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Removing Aromatic Organic Compounds of Phenol and Furfural from
Petroleum Refinery Wastewater Using Electron Beams
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1. Department of Chemistry, Faculty of Science, University of Zanjan, P.O.Box: 45371-38791, Zanjan — Iran
2. Radiation Application Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 11365-3486, Tehran-lran

Abstract: In this study, phenol and furfural removals from the standard solutions and petroleum
refineries wastewater by electron beams have been investigated. The standard solutions of phenol and
furfural were irradiated in the range of 1-10kGy and their concentrations were determined before and after
irradiation by UV-VIS spectrophotometer. The effects of the experimental parameters including the
amounts of the absorbed doses, pH variation, initial concentration of the organic compound and the salt
effect were studied. The results of pH in the range of 3-11 showed that the removal of phenol and furfural
was remarkably facilitated in the acidic condition. Studies showed that, at the dose of 6kGy, the removal
percentages of phenol and furfural in the lower concentration of 20 and 100 mg/I respectively were more
than 99%. However, by increasing the concentration, the amount of the removal gradually decreased. Also,
investigation of the salt effect on the removal of these compounds within the range of 0.5-30% wi/v
concentration showed that at the dose of 6kGy, the presence of salt has no significant effect on the removal
of phenol and furfural. Finally, the results of petroleum refinery wastewater irradiation in the optimum
condition, obtained from the experiments, indicated that the removal percentages of phenol and furfural
were more than 95%.

Keywords: Electron Beam, Phenol, Furfural, Petroleum Refinery Wastewater

azakhavan@aeoi.org.ir WONVY0 e s fo b Q07074 tdlie 3L, oyl
*email:
Yo



g Juss s dss Gl T JT oS 5 Ol

oslizal (glos 28 5 5b 4 pslie JT 510 (53l Olay (asinas
ST G sy pladl Gk 51 bl b ol L e
3ol sl sl e ST ISty sla 28Ty 5 als
S s HO 5 COv L 5 e LS 5 a1,y JT WS 5
A o]
Gl 3l (S Ga S Gl b b g
Sy 53 3 g0 oty VT Codom slate 4 4,2y LS
OT Joo oo 5 2L s 40 457 258 o0 i 5t
Jheslasal Lol Daml i 58 Sl pay plo boawmlas o
3 S [A] ok O & (3L 4 55 1l (il b 55
S4 J.«GJ:.G LgLM.L:.LYT Code (oo ol elaal
SLS 5 5 Gtme DLS 5 4 LOT Js 3 b 5 (S5
B o T s (55l 53 Tl 4 J6 T
Luly dm 65 4w 53,8 o )15 Sl 6 S 65k
ST 09, (OHY) ST p5dn ISl Jols Jleb
Jolos 3 (H7) O3asts JLSsl, 5 (Bag) odis
GLa & e a e Sl (V) alslae sk o S5
2 Gvalug o 1) S S GaSLL bwy ols W
QLS VS B Y St a0 5, b Cou 3kl Lasws ¢S

Dy o] wes

H,O /\/\/\/\/\/\_>e‘aq(y/5-) + H-(+,00) + OH-(Yv) +
Hy(: £0) + HOy(: 1Y) + H.O™(YV)
)

@ e ol b pl o3 ets g b slag S oS 0T
STy rl:;J boaslsl 53 slge cpl cdijls (698 gloosd SSTls
O s b s JT LS 5 Oodo o talS = 20LuST gl
g or s Tl se 4 s
63 Ml 3T S ) eks iz slailS
s el gotiSol @il gladle s
SASIS 4 sk 4 Ol el SlaysiST s 038
“ley Gainar 55 S9SN (4L dhe S Ol sla s,
oolizul Coenl 5 Slg 5,555 s 4 VY] ol s sl
Sl S 0 55 55 Ol 03 (53,8 4K ,L s 2t
2 S5 G Gk H e sat 5 Sllls o)
Cxo u.JLw.l Bl j)T L;Uﬁ&i;) Cod> AJ}JT 6‘.&;:)—" 89

