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ABSTRACT

The aim of this work was to systhesis CeO,/TiO, for using as photocatalyst. The 2 g
of sol - gel synthesized titania that have a surface areas of 202.05 mz/g were impregnated in
cerium (III) nitrate hexahydrate microemulsion with different concentration. The mass ratios of
cerium (III) nitrate hexahydrate to titania were 0.5 : 2, 1 : 2 and 2 : 2. During impregnation, the
system was stirred continuously. The obtained precipitates were separated to dry at 250°C for 3 hrs
and then they were calcined at 600°C for 1 hr to produced CeO,/Ti0,. Methylene blue with initial
concentration of 3 ppm was examined dye decomposition by using received CeO,/TiO, in each ratio
under created reactor. From the result showed that the mass ratio of cerium (I11) nitrate hexahydrate
to titania at 2 : 2 gave the highest efficiency of dye decomposition at 88 percents. In the same

reaction time of 180 min, the lowest obtained final concentration of methylene blue was 0.35 prm.
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v o da 1 = o A . ] ¢ @
ANUTUANUTNIUAIWITINADIVDULONAY (Lattice parameter) UDINUITLEAD A9

1 h +k +71

Cubic —=
d a
| 1 h+k 1
Tetragonal =+ —
d a c
R U S
Orthorhombic -=+—+
d a b c
1 4 (hz + hk + kl) !
Hexagonal =+ —
d 3 a c
1 1 (h Ksin'B I 2nlcosp
Monoclinic - = —| =
d sinefB\a b ¢ ac

< s .
2.1.1.4 Y9UIIHAN (Crystalline solids) [9]
=t ¥ P o Qs Y VoA T 9/ A
Toopudiuu iuezmawuszusiglunguitegnisdonsoneunaes
ar 3 = v ] = [~/
MINEIY At lane Metal) lund 1 naz 2 awdaduuanlosunazelans
] o i o ad
(Non-metal) ¥84 lanzy 6 waz 7 uaz lulaswu wwinaduveuloseums oS udidnasou
[ Y a da d [ A - = ¥ a
imlvifalaswyueudsanasouuuuimaos (Noble gas) Madosd uanlesouianin
M3 3 u1a 1A 1w esglitiien (A) Ranin lansunsudsuniinveondwsuduazil
4 = v i v a o3 -
Temaiivziiannsigluny 4 Nfimuozaey (Atomic number) g4 19U Sn Pb ey sn® uaz
Pb4+
s =Y N\ =S d?l ' % d’d b ar
Wuse 10991in (lonic bond) HaTUszn e loosu 2 MaiNlszyas sty
& =2 a o . . 1 w = o
1999103989 AN INFaBad (Electrostatic attraction) sev319Teneu Wuss lovadinuiiaus g
[ T . . - =Y . 9 d' '44'
un laifi#iAmMe (Non-directional) #an Toesiin (lonic crystal) Usenoudiounivesleooudi liia
2 2 v @ VY w Ao q ¥ 2 o . ' et
dugagsiadagaloiulumenildus shsgagaou] (Coulomb attraction) 53119 looouiil
@ 1 a . o o ]
Uszyassdmfuiinnigauasusswdn (onic compound) Tuis'laduazonnladvesTanswy |
= 9 S o v oA v Y
uaz 2 uazl Iassadwandugsunnanluaoudu
[~ o 4 ; . R 1T g
vouis lovaiinszinneonlod (Tonic solids-oxides type) L.
4 N
1) TuTusenlad (MO) 1A MeO, Ca0, BaO, FeO

2) lneenlad (Mo, 18un Tio,, Ce0,, 710,
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o [ @ Qs
3) lasoenlad 14un A8 UAY (Corumdum: M,0,), ReO,
o J o
4) oonlyanay (Mixed oxides) 1duA atluua (Spinel) 1wosona'lnyi
a s L4 .
(Perovskite) t1az8ail 1% (Imenite)
d'dy 3 =< 9 =1 A < & ¥ Y J
TuntisznanialassadisvesInmuiionasds vuoonlad sailulassarieguds
A A Y ot c’z’
nwsou Tamniy
2.1.2 Taseardreves Tnnuiio (1i0,) [13]
=t . I~ 2 o o A ar ) o '
Tnnudio (io)  Juashednihn 185unsdguindumnzauluns
L 4 o @ a Y S o v d' Y
Uszgnaldinonisiifanisdauindon fioanin lnnudisiaaunsda lifougdidle
falRnsen uas Lidlunudedauadoy
Inmudiohiioglusssundiipluundneg 3 3Uuuy 18un e

=

o . 9 1 a
D 3108 Rutile) runsa Wuialdiadosnwun 18igumgiigen siiaves
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Tamuiion ¥ lugaamnssy dounnszilunung nd deunnTsamu wu Tsa0ud Tssamr
T v
inFeed1o Tseuiiems uazueasnyluiudail
Yy Pt o v =0 '
2) OUWNH (Anatase) a0 i ldiatosnminn ldfigaumgiisind
d =2 =Y dya B/ £ z
1 nd manyiaiidon Flunszuoums 1 Fuasings
(4 ~ (e} g = 3|
3) ugalnd Brookite) Wundniiwulunsimviniy uaziilnssatiewamiuy
98 In30uiln (Orthorhombic)
v 2 Ao K ¥ o @ gl = a v = A
aywwanidunlyludumsihimindoliog 2 ¥tiafe ouUNd (Anatase) tay

