‘;’_; Nanomeghyas

WWW. ﬂanomeghyas ir

9 Ji-Jw o9y 4 TIO, Ol ydgil Jw

033l 1 sl Sl 31 a0

03l o5 g5 7 glaws dnts 30 (] (i3 (59 (o 5

Tl T e | ¥ 59 5 py Mgz | Hliw 12

O‘)‘l‘ R A (S oSy « s (i o idls

4 dpl Sl 1 ookl b TiOs Hluly oo lail codigd juadngs Hlidlwgil (sba yindgy dgi jolaio dy ¢yl (il ;3 10auSs
55 0ol 301 ol s 0 e o )L (SS9 Sleogad b it 1y 05 45 0 S50 lsis
o9 gaw (witmed Cawl Vo=VY M ol 0ajlo iyl dlasl g 0390 SULT 51 ond jiiw (sladiges a5 amd o i X
o35l il polate 4y dpasl Stiol 1 odliml ¢l by B (¢S5l AVFO MY/ Jolas dusl Sy b odd i diges

& 0w (gl s ¢ g Gl 43D o 30 (o05 gulS Cunl Sadpo dy ygybe ixio 0d3L bl &S ud J5 g i
dgd> )‘ U»Lw 4)3‘} L,I.LCAK 4SS odly (J“‘“’?’ gim])m » u)a).w )lf l) 9 Dy Lg).a.wl 02’9) L T102 J)b Lgtmpl._‘? g0
5D ol o3> Libg zolaw il g8 Sy ccoles 50 Canl Cangdl 598 zglaw dlul oaimd i s > AF 4 AF)F
2 odd ooy Jidgy golaw (3)5 dipnlS (pimen Cusl LB)S 1B (wyp 3j90 (S yp CoU dpul Seeb o)y

ol 0313 i8] (¢ pSauin yob 4 1) B b cuols £0-°C o YO+ slod

a.babaluo@sut.ac.ir, shahrouzi@sut.ac.ir

ol o5 38 b cnlie polaw (sg) p iU (slaayY
&9y 2 S gy dojrd A5 xio 4 295 L [V F]
0B om o eel (Sl g Slesle cbly gl
sgbiee Wl Bl o5 el don p> bl gy slaaY
Tobw oloj dcs oXgd meidgd slayibe | edlatwl b [Y]
sidy 4 o938l g, j‘»’ Jb e 4 05d e b
Dedise pwleal Gl Sl G o3l Gl s )3 0l 5ei g5
L (TiO2) 381 (65 wsilis 51 sl b zolaw 23 iy
cib b iSly oUlg o Vb bl g (alansT (Shy
Olye 4 Klge oyl ) i g JI sla oo 5l (oanwg
Ol 258 SBl 0Xigdseingd glaide ly b3S oy
il 42l ey 5 lo w4 jge 5 b ids
WA/ AT £ el g b
VE L AVA : by gy

dodio —)
it gobaws (Sigle g (53,55 ( Sl CHShe 4y 255
gl p Slogl slajyidy 5l edlatl xS by Jlo )
L glagsbey 3l sl AW egy cnl Sl el aidly il
sasass op el §l (S llogl sbaiis ans sy
oz jlo3bj (Shy ollegl sl fdgy [V ] cunl (wtins
Cuoglio (( Sl 5l pSole (U3l 0o ((Sgdeisgs
[0-Y] Syl g SopSH colia (Shyss ply 5 YU
Jgol & usl ord gl (23 Rbg dine) )3 (g slady)
lwl g ISAY Glaghy) p e by, (ol aoa )

pidn Jlo | ¥ oled [VFee sl \


mailto:a.babaluo@sut.ac.ir

oS 393 B ey J5 sl & Ygeme oo b pilis
-0 Al Db o oled edygly8 0 ol Kol sl sl
@Sl Jele plgie 4 5l bl (M 099381 L ol
S5yl g0 sl [NA] 0 dee |y g o (gylub
Sy oxidd day o 4 Joibl g ol Sl ] Sy
al> o 295 o 03liiul (o5 WnSTeSUT CES LT e S
&S gl glaodimd deny ool b le o |y IS
» sl el 4 Wed e AUl cepw (il sl
Sboe Rl w035k g 03ldl 1 jap (b (5 domss

[NV )]

Red”
Oxidation
Over SC
Red

(Reductant/Donor)

iy Energy

CB: Conduction band
VB: Valence band
SC: Semiconductor photocatalyst

uction

(Oxidant/Acceptor)

5l S 290 Job LUV g cow TIO, w5 yioluST o,lgz o 1) S5
[YY]¥--nm

TIO b bl 553 55 sl yiiSTy pulSin ) Jpd
T102 +hy — TIOZ (e “(CB) + h+(VB))

OH . + h+(VB) — OH"

(")

(v)

0, +e s — 07 (¥)
0, +H" — HO; (¥)
HO; + HO; — O, + H,0, ()
H,0,+ 05" — OH +OH"+0, (*)
(v)

OH’ + Organic — intermediate — CO, + H,O + product

95 dS] (63 il YoV e Jlo o [¥V] 7 Ll Kan 5 S5

3590 Sl 93 Sig blod 5l Slilgwy wle (s3lge b o
oo YT 7AD Gls LUlss o ags dlge oyl bl )3 adllas

(V9] il g slol K05 b3 5 comieon izl Iy

" Zhang et al.
" Abbad et al.