Y¢

doJio .
Sgn Silela, () dame ST ool o 1 S
e 5l edamy pled SLS 5 L STk Gles
Lo 53 S8 sl sy 5 LaSa VL ety g
g5 4 odKaVL Sl laety VT i3 5 655 ol o
DI ts (Ko 0T 5Shee 5 b o2Vl wl b oo
oo 4 GFay 6L gl ol Lol s Gl b gos
Josos 5 s (oS 5 6w Gl S 55n (Glae D53
STR0T 5k ot o 0 45 5 K5 o Jor JT s1sm 5
b g Lame (S3JT ot iy i s 4 sl O
-y (T ol g alaz 511y 5858 5 dg ils dial 5 g 50
Ol 53 0L s SCLL L Y pane o Llpslas 5 4L
b SSla)T oS aodks S5 Jsd ls sy el Y
e Jse
J 5,05 513 e aodNT 05 5 53 8" ol C;H,OH
T e TEL T Yt
3ol 0315 Ol Sl (535 Iy & od] 4 ar 55 b
Slosle Jlo 5b 4 .l oks as OT ol Sl Kot
ST e 53 b bl & il o3 5 w5 g Sler
C\ﬁ soslawl (gl 5 ;.;T Oyl cailradel 4 (639,
ot Jsn 2 b5 Jos 8 [Y] sl Y g/l i 508" gLl
b5 e & il e SSly,T S5 o CyHOy
S sloul Ca ) Lo 5 Oludl Cdl (g1 (3L NS ke
i 4 G bbeaS )y Sl ol (Sae 3l
dsss o 03 Do GVsb (B35 )15 bimes o5
b 5 alS (S 4 (il Hluw STl 5 osde
S8 IS 5 55 S e Sl (S s Sl T
2 e GOl Vb e s w4l Y] 55 s
ol G il OS5 OT s JMesil Gl cass
Li 53 (S)br Coeal StV Clay (s 5 5l LS 5
Syls G ) bos

WPl bl gl (b o 8 Ol (S5 g0 sades
Shiss (abed GBLST 5 Sledy S Gl )
3 e Gl 53 Iy, 5 s sadal ol (63208
Sl Sl eje,l [F-F] dmes i oKs VG Cley alax

Gl cmlie 5 LT, pa, oK IS8 4w iy LT



VY49 Ar (glaan o}:é_g(a}kr— Sl

035 3| dlon(s B oamnlty shome SIOMIOT 51 s 5 0 e 5T
Sosge 4 pp3 IS b gl AS 635 oaay Sl Jgloes
2 dslome Sl ol 03 s plt O M 2w L Jise
5 s Chle (oSl Lh okl F5 MM 2 5e J b
V0] e plail T L 28Ty s 4 (a0 5 ey
4 Jlys)s ladglows 51 eSS o 510 ME gy cal ol
s T 5heoml e s b gies J g1 VOMI L S b
Lghinn 51y it 3L51 0T 4 K IS 5m sl 510 3 0
oSaws L OYINM =0 Jgb 5 e iges JolS 02
sy 5 Jsd Dol daoys s (5,8 03Il e gib g 2Kl

Rl BT~ LY
Do oy =(AAYA XY+

55 ladsks 1 p st ol 5 w AL A

o g @b Y

o 38 Sy
Veomgll 5 Ye Glacbale U dly s, 5 Jsd o glad o
iz 815 s il o me ;3 ) KGY 5% 0 ) glags 5o
el osls Olis Y JKE s LS 5 ol gl glacalb
YN e Jgb Codo ) KGY 55 55 a8 548 e odalin
Js Ood desys G Lldie 5131 L g 3,8 b S
e Ve KGY 57 o glajs s S ohsb 4 Ll S
S 0T 31 pl s cdy o 7AAD 5 4Y AY & L 5 4 ol
33 ol 01y oo 0358 n - J g3 /80 1 i # KGY 5 55
e bS5 b Cod sl 4 0 Olge
33 Sl L .l IXR O KGY 55 5 dlyssy s Code des s
2 Sk 4 b GRIEN L8 Sl i ol
SAT0 OAY & s 4 Lldie ol 30 KGY 5% o glajs
o 55 dlysiy s 6l & Sl OT (oS Ob 5 dwy oo TN

258 L 59 KGY I, ag 35 0l

Yv

£ )

3> IS oSt LW W] el @8 S ol
5 g Ode Gl S9SN Sl 5,5 4 o sas
2 03 5o0) 3 e 0 ealice 28 (slalay 3 Uy 50,
23 5 2,0kl Gladshee 5o dly 8,58 5 dgd o (gl
Seslial b 01l S50 55 S oKV O Sl (545 5