1108 Rutile) 31/ s sadra Tuanananssiazilii 2.5
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a=4.5934 ~ (’) a=3.784 A
c=2.9584 | 7fas2)] €=9.515 4
\r “e
; i {/ L-/ - '& L3
Eg= 3.dev O i O Eg=3.3eV¥ .
£ =4.250¢g/cm? ! P 35894 g/m
o ”
AG} =-212.6xcal/moie o AGg=~211.4 keal/mote
3lnd sung

31 2.5 Tasaadre Tuanaves Tnnudle [9]
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42 glem’ @OUINAUANUNUWUU 39 gem® aaiug IndsedaSesdmvusaduinnnh

UUNY [19]

d' v =
A151N 2.2 ANUYIINUTZU09 TNty [15]

Tnsaads Ti— O ANUBIRUTY (A)
auUUN . 4-1.934
2-1.980
I’
3Ina 4-1.949
2-1.980
d
uyn lag 2-1.990

1.81,1.92,1.94,195

111: Labouriul ag Earl (1997)

o
2.1.3 Tnseadevesdisvuoon lad wiadi5e (Ce0,) [20]
F3ombunigieglunqusianmiein #3500 Lanthanide  Fi5ougnny luus
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Faldls iWudu Fi5ouoen lesnsoBonn $50 gnldlugnmunssuesieniunuaszililn
o PG VAN o w A B d aAaa a4 oA L2 o ' o
HumsilsegndlsaSomduniniuedsiaGa FiSeligasie Ceo, FHluaaluanamisuy

172.12 Tassard 1 andnuans aagilii 2.6
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: ~ 4
310 2.6 Taseadrandnvedisveon los [20]
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msvou laeen ladvinannzussemeldies Tasesadiendnilunn cubic face center (CFC)

LY 3 o 4
22 mamssnmasalinsniiulanzeenlya
2.2.1 matia lsa-1a (Sol-gel technique)
¥ v ¥
Windumanlfeumsazarovesasdadu (Molecular precurson) feglugilves
: aaa = £ & Aa v
 Toa Taogdasoundl (oa nauneils eymavedandvuna 1-100 nm uaruassegluveunad)
a =2 =y g 9 ar 1 @ o 9 a Aaaan
wdudmdluina (e naneds fvewduilulnswendnegludvhazmouduial§isen
1 ‘g ¥ aa o Y 9 . Y o Y a 3
 Auiuves lsanndug i lnseaiie 3 4&) i lduis (Drying) ud i ldiRannuvuiv

. 4 a o R 5 v a w ot [~ d =t
(Densification) tfinlfiAailuvoands (Solid material) fo'ly) naasusin 1 usglsenoiann

3 4t = = o $ o o
wianawesdszneunlinuusans g uaisenug (Homogencous) Ngarniial

=3

1
a Y o EY RPN P ar a L4 = A o
SuAuIInaIsazalei liinanedue 15 ¥y v03a150UNSIUAZ DT LN &
) .. . . R 4 o 1 ' <3 . = o

' (Organic-inoganic polymerization) Lﬁ?ﬂﬁmm‘ﬂuiﬂiﬁﬂ1%wmENLL“IN (Solid network) 1 2 15N
: y&' (Y = 3 Y ac =1 == =1 = = d a A

14 YoYU IUYIAVDI luanadIsAsAY A5U5NAD ITNuAToiuNs g szinnaeo lans lu

b

Ao aaa M Ha Aad a d| ar L YR = ad L
- A ASDIYNUUT ITNTDIAD ITNTUAUDUNTEY iﬂﬂlbﬂiﬁ‘ﬂZﬂaﬂﬁ)ﬂ‘l“ﬁﬂiuﬁ’JV]?ﬁ%ﬁWﬂ@‘HWﬁEJ g

b4 3
2 s 13

] L4 ¥

- Mereadsiivzsunaniulalas lade (Hydrolysis) %1114 M-on UFASenTlina 1R 1ans
a o 3 4 1o A = ' da o o
wnind hlivydanenledniensnlasusnnuiiunsa-wa vesmsazarwiifiimann
AYRATU1AIUIY (Condensation) MW lAalFdveslavz-oonFou-Tans amans

, ] 13 o [} o = 4 P =N

- muniude lulumsazawezi lugnsifailulea lnmes Oligomer) ponlamedmesuaz

% a 4 = Y o q ¥ ¥ Y ¥ @ 1 f(maa
“nennovdidumsialya Ssmwisonfdoudunandinldudsugae 18 dudas wfase

WUUN (Powder catalysts)

mswionlagmatinlea-wa Iu3ERdodensaiuny fe

4
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lﬂ'd —y Q‘ g L) Q’ .d o
asauididuansiiianuuignigawse$iagaulumssuduiiiinnusaniga