ool ol ey o (o [Ve-A] cudly Kales gy o
ot o sl Jloyg5 5 2Vl Cuenl Sl 5 b iy Sl g
L elea¥ sbul sl dpw ol W) & Olgie sy,
4 O ol Wb 3 ol sled )5 o)Lal VL (BsSy
S8 laytidgs 3 Juo b o9 ol 5B g (ol (S Laés
Sbadgl b > 5 0ad bais Gl adgl (Shy 1S
IV ] sle o

ol slmyliilo &8 sl Bl yons o3le Sy dauS] (63 il
St Sopgo 4 il Cund & Gt gy 4 & TIO,
TiO; Cliogas Kigh o ol CuSgy o LI Ly ool
Wosh B (St g gl 5 oy (Sl
SEUT 56 sl oo S 5 g slsle il b adgl ol
SHgiaidg Shy 5 Canpdol Ggb clapld Sbml
P gy i 4 5l SSS ) s i edlisl
AL TPl g gip o (By 45 2l Sy (g SN VY g
Cabyls Y ) SIl bl ol 4 ey g SI Y gsle b
Y (h) oyis g 3gp000 Colla Y & g 0 s
Bl 2y 4 colia Y 3 () el K g bl
slagy dga o3mSl g OF LSty S [VF-VY]
& e g 0ol baoyis 315 )3 osel 3930 OH fuuS'g )t
Jole o5 Sgde (OH) JwSgpin slaJiSodl, JoSs
gl S5 4 oo Grzmed s 58 (ilus]
1§ it (55 0nlS &S Wigd_o Oy 4365 ) byl gu
@ prie (iSly Pl g g8 oanS] g oaalS Jolse ()l
Eyt6 g on HhO 5 COy aiilo idma odlo 4y 1 olo Ly
Saledds [V N0 NN 0] w0 LialS 1y dlge opl (Sdiwe
TiO) (udbS ol 5 odlitesl b B 535 il ) 3
5 wdllSg  Sg [V Y] ol oad onygl V S5 5
Vsl iSly ) 2gd ooy UV )95 (b L TIO2 - (s
bl 5 Jgic 4 TiOs 3,Slas S8 g5le & Joto o V &
DA DY) ool 613 035

ol SspnSoSIl | Yoase TiOy ldsl ans (sl
ST s ey il S 4 o dpd e odlisd

' Band-gap

pta Jlo | Y ojlas [V july Y



Cal odi pll ol eiS célw 9 Mattson e 4600
Cyge 4 (KBI) dop mawly j390 boleo b 1) ladiges oS
b Sy 99—t 5y e cib Xyl 3 o)
céls Rodga  Juwo UV-Vis oK 51 edlatl
o oozl oad s @l ¢l bl PerkinElmer .

L]
TiO; oud C)Lo‘)’&u U:’?) -y-y

wile aawly I3 1uSToIT 51 TIO) o ags gy Yoo
-aid dlgo b (g siSly lp i bl &5 Ti(OR),
Aipd o Ui 393 5l lls 0nST6ST plo b duglio > Canvgd
ol i iiSly exadlis A LiSly Dgd o odlaiwl
adgl ol plyie 4 LS g pgnl wolis jl edlatul L anuSTie>

ol o Lo 4

Ti(OC3H7)4+ 2H20 — T102 + 4(C3H7)OH (A}

2 oS ol oy, 4 TiO kg Blad das slo s i
(S byl pldl deas bl e o MSesl 50> 50 YU sled
@ el Sy e SGpslee S L e i
By Pk COS ph S gy slaie Ol il e Vo
el onind Do lais 4 il g5 ol 5l edlanl .ol a8l
LoyS Jlosl b 3580 08 J5 ln G2l slaisly plos
aily 455 Coli VO-A-C p3 Jobono (slod o 50n st Lawes
o)lad ©jg0 4 WS g9 p0il @l il Jue YO (g 0
LY J3RY Jol5" b edle U"l W 039}_@‘ Yu J9,l>bo & oylad
Joloee 3 odle (pl ad asglS Gl U dgd 03938 Jeloxe
Coydy b 9 jiw (gyiegil ) ©hd g 035 (655>
b s e 42 9800 9515 Jolore o e b g il
iS5 b oAb dng Jsle woes Jslme 4 e Ll 3938
Pjer Jb 5 9 VO-AC  Jolre cled Do oo ALl
5 E9pd OMSly B aile (Bl col colo A Cue 4 gy
ool Cowd 4 Juw 395 g3 TIO2 &y g 395 3151 Josbgpg ol
st T WIS ks ) 6 05 5, ISl glis S
o3 3 glo)S Cllas cov Vor C lod 53 dois BB e

oy loj b aid,S Cad 0ya5 b 1y ST (60 euslid <ilydgil
Aamd ials | e Y]

TiO Jlslogl sl by g ol (ingh pbsl 5l San
4 ol bl U5 (Shy on 5 Vb (Bl b
oAb g Sy o 503 dlge (1,5 9> (g &S x5k
olej 4l wo g il b (VL il (Sho
3Ll sla e s sy b Ll oYl oS
Juo 4 52 29 as b ol Jo Ll g » TiO
AW sy b (J5 5T &S ol s 033 ¢ Jole (oo
ORlBl odd i Ju jlude g odd yide e edjl iy
oslitsl V¥ ] ey 005 plo] IS 5 SleMbl ol b s
oMb 5 Rl sl oind dgup CundBlS plgie 4 sl |l
a0 ol Sl ) Alie oyl 3 8 o bt oo it 5
Sl ) 015 230l 0351 il (5l ol 320 ol o
U@ Glp sl olnd dee plais 4 Wlgiee Sl
Kby sdpmsl 9 Jlb (sl dbml b (S d po oyl
D9 b o 9y ¢ (BIADg (Juw and I e 29y ) &

ol 43,5 ol 31giSy elaesY slowl (gl 5 5yl

&S sy =Y
oad oolitus] (colSiusd o gliassd dlgo —)-Y

Sl S8 (ZAN) LlaS g9 p05) el 5 ptag cnl 5
S yd 3l (AA%) dawl Seoyd g (AAA) ol Sl (750)