Babisn o S9N 4L A

I N R

ByolSiws 9 3(go V.Y

Jebl Jsd Jals Jhass cpl 55 oslimal 300 olesd 3l
5 Wl ey WSS e el ol ((80)
Sl diysiys 5 ¢S 0 OS5 Cotle e ST s l-F
b oBa Yl Sl el T LS 852
030zl b g5 SN as il s ags Ol S e 53 oKis YL
IBA o5 5 Cole TTY s Jue 05 31 gotiasolis
Slapks b 5 s sad (236 55 Oljen 25 5 planil 655k
S s ol sk sy xS (FWT-24) (g e 5o
bt go PH s (6,8 0510 g oKy Sl gy 0 255 o
5 tombse o5 L AV Jie Metrohm: mpH L
S = gl bl 5 I ol (5,8 05
plawit 15 T ) 58™ L Y0 Juts Perkinlamber Lambda
oS A Gl S s phed O3S Al
gk b s A6 3y s S ol > CODY
OWIT 5528 sile DRE000 Jus HACH e — nic
168 WESsS b sn Gl A S el
K o 528 cole 9A4 Jue GC-Mass Agilent oKes
L3 oslizul

I hgs Ty
YoMl oz o (8 S Do b 55 0l g Slad slons
Sleds Wy s S aSoL0 L (\em gl 5 6Cm L3
o 1 KGY 6 53 o 28 53 Ve MeV owasoles
4 (P S ey I ke (oS el s 81 b
G by onl el [VF] s plasil o BT 5T —F i)
Lol Le ¢SU T B8 liie oJ 3 (g3l (545505 51 Yo M

Ll



g sy s Jss &SSl,T JTols 5 Ol

A3
456;’
-
A
L I
9
[T
—_—
_—
—— 5,5
o Y £ I3 A \ Y ¥
pH

SKGY 53 53 diysh)s 5 g Ood Ol s PH 56 Y SO
oo 53 0T b alia by 55 U1y )6 Ssd 55 PH 30
Gl PH 5 Cod o3 actis 55 dly )5 (6l ol J 2
sy Code doys PH=Y 5 &S 655k 4 558 0 odaline
Sl AFY 4 Oodo Aoy PH=Y 5 555 0440 51 5 h
b 2ol Sose 4 PH 053 L 2als Ly ol b o
Oljen alS ey o 78% & PH=YY 3 5 Ul e 4els) PH=A
Isl, chle [l & Ol o 1) eagdoms ol 45 Cod
oeST 68 U Glademe 53 315 Comi reS g 5kn
IS, b 5,8 . JSa (HOY) oS psie
Clle GalS a3 5 25800 SRSy 2505 S g odn
Wb o S 55 Al 8 B do s oS 5 IS,
walsl 53 cpl pls [WV] (st HYOy T35 HO, 4,1
Gl gl VY B Y gesgdoe 3 ang PH Ol 4 pH=Y

s Ol b il T plmil 53 )52, 8

J1s9588 9 Jgib sadal clalké SITY
53 53 0T Gl Ol e 55 Jlyshy s 5 s sadsl ke 36
F ¥ sl o a5 Lk ) age PH 57 KGY ot
ORIPIL Cde i oo 9 Jsd oS5 Y 2 sl
Sis das e 0L ¥ S L e S (S5 s e clle
3 Jsrs cleble 55 Jgs o it glad dows Cod s s
Sl L oS I s ol 48 YL 7 KGY s s Yemgl/l

YA

(kGy)se

Jsiys s g oo Ol p 53 56 ) JSh
S 3 Ve Jeb ml e s L g 3
SB35 GRIFI LI, 8 5 s S ST p Ol s
modas Jgamee ¥ Ll Gy il BIL 5l e Rl s
odd 0T 03 S 5 JeS g5 ISty T sl s
25 Ll g (LS ol mSTly w55 5 bl o S5

