
wulsitungudnlulafin (Ugninolytic enzyme) ﬁﬁmmmmm’tumitiaaaaflaam%aqiaa vadl
waglaauazdnfuiiuesdussnevlufie dadraiinslaisen du Tametesversicolor,
Anthracophyllum discolor [13], Coriolusversiscolor, Trametes sp. tfudu usnent wudd
awnsadesaauasitilnanagald Selnstanldidnasuaiy e duivldidndy
Sumsrenedwandey Wi srahiaas (pesticide), Fdaastes (synthetic dye), polycyclic arornatic
hydrocarbon (PAHs), polychlorinated biphenyl’s {PCBs), carbon tetrachloride Was pentachlo-
rophenol (PCP) 1y

2.3.2 msdesdaruarsuaniuine g
Jamhunduvidiminidotionldlunsmaseunisdesaaaaaanie snfedadadi
neasUEBtAAATIN1T1R700 Tetrahymenathermophila [14] uay Lipomycesstarkeyi [7] 1Ty
du Tneaving Lipomycesstarkeyiduilasinian fadununnvinisinuiadumnanisdesaans
{biodegradation pathway) Wazarlaunsaluntsdumuwinsneanlussauiiy

233  angavd@aldarsuanulpgituaille

fauidduaisiiuuaitfedeadataauaivuinuie @rulvglddesdanaans
polycyclic aromatic hydrocarbon; PAHs vananideitimaseiiwueiiGodosaameasiaiivs
gt (pesticide) vl wistaantas miue [15] wisiatan [16] awsdu (17, 18] uazaastnd
woa [19] 1Judu

N. Viriyawattanalaz S. Surachat (2014) [16] ladnwinistesaaravnadinimuas
wiTTTen LA aaevng AcrormonasVeroril NK67 fidmnanlsamnarufiudwendilutsema
e wuhil 6 wlnfivudaaavnrmenitnrududu tmMansanvegeulsEanEnluntsden
aagvinsimen wuiiwaiiZedies 2 aeviug Ao Aeromonas spp. strain NK 66 and NK 67 71
awnsadesgaennsimanls lnewiiiAtenanadiiy 4.9 ppm kas 10.68 ppm AWEY HanIs
feudeuseiudly wudn 99% vas A, veronitBusnaug ATCC 35624

M. Kopytkosazanz (2002) [15] ladnwinsgesamandinwsesniuionlautas
smulnewunfidy Pseudomonas putidavuiiadufiinadontsdesaans 1Eud armduduves
a9 anududuassaniamis uazmslansebildau (activated charcoal) luntsvnasidrsiu
wuAiSs manrsnasasruinaidldausin santstevaaoues nsudiorlauuasanauin W 47.29
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Uay 68.72% AIWEIIU LLmuaumi'lwmuswLLauLmuaﬁmmiamauaﬂ 10 % nusdesdns
amnsngndegaansinnndl 95% fvan 72 .

N. Swissatagamz (2014) [17] li@nwinisdsadaronisiinivansarsamstdu
Immwﬂmsa Raoultellaplant:colamﬂﬂuanlm"m ‘uumummﬁamﬂumaua’ﬁmmww WU
anmeilmnzaurienstdevaamuaisamiduiiarsdudy 10 ppm. fo Aoy 7 wasgeungh 28
sewaldod uananimuEsInsdegamemsemiTusranas 50 Woidud lefinisdevy
20419 acetonitrile, phenol ©as toluene wazinvinsnSaudaunsdeadargemiGuass
Raoultellaplanticoza‘ﬁ'F‘fmuan‘lﬁmnisUUﬂﬂﬁ’mﬁﬂmﬁaummaﬁwﬁuﬁﬁ’mu,ﬂnmnwéw‘%ﬂﬂ ViU
dunsndevdarsaremsidulaniely 3 lnay 3 Tu audwiu

C. M. Tutias W. B. Bollen (1968) [6] laAnwanuduiusseninaswinmanias
wuaitduluiu Tnadnuilufuiluandieiy 4 9in uazuueiifoaoiuiuians ¢ oiia taud
Aerobacteraerccenes, Acrobacterium fumefaciens, Pseudomonas fluorescensias Bacillus
cereusmuT o s aneaildluntsveans fo 0.25, 0.5, 2.5 Lag 25 ppm. kaglddnu
AaidLiRuesAU LU agnastumskaniUdeulesey uazduvising %%aﬁwaﬁiami@%’w'ﬁ?mm
Fonlufiu ‘Eﬂa?mﬁﬁ@uﬁai’mqgamsﬁmmmuﬁammanLﬂgau‘laaautta%gm%’umiw15’1 AIoRgInl
Wae Mneamsvagey wuiuulimassuouwueiiSasde s iiun sz ssnaneanisualy
vagimdudessaesluivanas Tnowuailosis caneviug aunsoliammmarendy
avdsrnivauuar lulnsiauluniswie i B, cereusiiannsawialéfimnududu 100 ppm.

INNIVUMUITIUASSY deviugiuaiiFefiilawannaaluntsdesdaeaisnig
A7en fe Aeromonasveronii strain ATCC 35624 [16], Pseudomonas putida [15], Pseudomonas
aeroginosa,  Bacillus  subtilis, Aerobacteraerogenes, Agrobacierium  tumefaciens,
Pseudomonas fluorescensilag Bacillus cereus [6] Whudu

24  mandegiiunid
2.4.1 waldantansaad
dnssafiuiieudauingoindantsiidalasldnszuiumamaiinuuudui
losnanudiuiiviasasiad sdrdlsinn walulafinsniusadldsunseeuividiuualtilung
dovaanvansuafivluiuasiuld Taslddumwauladudusoiies nsnfugadidetivatatsenis
dlaftautunmsldiwaddasslumatinauais L damufunudemaaiifiitugs $9unage
uavunanisun’tmmsawaﬁanmiaa sty [201 adralshiany malu‘[aamsmamamﬂuﬁmums
Wannanedreneilos
mandusadydunididunmsdiiaseuaieanuimenisamusnsadivegluuiiim
fitmun wiaddmdnuandilunnluwdsdneulalliinuanniolunsduiudnjite
wazauotiradeiiilduadldediwaiias Tnowadiignafeilonnagluanuneadirnfasse wad
suasfindvieitadfiniond wedatunoiasadydunials 3 21
1) msiadaadatit (camer-binding method) mneenisdeanvadqduvddiuans
Wy 3 238
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1.1 arsliusslaiaus (covalent binding method) Huidnsideuwad
Tngmsafuanavims nsansidenannsasiofudiutssneuead 1iud nsnezilunguensuendangu
Fafla3a vianduilueavaslusiiu \lusu S3dideiRewadidonadfuimivesanswivsadas
aluase arunsiifitazmsieatadlion uiilarnansaiaradieitineudrsunsauasans
euiinrunihivdeisad

L2manwviienisgadu (adsorption method) Hhidsnsniuvadingliwadan
Futuasmidufnhéeiusslossiinviariusylalanau Tasedovdmisrsurfeivesiigadi
Usznauludonsaesilyuazasdmaniediu fvanunsoieiuszlossiinfuinild nsedusadisd
Wilsidsudusagedudeutndeunasiimagydawadlihadetinaudouuaion nslua
voni1 madAnvlesemasanefinrudasad

nrinTgadmeiiifeudu (cross-tinking) vuneansSemgediindedty Taeldans
winlu (bi) wie dfaiflsiduuea Siowaud (mult - function  reagent) i ngwdadlen
(glutaraldehyde) uazlngdu telallgnun (toluene disocyanate) iy Filavldasnadneld
anmeideutheunswilieadgndummansolumsdisdinlg

B sdnie (entrapment method) nsnfasadiaeindwhifinndeufevielll
WussiRetusswhasgadfuaswms Fodu Sd98TlaTuaduneiln mandavadiaidiuddg 58

3.1 mssdugaduuubilasualga (microencapsulation) winefianrsindusad
Pudeiasnily (semipermeable mernbrane) W raaaseiiou (collodian) wie 38lau Jelasiu
nsdusues leadld wigenlviasemnsuasnanandusiuldadiebasy Wiisesiieudistudus
anafilggmmsanaznauesaduaziagaiilivald

3.2n1nsaLuuLandd (lattice type) wimaiiy nsniusadlaanisanfialinnely
goeine 3 @ lwieavasasmadwes duiuisnsildiuaruisuasdsvaunuduiauniian
ewnlildfumadvnuiin nerfawadieiBmainfnitauldaslslnaaudontnert hydrogel)
uTandnde Tnsldvdnmainmadailiielased 3 97 Aildnunedugngu

242 Uafuiifinadensaiaaduulian

nsnfavssgiunidiunseunsiidudouiliisostunsiiufduiustulussiu
fuiwensad Tnsnanmeieludssnsawuaiidonasiufinvesfanesiuulaisung Wy acid-
base hydrophobic interaction [22] ﬂ’]iLﬂ’l%ﬁﬂ‘ﬁuaE‘iﬁUﬂﬁﬁUE{N‘] Tnowdalu 3 Yadendn

1) dagngadu (absorbate) #e wadiuaii3s Tnadilaidlassaiefiuiveead
wuAilsY oy nsiluvianiaan angvesdad wasmudiivyaugas (Wudy

2)  fgadu (absorbent)  AoTagniuvad lnodilafamantivosiiuia Wy
aAUsznauTatdnay (ion composition) Amdauss (strength) AvamguAs T

3) anmlunsniagad Wy milleduasgamgiluasazaisigaduuiuany ssavm
(contact time) lun1ilwiansdsdudawaduaiuase [11]