Gl 044 03liw! 0 jiged ui 9 uLo.ﬂ gf).o

slod y3 oad SWid 5 0ad Ji slaydg (6ysh Sl (s
&l 5 D5000 Jis (XRD) X 5y ily 3061 L 0+ +°C
3 comomen .l odd pll olodl )ei8” Siemens ¢S s
VEGA TS Jso (SEM) (sdog; (S90S 58y Ssa
Gy So ymes céls TESCAN &S ,5 5163MM
BET U1 5l el ons osliiw] &l dgil awliscsy,y oy
yeiS il (Quantachrome ChemBET-3000 o)

A odlesiw! ol o TiO, g 019 GL}‘“’ O st.j ul.oﬂ
UNICAM- olaus §l oslizul L FTIR (5ype ik 3l

pta Jlo | Y ojlas [V july Y



sliag o 2 oyl ol () Ablas 13555 sk Jgo b
Do so duwlire gli5)| Chas )d w3l Sy

D=0.891/(B, cos0) (%)

2 oSl Fn g Jib 4 pegl cus iy yob ol D oS
0 5 ol glis)) hai )3 peSlo Sy (slig By jogl s
XRD | odel Cuwd 4y gloodd b pizmad cCanl olys asol;
~diged ) (Xa) Jibs, 5 (Xa) BUT (slojlb auop> sty sl
Tinle 5 sl SYolae Sl i & lge ondl sy 4 o

)5 eolawl [Yo
X 9100 :
141,265 (1% (v)
IA
X 1001 \
140.8 (1) ()
IR

A JGUT 56 g b, B Ko crd e 4 Ly g Iz &

oS (a3l (sl (sl (V0) yrall polde g oAb (o)
glyl (plwlid 9 SSE sl pgwye sl dlox 5| XRD
P9 oo gune Slgo (S joh e (14055 9 (5y5h slajlé
oywS Y IS 40 oad as TiO, wlydel XRD (slagSl
L XRD (55 S duslde .ol oas odly L3 YO = [Y+—A+]
sladiges (slp JBUT (opol il 015 10T e yo (sladiges
L =l VO slilgs )3 (asli glacsy oy ol 0l agg
iy 4 aS YO gFAR SV DO OF)) FAY FVA YO
G WVE Y VI N ed oo o nF O UL 5L Ol b
ol dupd TiO, <l gl &S Cuwl () )by cdisid (Lo YY
3L pollao ol a5 (sladiges plos g cawl 6T 51 & ygm
1 [Y#] siwn (JCPDS' No. : 00-021-1272) > sl
g TiO; (slmacises sl Sy (slaygly o3Il ¥ Jpoo
o3l lawgio 9 03,5 (obe )b — sl Jge 8 Lo

ol 015 0355) Lol 0355l (el ol

' Deby-Sherrer

" Spurr & Myers

¥ Joint Committee on Powder Diffraction Standards

04i2d dgupe 93 jl ¢ o (gidm diges > LS iol38l oy s
4 o0l ool and glp b b el SO g dpl Sl
@ Glojer ply Jldie b sl Sy g sl Sl &8 (50
o jlUT cal aSl g )5 8 s 3y90 5305k slajll
B aoad 4w pe b Jo jl b SRy a2 gme ol

A e uLu.u |) X A bg‘]).w u»‘.wl/u

THO, 45 Lyl bl 53 biges (636l ¥ Joas

Lged pb ol aps TiO, (sladiges Loyl yis
St Sl S5 5 L
S2 Sl Sl + dpl S5 L
S2-1 F0-°C (slod 55 o dudlS 5 duwl Sitol + sl S5 b
S2-2 20+°C (lod ) 04 dipanlS g Sl Staol + ol K25 b

SudblS b Sho b)) g (2O EBe Lbey Y-V

A a5y ol Sid 31 005 Syiguldy) oKab o
i dolb b g coll copuw b car S 0 CS o b e
P9y & (PIDg COT syl K B o Bl Vel
Bl e idsy 9 095 el lp 285 8 (gl
BB g8 (Shy oy slp ol ol odlial ()79
Al (Il G lgie @) sl S b 51 THOs ok
il Sun ® e IS cpl (sl el ok o0lisol o1V ke
2 e O b oo Voo 900 0 Yse ) sl Ko b
s (y9pd ) 0 0l by sladigel g i) iy Sy (9,
Olyass g b 03l Hly8 Slg VO oV b Spe yoh il cod g
o Glgie & pH Glypws o cdlbol oy cusds L pH
90 sap crl 9 Same dlge 4 JI a4 oy

V] ol 8,5 1,5 oolizad

oy g zls -

.\.,,,..Sl «° ‘g.éké' O‘)S ‘5)91{ )L‘i&lu’ _\_‘"

pta Jlo | Y ojlas [V july ¥



Lol Lwgs Ledl 655k 56 b s ands 0°C/min ¢
S2 aSges (slym XRD slagSIl & JS )> 23545 polze XRD
oS 53l o 03y9] gliio (clales y> oss aiplS
$0-°C 9 ¥0+ Labed 5 ou b auwlS L ad 5405 XRD
03 )55 (S S 0 dtd Sladiged (5yoh jUb & cunl jasuie
gl g 00 7555 ol el glo sl ojlil Jg
ookl L cods s (sladiges (gly .ol adly ilsél
odol Cuwd A Xg= o/ g Xy = Vool iyl g ] S¥olao

i TIO, 6T Lalls 51 St oausS” aul oS

1 w— S
In j L A /\ 4
te fobe i '\"f:».--'-’J [L-n\-., I\'--'J.J L‘-.'rz...,,-!" B Mige
ns
ity —S2-
1
B
!& — S2-2
20 30 40 50 60 70 80
20 (degree)

aiplS (V=78 S (g (¥S 1005 43 S2 diges XRD (oSl ¥ S0
$0°C (glod > o aplS (S22 5 ¥0 C slos 5 00