b e Sl e s s g Codom e 0T

Jglmo pH FIT.¥
Ol 53 /S ok Sl eslizal b JT LS 5 Ood s
S5 2 PH 31 syl 5108 o L) bl 2& Jlos PH
1 ga ks gy VY B ¥ (g0 28 55 Jlysys 5 Jgd (ol
SIS 500 el /b denS g 5bn (Sl s 51 03lizal L
F S s s b s b5 Calsee gapH L5 0V M
KGY 53 55 dly sy 5 s o Oln 53 1, PH sl 136
ol 4
L Jss Cod doys oS Sl 0T goliSTOL @lzs Aas
B LY GpH s Sgysb 4 Ll Sl PH el
Shel 3l 8l Ol g 1y Jlezl 55 555 0 A8 1 5 A Cod
Lo M, () 3 8 ki s pH 2alS L Jg Cods
S Jole JenS godken ISl Chle G Lases 53 (gibn!
93 Dl (Y bl e S2alS OHT L 2Tl 31 55 5l
o s S LK =V ) SN 5 /058 g STy Co
53 Ode (6ol 55 sl 4 e Ll 5 oo (H 5875 OH*)
Olge 4 PH=F caslst 53 cplpls [19] 555 Soslize slapH

i Ol b 2o lesT plasil 53 g Ol ol o gllas liize



\YA% A (glanan U}J_gr)lrv Sl

ot Sl s gy S5 eSSl eslial b Iy g8,
I b e o8 3 e S oS o e
s Yl ble LU, s 5 s sladshes 4 oz /(550
33 55 d slows iz pH S TR - IARE mg/I
2l oSo chle 3t o K wus s b # KGY
(S 4 g b das e Ol Ul 5 b O oS
5 dgd Ol b gme b ar bl b eSS s
35 G S5 ke 15 L g tdas sl OLES Ul by g2
wOlF ey Sl ol s oo 55 s 5 Jgd Sd Ol
Ay a3 JeS ek Il Chle 05 b
AU eSS ok sbul 288 s e cage S 50

Al B Ol g033L 1 e 5 BB

- B

40
9 .
A —h— s

—— Jss
Ad
As
o Ve \E i
(Mo yd) eod cdalé

333 Jagss 5 Jgd Ol e IS oS il 560 KO
skGy

G4k 5 ool b Jligdred 9 Jeb o> Hgil F
&9
3 ek b 1 s Jsb S ol S e
sty b STy 315 Jgb .Sl ol o3ls Olas & IS 5o
Lol 5 ST el 4 Gkae ST g5l 51 A6 oS 5
s s S5

(oS s Ity 55 0T 55 & sz pe mie ol
Sl S 5l (il g dygys o 8 ol ele
IS8 53 ST sty 5l Jole oS g on LIy 8,58 STl
Jsame O g5l cpl @y a5 b V] Sl 0l 0305 OLES Y
Jee 30 lygiss b oS s Il STl ol
Ll Ol 3 5 IS

¥4

49,
o
A .
Q [

9

S
Yoo

Y. ¥ [ A Voo

(mol/l) Jgsd wdale

FKGY 53 PH=F) clals & &i I35 Codom Sl i ¥ S

(/) So>

o O Voo VO Yoo Yo Ak Yo oo
(Mg/l) J1sgd,99 cdalé

FKGY 55 PH=) chle 4 s 1), Ol ol IS0

254 s e 0l Iy gl PSS I Jeol =

Sl 44,0 51 i Cad Aoy Ve Mg NN peS skl
Sl Dol oy Gl cpl 1 5 hs s ble 5y S
&l P KGY 53 codal Cows 4 i @ 42 5 L ol b o0
I e skl js g a8 s dss S Ol
shaw il 6l Yol 5 cas ST Veemgll Y-
Sl s sty 5l el sedals 5 eaulST glaw S

S el 5 sldde L (Code Ao s

o5 F1F.F

LS e sds Lges cods plosil Slalllae ol
LS o Jas odinly JKE 4 JeuS s 5is SIS, b sy
T 58 s ) OBl (g033L 0T (g 55 5 JouS sobn liis 5
el
6@33&&«36‘9&&%4{@‘,}\{#d|j|.[\/\]v\;&:@