. . oz @ Ao - 1 e
V. Nikolajevauagmme (2012) (111 ladnwndadenildnivanenisdanizaas
. o cdd o s .
Pseudomonas putidavuvsniinafilguiu Inewsiindildluniswaaeanain Devonian clay gn
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winiigamgil 1100 sernwaldod wantsinwmuhtedeifiadananizfoveawaduuia e
findtiuegiuanmafl Afltetionic strength vesa s tazmududuiufumosuaiide Tneanaz
foanza Ao fats Agungll 30 owrnieaides wwadliuiu 11 log cfu/ml TasuuailiGsfignagauy
windindAnidu 3 Weddud vesiunitdeiomn Snoueadignaduuissfindanauileuiuainy
Wuduves NaCuilesangadiuiu Na'inunsinieRnfinesdnd usslunsnsinvegaduu
Aufwenwsiindileududeusnn TlldiReanuamslvih (electrostatic froce)

26  wuwdumshYagluTowsfindluldlunsidanafvludaindes
nalanisiidndsuafiuigiinunaaaiiuas@inaw (physico-chemical  and
biological process) snhausidsrauty nalniliiefuiliufessnsuuedulows find udnaiegy
# 2.5 Tngnsstaummsmoniasieiliuinennssnunsgaduasmmenedulewiind
Faffdnuaaifvomnisiisnsunasiiuiiiogs dsunszuaunsmeiinmiuioaansndasad
wuaiidedlug:Tnseadamdlunazituinoes fanlulawaing Saasdaaliian uafivilgngady
TnglTewsfindansagnisdasienisdesaaalsvunluldnalniduandlusui 2.6

Aqueous solution

/

Paraquat

Bacteria

-

poomrerns Fo-ceramic

i Paraguiat are absorbed on

bio-caramic surface

d ' ] LO’ ] .
sU# 2.5 nalnlumsdasgatarsuaiivlmhdenalorniameninaiisamiumedanm
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3.2 msdniiuauide
dail 1 nrsduasizshestiing
1. nsfuansiuazedasfingildlusmuided

msé’aLﬂ‘mumeﬁmnﬁiumm%u unwaﬁwmn‘umhvnaumi’lumﬁwwimam
wilndlowsiiidnuaraitvnedy Svasaudivosanindidons de m‘rﬁuuauwuwa
# dpuautdudgedumsuaivuarwaduafiSvaunsaimeinlds meummqﬂuu@yamau’[u
nsdessissinduandunisied 1 widinddadu 2 ngu Tnssaaanguilrnumandsues
TogRunazante lunsdaased L‘d‘i’]ﬂﬂﬁﬂﬁuﬁ 1 Bon C1 uflpvpugsifindiunnsneiy 4
wﬂ w‘smnﬁﬂanwz 3un C2 L‘Uumﬁmnammumvnauaaumﬂ (sludge) Ft5en C25 sdindlungy
il 2 wiln mmﬂaigsﬁummsmemmvﬂawmanu

<t o i o =
n15999 3.1 TngRunazanazlunisdansisieiind

nga wilarading YRGS ANNIZNITA
Ci C1-NK Kaolinite (<75 pm)  Temperature: 700°C, for 2 h.
(Nano-kaolinite) Polystyrene foam  Heating rate: 3.66 "C/min
C1 C1-NZ Zeolite (<75 um)  Temperature: 1,100°C, for 2 h.
{Nano-zeolite) MSC 02 Heating rate: 3.66°C/min
Alumina

Polystyrene foam

=i a o o ) a 1
m1919% 3.1 Imgaunasan1lumsdungwidsing (na)

ngu FnlgIing JAnEIL ANNITNNTA
C2 C2-5 30 MSC 02 Temperature: 300°C, for 2 h.
Sludge 30% Heating rate: 3.66°C/min

Glutinous rice flour

Polystyrene foam

C2 C2-S 50 MSC 02 Temperature: 300°C, for 2 h.
Sludge 50% Heating rate: 3.66°C/min

Glutinous rice flour

Polystyrene foam
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2.2.3 mafnendnddfwectanioniodiianeitunasynetutiauums
(Nanoparticle sizing and zeta potential analyser)

AFngEsn fa ﬁgﬂﬂﬂﬂ?&i@‘ﬁ%ﬂﬂlﬂﬁuﬁ}i’mﬂu whiugud (Uszguaniasisey
au) mLﬂummLLamﬂskuwum‘uamaﬂ ‘[u:szaa)ﬂummsﬁnmmﬁnwmwaammnamﬂwmm
wilpsz AR fifieteinen mauwa:ﬁgam’tﬁlum5aﬁmana1nm‘s@m’ussmw Lwsmiindiuans
#131men uasnalnlunisimefiawaduuasouuiinening FmswSouisgwasazmaiilo
Anmeimednddimeassiing uanduzui 3.4

[ wsEind 0.001¢ +eésazane MBM ] [ WIind 0.001g + ﬁwﬂmﬁmn’haaau}

L ]
I

Ultrasonic, 50 Hz Wunan 30 11

<z

NYBIETRYANIAENTEATHASDILUAS 42

. \
wWasuwlasfies 1.10

— v,

7

[ ATIEee Nanoparticle sizing and zeta potential analyzer j

JUN 3.3 Bnandeuietasazmeesiing

224 msAnswmgdiedduresfagquesiiinddewndos Fourer  Transform
Infrared Spectroscopy (FT-IR)

FT-IR L‘L|‘umﬂuﬂuﬂ’}iE‘}‘i'l"i]‘}}Lﬂ‘i’]u‘lﬁ‘lﬂuﬁﬂﬂ‘du‘UENIiJLaﬂﬁLLau
89AUTENBUTDIANS 'Lummﬁlsjumﬂwﬁmanmﬁanwmmm'ﬁmnﬁmmLﬂ's'\uvma”l,n‘{,umﬁmumm
wadluaiiouuesindsaly

225 mslessiRuiiiage Multipoint Surface Area Analyzers model;
BET)
BET L‘flum’%'[mﬁaﬁmeﬁmquu (porosity) wasiufifia (Surface
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3.3 WnTasen (anatyses and measurements)
1.1 amududuvasanswisinien (paraquate concentration)

msdianeiwisialenludasanudiudu 0.1-20 me/L e colorimetric method
FufiuFBnismienilidniiduie alkaline sodium dithionite ud3iAsswiag Uv-visible
spectrophotometer aaam3d8uea Yuen et al. (1967) xiimiranuasnududuvedadonlons
anled Unnuiegauasladeilallelud TnefiiBnnsaeil thdedrsansasanefiiunsnisese
acetyl cellulose 0.2 luasau Uunas 5 mL Tdasluvindviwuin 10 ml Ysufewvsssiaddnly
wnndn 9 sheleivulensentest 2N Gaulaieylalnlalust 0.01 ¢ udwsasasaslfidnduLazd
falfuszanas und 9ty WnsTammsgenduuasyesaisasaiefiaae1aiuy 600 nm aely
10 ¥l ¥n153LAs199 the limit of detection (LoD) a2 limit of quantitation (LoQ) Auisiaany
vinduvaswsimenludmedlagnishanisgandulasunualuaunisvasnsmansazany
193§ (calibration curve)

sunsaitsmuailéluniswmassdiunisée 8 funou #135UIMTFINYEY EPA
method 3510C Tnsilsmaundaaiunenlunising el ndaeiosidosmues  Eudaaious
waniSalauen Sadetieu ndadeaseadled nednuthdou dadeth Usaanlessy ndadae
wmuea waseulusisiigamgil 100 °C

1.2 n1snIRsdaunstaBaatawIsIAlenlaeduusd (paraquat biodegradation)
T IAs1Ed 2-3 9 Tunnedhanayldanadolunisdsuiung fetrafithan
’JLﬂ‘S']"ﬂN']uﬂﬁﬂimﬂ‘m nylon syringe filter (EZFlow®) 0.45 pm aﬂnimmmmﬁlﬁ‘lumiwmam
munﬁmqmamau Frafamivszin uddedulunsalalasaasin 5% uavddethsimen
lovouneulden
' 1.2.1 nRsIgy DOC
WMN15AATIHYE DOC Faelaias total organic carbon (Aurora 1030W, Ol
Analytics - Analytical Instruments - Xylem Inc,, College Station, USA) logldluun heated-
persulfate oxidation léa15asans potassium hydrogen phthalate (KHP) 1{uasuiuiiieunay
NIWINATEIY YIIA133AS I8 the limit of detection (LoD) waw limit of quantitation (LoQ) n3gi
IﬁﬁﬂﬂiﬁiﬂaLﬂi'l swihedhsldviuilisnuiedlnenisuiuiiediidings 2 meunsndayindudunas
uiBuitonmndl doC myesenBulunedBinnsguuss APHA et al, 2005
1.2.2 n5iasei DON
myimssiienluie (NH3-N) Tumsn (NO3-N) wagluled (NO2-N) Tudeeing
1435 flow-injection analysis (FIA) (Ol Analytics - Analytical Instruments - Xylem Inc., College
Station, USA) msitaswstenluilefiinuiBunmsgiuves USEPA Method 350.1 dauluinsw
narlulpfilluluaudBuasgnees USEPA Method 353.2 ansiléiliumsasarennsgudmiy
NH3-N, NO2-N uaz NO3-N A8 ammonium sulfate, sodium nitrite La potassium nitrate
muddfy Medafusnndsnuiuiewind 2 fensedmnduiunasuiduiigaumnd doc
AUNINREILATIEN
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M53AT 9 TON 8 TN Analyzer (Aurora 1030C, Of Analytics - Analytical
Instruments - Xylem Inc.,, College Station, USA) @aelusin combustion 1913 glutamic acid tu
MIINTIHINRTEI '