LR W] w &“A‘)S’SB )‘:51.0 29 wuddo”) -y-y

oSy Sun l odel Cuwd 4 polai sxmdlis ¥ s
Sy b oodd g Sldgl sl (SEM) (g (Sl
Ol (19 sl Stiol + dl S 28 bgloee g s
o) lis wld and ldige () Al Gl (cul
oo Caunl 00 S sladiged g cuwlio o) Cllas
Sl oYh sl Jlde 4 @l a8 wad o i polas oyl
Olpe ygbas | a5 woSSlon it 3508 1 (6 yegil LSl
olil g (syegl do jd ond g (sladiged 0dijle lyd wyd
My @Yb (B1eSy g o3 VoYY nm Lo ,E b
Jds 4 a8 el ledl g o polal & as g b Lol i
da > )3 (8135 5 (S b & cpenlin (ST pie
Sl odlaiwl b odd ags diged 1D g o ol liie diges

L oad 4 Joo XRD slagSl lgioo ¥ S )3 copioon
1y (S2) sl Sl Uy 0as agy Juwo 9 (S1) el S 525
2 Gy 4S5 35 o odaline S 0 B b0 dwslds
S2 dges 53 ol s Sl oad jall lacSy sl
o=l 48 i i ud gl g 55 end sbul Sy
Wged cnl sl e (sl e 5 (pljanes il Sl
1y el Of lej duwl Sl 51 oolisnl ¢l 2 59581 anel
a5 Joo ISz i 005 503 5 il el sl St
oy Ll aS cowl azdly (ili8l Ve eg/L 4 VWY lends
L @lydgls dgd o)Ly ol )3 9 Canl Juo (59,31,5 il 38l

Wb oo il58) sl Sl 1 oolaul

Y |

In

1)

ns

ity

%

— S2

MMA_M..

20 30 40 50 60 70 80
20 (degree)

b (S2 5wl S5 25 b (ST 20 augs TIO, (sladiges XRD (glagSI Y S
ol Sl + ol S s

035 49 THO, sladiges 035jlo slasly o]l ¥ Joan

lacSe sk ojlul bwgte o =va" sl Sy ok o]

(hm) s Ls (nm) el
Y AR S1
vy Y. S2
Yy A% S2-1
Yy Yo S2-2

2o ol (nl g 90 (Sinpsl Rl cage Y glales
a3 e & 35 US55 Sy il
L g el SO @re 450 °C o ¥0- (clod 93 43 ol angs

pidn Jlo | ¥ oled [VFe el >



1 add oS laiged i ags sladiged o 3l opicren i
(S1) conl o odlaiwl onidd Doty lois & ol S yi0
Shy oy gaw i 4 Sk Il oYL oy
@ o D Cuenl JBes (S 0 58 )%
sl 3l B 528 (S e G sl 65500 slalll

P25 4)lw diges g 0sds ad slrdiged (gl lyd 0l g 03sg pdaw ¥ g

(M%/g) o329 paw (nm) <3 o)l TiO, 4iges
oy ¥Y¥ Y&V P25
v 5o V0 S1
Ay ¥s s S2

5 oslizel b BET U1 b 5l wlgs oo )b Lawgie ol
IYV] 29 duwlors VY dles

B=6/S,xp) (’Y)

Sy s p(g/m’) @l o5lul B (M) «Jgoyd ol > &S
e Cawd 4 BET U1 51 & coul glojg pdaw (M?/Q)
2 365 YU dblee l eolawl b oddd duoloee &lyd bawgie o3l
ol asie ol jl &S johilen .ol oad 03yl ¥ g
g dawl Syl oolaiwl b oo and sl diges <lyd o5l
Sl 51 oolail badd )16 de35 (o0l oy dl Sl
TiO2 o0 dups dges (SKiujob 5 (olidiwd iol58l el sl

Lol 0445

FTIR i —¥-¥

Hodol Cuwd a4y g8 b gy yd i SiLis @ JSS
2 Wlosd awg Jloyig ) gy 4 &S Cunl (5 yiagil (sl gy
cm” 4l zge sae YU wis FTIR (g)ee cab 3Ll
S5 48 o Ti-O-Ti Sgy Stz b bz VYo e = Fov
oSy Ol g WS e b ) 2] (0 ey 4
SbaY (gl FFem Forem zoe dlicl 5 Jobs gla)lys
axis Olgie elpln cwl BT B > Ti-O-Ti i)
s Jloyigphen gy bawg TiO2 (Jlius S jlidlo o5 28)8
» a3l Hlg FTIR (ol o copizmon [V YA] ol ons
TiO; a5 caul Cusdly ol saimdolis FYY em™ oo 2ac
g g sl BT (oy9b 56 (s lndiges oyl > oad angs
Y Gy ey 4 WEY em g YRFY em” zge slael

by WS ol b J5 Jds el S yi5 ol yen 4 sl
Gl odnlie bl suiy

.......