Kl

- wasudnvazmemonmvesds 1d wu msnszaedivesvinagngu
o Y o 3 dy =) w '8
- mldesmlsznovaie soufhuilemedduld
a2 Y a9
- sy lanigamgiia

o YA o 3 3 =
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35msiAa Tsa-oa & 4 Sunou S5l
1. msineiluea (Formation of gel)
2. 3TETNNMIAARA (Aging of gel)
3. M3eIAIAaZa PN (Removal of solvent)
4. mslanuiew (Heat treatment)
2.2.1.1 msiailuea (Formation of gel)
asdaduiIFdmuIamsmion Tnomaiin la-a #u13a lHnasve

anznselanzdanoaloaazarwludiazaroimnyay Tanzdanen ledionlesunin
bosvininnl §isor1decrasmE a1 lunszuaums lsa-nalaoion Ui 2 J§asenils
Buonszuunisaedfnsenlalas lada (Hydrolysis) uaz1l §i501n15AaUY (Condensation)

lalasTada (Hydrolysis) 1@aZN13A2VULY (Condensation) V03 lans
hﬂﬂﬂblclfﬁ, (MOR) Lﬁﬂw'mﬂﬁﬁ?mmsgmuﬁ?\'wﬁaﬂﬁia"lﬂﬁ (Nucleophilic  substitution)
pesanenlaaaunus d1oatl3d lanson lue (Hydroxylated species: XOH)

M(OR),+ xXOH —> [M(OR), (0X) ] + xROH 2.1
k msmﬂT@aiﬂmasmuﬂgmmmsmmﬂuwmmﬂaia"l,wa (Nucleophilic
bdition) ﬂnmﬂaaaﬂaﬂ"lcm wmsmwmiamaaﬂaﬂhﬂ 2 aiinfinanelafy 145 oinsa-

_M ﬂ')ﬂﬁﬂ‘ﬁ‘ﬂ1ﬂ'lﬂ’nﬂﬁ ﬁ\i!ﬂi"l%ﬁﬂﬁﬁ‘l’l‘i&ﬁﬂ@@ﬂﬂﬂﬂ

M(OR), + M (X0O),, — 22 [(OR), M-O-M'(0X)__] + ROX (2.2)

o X 1y Talsneunioozdia

Mdrin Tnsiumalangavoseandian (X=3.5) fldiuse M - OR® &
muthinazezaeuvesTangiinnuiosafuiindlo g Tanzdanon ladinl§azedu
sendadunud XOH 1 - lad Tou ey [MOR), (0X)] ﬁaﬁuﬂﬁﬁ?mmdwﬁyﬁﬂﬁsﬁﬂ
j’stﬂ?iuuuﬂaﬂﬂsaa%’nimaqammﬁaﬂaﬂhﬁ araduinsu T fszinomdedluas
RN oIRILILAIY U msiAunsauedanTu Innudionle T Twswen oe (Titanium
propoxide) afloafunmsiAanzneunazinarlunisifailuvadissaduduld NYuoFAN
c0) simhduusased luaumasunug (Bridging bidentate ligand) 31n9a3187u lua1s
folar ratio) AcOH/Ti 11111 1 M lifaa I3 lod Tnuesuoa [Ti(0-i.-Pr),(0AC) ] (n=2, 3)
Hydrolysis : -M(OR),_ + H,0 — -M-OH + ROH (2.3)

Condensation : -M-OH + -M-OH — -M-O-M + H,O (2.4)
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) = dy
w3 nsdi aadl
1.h>1; uffmm mm’mTummmuaaﬂmmmumem M(OR)_ m“lmﬂmﬂuﬁn
-M-OH 1ipy muumummwummmsmmmum nsionTog (Cross-linking) 34 liase
mﬂ"lﬂ“luﬁm’azﬂ"lwmmmﬂuwa
2. 1<h <m ; HAAIN 11mmu?nammummﬂmmuauhmsum M(OR)_ U@%i81147Iu
mmumaamwm Myoryoanon laa ﬂmﬂmﬁ)aﬂmmmmw"lmmwmmm‘lmﬁ"lnam”ﬁa
waviu -M-0-m- "!ﬂmmm
¥
[ = °© T v ¢ o =
3.h>m; uaean i uavenhunnmydanen lad mldannsafama nie
= S/ d‘ ~ :’ =y £ = [ XY o
Msnaaznaula maummﬂwaiumsmmmmwgaaﬂaﬂ”lcm
9 ¥ ¥
auivlumsinanszuiums lva-ea arseedlSuiaveshwindune SABNIT U
3 M -~ o Y =X ~A s = y i
Tududeq l s NSHADIUDUHMAIBININDALAINIAITUMITAITaUS LI e

ﬁjﬁ?m"laTm"lac?;auﬂﬁ‘laaauﬁuaﬂaﬁwazﬂﬁﬁ?mmuuﬁu (Hydrolysis of

metal cations and condensation)
* 3 ¥

Taovi W lumsazareviesiia Toandu (Solvation) Tuanminiluluaga
43 % o = = o« + c;y o = o a
iwdhdeusevunnlessudeiivszquan mldRaailad (Mom,) I iimihiduuasda
° a o a U a g o @ oy P [
mldiRanuss M-OH, iRamssisTeudidnaseu Mliwuss o-H vosluanathii lneesan
= ~ ' :’ = a2 s qs: = = =
nmmg‘ﬂuﬂsﬂmmamﬂmaqaumimaqaaaszmuummﬂmsqﬂgmaiﬂmau
(Deprotonation) 1oieq

[M(OH,), I+ bH,0 — [M(OH),]*™ + h11,0’ (2.5)

UA5eM3AKLI (Codensation) Yaaan looouTans lownsa (Hydrated

. = ] aan % = o s ~ (d’ Y a A

metal ~ cations) inAr LG Tordunseson luady wedilundes i 1diRnnnU{as e

b .
"laim"lac‘ffai)zmﬂmumﬁf‘hiﬂimaf}aﬁnm Mononuclear hydroxoaqua cation, [M(OH)(OH,)

(z-1)+
!