1.3 nMsyssitiudrerusaansavuivlaniinduazlugisazans
=Y o = o et or 8 -:1'
msusziudungadnisuululawsiinduasluasazaeviumilouduiadean 3 ludiy
< ' f ES s o '
Vi 2 (@1un 2 nMsessgauyisguulesiing)

1.4 mnnduduraansemidu
o 1 = | 1 2 =
AIDENEATAZANUALIAINIY HNunN1InTeImIe acetyl cellulose 0.2 lumsau Uidn
fpgnU3ums 5 mL ldadlunesavpansianiiuasenmuysines 2 ml tastuasaedeniog
2 o v 8 N v o o o fv) . H ¥ 4
vortex et 2 unit wansaiialiszana 5 wil weliendussninallazasiaamu 30y 3
a& 1k [ W ¢ b £ L4 2 tﬂ'
wWegsienigudogdiuvildluralisea 15 ml wavililudwmsizieomsduinies Gas
chromatography (GO wilaneaand DB-SMS  wagwiladmanes NPD  @519nswunnsgiudae
MaEAEeMTIBULALIATIE the limit of detection (LoD) wag limit of quantitation (LoQ)

1.5 m&lad

ﬁaaﬁhémiazmaﬁnaﬁuﬁuuazegmﬁwa‘nmmimmaaauhuminsmé"m nylon syringe
- filter (EZFlow®) 0.45 pm ukay kardinsiwsiieds Open Reflux Method aafBunmsg e
Standard Methods For the Fxamination of Water and Wastewater
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HANTSNAABILAZNSILATIENE

CJ 2 =,

daud 1 msdarnehioniing
1. msdaaswdesiing
= =l or L) (2 B &t oy ¥, 1 = !
wsniinddunsevladmiulfiluiagrlavadluamideiil 6 gas waduesiindng

< a cdu o s ¢ & a da a o a £o

C1 fie wsnilnd@mludwan 4 gns wasiwnindc2 fe silnitilemonsgdunidluesiinddmau 2
= ' - T |

gns Twasdsavilauadiulznesvveneiinduseseilawantlunisied 4.1

at

m9e# 4.1aUvlanazdiutsznauvsawsiindildlunuideil

20U | gastesniing Ingfundn ngAuses
Boll clay
1 C1 Kaolinite Alumina
C1-K1 (eldnToenatimn) Pyrolinite
Wialsdy
Boll clay
2 C1 Kaolinite Alumina
C1K2 (ruldnseevidaen) Pyrolinite
inlwa
3 C1 Nano Kaolinite Wielvy
C1-NK
il Cl Nano Zeolite AU MSC 02
C1-NZ Alumina
il
5 2 Sludge 30% fil MSC 02
C2-5 309% wistinamatlen
inlvlsy
6 BC2 Sludge 50% fiu MSC 02
BC2-S 50% wistnawidien
Wislly

41
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1.1 msdaamsiigniindnguct
1.1.1  Ci-Kaolinitel (C1-K1uag Ci- KaoliniteZ (C1-K2) i’mnﬁuﬁ?ﬁuamﬂummaﬁ
4.1 (Fdv 1 waz 2) draanslumseniduiloudu fo mmamwﬂu 1,100 sadgafearunounig
NAMIIINEC1-K me‘luiﬂﬂ 4.1
anwmvmamamwLtaumsmmaammauummawm C1-K1 $idunn uds dig
wsuwmuavmsﬂuwmnuaﬂ muam‘lusﬂm 4.2(n) amupadadieduianh 1‘4U'Jmaan'rﬂamluum
Wosemeiinawdnidae sﬁaanmnmmmmmu'f[uﬁaim'mmsﬂuLeﬁ‘smna weslAuInag s inddl
SHTY 9INNINTLAEMIBATENTINISRIT I 30 wft lwumaEeuuasessiiuay ity
mmauwavﬂum wREAENAS 24 m‘lm luumsmaﬂuLLanm'sﬂ'mmmnmmwanwmvﬂmaéhaaa
wnm a'mmswmaaumsmmszmm Tfu::ﬁmsmwmné’l,ummmm 30 ¥l Lm’lmmﬂ%mmwaum
mnuumm*ﬁmuwumsﬁmuﬂa Fahwingsadindiudutouasin wm'}mmsmmm%mlm 2.48
31l
é’nwmmNmamwuaunﬁwmﬁammauumL‘uawaa Cl-k2 fldus wda il
WS MU KN ummswquumﬂaam mmﬂm‘lusﬂw a.9(0) eriasil edudai wut
waamﬁﬁas’luumﬂeammﬁmm‘uumn fimensnounansananiILEsISing 9nnINIuBEafe
Apwdanisugiiuy 30 WU wmwﬁuwu firvnsnoudeny wazntauds 24 Faluq ‘Lmjmi
LﬂaauuﬂawaasﬂﬂaLmﬁmna LLMﬂ’NJJ‘QM‘UENU’]LLaumuﬂE)‘IJ%‘U']'}LWM‘Uu mumsmaaumwmwm

WU'J’]?!’]?J’]?ﬂﬂﬂﬁUu’llﬂ 1.84 A5y

& = A) wt =Y -1 ] &
[Nammz}mmﬁmumﬁmnu] = WAandialviy @[ Austigsdind ]

=] = R a
L nigamgll 1,100°C] &= [mﬂmmqmuﬁssmw J

A 5 = =
3UM 4.1 JunsunsamedindBC1-K

(n} BC1-K1 (1) BC1-K2

< ar a
JUN 4.28nvnsnnamaniweaas lindBC1-K
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1.1.2 C1-Nano Kaolinite (Ci-NK} uaz C1-Nano Zeolite (C1-NZ)
1) mawBsuusiuszduunlu (nanoclay minerals)

= 2 = = = = L = o oo w e
TuenAdel duunfalunisudaesiiindlagliingiundniBuiuiiivuin
¥ o o4 o & do g v a8 fw e dvwu 1 g a v = ¢
sumasglusedvun-ly WeluiuifldiuesiindYagdudldliun uwsiunrduluduarilelad

a8 o e 1 ) (=3 i ] CJ

(ersaindges C1-NK uaw C1-NZ anuediu) wunasiiae veseyntafiufisunisseunandlugud 4.3

o e

o a l v T = i ' o ¢ y
auniauludiSudiu AULASDITEY 2 13l HILLASR9TB 150 BiATau
(n) wsmmaulug

T :'J 1 (3 A 1 N
EULASDITAY 2 1131, pueSadsen 150 biesou
(@) #Halas

=k o = ' = ' 1a @
JUY 4.3 dnvausvesiuTunn ey Adiunisseu (n) wshunnaulud @) Jlalad

myAnseidnvusdyguusdumiuludiiumsdeuduaieseuung 75 lunseu de
ndBeganssmiBLannIauLuUdwi (Transmission Electron Microscopy %aa TEMMEAATIEMHR
faguit 4.4 Fmuidwnduludfnnauszns 10 nlusms wazgUsueeyMARaInwaY 1y
nan 3 uuu Wusy egsauiudunguiouliinssdnnssans
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3UN Lausasvmreyninfiunrduludniianeidiaonses TEM

2) MSHARETEINACT-NK uay C1-NZ

ﬁauﬂsmawaaﬁ’maﬁuﬁ"bﬁ‘lunﬁwamLﬁiqﬁnéﬁm C1-NK llay C1-NZ wend
Tum13199) 4, 1muﬂmfgu’lumsmwmLeﬁsmnaams C1-Nz wiloudumsilndgns C1-K1 uay C1-K2
’Lu‘umumﬁmmaami C1-NK gmmﬂammu 700 2arigaded SnunenenwuBesEindng 2
grsmevdanisien uandlusUd 4.5

é’nwmumamammaumswﬂaammﬁmﬁﬁtﬁam& C1-NK ﬁa’ifﬂmaéau
W mmu‘mmLLauma‘Lu’NL%mnﬁmnrm C1-K1 muﬂm‘luiﬂ‘w 4.5 (n) mmmmmaaumaw
wmmaamﬂaaﬂummﬂaammﬁmm*numn INNIMILAZALMENGINISUTLY 30 YT wudd
uwuua mﬁwmvﬂauzaﬂuaa wavMEuas 24 Halug Lu:umsLUaauLLﬁawaﬁUmmsmna w1
‘Uu‘tJENH’]LLa"ﬁluﬂEJ‘lJLWlI‘HHLﬁﬂ‘LJE]EJ mum‘mmﬂaumsmm-ﬁum WU'J']?[']&J'ﬁﬂﬂﬂ“ﬁ‘UH’ﬂﬂ 1.46 n3u

anwmvmamamwLLa.,mswmamﬂmauumuawaa C1-NZ u%mmau.m
'ﬁ'ﬁ@LLGN‘r)‘ﬁ udiaain mwswmuaumﬂmaL«ﬁ'imnmanuaa Faunanduguil 4.5 (@) mmmmme
dusiandr wudmdansldastunhiesonnmAniudntes 9 nnsmuasasmendImsuginY 30
¥ luwuﬂ15LﬂaﬂuuﬂmwmﬁmuaﬂmLﬁwyﬂawaﬂaanm wazaeuds 24 $alus Wilnas
LﬂaammawaﬁﬂswLﬂﬂ'ﬁ'mna mumiwmaaumsmwum wmwamwmmwmlm 0.15 n3u