HV: 20.0kV DATE: 07/03/13
VAC: HVac Device: TS5136MM

Vega ©@Tescan
Digital Microscopy Imaging

SEM MAG: 30.00 kx DET: SE Detector

1
DATE: 05/16/13 2 um
Device: TSS5136MM

=V: 30.0kV
VAC: HVac

Vega ©Tescan
Digtal Microscopy Imaging

$2 (05 ST (il ioad a9 sloiga SEM ol ¥ S5

b o9 pdans —Y—Y
] e 3] bl o > telBlS gigp Sy o bl )
Cunl JI)53 2 lofg Cumal jl ey o 6y5h 56l
ol dloes 0Ad 4 Sgliste sladigel (sl 0329 gdaw [VY]
)05 pb L "LosSs 08 1 38T (63 0l 300 bl (w9
S ohy gaw 42 yp Gl oad awlie ¥ Jgar > P25
ol ol gols b o Gl o (U 68 (S il
lse J5ls gy P25 (g)bs diges @b &S amd_a
oud dgd sladigel Jlo ol b )y (sl ofug phaw 5 it
By p @2Vl S oy aw I P25 4 Cos 3l 5

' Degussa

pta Jlo | Y ojlas [V july 5



ol Js @ anuds slos LRl L ye Cla dn @)l
ok Ol Clalie cul 5l b Rl (Ko sk
ol yg Ol o yide b &5 (gload angg digal &5 350
D andS ctly xal 1y bS5 Sy cnite
ML&O )J L;).A )9.; 0):.»45 ).) l) &:J.:\? O.’).LQ(j 9&~°C ).) 4.;90:’

4.5

4.0

3.5
bs

2.5
or

ba 2.0
ne 15-
1.0
0.5 1

0 200 400 600 800 1000

Sl S35 b (ST i0us augs TiO, (sladiges UV-vis wis b & S
Sl Saol + Sl S 5 L (S2

o

+ S2-2

0 200 400 600 800 1000
A (nm)

9 (S2 ) Sl b o a3 TiO; aiges UV-ViS ile cabs v S5
slod 3 o0 A8 (S2-2 5 ¥+ C (slod )3 od diulS (S2-1 cipunlS’
£0.°C
-gj PR (LS.\«J“ 53 dlbplﬁé Slasudo L;ul&ﬁéa’g; -y

gohaw (slwgd
b)) slal & (1S9, o Jgeme (SSisl o 5l dslad wix
g slodiged b (2O b Sly 039 @pe o (Lo OXO
éL:.aAC.Eau)JgLAJcAJ&MUW‘OMM9oM
L_i.m‘).w C.Lzm » o J\S\w IVL‘Q C.'a.w u.wl.w:wo) SEM

i) Ngw o Ti-OH 5 OH (claog)S oil)) sl
0955 g3 (V4] cusl IO y oad wla o] sl JsSge
ol i sladiged &5 AL pl Sl Wl o OH Lele
Sl i b oAb ang diged )3 )l (Vb (rdaw cullad
25 w5 e o e 555 OHL JLls 05,5 Sy s
3 Wged opl mdaw 0 OH 098 Jole sladise slasy oS
G5 Al S LSeis Jbb cbolKe [Pe] cul
S35 5 coolol b A5 B Jh S (sl JUIS
Good oyl D9y 0 el oplpls sl Al sudblS g
dyg0 iy sl 3 a8 WL sl gy w8 S

235 (o 318 oo

0 1000 2000 3000 4000 5000
Wavenumber (cm )

g Al G5 b (STioass ags TiO, (sladiges FTIR (650 caybs i U3
Saol Sl + Sl S 525 1 (S2

UV-ViS (55 s oxis o =0
oxd ang Syd sly (S y9h —ptak slpgle )9 > b
Do oo 0l &S AigSilen .l o 03l Ll £ Sy
29 @90 Job oS 5 (S2) spul Sl b o s 4iged
& G 355 L it )9 @l FeemVeenm Sl S
by e s (S1) sl Syt b Las o angs gl
b o A Hige5 eSpin slos,S s 8 b
o b odd 4l diged | ey dod Sl g el S5

ol S
P UV-vis U1 5 esel cuwd 4 zols 5l a5 jshailean ¢ pismon
$0:°C ¢ Y0+ lod > 3,5 adS canl Lasuie ¥ S
Sro a9 oS ) odd ans sladigel j8 Ol ) (ke S

pidn Jlo | ¥ oled [VFe el v



all)

—4-

i

oo b Ol oles aygly 55051l (sl 6y S Se gl A S
b ods o3l> gy (C 9 S1 L ged b ods ol gy (u OBy (9 (go.”
S2 diges

sulblS'gd (Shg byl —A-A

g o o3> hbgy (sladiged (b g (Shy oy n Gl
L (S s58 il o8 dpl Ko )b Jglone (1950 iubey (94
S Spoyp il 2lS Jlie 5 a5 00l )13 g 1O+ oY
o> by sl (U9 (S il )l & lej L
B 55 S50 5| Jobs gl b (oS0l el s
oad ) Ve S5 )3 ol okd S5 TiO coayy
el ol 0ol Lidgy zolaw a5 b L Job s .cwl

Slodds cudblS g8 g iul3él

CcuddS b (82) wiged cuwl asuine VoSS0 5l a5 jolailen
Gged & Comd (5% U5 Sy alojl 5l 4dds V-
e 5l diges oyl @S L eyl (ST) duwl SO b ladd ons augs
JsSgyin (sloog,S sl Lol wwanl 5y98 0 (6558 o}
o &S CE S A g e Slaalie cpl )l (o yin
Shy p bl GXgn JeuSg)in &Uws;f Al dadiges
du')ﬁ‘ L;l)a wa‘ d.:s.o.: 0)396.\4.«))»[_; )‘ MLL{}&
9 ol (S9y p oMb JSi slapkd nJUlgs Sy
2 ol S gy ‘La,oi (S Vg jeaides Shg inlsél
W WY o s s .60 doulS £0+°C 9 ¥0-°C cloles
Oy golaw Sy yp b cod bl g Shy s

