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1. Water Sealer Method
2. Field Emission Scanning Electron Microscopy


http://photometrics.net/field-emission-scanning-electron-microscopy-fesem/

(1) B3>

FA-FY ((IFAY L)) Fojlods FA ol o ) baamo g oyl o (o @y 3l | (35S0 g (g yuaas adi | 144

FAN L ol pH=Y o g ao,o YYIA L oy Jlade
Slg YO o jloslaiwl L |8 Bis an o cculasye
o O il 9 5 gl pH el a0
(@) J52) 28515

Gl Sl a5 08,5 oo patdne SO an axg L
e an Sl celw L aJol celu 5l BA s ce s
BRREN P ST G | ES VU NING J W<-| PR Y (|
el )0 g oo ;505 opylel celn b cond pgo el
YU Bl a5 4Bl Lialy 8l Toaoe Hlogad o poms
e odaline jloged cod als SLL cele )0 09,00
Sio sl el b ol Loy e Ly J b5 00,5
cobanl ;8 ax Sl ol YO ol 5 b cdls j0 00 5 oo
Lo e L o)l 5 poo ol el 3 8 B3>
b ples J8 Bis Ce il a8 F s Sy
Sl pgd el 0 w0, F e odal i JS & 0 aS
Sl aS aion lologad aiilen .ol 00 )5 oy ralS
YO Sl ot s Jloged ol jo il oy S8 Bd>
2 e Sy slaple) ae )3 Bis (p i ion Sy
sl 485 S ygo PHEY s Bi> (yyy5eeS 5 pHY)
L =l PH=VY o iy Bio 0505 9 (b
el 009s o )0 FE/Y Ll pH=Y o g 0o 0 V)

A4S 00,5 o Jol> azai (ol Lo loges s lis
Al il comd g pH=YY o 3 BA o 0y 5 o
G o T Bds (e S 5 Sy Ve ples b el
Zowl ool F, pH=Y o 5 lg YO

=l ae PH an 55 d(V oY) LS 5 (g0 o
390 4t 5l S0 bags b B3 sl V) L
ol o o ooV Bi> Ol e 0Bl Cws glégo
o b alen UV Y wlg Vv los L Ll s

ol Caws 4 ol Yy

90 /| —O—pH=3 —O—pH=7 —aA—pH=11

60 120 180 240
(ai82) e

(Slg 1oe olgs b quo) cilico (LpH ,5 Jid i —Y Sl

BA> e manl, 8 ax Sl lg YO il Lol i o
B0 )8 ey i gl @i > A o |8
Aoga > Jola_adsfe o (pH=Y) ol e Il o
30 BA> i s e g 3,5 ol ine BA> 0o
Sy po—w Selw 50 90,5 Ty (il 3l ey Celw
Bis oled 0 5 C B85 O 9o S pdle cet L i
gm0 pgd Sl L ol s U SLL el o 0anyVl
((F) J58) e )8

odmlin JS & 04 5 b lon 30 s ol o
T Ao Jol celw 90 j0 J8 Bl Cepw w00, 5 o
A Bd> e SLL celw g0 j0 g 00,5 oy gl 8l
WS o oy elS g a0

Lo 515 Jsl el 58 Jlssoi ot 4 (59 b oy
03— PH=VY a5 JJlo o wlons ln oSG L
ge jobo an a8 80 VY C BT ) ey Bdo ey
el ;0 g 005 (=5 5 (gdu—wl) S0 pH g0 5l i
Sl celvw o goa s el Susl Bds cepw 3l pou
Ay S (55505 e 90 (g 0ad 03538l ] ey
Sl gmolesl Jgl el g0

Lolo) solood jo mail 8 e il Olg YO iols coss
el 5l Gl e A 5k el o S8 Bis e
ol 004y (gl g >

2P ey B Bis wo)d e S 5 S e
el 0395 FV/Y 9 AT/F L 5l pH=Y o pH=Y )

ISt 3 il ¥ Sl e oy s L b Bi s
35,5 o oanl i 45 ol len .Cowl ool ools lii (B)
po—w 9 p90 ¢ Jgl Olel—w yo (PH=Y) ol e Jb> o
Celw ;0 900, oy iuls8l g a4y |8 Bl Ce s
el o a8 e oy aslol LB ol e U pyles
S Lo o b Jgl el ¥ 5 8 s 5
Rl 28 Bis plie e Celw j3 00,05 (o0 &9
Slelw L aloe sopw by SLL el ;5 500, 5 lay
Sds Glie (PH=VY) (551 cdl> j0 0l o aslol adyl
ST aggooga v VAL ol JolaadsPe o
30 g 00 Al pe—w g pgo Slelw P Bl > e,
Loaado V¥ Lo VA o gl yo Jd Bas> clys
Olg 00 il o 20,08 o D jgmo Al G s Ll
el o Laplay woles (o iy lacdl alen
i Gleasily S 3 Sl )3 9 2 5SSl
e A J BAm (5SS s S eaaliee
o=l PH=WY gl asTools 2) gl 9 550 slacdl> o



fv

FA-FY ((OFAY liwo)) Fojlods FA ol cConn ) lnxo g oyl s (pwditen 4y 35 | o)) 1000 9 (g pui i |