(M) BC1-NK(w) BC1-NZ

g‘dﬁ 4.58nwnEnanenmeaaesiiing (n) BC1-NK (1) BC1-NZ
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1.2 nsdarseiysidind gns C2- Sludge 30 uaz 50% (dnznaugiunsdiluuvds
amsvsuaiidefiazgnadeuu c2)
121 nvnouRAuVEd
1) mafungnaugduvsd
Fuindduldinisifufiedunsneugiuniganssuutiniudaues
Tsamennataluad Sunetaluad Sminfunlon uaedlusud 4 sfafiussuuidmindsuouoy
nzneuLse (Activated Sludge) wnturiunanlfuisunsunliasiBon uandusuil asiileldiiu
Fagivlunsdunswissdinduila C2 siely

= o ar ¥ 1
Fun 4.65zvuininuniduuuunuunznaiie (Activated Sludge)

MINTNAABUMIANAENDY 30 W (SV-30, Settled Sludge Volume)
wandluguil 4.7 Wensaeudnunemannasnaunasntsdadieinynau Wislumdiivianng
wnznay (SVI, Sludee Volume index) %"\‘1Lﬂuﬁ’lm%'uamﬂ’a'mmu'ﬁﬂiuﬂ'ﬁmnms NAULAENNISNG
YBIABNBY VINHANTTNGEDY SV-30 uAZHAnTIIAILIal SV dalanalumisned 4. 23 auanelfisiug
AU sIRUT el wEansd lumsaneenetay s ey
Fauandidhuinssuuthimindevadsmemnainluadiiss@nsnw

. E i . |
fivaan 30 uh

nansusu

3‘1]?“% 4.7 NMINNEBY SV-30 (Settled Sludge Volume)
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w5197 4.2 wantTmesay SV-30 (Settled Studge Volume)

Volume of settling stuge (ml)

Average MLSS {g/t)

SVI (ml/g)

425

3.875

109.67

<l ) a oo
31_.]7] 4.8nq5ﬂ'] LY mgﬂﬂuﬂﬁuwiﬂ

2) - msensimdiinallulesuuasvearto Sdlunsnaugiunss
e a < | ar a ded @
dWumsimsembBnalulaseussvieareSalunsnougdumidftivan
o et ‘o’ [ o o 1 P 25 =
winsgyuidmiivvaddsanenainluad lnongneussgnueniigamaiidneg Wislisrud3unm
r Y o W g 9r o = 1 1
lulasisunassease fanmdelunsneudmiuliiludeyalunsdunswiwsiindngu C2soly

o = & ar L ] 1
M3t 43annasildlunsinazneugAuvidlisnamslianudou (heating rate) 3.6°C foudl
(Swamnanmsilinigsiinduesnuodgd w1 0-1100 °C 5 v, wdaduly 2 w1

gaunniilunisien Time 1 Time 2
150 0.42 br. 2 hr.
300 1.24 hr. 2 hr.
400 1.51 hr, 2 br.
500 2.19 hr. 2 hr,

< o o =t < a g
UM 4.9 dnweuzBvesmsnaugdunidigniuniigaimgiidieg
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=l o = & = '3 za o o
M15199 A dusmamsneugaunssias i silinalulassuasrleae Sanig m

nilongg

gamadl (O | FUMHMEINTSIN dwiinfigade % N % P
Taien - 35.48 1.80
150 0.40 41.31 1.87
300 16 39.45 2.37

400 a0 17.89 297
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500 a7 0.25 3.33

f\]’]ﬂLUB?L%’HWﬂ’l'igjigtﬁ&lu'muﬂ‘ﬂmmuﬂﬂuﬂaUﬂiﬂﬂﬂﬁmadﬂ'l‘itN’ME)ﬂJ“lﬁﬂiJ 150, 300 waw
500°Cllu 0.40, 16 Waw 47 % snuddu T LLam'imwmwm'isumwmmua“mﬁumsmEflu
mﬁﬂauqaumaLimjmigmtﬁwqmmu 150 °C BedpnndoaiusuidaunsY. Lin et al, 2016 WU
ngnovugduvEdeydesnainnitaniigumgl 150-584 ° C Sadhushadianssznaudunidgndesams
Wundn Teogaudensa 36.49%[32] uazeiidevss X Wang et al,, 2016 3] TndrgaumgiiEuiu
LLa“amwnnauﬂmmsamLﬁamafammvnauqauma Ao 180 uay 600°Conuddu nasunlugily
Uzimmﬂwlmaaﬂwlu(pyrolysns) mam'«ammuavmisumﬂLamauanmnuaawﬂﬁimanaauma
ganein ammlv:anm‘sﬂrgLﬁam‘mun‘ua&mvnauaauwwmwmmmnLLavm‘sﬁcglﬁamnmnwumm
ammuﬁmmmwmu ImﬂnivmumswaﬂuLqu’wmmwu‘l.u'iuwmwmmevnauaaumﬂ (sewage
sludge) i 4 Sunou 7o 1) pre-heating phase ﬂammumm'}wo C mummssvmsmamaq Viadh
E]ﬂaﬁ‘iuL&ﬁ“’ﬁ‘i’]ﬁ?mﬁuLﬂlJﬂUﬁ’]iﬂ‘iuﬂElUE]u‘ﬂﬁﬁlﬁ]”ﬂﬂﬁ)'lﬂﬂﬂﬂﬂ loggandena 0.87% 2) organic
contents phase finamgdl 150—584 C Lﬂumwmsﬂ‘iuﬂauauwsannaaaaawmﬂwan geydte
18 36.49% 3) stable phase ‘Vlam‘l«‘m:u 584-800 ° C geyidunaa 2.509% uae 4) the degradation
of inorganic contents phase 'ﬂanmnumn'm 800 ° C gaytdusg 5.07% [32]

mﬂwanmmuanLﬂiﬁ“ﬁﬂimm’l,u‘lmSLﬁluLLazﬂaawaia‘Lumvﬂauqauma W igunnil
500°C arsussnaudunidgnidnesnsua lidnsneuasufiuiunedy aamﬂaaannmami
'ams"nvwﬂsmm‘luimmuwmwmaawam 0.25% umuﬂimmwaawasamﬂmm A8 3.33% munauwan
wmammn 300 uag 400 “CnznamuBsnduid 3 mmqammmanmummﬂ5~mumimﬂmm
iauugmmﬂanmsnamwmm llsmsuan ummeans wavasdus [34] vlidvewmznausiden
wmwmum'mammm 150 Cmuﬂﬁmmluimmwammu 300 uae 400°C WU 39.45uag 17.89
% snsieeiu druneanssaniniu 2.37uas 2.97% aaigdu ﬁaumsnaummwammﬂu 150 “Cuay
agneufilsiiuning SavneuuasUSinamearladalaiunndeiy io fneavioda 1. 87 Uy 1.80%
~NEneU muUsmm‘luTmmum”nawmanwamwm 150 °C uﬂsmmﬁmaﬂ An 41.31%

ajUnantinnass Ao 1JimmLuim‘swu’lumuﬂauqawsaaﬂammamwnw‘lfﬁl,mmmmu
manwumnuﬂsu1mﬂaaﬂa':'zsmmmummamwmﬁlmmmwmu Tavgamyiigsgafiannsoldian
muﬂﬂua}awiﬂma’iﬁmmaaﬂimmLu‘lmLﬂuLLavﬂaaﬂaiﬂmwmwamamwmmmﬂ‘fﬂumsmmm
AUN3S Ap wam‘wm 400 °C
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122 nadaasieiasiding gas C2-S

WIARGILINTBINMIHARIESHINGC2- SLudge’Lfﬁ“"i%‘n'ﬁmﬁaUﬁﬂﬁamwﬁnﬁCl-
Kitmaasdlney 13w lRal widia $18) Tnomsasarengnousduvdslududauedouuuiiowsiing
sntudsitsliluiamssssumnaziniiguugil 150 asrwaded muddy Tnenanisadeu
wanaluzui 4.1meﬂmuﬂaumﬁaaUmmmﬁmyﬂﬁluummmm ansangaaaneena NI iae
widindlaiflegnusenszunn wisiloduimimenouiindeuliaevanann ety Safosmamsau
gumgiigegmiansolflunsimnasneugiurisildmanievinalulnsiuwasvieaviefamisme
repufesmsvasupiBeTignadautesniing ieAnduiBnisuBawsiindgns C2 Aunzaudely

=t dindgm3Cl-K1

= = &
AZNDUIAUNIY =

oy =3 < P

nf -y oy =
U 4.10u578indC2 MldnznsugBuvifindeufinawantindci-K1

Q’AU

wa"amnqumwﬂuﬁqéqmﬁmmml%‘lumimesnaufg?mmwmmmaaﬂsmm
lulasiauuaztoailo¥aifioswasienr i isvaanuniieiignedsuueai ng Seliaadugasiu
nsnasaTIflndC2-Sludee Iﬂamamzﬂau‘iwﬁﬁmqﬁuguﬂ 'lu‘ﬁ’;umaumitm‘%au"a’mqﬁu Tnels
é’mﬂﬁaumaamvnaw?\umgé 30 waw 50 Wosiudt uasiinumgiiaagn 300 ssrwmBea ety
Lﬂﬁsmnamummmmituimmuuasﬂaa?lasa Tasdnuuynanienwes g5 iindfgeanis ie i
W‘Lml,auﬁwsumn uammmmwsmaumﬂ%’lﬁﬂuwi'mne{ dunlsznouvoassiindia 2 gasAld
wanafasnae 4.1 (§dfuil 5 uay ) %umaunwmammuam’luiﬂw 4. 1 uaznans el indCa-S
30 Waw C2-5 50% uanslusii 4.12

anwmvmamﬂmmaumswmaammauﬁ’ﬁﬁawm C2-530 uag C2-550 ﬁﬁd"}
wiilauaau uis mwwwmuavmeﬂmaﬁﬁmﬂmanuaa Fauansluzuila. 12mmmmmaaumam
wuiwmdinisldashnidivessmaiadusn mLLam\‘fLwmmwmaiuimmma menam 2 gog 3l
‘zjm’m (8107A) Wn uLﬂwiumemunawmwamaanm mf:m'smuavawmwmm'swmmu 30
W am‘uu (uiilasrnieunznew) waedlimumsneungmesninunn deansusnagnaudiuiidhni
Tamuaumu Waznenas 24 mim l,mun'ﬁl,ﬂaaumeﬂuaasﬂsmLseﬁ'mﬂmmfﬁ‘uwmmvmwmunauu