Ll 0L 0.3)9] EYHN u.ﬂ 51 oolazwl b o o3l

Sl 31 odlatnl b odds ags diged (sl 3 g gyl hgy b
aseie pghat &S jehilen w3 e bt 1y (S2) el
039 iy MolS & ygeo s 00 o3l ey (clodyY an

A Y 54 oYh el 5g8 Sl

el

a S T e A ., T
SEMMAGQODK D‘éT:SED‘ | r-‘l i L L 1 L L |
HV: 20,0 kV DATE: 09/01/13 500 um Vega ©&Tescan
WAC: HVac Device: TS5136MM Digital Microscopy imaging
LoJmWTlOzbo.\mnbwyCﬁ]a.‘ué]au@amSEM);M/\ng

ol Sl

Slagy SpSolul sl o Ko ol sl b
L ol oD sld W}J C.‘a.w 9 c:l.o u.ul.o @WY‘}f)&C
olad il (yole (698 iSen g2 Lygo > & ()b
ot ) ol 9 b iy g g9y 2 Je b 4 mle
‘CJGM’ u.dbS Jdlg‘u;o d&mlg o:LJIL”B L)“’l‘“’ 433') 9 Aﬁg‘—sﬂ
$9) 2 ExpSadn 4l S oizmen 5 o] Lo 5 )
b clbag &S cwl o sxmdlis a yides (swgd
L 109.3).0 ﬁ9La§ q JS.J; ol 005 LS.wJ C9.‘a..w 2 ww‘
a5 Cawl ol 0dd w}y C}h‘" LS‘)’. U»Lo}' 43.51)’ Lg,,fo)‘bd\
ol ider opl b Cavgd] 398 olaw dbxl sximd ol
SaSojlul s AF F e ol zolaw (slp wled dlj
dl.lbc\;yw l; C}L:.w u.)‘.) L)"“'“’ﬁ’ )I 4&Jl> ).D w‘ oW
ol AY 5 AF ol 4wy @ Glaw a9l; S2 4 S1
33 o S5 oS Wb 55 o yge 4 oS Wb

Cow] wgng

pidn Jlo | ¥ oled [VFe el A



S 0l o3l apd (gl el Sl g sl S0
B 58 (S5 59y 2 @by p1¥0C glod o o8
Spo p bime 5150°C clod ;5 13,8 adS Lol 5l
Sy ) b & (glaigad (sl (omoman ) Ul 528
Jol adds Ve o dod (pl 3 (0,8 dlelS b o olaiil apl
b5 1 exas b a5 oud cuyms JIoawl Gl ZAS dg0s
305 o eV Sizp 1 Wl slis 3 08 anlS
SIS 5 il Sieh Vb slod 5 & s oyl 4 el
Wl Gl bl g3 (Shy aoni p adl il &yl
Ll

ol [YV] s Sen 9 SUI7 7L ol laghy gls dwlis
Gl (ol 4iB> Vo a4 ¥e 5l oan¥l Bls loj LialS oaiad
sl g b a8 (glawslio b o piomen ol (SauYT 51 ZA-
oVl Blo (gl p5¥ o ol plol lgiee [YY] oy
OB Yy bawgs ol ()55 Jlde | a8 pol ik 5
Pl b ol g3 0,85 ldgl 5l el 4 ai ym il 4S5
3 03,5 odlatwl WS (60

&S s ¥

3 ool b Jlogyien b9y 4 TiO2 o (gl cnl
Olasin § Gluogad g A dpd duwl Sl 5 sl S 5
U1 cpl s obj) BET g SEM XRD (elajUl b ]
@ G 2Vb o329 gdaw odd 4 @)D a5 Wogy ol 5 Sl
5B codinars sladises (sy0b 5B 5 Lyl o)lw TiO, <l
W i 5 dlop, 5 wliscsy, aldlbs .l ;6L
o3ll hyls Badod (] )d ol Ay WS (60 el @il &S
d9e Sl itn Sy Cand 4 0jlul mg g (sytegl
Al Sy ol pa s dl Sl 1o ol 6yl 5 cutS
oM Ji & as el o adlsl sl Kool Ll edlatwl
o3Il > gob5 glds by l 8l e o33l 5 ik 351 il
2 S N3 crizpad 5 kb ad S ol doysly
oanlie ol Swl (9938 b odd ags diged g9k s lu
Oldeib e (gl o bld 1 sl Sl 0938 i
@ ol A sla w g 1 L coles jd ol gy iy
Sy Syl gy 4 (S gobw p SIU slapld ©)ee

Formic acidresidue (C/Cy)

0 5 10 15 20 25 30 35 40 45 50
Time (min)

Slr Sro 05 G €S (loj b del Sin B )55 5905 duglie Ve S
.S2 9 S1 LSLQ‘U?‘” L: ol odld L)“"“?" 9 L)‘“"?’ 9 C}la.w

Formic acidresidue (C/C,

0 5 10 15 20 25 30 35 40 45 50
Time (min)

Slp G s58 Gl ot o) b sl So)d 55 3500 Ao 1V JSUS
S b ol and (sladiges b odd o3y by gk b Gy (9 gshaw
(S1-2 5 ¥0+°C (slod y> 00 didS (ST-1 ¢ ygamliondS” y5s (ST sl
$0°C (elod ) o diplS

Formic acidresidue (C/C,

0 5 10 15 20 25 30 35 40 45 50
Time (min)

Slp G55 Gl ot o) b bl Ko )b 55 3505 Ao VY JSUS

(S2 taomn! Sl by 0as anps (sladiges b ol 031> idigy o (b (yas zglaw

2 o diulS’ (S2-2 4 ¥0-°C Lelod p o aiudS (S2-1 ¢ yqumliaandS” (yas
50-°C sl

Gl (Lo I L el pasiie b I &S jlailen
Sl &S Gldged j0 g Wb Lilidl 55 Ul ed S

pta Jlo | Y ojlas [V july 4



Surface and Coatings Technology, 231, 201-204,
2013.