09,5 So olgie an i olld b e L Of yo Jid a5 el
4 (90 (318 Cwd Sl L 0l e a9 008 00l
T P P
S b ol b e o Ll ailb oo iy 25Ty
“e ob 355 5l S g ptiSTy g el s &y50

(g2 9 Hgmm y90) SO

90 4

—O—pH=3

—O—pH=7 —a—pH=11

0 60 120 180

(ai3s) oo

(Slg B o7 b ) ciisa GLPH o Jid B> —8 JSuib

90 A

s —O—pH=3 —O— pH=7 —A— pH=11

(/) Si>

240

180

120
(4i32) oloj

(1 Y8 olg b o) ilices glapH o Jid Bis —F S5

(1) Si>

—O—pH=3 —O—pH=7 —A—pH=11

0 60 120 180
[ERD A

(Sls YO olsi b cno¥) cilizeo glpH 4o Jid Bis —F S

dSlsg, Sl3els 5l solaiwl Ly (6,550 lsllas
(U958 a5 () Ay (L Y 00D CS
adgl clale Uy Jud Bis ol ago pH ol ploil o8
WY ol Gdow ailes ] 0 6,8 e O oaY!
Al g 4 amo,0 A0 ol 4 0oV Bis o] cws
= oS 00 Giegi ol jo ead sslail 0,55 clale
Coaid (Celw B) (s loy Gos )0 o (a0 2
OYY )
L d(WYAD) ule 5 glos) la gy a5 amgy 5o
O y—o A poil Ly o WSTeo Ce JBLS 98 5l oola il
L alie adgl cclale Uy 8 Bas any ol pladl Slego
aagePH 5o 5 d 3 oS e 00 L ol pol gy
Celw U gl Gos 0 0o, AY i a s VY L ol
aupH=YY o 8 Bd s e Lo JSCb olad 4o
e u_s‘d_:j 09— ).Nl_a L‘pr )JLMJ )| (G0 )B_Ia

J B 5 Jeolo gl il g ko - Jgar

P lade F laie Sla o uileo sl e Ol yo £ gamo Eo
|-+% Yavn -y OFFIAYA Y4 \SEEY/YEAQ s ol Jas
[+ ¥ 9y /s¥q \YYV/YOF Y YSEYIO-Q PH
[++Q AVE/- oY AarARR Y YYYa/908 uv

e YEa) Y&\ DAY Y VoA FIYYA Time

e VYT YEIVPA s VEAISY - UV=pH
-/-f £A/V10 \ATERE 5 \ATZANYZ TimexpH

- [-Y0 VY- VAT q VY /¥YA TimesUV

V/FES WY VFEIATE las
VEE £V VF Eano
VEY \FELYNAY s Mol ggane




FA-FY ((IFAY L)) Fojlods FA ol o ) baamo g oyl o (o @y 3l | (35S0 g (g yuaas adi | fA

Busca G, Berardinelli S, Resini C, Arrighi L,
“Technologies for the removal of phenol from
fluid streams: a short review of recent
developments”, Journal of Hazardous
Materials, 2008, 160, 288-265.

Ehrampoosh M, Moussavi G, Ghaneian M, Rahimi
S, Ahmadian M, “Removal of methylene blue
dye from textile simulated sample using
tubular reactor and TiO2/UV-C photocatalytic
process”, Journal of Environmental Health
Science & Engineering, 2011, 8, 34-40.

Gaya U], “Abdullah AH, Heterogeneou
photocatalytic degradation of organic
contaminants over titanium dioxide: a review
of fundamentals, progress and problems”,
Journal of Photochemistry and Photobiology
C: Photochemistry Reviews, 2008, 9, 1-12.

Ipek U, “Phenol removal capacity of RO with and
without pre-treatment. Filtration &
separation”, 2004, 41, 39-40.

Jeni ], Kanmani S, “Solar nanophotocatalytic
decolorisation of reactive dyes using titanium
dioxide”, Iranian Journal of Environmental
Health Science & Engineering, 2011, 8, 15.

Klavarioti M, Mantzavinos D, Kassinos D,
“Removal of residual pharmaceuticals from
aqueous systems by advanced oxidation
processes”, Environment international, 2009,
35, 402-417.

Konstantinou IK, Albanis TA, “TiO2- assisted
photocatalytic degradation of azo dyes in
aqueous solution: kinetic and mechanistic
investigations: a review”, Applied Catalysis B:
Environmental, 2004, 49, 10-14.