Nﬂﬂ‘llu ﬁ?ﬂﬂﬁiﬂﬂﬁﬂﬂﬂ’]iﬂﬁ‘ﬁﬂﬂ’l WU')’]E‘VI&J']SﬂﬂWﬁUu'ILﬂ 247088 2.72 A3 MU e
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dialvy  sznougduvid

wauwtlatamiien

ar b3 Lt & s
[ mammqmu‘lmﬁut.ua[,mﬂ'mu

(n) Tinsneuqduvid 3oedidud  (a) Mnsneugdunid sowesidud

gﬂﬁ 4.12é'nwmsmamsmwmmL%ﬁ']i‘méqm(n) C2-5 30% (%) C2-S 50%
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2. mMansndeudnuazaulfvauysding
ar &y g o
2.1 MIRTINEIUANYUSHNUANNISATLUD AU

wiiindynufiafidunseilaands 1 snsimasvdnvasani@niameniviiossiy

1éun enuasdaileduia nagadini Wudu ielfiludeyasmiuransageunsndasadun
wirlindlunsdadenviawsiindifiauadimnzanlunsniusad el wanimageuuandy
M5197 4.5 wuiwﬁmLeﬂﬂﬁﬂﬁﬁﬁQmamﬁlmﬁmﬁuﬁmmsau 1aun C1K1, CI-NK, C2-S 30 wae
C2-5 50 usiviall wxordudioyanamamadeumsniaradludosuniafinsandadendae

=t ar ey - Y, o, & o
AT 4.5Nﬁﬂﬂﬁﬂﬁ?%ﬁaﬂaﬂﬂmﬁﬂuﬂﬂﬂ'}ﬁﬂ']Efﬂ'lWLUE]\'lﬂurlUL‘ﬂ'i']Nﬂﬁ%ﬂ & UYUG

auasdailo e
wiln d avands | dnuasswgl | dledudmi | mowdmdenh | migedu
wwsaing #aausn 30 wi th
C1-KL |97 wha sMguARILAE | Ravani duliAsuudas | 248 ¢
meluadindes | éintios Lilflnznou
C1K2 | snudin | gnqudwaunnn | deveshann | dgu fewmenoud | 184 ¢
wangedne | lavneiing UM
ci-nk [ hanadeu | wi swsuiidouay [\iovenhun | tduindes S | 146 ¢
(asa) Melunynnans penoudintioy
Ct-NZ | shenauns | s swquRiauey | Wavenh AulaAeunas | 0.14¢
@5 melwudntoy | dnilos hifiaunznau
2530 | () | ufe didd | gugufifonas | aesiunn | ey Sewasneud | 247 ¢
finil mulwadntios dn
C2-550 | wis suguiiianas faveniunn | dhau fimeznend | 271
malinagnies suntlae

*Mmama; viasthilifindy inannsenuiiomaneludasiiyugunishussiing fuii mstivenh
Wediuann waseiianisiigngunsluesiind

iinsuTuusegamvoaesiiindBC1K1 uay BC1-NK Tnstfudnsdiuvadvamedalodu e
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P 1 ) a ¢ 1 Y
AT197 4.11%Wtlay %At 1as e inulugsdindindeunazlindeuddinmdoniinosnlud
e o
(nfigaumgll 500 waw 600pIrIgaLTE)

Element EDX qualitative analysis of China aluminum (CA)
Without TiO2 With TiO2-500 with TiO2-600
Wt% At% Wt% At% Wit% At%
O 40.08 54.39 41.31 66.85 19.53 73,96
Al 13.95 11.22 01.34 01.28 00.84 00.74
Si 37.07 28.65 01.34 01.23 00.92 00.78
K 02.16 01.20 02.88 01,91 01.96 01.20
Ti 03.70 01.68 53.14 28.73 46,76 23.32
Element EDX qualitative analysis of Ceramic ring (CR)
Without TiO2 With TiO2-500 With TiO2-600
Wit% At% Wt% At% Wt% - At%
O 38.73 52.47 38.47 64.36 29070 5475
Al 01.49 01.41 00.90 $0.89 01.08 01.18
Si 13.16 10.57 01.52 (1.45 03.48 03.65
K 44.70 34.49 02.09 01.43 00.64 00.48
Ti 01.91 01.06 57.02 31.86 65.02 3994

*waneun Element % = WE% (weight %) %308n%e Con% {concentrationds) was Atomic

4-25



= oar ar L o
[srweunisisaduauysal] BT

2) amsdnsiisnvazaulintaaildlensaq X-ray diffraction (XRD)

B China aluminum (AC)

Ptz (o)

TA-TRO2-500

CA-TIOR-500

htmzy (a0)

brlenzity fae)
~EEEEREE 333 EEBE suEs8Ed

0

P ZZATN W

2 thets (Hagrez)

®  Ceramic ring (CR)

= = = ~ .
3U# 4.26 na XRD vaawidlindviln AC Madaudae TiO,

htensity fan)
-8 BEBREN

Ccr

10 Fi)

2 theta (degres)

) cr‘ o=y = =
. U7 4.27 wa XRD vaagsiinduiia CR fndaudie Tio,

4-26



[iﬂaa'}unﬁ'maauuaamsm] uvm 4

nNgUT 4.26 uar 4.27 engevesiafidumisingg mondmisiadeudasinimilaila
senlediAtnunlady Tnusumisfiaves 2-theta Asuanldiflmmilaslavonleagil 101, 0og,
200, 211, 204, 220 uaw 215 Fufluduniifinsaiulaseaindvmdoslaesnlesiaouing
(Anataes) Forlumaiilfiuiiings dgnquganes futavedlmminilaesnledAfomiunlaly
UfAzenlwlnnzalade (Photo catalysis reaction) '

3.2 wsiindC1-K1 uaz C1-NK
3.2.1 wWanmstaaulTdindnieanentw

_ Snwazmanisaimvesuilwgsifinduanslunised 4.12Tnedfvesunty
Lﬂﬁi'}ﬁnéﬁﬁmnmﬂ?ﬁamamnmuﬁa‘l,uimmuﬁ'ammﬁ 500 serigaiod wad 3 uay 5 seU Lile
msunvmmna’mLuLﬂaauwmmmnﬂaauuﬂawmﬁmwsmnﬁ maamnmﬂmfnmquluﬁumm
QERPLD muﬂ‘zvnanmﬂumsaumsﬂumumamaai.mmuemLmaanLejmmﬂaauuutmwmagmmlm
Luauusmﬂamwnu 500 pagaldud Imaammummmeiaumfﬂﬂamﬁmﬂa Uszan 600
R A ﬂuiﬂ [32]

" 427



8y

ANTD &
THTD I
NELS LMIZENNEYW Mesg LMIALHNELY LMIZETNEBUIe] n
puLe@iss - | nsLe
BUILEBIDERMLERLUDLIARISAUL |

EREISAILBNE 005 EEATORALNIBUILERTTLARGRMLERLUNLARIBAULZ T WHLELIS




a ar at g : ci -. i
[sreaumsiveatuduysal] RYDITESS

3.2.2  msanwmanenzgudaninieniviazsaitteagstindinaoudae
Tmiinalasanlag
= of L2 di
1) wamIhaedsnvaaulAnIaaldisaSoIXRD
o =, & =3 U 1 1 clq L)
ynrsassnsinuanveslmmitleulasanlsafinveaunluesding
P = =
NC3K1 uay NC3NK fignisnuuuiiatulasiau (N-dope) ganigit 300, 400 uaz 500 stanaaidod
[y o o op y P el o Y- -
melased XRD Tnsgilinndnvelnniiisulessnlydnideinislumuideil fe adnounnd (anatase)
] 2 4 1 = A { =Y 5
ne XRD vau s lindNC3K1 danandlugudl 4.28 wudwily wsilindfuniionmadl 93 3
fie 300, 400 uaz 500 svriwardus Wurdnowna Neilldidongampiiniswni 500 eareaided
TunsfaasduiluwsiindNeskl dwsuldlumanagey asmdanisaesiutidely

560
480- ' ' . CIK1
4 Hitds
! ! i 'I;'(.J ol Rl “ i it &.;
gk >
)
=
2
z
g 320
g
NC3K1-400
160
80
0- - —
i | | Tianium dioxide- TIO2 (rutife)
PO J t i) T
} s | ' R Tilanium dioxide- Ti02 (anatase}
St C TP URE TIPS SO AP g o PG Ak e
0 0 20 30 40 50 60 70 80 % - 100

28 (degree)

5Uf 4.28XRD 989 NC3K1 fenuuuidslulasiauiigamg 300, 400 uas 500 °C

4-29



[s109mn15338adudaysal]