H

| M\
M-OH + H-O-M * "O-H- ’ M-O-M+HZO (2.6)

M M
v Y

ﬁzmuﬁ"lamaﬂc‘ffaﬂymamaﬂaw:ﬁ]:’d%’Nﬁuﬁ:ﬂﬁmmzaummﬁuﬁuﬁ:

:’ ~ o LYY & [ :;’ = a 3

Talasuvesluanaiii lnsesauadudnezaonlanzuils danfusuiadulalasiou

¥
¢ a a a ' . . . ! &
090 lydusAdeauNuA (Hydrogen-oxide bridgingligand) 5¢¥31902a0uved laveNiaoq
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ﬂgmmaaﬂhmwmmajmﬂumﬁmmmumm OH-2 nijnailulana
¥ Twana SaiuFuineenlvuiadssninlanzesaouames a1 183 nfunisisai
(Dehydration) ¥09a1l%d louan (Olated  specics) ﬁqﬁ'u@aﬂima%mﬂuimn%uiam%u
(Solvation olation)
M-OH + HO-M ~— > M-O-M +H,0 2.7)
Ujnsnleatunazeonlmadu sufludesiiszqnilnyvony -on 7
Tnoosamndiy Tawz odralsAnwes lifamsnaniude Tansdivszadhmand Gn > 0.3)
2.2.1.2 szoer3a1 lumsiiaima (Aging of gel)
FIIATENITNMSAALaz TR azaoenEon e (Aging)
uadansiiveuna lugngy (Pore liquid) ogTumm3nd
wa (Ge)  Hdnvuzdanguiianmsldounlasidae lusaiiy
ayuidanen lad (Alkoxide-derived  gel) 1RARISAIILYUTE I TuT 0GR HuA2
(Surface functional group) sﬁﬂdegﬁaa‘lﬂﬂﬁamﬂ@ﬂﬁmﬁamﬂuma eRansaumiuIngLe
wﬁflﬁ’mawﬂﬁﬁmmﬁaﬁmsmﬂa@ﬂﬁmﬁaﬂﬂﬂﬂgmﬁtﬁﬁyh H1110 |55 e (Syneresis)

»
= St A @

113311941011 (Coarsening)  1unsUIUMIITIRFn I TR
mmmmﬁa"lumssamummwuwmmmmaﬂu Wl lAvinavos Tns wiefudae dryngudl
wwaiuty e SRuiR e (Specific surface area) ARG

s iinesfiinadoszuzamsifana fo pungil a1 wagmnnmily
NIA-LUE vesvourad lugngu

2.2.1.3 msmlvuds (Drying)
M3 19U (Drying) Ao M3te1vounad lugngu (Pore liquid) 889N
¥
1n59M1910190 (Gel network) A31iu ANUFUAITIARTS (Capillary pressure) TidaugeTilvice
Igninveunal-1o (Liquid-Vapor interface) n1olugngudis Fesnnusunidaai3eeiivin
o @ g TO=-I; - =4 o q Y ¥ A
TN TUNIAEN nafe Mgwgulivinamnnnlumsiliude deeweunarlugngu
° Y @ 1 Y= _ o = 8 =
oon i ldiAaus sWumelugwiuun wu gngused 1 nm szdanuduailanis 1.5 x10° pa
MinszaeaIvesvuagniulugindi Snadldnnududiesuiillgnisgudiaves
Tnseadregngu

smisnegi ldauiulasemiaie (Gel network) Iaonisvildauguy

milam3iianieoiiga uaziinnuuandsvesanudutiooiigade
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4 o
2.2.1.4 msunn leri/n1snasus AU (Calcination/Sintering)
o = A Y ¥ 44 A

nasninmeIveunallugngueen ieldnnudeuninduisenq e

wasuiiludans wjasoniminnldeu g Tasmsidanudourziuuiaiies (Reactivegas)
9 1 o y 0 a =y ~ . . =

T 1y e1mer sendaunselalasouioMian1ssunss (Residual organic) PONT lA%H5 o
@ A= J o ' 3 A o k7 Iy o i = oA =
aismrmsausniu e h¥amymlszasdfidesms Taviiigangiqeaniifeziians

o ¥ 9 @ 1 A A Ag @ aan o 9 o o v
ﬁﬁﬂllﬁ'nJﬂuvlﬂ !‘Wﬁ13?’]'ﬂ\ifT]iﬂ'JﬁQﬂ!ﬁﬂﬂiﬂﬁl%iuﬂ{]ﬂiﬂ1uuq'lﬂ ﬂignqi‘lﬂ'ﬁuﬂﬁv’,“ﬁu‘ﬂ‘]‘lﬁ