Mahmoodi NM, Arami M, Limaee NY, Gharanjig K,
Ardejani FD, “Decolorization and
mineralization of textile dyes at solution bulk
by heterogeneous nanophotocatalysis using
immobilized nanoparticles of titanium
dioxide”, Colloids and Surfaces A:
Physicochemical and Engineering Aspects,
2006, 29,125-131.

Martinez-Huitle CA, Brillas E, “Decontamination of
wastewaters  containing  synthetic  organic
dyes by electrochemical methods: a general
review”, Applied Catalysis B: Environmental,
2009, 87,105-145.

Nitoi I, Oancea P, Raileanu M, Crisan M, Constantin
L, Cristea I “UV-VIS photocatalytic
degradation of nitrobenzene from water
using heavy metal doped titania”, Journal of
Industrial and Engineering Chemistry, 2015,
21, 677-682.

Rappoport Z, “The Chemistry of Phenols”, 2004, 2
Volume Set, John Wiley & Sons

Sadik, WA-A, Nashed AW, “UV-induced
decolourization of acid alizarine violet N by
homogeneous advanced oxidation”, 2008.

Processes Chemical Engineering Journal, 137,
525-528.

Salah NH, Bouhelassaa M, Bekkouche S, Boultii A,
“Study of photocatalytic degradation of
phenol”, Desalination, 2004, 166, 347-354.

J6 B 51 ol a5 il g el ~Y—¥
ol 00ls i SPSS [l 3le 5 sl eslaiwl Ly J—8 B
Al e Joo 09 ol 5l lis /20 5l maS P lake
S e 5 Moz ol P jlaie an a gl L piznan
l_g )_1‘),: (R2) Si:_m..\..o.b w)_.o )‘J_AA I8 i .J_S‘ooj_g
Lo e 13U ol 5l i a5 ae] cws 4 +/9AA

&S i -

J—8 Bd > oo o ranl 3 Y e ol sl L
5 o slecdl ag cos b Bas loasly el s
cble b 18 Bis (n 5 e ol b 909,50 (5
‘Sﬂb)bnéi_www)\))_lfj)ér:)j‘ﬁ_lﬁA’ 4—AJ5‘
00 Sl gy o yin o pyS O clale b e JUIS 48 a5
30 bl oad oolaiwl @lg Voo les Ly el 8 ax il
Ao VO L ol aado Y ey as o g pH=Y)
R 039 duo 4O \a7Al La ‘).)l).)

&l -f
bl 558 4325 Sl sy 2" g B850 lie g Slox,
oMol g O 4,85 M UV/ TiO2 an1,5 5l eolitwl b Jub

FV-FY (1) OV 0,50 O YAD

S SR LN O 5 P TSP A e s
Se—eST 55, D3gls by a J8 (S Ul 28
N0 (F) 5 (F) ) 0,50 AT oyl ans

oolipay o S92 p (JoLSo plez e g 5 (50
g0 ol ok ol s MYVE (T e b
NeYaoyevq

—@%L&ﬂ ol Ol e oliasg g o labiul ante
N0V ol wl o plon—3 g 058 Lo S
iy B Sa

oS 55 5l @S (" o 00l e soligs
UEIEY SR PAPPE VD U P S RV g
AY 6 )loris () B8 AFAD oy oy o g lyas

AY¥-AY
Phenolics  (Spectrophotometric, Manual 4-AAP
with Distillation)- Method, 9065,

Environmental Protection Agency.



f4

FA-FY (I¥AY lws)) Foylods FA alo ccomn ) buzxo g oyl jos (oo 9 226 [ Oy K2 g (5 ymai audis |

SamarghanDI M, Nouri ], Mesdaghinia A, Mahvi A,
Nasseri S Vaezi F, “Efficiency removal of
phenol, lead and cadmium by means of
UV/Ti02/H202 processes”, International
Journal of Environmental Science &
Technology, 2007, 4, 19-25.

Shahrezaei F, Akhbari A, Rostami A,
“Photodegradation and removal of phenol
and phenolic derivatives from petroleum
refinery wastewater using nanoparticles of
TiO2”, IJEE, 2012, 3, 267-274.

Wang KH, Hsieh YH, Chou MY, Chang CY,
“Photocatalytic degradation of 2-chloro and
2-nitrophenol by titanium dioxide
suspensions in aqueous solution”, Applied
Catalysis B: Environmental, 1999, 21, 1-8.

World Health Organization, Phenol; health and
safety guide, 1994.

Xie B, Zhang H, Cai P, Qiu R, Xiong Y,
“Simultaneous photocatalytic reduction of Cr
(VI) and oxidation of phenol over monoclinic
BiVO4 under visible light irradiation”,
Chemosphere, 2006, 63, 956-963.