[5] E. Pipelzadeh, A. A. Babaluo, M. Haghighi, A.
Tavakoli, M. V. Derakhshan, and A. K. Behnami,
"Silver doping on TiO, nanoparticles using a
sacrificial acid and its photocatalytic performance
under medium pressure mercury UV  lamp,"
Chemical Engineering Journal, 155, 660-665,
20009.

[6] E. Quagliarini, F. Bondioli, G. B. Goffredo, A.
Licciulli, and P. Munafo, "Self-cleaning materials
on Architectural Heritage: Compatibility of photo-
induced hydrophilicity of TiO, coatings on stone
surfaces," Journal of Cultural Heritage, 412, 234-
245,2012.

[7] O. Kesmez, H. Erdem Camurlu, E. Burunkaya,
and E. Arpag,
characterization of anti-reflective and self-cleaning

"Sol-gel preparation and
Si0,-TiO; double-layer nanometric films," Solar
Energy Materials and Solar Cells, 93, 1833-1839,
2009.

[8] S. Das, B. Saha, and S. Bhaumik,
"Experimental study of nucleate pool boiling heat
transfer of water by surface functionalization with

crystalline TiO, nanostructure," Applied Thermal
Engineering, 113, 1345-1357, 2017.

[9] A. Forgacs, K.N. Moldovén, P. Herman, E.
Baranyai, [N. Fabidn, G.B. Lente, and J.Z.
Kalmar, "Kinetic Model for Hydrolytic Nucleation
and Growth of TiO, Nanoparticles," The Journal of
Physical Chemistry C, 122, 19161-19170, 2018.

[10] S. Hamid, R. Dillert, and D. W. Bahnemann,
"Photocatalytic reforming of aqueous acetic acid
into molecular hydrogen and hydrocarbons over
co-catalyst-loaded TiO;: Shifting the product

Mo g dblgs (Shy 9 LA el by
P gl 9y p odd o> by laaY (Swgdjeidgd
sz Gl oamy Gl @bt S b5l (S se w2
et 332 ity o ) kil b V55 S
005 dndS g dwl Sl 39581 &S Db i Lol s
d9d> o y55 Lialjhl el £02°C o ¥0-"Cglos (o lnjidg
ool a5 8,5 o i o w25 JT el VALl i
& TI0; ags Al )0 odiad dey laie 4 duwl Sl
S o (GbUs S8 ] US98 Sy ol

PSS g S

Nbogil dlge Slisdog 3950 0y 4 Mg (St olKD ]
OualS Jlasl > Sy 4 ey ool Jbo Sty <l
2 b ygld sk LSS coles 5 il IS

D o (S13,8 g S5 0590 1y

&y
[1] S. Park, J. Park, J. Heo, B. Y. Hong, and J.
Hong, "Growth behaviors and biocidal properties
of titanium dioxide films depending on nucleation
duration in liquid phase deposition," Applied
Surface Science, 425, 547-552, 2017.

[2] L. Lopez, W. Daoud, and D. Dutta,
"Preparation of large scale photocatalytic TiO,

films by the sol—gel process," Surface and Coatings
Technology, 205, 251-257, 2010.

[3] J. Rathousky, V. Kalousek, V. Yarovyi, M.
Wark, and J. Jirkovsky, "A low-cost procedure for
the preparation of mesoporous layers of TiO;
efficient in the environmental clean-up," Journal of
Photochemistry and Photobiology A: Chemistry,
216, 126-132, 2010.

[4] K.-W. Weng and Y.-P. Huang, "Preparation of
TiO, Thin Films on Glass Surfaces with Self-

cleaning Characteristics for Solar Concentrators,"

st Jlo| ¥ ofleds [VF++ 30y y



[17] S. Somasundaram, "Novel Approaches To
Photoassisted Deposition Of Semiconductors And
Nanocomposite ~ Materials,"”  Chemistry &

Biochemistry, 409, 101-106, 2007.

[18] V. Augugliaro, V. Loddo, M. Pagliaro, and G.
Palmisano, Clean by Light Irradiation: Practical
Applications of Supported TiO,. Royal Society of
Chemistry, 2010.

[19] J. Livage, M. Henry, and C. Sanchez, "Sol-gel
chemistry of transition metal oxides," Progress in
Solid State Chemistry, 18, 259-341, 1988.

[20] S. Doeuff, M. Henry, C. Sanchez, and J.

Livage, "Hydrolysis of titanium alkoxides:
Modification of the molecular precursor by acetic
acid," Journal of Non-crystalline solids, 89, 206-

216, 1987.

[21] A. A. Silahua-Pavon, "Production of 5-HMF
from glucose using TiO,-ZrO, catalysts: effect of
the sol-gel synthesis additive,"
Communications, 129, 705-723, 2019.

Catalysis

[22] T. Zhang, Y. Liu, Y. Rao, X. Li, D. Yuan, S.
Tang, Q. Zhao, "Enhanced photocatalytic activity
of TiO2 with acetylene black and persulfate for
degradation of tetracycline hydrochloride under
visible light", Chemical Engineering Journal, 384
123-350, 2020.