Y 24

a £ 9t 1 1 Y] ¥ o H -} ar @ 3’ a o o
'msmmﬁuwaﬂﬂluiﬂsminﬁmumnmNﬂmﬁamﬁqmﬁgumqnu AMUMIIReI Nd ey Ao
quvgil onsmsTiANuoU (Heating rate) nannz Fanadeuvefa (Gaseous environment)

aed
2.2.2 758u¢)
2.2.2.1 35mMslaan (Impregnation method)
Qdd’ v 9 d' ~ ar v ;e o 2 =Y
Li‘_lm*ﬁﬂqwuaz‘Ismumﬂﬂqﬂﬁlumssmﬂummﬂgﬂsm M ldlasmisiaw
A23995Y (Support) 15U pzgiiuaslumisazawvounie lans 1y nde lumsa e lansos
¥ ¥ Qs s g o Y =} b d' Y r=| d' v v s L i
UNINIBEARsy Nimivilvinde lanzdeuwie liindo lans neguudisesiuaaioda 1
o zu s
Tanzoon lyamezuudisesy
=) ar U a ot Y [ ¥ ast A
Msmsouauslgnsenlagdinisileiiausoutisennld 2 53 fe
- L-asiladuunilon (Wet impregnation)
Qddy L) ar r ~ d‘d a =
Fidumsiudisessuaslumsazmeveunielanz AnlSinmmniy
[ 3 = A P Qs s v s A Y g 2 ¥
wo aniulsnaveunde langiimzuuiisesiu wiideiind S nmveunis lanzdounas
Y = t = A ' @ = o = d'
nauasoy woanvestssunas langneunazndimswssuszifulSmveaunie lans i
LY [ & 1 @ 9 o 3/ a wa
iMzuud23e9sy 9 hirzamindwiludes fiidms
g 4 > v . . ..
2. MR MIDVLAS (Dry impregnation or Impregnation to incipient wetness)
an d' 3 o o" ar Qs o Vv ar
s mshlFiuna i lumegaamnssu Asesiuazgnim IinIzaion
' ¥ = o Y Y o a sy Yy )
uaznNuAEmIsazawNUANMINYUIMINz an laslsasvesaisazaenldassiuSuim
T oo Y :1‘ @ ar Ay =R = ﬁ =
miiulsinasvesgnuninuavestisessunsetooninantios Fu TR T EFTRTNLIRR
4 oy P Y [ ¥ ¥ 1 a v 3
seiszneuiided hiimzuudisesiulfediagndes uAlTIUFIgAvEIMSIMzIRazASIgN
o o @ 3 cg i anaa - o Y Y
Sitadwanuansolunmisazarovesans noanIntiudAus slgnsenlaszgaii Idudauay
i ldwinigangiiqa
2.2.2.2 35MIANAZNBUI I (Coprecipitation method)

= [y J aan o s At =)
MIAs oA NIIRNTOasdI5095D (Support)  1asITanaznounse

' a Ao o v g ac ~ Ag ¢ Foan
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2.3 UaNTAYBI CMC (Carboxyl methyl cellulose) [21]
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24 nszmums‘lnim'ﬁﬁ’afs’u (Microemulsion) [8]
2.4.1 B3a%u (Emulsion)
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3. lulnsdiiadu (Microemulsion) o BifadrinfininavesIgniamolualszim

0.005-0.1 Tulnsns fidnuay lasuaunsouemsqrin1é

AigeIsuy

Droplet size

d‘ o ar . = o Q
31 2.8 dnvaizuazawiadgninaoluves luTas Ssfas [s]

2.42 lulas OIGERT {Microemulsion)
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ATUNU ADUT LAY 'J‘l’nﬁ%ﬂ"lﬂﬂu‘ﬂiﬂiﬂﬂllfﬂiﬁﬂu'ﬁ\WNW’J (Surfactant) Lﬂﬂﬂ?%?ﬂ]ﬁ!ﬂﬂﬂ1§
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1. Oil - in - water microemulsion ‘H?’E) Sﬂﬂaﬂ’eéwﬁ ﬁ\‘iﬁ micells

2. Water - in — oil microemulsion ¥15® Gﬂﬂ’td]ﬂ?)fhxﬁ’iﬁﬂ’h reversed micells

3. Bicontinuous microemulsion
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(a) Oil - in - water microemulsion (b) Water - in — oil microemulsion

(c) Bicontinuous microemulsion

31 2.9 luTaseadulugiuneie (8]

¥ T b4 '
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¥ H
microemulsion (o/w) gy 1#ns 1031 ausnvzilumafins 291087 (Dispersed phase) 19114)
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(Continuous phase)
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. d‘ ar d‘ ar L= a o b7 T Y a
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4. Breaking Y139 Enhance coalescence (M34anda) 1HA9IN155 9083061968 0103904

I~ pu- 1 1 3 o < LY
BYNINALANE 1ﬁﬂamgﬂuaumﬂ‘nmmﬂiwmﬂmﬁ’mw'; wihldansomiunisuendn
sanilu 2 adreanalan

' { |
i -] H
% .’, i 6@ é;ﬁ ;
| e ® / P Qe
| av @ o ‘
| {
L*°) |_ 8¢
Infual Florculation Cas Wide sise
melsnn drstereping
1T
) ;@' s |
@ | |
0‘ 1
1 ) o
Cresnung Concenisatnd s
ernlsion &l iop cealtscence separatian

d' Q Qs ’
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317 2.1 Al BosvesszunBiadu (2) Coalescence; (b) Breaking:

(c) Flocculation; (d) Creaming [8]
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2.4.4 9150AU5IAIA (Surfactant) [14]
R a d”d w d‘Q £ 1 &L -~ -eé
MIAAUTIHINLANUTINTO lUMsgATUNA M T A B0 AT IR I B9
=fR A ay 3 ' 2
luanavesaisaausaneiiiezlsenonléae 2 duie