Zhang Q, Cheng X, Zheng C, Feng X, Qiu G, Tan W,
Liu F, “Roles of manganese oxides in
degradation of  phenol under UV-Vis
irradiation: Adsorption, oxidation, and
photocatalysis”, Journal of Environmental
Sciences, 2011, 23, 1904-1910.

Zou SW, How, CW, Chen ]JP, “Photocatalytic
treatment of wastewater contaminated with
organic waste and copper ions from the
semiconductor industry”, Industrial &
Engineering Chemistry Research, 2007, 46,
6566-6571.



sy
@ Journal of Civil and Environmental Engineering
Volume 48 (2019), Issue 4 (Winter), 43-49

University of Tabriz

EXTENDED ABSTRACT

The Degradation of Phenol in Water Solution by Immobilized Tio>
Photocatalysis

Elaheh Faghih Nasiri, Daryoush Yousefi Kebria **, Farhad Qaderi

Faculty of Civil Engineering, Babol Noshirvani University of Technology, Babol 4714871167, Iran

Received: 13 November 2017; Accepted: 15 July 2018

Keywords:
Phenol, Titanium Dioxide, Nanophotocatalyst, ultraviolet radiation.

1. Introduction

The use of unconventional water is very effective in solving dehydration problems. The studies on these
sources have shown that concentrations of some pollutants are higher than standard, but by employing
different methods the researchers would eliminate the pollutants. The use of photocatalyst is a novel method
for removing pollutants from aqueous solutions(Ehrampoosh et al., 2011, Konstantinou and Albanis, 2004).In
this research, the photocatalytic process of titanium dioxide stabilized on the surface of plexiglass in the
removal of phenol in different pH levels (3, 7 and 11) and different powers of ultraviolet radiation (25, 50, 75
and 100 watts) was comprehensively investigated.

2. Methodology

For removal, a plexiglass with a volume of 600 ml was used and the water which has phenol with a
concentration of 50 mg/L was circulated by the peristaltic pump (Fig. 1). The nanoparticle was stabilized with
Water Sealer Method (WSM) and then was performed on the plexiglass surfaces. The accuracy of the stabilized
nanoparticles and determination of their size was determined using the Field Emission Scanning Electron
Microscopy (FESEM) technique. Note that the nanoparticles were coated by thin gold for SEM technique.

The concentration of Phenol was determined using a direct colorimetric method with reagent 4-aminopyridine
at a wavelength of 500 nm according to the EPA 9065 method in a spectrophotometer.

At the end of the analysis process, the data was analyzed using SPSS software (version #20). The statistical
design of the factorial was based on a completely randomized design. The averaged numbers were compared
with Duncan's test at 95% confidence level.
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Fig. 1. Reactors with immobilized photocatalyst
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3. Results and discussion

3.1. The stabilized nanoparticle on the surface of a plexiglass

In Fig. 2. the coating accuracy and the stabilization ofphotocatalyst TiO: are indicated on the plexiglass surface.
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Fig. 2. The accuracy of nanoparticle coating on the surface

3.2. Phenol removal rate

At all times and powers, it was observed that the amount of removal in the acidic state was at the lowest
level and in the alkaline state was at the highest level. The maximum removal was occurred after 240 minutes
at pH=11 for power of 100, 75, 50 and 25watts at 91.5, 84.4, 77.9, and 70.1 percentage, respectively.

3.2. Analysis of the variance of phenol removal results

In Table 1. analysis of variance showed the results of phenol removal using SPSS software. The value of P <
0.05 indicates the significance of the model.

Table 1. Analysis of the variance of phenol removal results

Type 11l Sum of

Source Squares df Mean Square F Sig.

0.006
Corrected Model 16442.3482 29 566.978 392.102

0.004
ph 2662.509 2 1331.254 920.649

0.009
uv 2229.956 3 743.319 514.053

0.000
time 10804.779 3 3601.593 2941

0.001
ph *uv 148.610 6 24.768 17.129

0.04
ph * time 426.116 6 71.019 49.115

0.035
uv * time 170.378 9 18.931 13.092
Error 164.844 114 1.446
Total 69205.174 144
Corrected Total 16607.192 143
a.Rz2=0.988

4., Conclusions

By increasing the power of the ultraviolet lamp, removal rate of phenol increased, and pH in acidic state
reduced the efficiency of phenol removal compared to the alkaline modes and neutralizes. Therefore, the
highest removal of phenol with an initial concentration of 50 mg/L in the continuous system was occurred
when the photocatalyst was at the concentration of 50 g/m? and the power was at the 100 watts. The maximum
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phenol removal was 91.5% at pH=11and the lowest removal was 44.3% at pH=3 when the time was at 240
minutes and the power lamps of 25 watts.
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