5 dse Odoe gesil sy oS b (b gl



g Juss s dss Gl T JT oS 5 Ol

vl
4‘5@}’
0 I
O 20—~
0 cHo o €00k w? i CO0KH 2

| —» HOOC-COOH CO, +  HO0

. ne M
. . 0,
I —> == 0, — H}C/\('Hz — K —

COOH

HC HC H o
2.
?f —> ?f — — HOOC/\COOH —> €0, +H,0

08 a5l b 51 s dlpshs s o JS 55l Y IS

S oL YL Ol (S4dal O
el 5 oKV Sl 3 gl Btes ot VT oS Jss
G b oS ol el Bl &K 5 I Koo e
VL S 534Sl s gladNe i 6l ab (gosls
S GOl 53 (ol by ol ey 38 Ol sl s L
553 CBlE )l sy on IS 3 s s Jss Y pene
Gl S glize Calien (aol&iaVl Sluy 5 355 50 Jly 58,5
Codo .ol o o4Lal Y o 53 OT I €505 i @0 oS
6oL Comal Sl a3 A6 s 4 S S s ol Obejes
3Ol Al ghise Kl pl Sl Sl
2l s Jss O 5 ags Ol S 0 55 i o2V
Al 55 dd ) b 2l T 5l edeT Cns 4 (gaings Ll 3
53 pH r._l;:ymdjlw.uub),;gu.l;\{;m}g
#KGY o o 5 i abuy WO WS o b s
ST S ol 1 S by S A IS8 .23 8 515 as nuls
A a5 8 1 b Ol -6 (1S b S
Sl b Ol s 53 390 JT OS5 s 0 Ol 85
PSSl S s N b
s d Gl 4 bape oS5 4 50 lads Lled
SIS 5les S oKaus b oks (o, S o3Il Chake LIl 5,8

AMGI 5 Y 55 s b ) S Jss 8 5 Jsd sl

OLis sla

R

4 &0 53 DLS 5 ol Chle (a3 26 Sl ey el 03y

4SS 4 Bl Ol 5 Sl a8l Al e 5 BB b

dB (23 A0 5 Jol DS 5 35 oy 2l
Jeo 63101 5 &5 deal (SN el U J1y 8,
5 s 3l 5eS Sl LOT e &7 dBlL Ol IS
SN ol DL 5 S ol pesdhe e 5l 4Tl L) 5
I3 G Jamn 512 (55657 s Iy 5 s Sl
oy 53 s Ko olpe 53 5 Lyl DS 5 ol
Lol 3l (g5l b6 O35S umﬂf)\,ﬁf

OH
H
. OH  -H0
OH — OH
L 2
H OH
0
A 0 0y OH
I, 1 + RCOOH
N OH
0 0 OH
COOH
] — @ + ROH

NPTy (P O g i PN (L VS Py W i | o



A% Ar (glatnn o}:é_g(a}kr— (Sdloea

£ )

45)¢
53 (¥F) COD jials ws)ys Jiia S Sty 0 TAAY
@5 4 (3 G Sl 0T (oS OLy gl
b &30 STk S5 5505 1 s, 5 I Cod o
Sl 038 pd s b cdas e 85 6508 o
OlT Ko bl slaba,y oSS 4 1) 0T Code (LS 5

S

Caleea o2 W 3 1oy 5 Jsb Bl pslie Y J9oer

o Skl oS Jos

ol Ka
Oty
Ol i ¥

SA5iF

o0
05 Js1:®
;L_f:v

O Jie s 1A

O8s oT e

RARRY

(ppm)
[¥] v EL-Amreya kSl e
[¥1] W SIDI KERIR PEPNESHE
Jss
[¥v] \n4 REDUCE/PETROBRAS Jin
[¥¥] A Kirikkale S5
[x¥] VY Pars RN
s,

[\l vo--s:- Tehran Refinery ol
mV .

W Gh:u':.:b’ 3 J.E ()

VY o Sl (&)

AR

N
Vo
M ¥
q
A
v
3
\

9 e

o

¥

Y

Y

|

--u—.f-'\-._] J \J LN\—J
-\
¢

Ve X VY W \F 0 e Min

(PIONE (D) 5 () 5 s Dy (5500 ¢l 8 ks S A JSB

S I3, Ulge Bl J S (e Iy ST 658
SLS 5 Ol 5 o CB g oS L
b Sl i eVl Sl s 1) &Sy, T JT
Rk b as e Al (6568 Cod 4 ) wipes JT
- oo b T Codo 0 Ol caw LS 5 46,8 1 055
o) 3 she Sidm seial A K Gl le
5 polie OLS 5 Db 5s i 5 LIS Lhsy (R b
Olejen i copl oMo a5y sled & il s