' P - o o aa
1. @ 3uTuilu nonpolar hydrophobic tail 93 dnyaidiulalasaisuouaions n3olng

é rex 3
XY PR
Y

v 3 v 1 3 ¥
2. dyuiniu polar hydrophilic group dauthifudmndviFierniiu1disiauanuas

2
Ue!
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=

SDROPHj -
W e HYDROPHOBE

d‘ s =2 o
30 2.2 v Tuanavasasanus i sia 8]

annsaulisszianyesmsaanssaiiisenaudnae 1 13190 R Ut (hydrophilic
group) 1811 4 nuufe
1. Anionic surfactant fi® mﬁaﬂu,saﬁsﬁaﬁﬁdnuﬁﬂmuﬁyuﬂuﬂsmau (U
- Carboxylic acids
- Sulfuric ester (sulfate)
- Alkane sulfonic acids
- Alkyl aromatic sulfonic acids
- Miscellaneous anion hydrophilie groups .-
2. Cation surfactant i® mfsamzsaﬁaﬁaﬁﬁdauﬁ%ﬂuﬁyuﬂuﬂszgmn (u
- Quaternary Ammonium Salt
- Imidazolinmium Salt
- Ethoxylated Fatty Amines
3. Nonionic surfactant 719 miaﬂusaﬁqﬁaﬁﬁdmﬁmiji{ﬂzjﬁﬂssg 1BU
- Ether linkage to solubilizing group
- Ester linkage
- Amide linkage

- Multiple linkage
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- Miscellaneous linkage
. A g A etet ~ oy 9 Qs’l
4. Amphoteric surfactant 9 'mﬁaﬂusamm‘mmu‘n%nmzﬂu"lﬂmﬂs zquammz
szyau
- Anmiino and carboxyl
- Amino and sulfuric ester
- Amino and alkane sulfonic acid
-‘Amino and aromatic sulfonic acid

- Miscellaneous combination of basic and acid group

Arnonc

< . ) Caticme
T R L NI

Amphoteric

Non-ionic

31 2.13 dnvaz Tuanavesaisaaus s Iriind 199 [8]
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2.5 nszwaumsilneendiniulaelfinsalgdse nielWlaunn: ladneensnsi
(Photocatalytic oxidation) [11]
nszwIums I lauaas ladneondadu unszuaunsn1¥dusal§aser (Catalyst
1 Ed
1591501 Tae1dues (Photoreaction) Falunszounisisw§aseriifunuuiisdug
(Heterogeneous Catalysis) A0 N15159NAINTNIEHINA0 UL A1 UYDIT VU RTUINATIH TS
n‘f :ll Y Qs Y =Y Ly |l o e 9
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o s a d @ a
InsssivesRnaIoULAz Tz ves TuanazSua Ay
2.5.1 upaiz lage (Catalysis) [9]
aan P v i aaa ] 4 oA o =3 4
Ugnsentinisldaus wgase (Catlysy oo IHU§Asouda 181530
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sSan o @ < v aan LY v = [
reaction) TulfAsswang ladaunueniug dausulgisounsmsdsduegluamuzifeadiv
[] A o aana a o V-4 02;, ¥ @ 1 Aaana =1
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= o Qs d' l U oAy L} =Y . . £ .
umuﬂswmﬂmmmwamﬂgﬂsm Wy mMsluny (Poisoning) N139AAY (Fouling)
@ 4 . . . = st Sy .
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anssdgisemntionldiude Tnnuiionlaeenled (Tio,) tiesein
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o o 9 Y 1 Qs =3 -4
2.5.2 nszwumsihia lagluasdanst I Toms sauny Innudos laeen lye
A‘ ~ 4! Qo o 1= d! LY 3 d'l Yo Q £
o Innutieilumisnednihwiianiie Aaiudie Idsumdsnumsnsedu
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VINUTIYI “nﬂﬁ”omﬂm’E)ummmnmmummﬁ’au‘n‘lﬂENLm‘Uﬂ’r)uﬂmm mm‘flu e Uag /1; Al

aunNs

1io, +(uv) —>1i0 (e +4' ) (2.8)

A 148 o Y A o ad A - . A
1uama:ﬂuumf’lwmammaﬂmau (Electron donor %13© Electron acceptor) e, Maz p M
¥
a Y @ @ A [ =4 90 a =4
lﬂﬂ%uilZﬂﬁ‘]JiJ'li'Jllﬂ')ﬂuﬂﬂﬂ181u53631’3ﬁ1ﬂu5'}ﬂ&3’J ﬂﬁ&’iﬂﬂl 1x10 ? IUN (Nanoseconds)
uazee ldsuanudousany deaunis
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x owinlgnselasasenu lunnavesms idaduiaveseynin Tio, nievinlfase
o - {a o a 3 a g . @
U OH ey H,0 #idnfuA3uet01na Tio, OH taz B0 ety oF " fiaunts
OH +h —>OH (2.10)

HO+h —0H +H' 2.11)

e, luvwnsdiowinlfaserlasassiumsdsznouiisziihda nielavdiulng
wdweinlgisoiv o, dlu 0707 dawnis

0,+e, >0, (2.12)

O:_ +e; —-)0:2_ (2.13)

2

%2 0" swihilfnsede llvu ety 0,0, faunns

0 +H" —> HO; (2.14)
HO. +HO' —> H0 +0, ' (2.15)
0. +HO, —> HO, +0, (2.16)
HO +H —>Ho, @.17)