= < . “ 1 o el o P
wet XRD waaunlulesilndNCINKfwanslug Ui 4. 291'fm'1ﬁLﬁaam"Luwsmﬂammmmwgu

&

500 aaALgALded Lﬂumanammﬁmummmu 300 ua 400 twadaa Wundnglng (rutile) vanle
Lﬁaﬂammumnmm 500 asAngaLda ’Lum‘zz%l,ﬂi'l uuﬂuuﬁsmnﬁNCSNKamsu‘l%‘lumswmﬁau

AsidavnTimenlutisiely

6601
480 CINK
! TP ‘:‘3‘; l k)
: i." d \ i ;-n Iy | ;: i,
"é‘ NC3NK-500
g
S . | \ B b 0 L
Eool  WRIUALY | T |
= I E. 463 1§ et ; p [
= N j " kil ]
I AhF C ! I
160.
NC3NK-300
80-
¢
| ] Titanium dioxide- 02 {rutile)
a b i 11 Er
" i L . Titanium dioxide- TO2 (anatase}
L] ] T l ; T 1 ¥ [ T | ¥ ; T ‘ T [ T
0 16 2 30 40 50 60 70 80 90 1)

28 (degree)

<} = = =f o
UM 4.29XRD 483 NC3NK ftnuuuidalulnsiauiigaamgii 300, 400 waz 500 °C
ot e ' ar Y R W Fs
Ivmiflesleeanlemilowtamudnuaslassatng wldld 3 suuuy loun slvd (rutite) ammﬁ
(anatase) wazru3alva (brookite) Tmaman‘sLwaumammamrmmaumﬂ VUIAYOITHIU wasTuAza

maﬂwmmﬂulmaaﬂLeﬁﬂmmnmanu Lnﬂmnmﬂmmﬂﬂmmqnu’tummqmm ¥t Taendngindld
émmmu@am']maﬂammeﬂ:mﬂmmﬂuakuwmwaﬂﬂmLuﬂuimaanlsmmaﬂLLU‘USLwauavammauﬁm

4-30



[3788 M sisatuaysel] I

= oy = ¢ o = <t o5 a
Ium'ﬁ'}ﬁ?] 4.13-’1)'1ﬂm'ﬁ']\‘lLLﬁﬂQI‘VTEWU')'ﬂWW"IL'UEJlllﬂﬁ)i}ﬂlﬁﬂNﬁﬂﬂu%ﬂﬁu‘ﬂu’m@lﬂﬂt!.ﬁ%’:?’ﬂ?ULaﬂLLﬂgll
& Aa o et £ = 41 1 & e
WUVINIUN ’t‘u‘ums‘wwaﬂglwausuuﬂmrJanLLazg?ainm WU BLHUVEIERGT

1 = g .a
M1519% 4.13080uEn vunuaznuimvaslvwitiaslasanled[23]

gliondn | umvaEn (nm) | Fuiia (m2/g) VwPBagHIU (hm) | Band gap energy(eV)

slnd 76.24 0.44 17.670 3.0
BUNVIE 9.41 174.50 2.285 3.2

Tusideilfeanisdaaswiunlussind i nmdodlaeenlesiillassadamsanin
wuueuImE (anatase) TawndnlusiuvusunvaiilsyAnnmlunsifinUfdze IWlaneayladaly
Andednuuuglndidesanuineumaiidndndidnfuresnaudndunuudiiganiadnglang vild -
aEwntunsemsdnaseulUiiniuBidnaseuldiininies] fadenedasiusantimeasinis
Mdnasnselen luauideass Sosnsal, 2558 [37] Inglalduslvnnideslosanladudnauma
nageuidnensinsreniiudy 15 ppm, Ailler 11 dapUSaans 1 nfu wuiaunserdnans
W15R8ala 100 wWasidud Tulaan 45 uil

2) wansiasieiadnddiivaaysniing cavssurluesading
b £ oar [ PN 3 o
NTIATIEUAEN SR ngITinduaz as iyl noenlenfindou
a o a g { b, % i P u’rl
ARl sllindaienied Malvern Zetasizer Nano  series Lﬁuﬂﬁ‘iﬁﬂﬂﬁﬁgmﬂmﬁLﬂ‘ﬁ‘ll’mmﬂi‘:‘-g

o Al Poas a R ] o] -,
tanuazszsqansauidlaviaiugud (point of zero charge) InadnAndafnrewaniindussus

- 3 =, or 1 J
Mgriindreaia 2 900 ([C1K1 way CINK naassasia il

2.1) WHENACINK wazunlu NC3NK
imsasetadnddivensiindsis CINK (Wiindau Tio,)
uawlutgsMINANCINK (nfeurontiolnsnamsvaaslanadaguia.souas 4310wy wudien
Endddunaasniind fldnFousapasulumoiv 057 daudidng@ivesunlugsniindNCINK
winiu 1.5 %5@Ltﬁmﬂﬁ;ﬁudﬂﬁuﬁmmﬁ%wmﬁna‘LLazm‘lumwﬁnéﬂuﬂizqau

4-31



Zeta Potential (mV)

* NK

20 7

fe=

10 10 12 14

Zeta Potential {(mV)
8
o

* NK-TiO2

3 at

quUit 4.31AdndPdvssnTuienfindsiin NCINK (afiou TiO,)

2.2)  w@IIndaCiK wasunlwesindNC3K .
Shmsieseiadnddniwensifindcik (iwdsu Tioy) uay

TusnflindNC3K (ndoudae Tio2) Tnsmamswoaeananidsudl 4.32ua4.33 mudidu wuiien
dnddfupasnindililindeufeasunluwiiuT 43 dusdngdiuem e ningNeK whity
6.72 %auamﬂ%mumwumfumw'imnﬁuaum‘lummnamﬂa%mmsavaw NN 7.43 Lﬂuﬂqu
UM ’i:wuzu“wm'a'ﬁ'mﬂ'aamuum}'iuamnwmnu fafunssdeunisirdaasnsratenludae

4-32



[#189n153eaduanysnl]

[
P 1

wiiinduasinluesiindlifiovwesasazay 7 ssfansudniuuesuszquan yliuszaninm

Tunsmdmanswisaiens

Zeta Potential (mV)

+K

L. 3

gﬂﬁ 4.32adnddfunawsiinduiin C1K (Liwdau TiO,)

10 A

+

ot o
=

&
o
L [

-15

Zeta Potential (mV)
=
1

* K-TiOZ2

ar

P2 ' - = a <
U7 4.33mdndddvesunlueniindulia NC3K (1ndau Tio,)

4-33



[Teaumsideaduauysel]

<
UNi 5
d3Unan1s Y

nsdeansilasnvdsunuduifiveausiiing
D wslind 4 oila fie CIK1L, CINK uag €25 (Ussnoudie C25-30 uaw C25-50)
namsagaduiiasianumsdailodudmi uafifies 2 alaffiquandigady
W80 AD CINK e C25
a P da e A4 da 2 da =
2) wiidlng CINK dgwguiithdmnann Siuiiy 9.98 m7/g uasdszyiitialuay
= a & da 2 ia 1 < or
Tuzsusigsiind 25 Tfunfia 9.91 m'/g Suszqitaduauuasfmjitaiduos
ueansseduaziiusasieiiy

AsHUILaEn g UUsEAnSaawnasindadasunlugsaiing

el i = o @ W oo 1 o W a o ~ gatd

1) Brsduedeuhlivimumslodeslasenladinzfinfagsiadinige

at a ol o 6ol w

2) gamgiilunspniunluwsdndnvhIdlindaeunivg #o 500 serwades

3) wiaunlutgsnding NK - arusadidanisimiaamoljisolvleasalads
Inganunsardnligege 71.05 wWeddiud Meannznsnegeu Ao wisetondud

= Dy a o & o & er & [ 24 o 8

5 un./a, Mo 7, gungil 28 °C, Maving 60 nd uazdununsuvauluwsding
5 fau @Sunalwnuduulaasnled 1.9 n/a)

4) lwuumsgedurnnaeareanlugsdind NK diudnvasnisgrdunuunasdiles
Tolgwa

5 Avaunatanilunisfuuagidunisiiatfiontiuuuy First  order-model
fifmdnsnisiinufinsesudiu () whiv 09353 fiadnYu/das - wdl |, Aesitly
MsifiaUfizen (k) Wiy 0.0198 senit, AwnSadin (1/2) wdu 35 il



[s199un1533aduanysel] B

AARUAN



[earunsiseadusuysel] |

Ivos

LIRS ES R alh] water Sclonco & Tactnology | 79.5 | 2019

Degradation of paraquat from contaminated water using
green TiO, nanoparticles synthesized from Coffea arabica L.

in photocatalytic process

Patcharaporn Phuinthiang and Puangrat Kajitvichyanukul

ABSTRACT

The Ti0, Ranoparticles syntheslzod from the extract of Coffea arabica L (or TI0,/C) were used to

Paicharapom Piwdmhiang
Puangrat Xqivkehpnuiod $avespandng

regove patacuat from contaminated water in haterogeneous photocatalysls pracess. in this work, the attong

sol-gel process using Coffea arabics L. as the solvent chemical were performed o obtak the Tio,
nang-calalyst. The value of pHpz: of TI02/C was 2.9 which caused a highly acidic surface of cafatyst.
The paraquat Is effectively removed i alkaline medium due to the adsarplion shility of paragquat on the
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surface of Ti0,/C. The paraquat degradalion followed the pseudo-first-order mode] with the apparent
rate constants of 5,84 102, 4,08 102, and 2.28 10-2 min " for T10,/C, Ti0s, and without TIO,,
respectively, undar the presence of ultraviolet (V) and H;0;. The combined TIOH/C WIth UV and H,0, was
the mosl efficient process, exiibiling a maximum 66,3% degradation of 50 Mg/ over 90 imin at pH 10,
Key words | chemical axidation, green chemlstry, nanoparticles, pamauat, Tio,, water reatment

INTRODUCTION

Titanium diexide (Ti0.) has proved to be a highly useful and
active photocatalytic material to remove or degrade recalc-
trant organic contaminants through ihe chemical oxddation
reaction for water and air purification. Due (o is physical
and chemical propertics, the application of T, with ultra-
violet (UV) has been widely used, and it has been
considered as one fype of advanced oxidation processes
(Chen &f al. 2006). The organic pollutants can be degraded
by photocatalyiic oxidation in which photeinduced holes
in TiOy oxidize OH™ or water mofecules adsorbed on the sur
face of the pariicdes to produce HO and 03 which
subsequently attack adsorbed organic molecules {Hoffman
et al. 1995. Photocatalytic reactions have been applied
to degrade several pesticides including atrazine, bentazon,
monuron, dichlowvos, propyzamide, dicloran and triadimefon
{Pelizzetti ef al. 198y; Pelizzetti e al. 1993; Pramuro ef af, 1993;
Minero et al. 1997).