[23] S. Abbad, K. Guergouri, S. Gazaout, S.
Djebabra, A. Zertal, R. Barille, M. Zaabat, "Effect
of silver doping on the photocatalytic activity of
TiO2 nanopowders synthesized by the sol-gel
route", Journal of Environmental Chemical

Engineering, 8, 103-718, 2020.

[24] Z. Sayyar, A. A. Babaluo, and J. Rahbar-

Shahrouzi, "Kinetic study of formic acid

degradation by Fe’* doped TiO, self-cleaning

distribution," The Journal of Physical Chemistry C,
122, 12792-12809, 2018.

[11] G.-J. Yang, C.-J. Li, K.-X. Liao, X.-L. He, S.
Li, and S.-Q. Fan, "Influence of gas flow during
vacuum cold spraying of nano-porous TiO; film by
using strengthened nanostructured powder on
performance of dye-sensitized solar cell," Thin
Solid Films, 519, 4709-4713, 2011.

[12] V. Bolis, C. Busco, M. Ciarletta, C. Distasi, J.
Erriquez, 1. Fenoglio, S. Livraghi, and S. Morel,
"Hydrophilic/hydrophobic of TiO,
nanoparticles as a function of crystal phase, surface

features

area and coating, in relation to their potential
toxicity in peripheral nervous system," Journal of
colloid and interface science, 369, 28-39, 2012.

[13] D. Macwan, P. N. Dave, and S. Chaturvedi,
"A review on nano-TiO, sol-gel type syntheses
and its applications," Journal of materials science,
46, 3669-3686, 2011.

[14] L. Zhao and J.-s. Lian, "Effect of substrate

temperature on  structural  properties and

photocatalytic activity of TiO, thin films,"
Transactions of Nonferrous Metals Society of

China, 17, 772-776, 2007.

[15] Y. Yu, J. Wang, and J. F. Parr, "Preparation
and properties of TiO,/fumed silica composite
photocatalytic materials," Procedia Engineering,
27, 448-456, 2012.

[16] E. Pipelzadeh, M. Valizadeh-Derakhshan, A.
Babaluo, M. Haghighi, and A. Tavakoli, "Formic
Acid Decomposition Using Synthesized Ag/TiO;
Nanocomposite in Ethanol-Water Media Under
[Mlumination of Near UV Light," International

Journal of Nanoscience and Nanotechnology, 7,
78-86, 2011.

pide Js | ¥ ojlasd [VFe o sl N



nanostructure surfaces prepared by cold spray,”
Applied Surface Science, 335, 1-10, 2015.

[25] R. A. Spurr and H. Myers, "Quantitative
analysis of anatase-rutile mixtures with an X-ray
diffractometer," Analytical Chemistry, 29, 760-
762, 1957.

[26] Y. Masuda and K. Kato, "Synthesis and phase
transformation of TiO, nano-crystals in aqueous
solutions," Journal of the Ceramic Society of
Japan, 117, 373-376, 2009.

[27] C.-S. Kuo, Y.-H. Tseng, C.-H. Huang, and Y .-
Y. Li, "Carbon-containing nano-titania prepared by
chemical vapor deposition and its visible-light-
responsive photocatalytic activity," Journal of
Molecular Catalysis A: Chemical, 270, 93-100,
2007.

[28] 1. Ganesh, "Preparation and characterization
of Fe-doped TiO, powders for solar light response
and photocatalytic applications," Processing and
Application of Ceramics, 6, 21-36, 2012.

[29] D. L. Pavia, G. M. Lampman, G. S. Kriz, J. A.
Vyvyan, Introduction to spectroscopy, Cengage
Learning, 4th ed., 2008.

[30] R. Dholam, N. Patel, M. Adami, and A.
Miotello, "Hydrogen production by photocatalytic
water-splitting using Cr-or Fe-doped TiO;
composite thin films photocatalyst," International
Journal of Hydrogen Energy, 34, 5337-5346, 2009.

pide Js | ¥ ojlasd [VFe o sl )Y



-
SN

f; Nanomeghyas

www.nanomeghyas.ir
e

Investigating the effect of acetic acid on the synthesis yield of
TiO, nanoparticles by sol-gel method and evaluation of their
photocatalytic property in preparing self-cleaning surfaces

Z. Sayyar, A. A. Babaluo , J. Rahbar Shahrouzi’

Faculty of Chemical Engineering, Sahand University of Technology, Sahand New Town, Tabriz.

Abstract: In this research, a preliminarily stable sol of titanium dioxide was synthesized by the addition of acetic
acid as a promoter in order to increase the yield of TiO, synthesis. The formation of active anatase phase was
confirmed by X-ray powder diffraction analysis and the crystal size of 10—22 nm was obtained. The specific surface
area found to be 93.65 m*/g for the synthesized samples. Hereafter, the synthesized TiO, sols were coated, as a thin
layer of nanostructured TiO,, on the surface of ceramic via the cold spray method. The contact angle measurement
of the coated surfaces exhibited that the use of these coatings has led to the formation of super-hydrophilic surfaces.
Eventually, the photocatalytic activity of the coated samples was examined by the degradation of formic acid under
the visible light. It was shown that the calcination of coated surfaces can improve the photocatalytic activity of the
coated samples. Consequently, the use of acid acetic as a promoter in the synthesis of TiO, nanoparticles can
significantly improve the photocatalytic properties.

Keywords: TiO, sol, Cold spray, Nanostructured coatings, Self-Cleaning, Photocatalytic activity.
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