& A a dgl = [ . [~ ° Y a . Vo
¥4 H,0, inavuninmismisuasgd 1ds Tio, denwnsomidine or® 1drsaums
(2.14) (15UBINVNSZUIUNS UV/H,0,)

HO +e —>OH +OH (2.18)
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HO +0 —0H +H o, (2.19)
A o s aan [V = = . Y o ~
nsoawsailgnsenuuasgilasass iedlu on 1adeaunisii 2.19)

(FUABINVNTTUINMS UV/H,0.)
272

H O —>20H" (2.20)
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muwusm o, lumsazmeeeinlid o gaddhlinl§Asomuaunsi 2.12) nag 2.13) 50
4
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(Metal oxide) wasuuilasla (0.059 mV/pH unit)
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dmsudaasigvasdsenon leau (Synthesis of metal oxide catalysts by sol-gel

method coated on alumina membrane for olefin synthesis) Julsznm Waﬂﬁziﬂ%ﬂ"‘ﬂ 2548

NIAINUA (International journal)
C. Sookman and P. Kongkachuiychay, “Effect of Base Type on Properties of NiO

Synthesized by Sol-Gel Method”, Adv. In Tech. of Mat. And Mat. Proc. J., 8[1] (2006) 73-
76.

mii?fuumszﬁugﬁmmmzmmmﬁ (International&region conference)

The Influence of Base Type on the Characterization of a Nickel Oxide Catalyst Formed
by a Sol-Gel Technique, Proceedings of the International Conference on Recent Advances in
mechanical & Materials Engineering, 30-31 May 2005, Malaysia.

The Effect of Calcined Temperature on the Property of Nickel Oxide Catalyst
Synthesized by Sol-Gel Method, Proceeding of the 3" EMSES International Symposium on

Eco-Energy and Material Science and Engineering, 6-9 April 2005, Chiang-Mai.
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Non-Hydrothermal Synthesis Mesoporous Silica from Rice Husk Ash, International
conference on recent Advances in Mechanical & Material Engineering, 30-31 May 2005,
Kualalumpur, Malaysia.

Synthesis of Mesoporous Silica from Rice Husk Ask, 3" International Conference on
Materials for Advance Technology, 3-8 July 2005, Singapore.

Synthesis of Nanoporous Silica from Natural Resourc.es, The 3" Workshop on Regional
Network Formation for Enhancing Research and Education, 7-10 August 2005, Penang,
Malaysia.

Samart C., W. Srichaisirivech and C. Sookman (2007) Nanoporous Silica and Its
Application in Drug Delivery. The 1” Thailand nanotechnology conference. 14-16 August,
Chiang Mai, Thailand.

Sookman C. and Samart C.(2007) Increasing Surface Area of Synthesized Titania
Particle Using CMC. German-Thai Symposium on Nanoscience and Nanotechnology. 27-28
September, Chonburi, Thailand.

Samart C.and C. Sookman (2008) Enhanced Surface Area of Titanium Dioxide
Nanoparticle by Carboxy Methyl Cellulose. The 2™ Progress in Advanced Matenials:
Micro/Nano Materials and Applications 16-18 January, Konkhean, Thailand

Samart C.and C. Sookman (2008) Catalytic activity of modified titanium dioxide in
water splitting reaction. The 8th International Symposium on*‘Global Renaissance by Green
Energy Revolution” 22-23 Jan, Nagaoka, Japan

Sritongkittikul P., C. Samart and C. Sookman (2008) Heterogeneous catalysis of
transesterification of soybean oil by KI supported on mesoporous silica. The 8th
International Symposium on“Global Renaissance by Green Energy Revolution” 22-23 Jan,
Nagaoka, Japan

Samart C. and C. Sokman (2008) Synthesis of mesoporous silica for control releasing
application. Pure and Applied Chemistry International Conference (PACCON2008) 30 Jan-
1Feb, Bangkok, Thailand

Samart C. and C. Sokman (2008) Effect of silica sources in nanoporous silica synthesis
on releasing behavior of indigo carmine. The 2™ Thailand Nanotechnology Conference 2008

13-15 Aug, Phuket, Thailand
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¥ b4 v
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3 LY { o d EN o ° @ o &
ST INTUR 11-13 QAT 2547 o1 TssuswewSunsmgu sunawies Sandaiuglan
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amuma Iulags1vuena
Modification of Crude Palm Oil Diesel Engine Fuel, 29" Congress on Science and
Technology of Thailand, 2546, Thailand.
v S wye )
5197ane1A3Y (Received award)
Award for Excellent Poster Presentation at The 3™ workshop on Regional Network
Formation for Enhancing Research and Education Penang, Malaysia
The 3" award for poster competition in The 1° Thailand nanotechnology conference

2007. 14-16 August, Chiang Mai, Thailand.
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NIA5A 15UVIR (International journal)

Msa1sIuszimna (Local journal)
Samart C. and A. Duangchan (2006) Application of Experimental Design Method for

Copyrolysis of PVC and Cattle Manure. KMITL Science Journal 6: 471-478

ms é’uumszﬁuqﬁmmmzumw 10 (International&region conference)

Samart C. and A. Duangchan (2002) Pyrolysis of polyvinyl chloride using Ni‘Mo and
acid catalysts. Proceeding of The 1 " National Chemical Engineering and Applied
Chemistry. Bangkok, Thailand, Publish in English, on CD.