The cmerging of ‘green chemistry kads to the new
synihesizing methad of nanoparticles that can improve the
physico-chemical properties of the materials. These green
nanoparticles are ¢xpected fo provide higher efficiency in
contaminant removal (Humayun ef al. zary). However, few
waorks reported in detail about the kinetics and degradation
efficiency of the pollutant using those green nanomaterials,

dol: 102166/wst 2018 49%

especlally the TiOs In this area, there has also been increas-
ing interest in identifying environmentally friendly materials
that are multifunctional and provide good propertics of
materials. In this work, coffee cxtract was chosen to be a sol-
vent for TiO; formation following the green chemistry
synthesis method. Caffeine/polyplienals from coffee extracts
can form complexes with metal ions in solution and reduce
them fo the comesponding metals {(Nadagouda ef al. 2010).
The calfeine/polyphenocis contain molecules bearing alco
holic functional groups whicli can be esploited for
reduction, as well as stabilization of the nanoparnticles.
Thus, these chemicals act as reducing agent and stabilizing
agent in Ti0); synthesis. The chemicals fram coffee extracts
are also the capping agent or dispersing agent of THO, that
can prevent the agglomeration of the nanoparficles and
enhance the photocatalytic officiency of the nanomaterials
(Nadagouda ef al. 2010; Varma 20m).

This wark aims to synthesize the TiQ, using green
methods by applying the green solvent obiained from the
extract-of Coffea arabica 1. (or TiO,/C) and applying it
in removal of paraquat from aqueous solution. Paraquat
{1,1"-dimethyl-4,4"bipyridinium dichloride) is a widely used
commercial herbicide applied in many agricultural activities,
This chemical has a high toxicity to mammals and is
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recognized as a potent human poison. The U.S. EPA
has classified paraquat as a possible carcinogen and has
reconmended the maximum concentration of paraquat in
drinking water at 200 pg/L (Rossi 19g7). The removal of para-
quat using TiO; has been published previously (Zahedi et al.
zo15}. However, the application of green photocatalytic to
remove paraquat is not reported elsewhere.

Ins this work, the defails in kinetics and paraquat degra-
dation efficiency were calcalated and reported. The
paraquat degradation performance using this new type of
TiO,/C in comparison with that using ihe conventional
Ti0; was also discussed. This appreach addresses several
factors that play an importani role in paraquaf removal
enhancement by this new type of green TIO, nanamaterial.

MATERIALS AND VIETHOES
Materials

Titanium tefraisopropoxide {FTiP), paraguat, and glacial
acetic acid (CHsCOOH) were purchased from Aldrich Chemi-
eals, Thailand. Nitric acid (IING3), sulphuric acid {H2S0,)
and sodium hydroxide MNaOI) were obtained from Merck
Cliemiicals, Thailand. All chemicals were used as received for
preparing the nanocatalysts and conducding photocatalytic
experiments, The 18 M2 delonised water (H20) was used
for the preparation of all {he solutions. All reagents used
were of analytical grade and cmployed as received.

Tio, catalyst synthesis

All experiments were conducied af the Center of xcelience
on Environmental Rescarch and Innovation, Naresuan
University. The typical sol-gel synthesis of Ti0,loaded
nanopattictes was used in this work, The method is as fol-
lows: TTIP (4.83 mL)}, glacial acefic acid (15.35 mL) and
water were used in the molar ratic of 1:10:300.16 TTIP
was mixed with glacial acetic acid in an ice bath, When
this mixfure urned io a sol, it was stirred at room tempera-
ture ta form a gel before undergoing the drying process.
After drying at 100 °C for 90 min, the powder was collecied
and calcined at 600*C. The nanoparticles obtained from
this process were shorily denoted as ‘Ti0y",

Por ihe green TiD» nanoparticles synthesized from
Coffea arabica L., 1g of coffee was boiled in 50 mL of
water and filtered through a Rlter paper (Whatman, No.
41). Then 5 mL of coffee extract was added 1o the mixture
solution of TEiP and glacial acetic acid. The drying process

was the same procedure as above. The obtained TiO, nano-
particles were denoted as TiOw/C'.

Adsorption and photocatalytic of paraguat

Photocatalysis cxperiments were performed in a batch reacior,
The reactor was eylindrical with a velume of 1.1 L made from
quartz glass (ACE Glass Co. 7841-06; Vincland, NJ, USA), The
UV light source was a 10 W (Philips) with 254 nm wavetength.
The initial concentration of paraguat was in the range of
5-50 my/L, and the catalyst was 0.6 g/L. In this pholocatalytic
experiment, the paraqual solution was injected into the reactor
and treated in bateh operation made with a steady temperature
maintained at 25 + 2°C throughout the test in an oxygen
atmosphicee. The liquid was allowed to equilibrate in the dark
for 30min. The paraquat adeorption data were collecied.
Adter reaching equilibricn, the reaction was started by switcle
ing on (he light at =0, and the initial concentration of
paraguat was designated as €, The initial pH of solution was
7. It was adjusted io pH 3 by adding 36.8 N Ha80, and to
pH 10 by sdding NaOH before the photoreaction experiment
unless otherwise specified. At a chosen interval of irradiation
time, aliquots of the reaction nixture were withdeawn and
filtered through a membrane Rléer (0.1 pm). Paraquat concen
tration was detected by a colorimetric method using UV-Vis
spectrophotomeier (Model Lambda 650, Perkin Elmer, 118A}
by reducing paraquat to its blue radical. A solution sample in
e fest tube was added with 0.1% sodium dithionite in 0.1 M
sodium  hydroxide. The mixture was gently niixed and
micasured for light absorbance within 1 min, The detection
was done at 600 nn wavelength using a speciraphotometer.
The paragoat concentrations in the final solution for each
experiment wers also confirmed by liquid chromatography—
mass spectremetry (Model Single Quadrupole LC/MS, Agi-
lent, USA) Total organic carbon (TOC) analysis was done by
TOC carsbon analyzers (Model TOCL, Shimadzu, Japan),
The Brunaver-Emmeti-Teller (BET) sudace arca for all
nanoparticles were done by BET surface aren analyzer
(Model SA-9600, Horiba, Japan}. Analysis of pH at point of
zero charge {pH,, ) for all nanopartictes was measured by
Zetasizer {Model 2590, Malvern, UK).

RESULTS AND DISCUSSION
Adsorption of paraquat onto TiO, surface

Preliminary adsorption experiments reveafed that in the
absence of TiD, no noticeable change in paraquat
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concentration occurred during a 60-min experimental period.
Adsorption of paraquat using TiO»/C at different pH was cval-

uated as shown in Figure 1. The adsorption was rapid in the.

first few minutes and reached equilibrium within 20 min for
all pH conditions. The paraquat adsorption was highest at
pH 10 with the maximum adsorption capacity of 20 mg/g. At
pH 3 and pH 7, the maxinunn adsorption capacities were
16.8and 12.2 mg/g, respectively. Ourresults are ingood agree-
ment with previous work. Floreneio ef al. (zo04) reported that
the degradation of diquai and paraquat did not take place in
acid medium but was pronounced in an afkaline solution.
Less adsarption of paraquat on the surface of TiO: resulfed
in low degradation of the chemieals in acidic and moderate
degradation in neutral pH medium (Florencio ef af. 200.4).
The paraquat adsorption of TiO2/C was compared with
that of TiOafrom chemical-hased process as shown in Figure 2,
The BET surface arcas of TIO/C {75.8 m%/g) was slightly
changed when compared with TiO, (732 m*/g). While the
valucs of pHpze were 2.9 and 4.6 for TIOL/C, and TO,,

respectively. The lower the pHpze causes the higher affinity -

for cations to adsorb on the surface of nanoparticles. Thus,
using the Coffea Arabic L. for TIO; synthests mainly affected

B ~B=pH 3
—a—pH I
Lk oM 10
- =~ 4
B 1%
£
£ ol
£
[

¢ ® ® 4 £ 6 10
Time (min)

Figure 1 | Adsopn of o stuat i TiOLE ai dferent pis. Bxperrantl eood ba;
i) =06 g1, and 9] =50 pom.

2% "
=T
20 ~4-Ti02
E 15
é 10 4
£ J
4 ¥ T ¥ T ¥ u
[ 10 w0 » 40 50 &0 I
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Figure 2 j Corrparistn of paraqeet adsonpmion uskyg I, and T, at pH 10,
Experirental condvon: [10;] = 0.6 21, Q=50 ppe and g 10.

on the surface charge rather than the surface area and, conse-
quently, resulting in ligher adsorption ability of TIOL/C aver
Ti0,. AtpH 10, the surface charges of the catalyst were nega-
tive, favouring the adsorption of cations like paraquat, This
finding also occurred for other types of calalyst such as
Ti0,/8BA-15 and CueTiO,/8BA-15 (Sorolla 1 ef al. 2012).

Paraquat reimoval by Ti0,/C photocatalytic reaction

Paraquat degradation using TIO,/C with UV in different con-
cendrations of paraguat is shown in Pigure 3. The removal
percentages of paraqual with initial coneentrations of 5, 10,
20, 35, and 50amg/L were 76.3, 32,1, 317, 27.9, and 4.3%,
respectively, These resulis clearly indicate that low concen-
tration  paraquai  solufions were casily degraded by
photocatalytic reactions. However, as the initial concentration
of paraquat increased (higher than 35 ppmy), the TiOL/C with
UV hardly degraded paraquat within 1 h, Tt was previously
reported that the paraguat removal using TiQ, was feasible
forthe concentration lower than 30 mg/Lsince itis chemicalty
stable n nature (Moctezuma ef al, 19g9). The paraquat sol-
utions remained stable in the temperature mnge of 20-40°C
and after standing for 23 days (Florencio et al. 2004).

To enbance thic paraquat degradation, H,0, was added
lo the experiment. Solutions of 50 ppm paraguat were ina-
diated under four different conditions: Hz02/UV, Ti0./C
with UV {withcut H,0,), TiO,/C with UV + H,Q,, Ti0,

with UV (without 20}, and TiO, with UV + Ha0; systems.

Figure 4 shows (he changes in the degree of degradation of
aqueous paraguat versus inadiation fime. H is noted that
Uiere was no paraquat degradation by the direct photolysis
with & 10W UV lamp during 90 min. As shown previously
in Tigure 3, the 50 mg/1, of paraquat was hardly decreased
wsing Ti0:/C with UV irradiation and the removal cfficiency
was only 4.3%. The paraqual removal increased up fo 36,2%

~—5 ppm
t
—4— 18 ppm
w 08 ] —-20 ppen
g‘ : ~»-35 ppm
p:A ——£0 ppen
§ 96
=
3 04
J-
L i 4
a S soopmaman, r B - AEE
[} 0 «® ko] 0 4 (2]

Time {min}

Agure 3 | Paagust degadafon by photocatalybic protess ising edfoent mnoonstion
of Ti0/C. Experimental condition: [T 1= 04 FL UV 10 walt and pH 10,
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in the presence of 10 mM of 11,05 under UV iradiation
{without TiOx/C). Approximaiely 66.3% of paraguat was
degraded within 90 min when 0.6 g/L Ti0/C was added
with UVand 10 mM H,0s.

In comparison, the paraquat degradation using TiO,/C
was compared with TiO; in the presence of 11,05 under T
irradiatton as shown in the same figure. The Ti0,/C provided
the higher photocatalyfic officicncy for paraquat degradation
than the TiO, The bigh efficicicy in paraguat removal using
Ti0,/C partially duc fo the high adsomtion of paraquat onte
its surface as explained cadlier, enhancing more paraquat to
react with OH radicals. The least amount of degradation was
observed for chemical based TiO,, which has slightly lower
surface arca, higher value of pH,,,. and the lower adsorption
of paraquat on iis surface as seen in Figure 2, The overall
percentages of degradation for paraqual afier 90min of
irradiation were 66.3, 48,7, 3622, and 4% for TIOL/C will
UV + HyOp, Ti0, with UV + Ho0,, UV/HOn, and Ti0,/C
+UV {without H,0.,}, respectively.

The reaction mechanisms during the TIQ; in the pres-
ence of H,0, wnder UV irradiation are summarized as
follows (Barakat e al. 2005, Gao ef al. zo15):

TiOy + hv e~ +h* {1
H20, +hw — 2010 2
OH™ +I" - O (3)
O:4+e” =07 4)
H;0;+e” - OH 4-OH- (5)
H20:40; - OH +0H™ 1+ 0, 6}
RH + OH — R +HO; — further oxidation {7)

where RH refers to the paraquat compeound.

Ity the system that contained only TiQ,, the cleciron (e7)
and hole (h™) on the TiO; surface were generated upon UV
irradiation (Equation {1}). Equations (3}, {4), and {7) expross
that the hydroxyl radicals were formed under fight excitation
when the positive holes reacted with OH™ on the TIO; sur
face. When the H,0, was presenied in the system, the UV/
Hz0); reaction can generate OH' (Equation {2)), enhancing
the raie of photocatalytic reaction, H,0, was a better clec-
tron acceptor than oxypen in other mechanisms (Equation
{5}, Thus, the amount of electron recombination decreased,
and the paraquat degradation using this photocatalytic pro-
cess was enhanced as shown in Figure 4,

To deseribe the kinctics of this paraquat degradation,
ihe Langmuir-Hinshelwood model {or L-H model) was
sefected as it demonstrated a good fit in photocatalysis pro-
cess in many previeus works (Rajeshwar ef al. 2008). The
development of this modef to obfain a kinetic equation
depends on the limiting step (adsorption, suiface reaction,
or desorption). The L-H model relates the degradation
rait {7} to the concentration of the organic reactant ((), as
shown in Equation (8).

_dC _ RK.C
@ 15Kt

®

where &, is the rate constant, and K _; is the adsorption equb
fibrium constant When the adsomtion is relatively weak, or
the concentration of the reactant is low, Equation (8) can be
simplified te be the first-order kinetics with an apparent rate
constant k., (Equation (9))

o
ill (E—) == —k,Kajf = GI'Pt (9)

D

Plotting ~1n{C/Cy} vs. reaction time () generates a
straight line with a slope equal to ks (Chiou ef al. 2008).
The apparent rate constants (k). initiat degradation rates
{r}, and correlation coefficionts (R%) for paraquat degra-
dation using diffcrent types of TiO; are shown in Table 1.

Tetde 4 | Appacont ral comants ool rdtial degradabion fakes (), and cosresition
coafhicionts (R for paracust dogracation veing Gifrent typss of TO,

Ti0, Phatotatalytic condition &, {min~"  rimsvmin) &

- UV + 10mM H:0, 00228 0.0044 0.9950
150, UV {0mMH,0; 0048 00106 (.8301
HO,/C UVaonty 0.0014 0.0004 0.9080
RAO/C UV WM H0, 00584 0.0130 09203
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The initial reaction rate of the TiQ,/C with UV -+ H,0,
(5.84 1072 mM/min) in paraquat removal was nearly forty-
two fold that of the TiO»/C with UV but without the Ha0-
system (1.4 10~* M /min). This diffcrence is atéribuied to
the contributions of the hydroxyl radicals produced by H,Os
during the TiO:/C with the UV 4 11,0, process,

The degradation percentage of paraquat regarding
mineralization of TOC in the presence of UV HaOy,
Ti(); with UV and Ti0; with UV + H,04 was also investi-
gated. The initial conceniration of paraquat was 50 ppm
with an initial TOC value of 32.08 ppm. The degradation
percenfage and mincralization to the TOC of paraquat
using diffevent processes are shown in Tigure 5. All cases
were expressed as mean + standard deviation. An analysis
of variance (ANOVA} was used to test the significance of
the resulls with p <005 and F=4.34 was satistically
significant. From thie results, minerafization of paraquat for
TiQ,/C in the presence of UV with TlaOa showed the high-
est yicld. By contrast, the TiOs from chemical-based
synthesis provided lowest TOC percentage removal.

CONCLUSIONS

In this work, a green, low-cost, and reproducible of TiO.
nanoparticles were vsed to remove paraquat from contami-
nated water in heterogenenus photocatalysis process. The
novel ‘green’ nanoparticles were obtained by the sol-get pro-
cess using coffee as the solvent chemical. The paraquat
degradation using the TIO/C was conducted in comparison
with the TI0, from chemicalbased synthesis. Boih TiO,
with UV and TiO; with UV/H,0; have been investigated,

From overzall experiments, the combined TiQ,/C with UV
and 0y was the most cffective photocatalyst, exhibiting
a maximum 66.3% degradation of 50 mg/l, over 90 min at
pH 16, The paraguat removal depended on the pH of the
medium. The T50:/C provided the highcst adsorption per-
cenlage of paraquat due to its dominated negative charge
on the sutface, The BET surface arcas of TiO/C (75.8 m%/g)
was slightly changed when compared with TN, (73.2 m%/g);
hewever, the values of ply.. of both materials were pro-
nouncedly different. The plp.. of TIO: were 2.9, and 4.6
for Ti0L/C, and TiO,, respectively, Thus, the surface
charge of particles played a major role for the adsorption
of positive jons of paraquat in this work The high adsorp-
tion of paraguat on TO/C ied to high efficiency in
paraquat removal, The Langmuir-Hinshelwood model
coudd well describe the photodegradation of paraquat
during all fhiree catalytic oxidation processes. The apparent
first-order raie constanis were 5.84 % 1672, 4.08 x 1072, and
2.28 %1672 min~" for Ti0O/C, TiQy, and UV, respectively,
under the presence of UV and Hy0, Results from this
work offer the benefit of using the green manoparticles
(such as Ti0,/C) in pollutant removal for water and waste-
water treatment.
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