Samart C. and A. Duangchan (2003) Upgrading of pyrolyzed oil derived from pyrolysis
of polyvinyl chloride and polypropylene. Macro Review special issue of Proceeding of the
Asia- Pacific Conference on Sustainable Energy and Environmental Technologies, Mie,

Japan.

Samart C. and A. Duangchan (2004) In situ removal of HCI in copyrolysis process of
fertilizer/ cattle manure and polyvinyl chloride. The joint international conference on

“Systainable Energy and Environment (SEE)” 1-3 December, Huahin, Thailand.
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Samart C. and A. Duangchan (2005) Fuel oil production from copyrolysis of PVC with
cattle manure. The 3 rd Eco-Energy and Materials Science and Engineering. 6- 9 April,
Chiang-Mai, Thailand.

Samart C. and A. Duangchan (2005) Co- pyrolysis of polyviny! chloride and fertilizer
from manure to fuel oil. The Asia- Pacific Conference on Sustainable Energy and
Environmental Technologies. 9- 11 May, Wellington, New Zealand.

Samart C., A. Cherngvanich and C Sookman (2005) Non- hydrothermal synthesis
mesoporous silica from rice husk ash. International Conference on Recent Advances in
Mechanical & Material Engineering. 30-31 May, Kualalumpur, Malaysia.

Samart C., A. Cherngvanich and C Sookman (2005) Synthesis of mesoporous silica
from rice husk ash. 3 international conference on materials for advance technology. 3-8
July, Singapore.

Samart C. and A. Duangchan (2005) Copyrolysis of PVC with cattle manure to fuel oil.
The 3™ workshop on regional network formation for enhancing research and education. 7-10
August, Penang, Malaysia

Samart C. and C. Sookman (2005) Synthesis of Nanoporous Silica from Natural
Resources. The 3 workshop on regional network formation Jor enhancing research and
education. 7-10 August, Penang, Malaysia

Samart C. and A. Duangchan (2006) Application of Experimental Design Method for
Copyrolysis of PVC and Cattle Manure. KMITL International Conference on Science ond
Applied Science 2006. 8-10 March, Bangkok, Thailand.

Samart C. and A. Duangchan (2006) Investigation of Kinetic Parameters of Copyrolysis

of PVC and Cattle Manure. Internatibnal Conference on Modeling in Chemical and

Biological Engineering Sciences. 25-27 October, Bangkok, Thailand.

Samart C., W. Srichaisirivech and C. Sookman (2007) Nanoporous Silica and Its
Application in Drug Delivery. The 1" Thailand nanotechnology conference. 14-16 August,
Chiang Mai, Thailand.

Sookman C. and Samart C.(2007) Increasing Surface Area of Synthesized Titania
Particle Using CMC. German-Thai Symposium on Nanoscience and Nanotechnology. 27-28
September, Chonburi, Thailand.



75

Samart C. and A. Duangchan (2007) Effect of Silica Alumina:ZnO Ratios of Composite
Catalyst on Upgrading Oil Derived from Copyrolysis of Mixed Plastics and Cattle Manure.
The 6" Asia- Pacific Conference on Sustainable Energy and Environmental Technologies. 6-
11 May, Bangkok, Thailand.

Samart C., W. Srichaisirivech and C. Sookman (2007) Nanoporous Silica and Its
Application in Drug Delivery. The 1" Thailand nanotechnology conference. 14-16 August,
Chiang Mai, Thailand.

Samart C., S. Anantawarasakul and A. Duangchan (2007) T hermogravimetric Study of
PVC and Cattle Manure Mixtures. The 17" Thailand Chemical Engincering and Applied
Chemistry Annual Conference. 28-29 October, Chiang Mai, Thailand

Samart C.and C. Sookman (2008) Enhanced Surface Area of Titanium Dioxide
Nanoparticle by Carboxy Methyl Cellulose. The 2™ Progress in Advanced Materials:
Micro/Nano Materials and Applications 16-18 January, Konkhean, Thailand

Samart C.and C. Sookman (2008) Catalytic activity of modified titanium dioxide in
water splitting reaction. The 8th International Symposium on“Global Renaissance by Green
Energy Revolution” 22-23 Jan, Nagaoka, Japan

Sritongkittikul P., C. Samart and C. Sookman (2008) Heterogeneous catalysis of
transesterification- of soybean oil by KI supported on mesoporous silica. The 8th
International Symposium on““Global Renaissance by Green Energy Revolution” 22-23 Jan,
Nagaoka, Japan

Samart C. and C. Sokman (2008) Synthesis of mesoporous silica for control releasing
application. Pure and Applied Chemistry International Conference (PACCON2008) 30Jan-
1Feb, Bangkok, Thailand

Samart C. and C. Sokman (2008) Effect of silica sources in nanoporous silica synthesis
on releasing behavior of indigo carmine. The 2™ Thailand Nanotechnology Conference 2008

13-15 Aug, Phuket, Thailand

e'r'uuuﬂmlszmﬁ (Local Conference)
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‘SN}JJﬂﬁIﬂEﬂG’I‘%Jﬂ (Received award)
Award for Excellent Poster Presentation at The 3™ workshop on Regional Network
Formation for Enhancing Research and Education Penang; Malaysia
The 3" award for poster competition in The 1" Thailand nanotechnology conference
2007. 14-16 August, Chiang Mai, Thailand.
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