Al

S5 xS F
s adsl Chle liie (Jgous PH odsT st ol 4 25 L
oslizal L Jlygh, 8 5 Jsb Cadm ldie 3 a3 Al 53 ldie
kB S oSl e bl e 55 S eSS
G aegl oires N OLS 5 ol S s e s
Js Ol deo 3 (o~ )8 18 5las S 5 edaT s
S 53 5> S oVl Sl (815 585w 518558 5
i 4 COD e o8 Jbm 3 «ol 90 1 2 (& KGY)



e Jsos 5 s &Sl T JToLS 5 Gl

"4

&y
[1] F.R.  Ahmadun, A. Pendashteh, L.C.
Abdullah, D.R.A. Biak, S.S. Madaeni, Z.Z.

Abidin, Review of technologies for oil and gas
produced water treatment, J. Hazard. Mater.
170 (2009) 530-551.

[2] J. Dezuane, Hand Book of Drinking Water
Quality, 2nd ed., Vannos Trand Reinhold,
(1997).

[3] G. Aidan, Agricultural wastes and activated
carbon from them for furfural removal from
water solutions, Life Sci. J. 9 (2012) 2501-
2505.

[4] B.H. Diya’uddeen, WM.A.W. Daud, A.R.
Abdul Aziz, Treatment technologies for
petroleum refinery effluents: a review, Process
Saf. Environ. Prot. 89 (2011) 95-105.

[5] S.J. Kulkarni, J.P. Kaware, Review on research
for removal of phenol from wastewater, Int. J.
Sci. Res. Pub. 3 (2013) 1-5.

[6] A. Coelho, AV. Castro, M. Dezotti, G.L.
Sant’Anna Jr, Treatment of petroleum refinery
sourwater by advanced oxidation processes, J.
Hazard. Mater. 137 (2006) 178-184.

[7] M.A. Oturan, J.J. Aaron, Advanced Oxidation
Processes in Water/Wastewater Treatment:
Principles and Applications. A Review, Crit.
Rev. Env. Sci. Technol. 44 (2014) 2577-2641.

Y

b 3130 S8 05 B8 SEsy S eslinal b JT LS 5
Sl galaml L5 3l a s ol oS Sl L OSG CudBIS
ol 03 Bz Sy sy Crmes Ll 4o 4 O s
S| =S S
S JaS 5 dsm 3 Shes (bloms 5 450 gla ST
mor 28 1 slke sla By ple b B, O s

e s

1™

1. COD: Chemical Oxygen Demand

[8] F.J. Beltran, M. Gonzalez, F.J. Gonzalez,
Industrial wastewater advanced oxidation
Water Res. 31 (1997) 2405-2414.

[9] H. Bao, Y. Liu, H. Jia, A study of irradiation in
the treatment of wastewater, Rad. Phys. Chem.
63 (2002) 633-636.

[10] W.J. Cooper, E. Cadavid, M.G. Nickelsen, K.
Lin, C.N. Kurucz, T.D. Waite, Removing
THMs from drinking water using high-energy
electron-beam irradiation, American Water
Works Association (AWWA) 85 (1993) 106-
112.

[11] WJ. Cooper, D.E. Meacham, M.G.
Nickelsen, K.Lin, D.B. Ford, C.N. Kurucz,
T.D. Waite, The removal of tri-(TCE) and
tetrachloroethylene (PCE) from standard
solution using high energy electrons, J. Air
Waste Manag. Assoc. 43 (1993) 1358-1366.

[12] IAEA-TECDOC-1407. Status of industrial
scale radiation treatment of wastewater and its
future (2003).

[13] A. Behjat, M.R. Parsaeian, F. Anvari, M.
Kheirkhah, M.R. Tahami, Dicolorization of
Reactive Dyes in Aqueous Solutions Using
lonizing Electron Beam Radiation, J. Water
Waste water, 20 (2009) 26-31.

[14] C. Kuchhoft, R. Lishka, Sensitive 4-
aminoantipyrine  method  for  phenolic
compounds, Anal. Chem. 23 (1951) 1783-1788.


http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X
http://www.sciencedirect.com/science/article/pii/S030438940900778X

\YA% A (glanan U}J_gr)lrv Sl

[15] M. William Jr. Foley, E. Guy Sanford, Jr.
Herbert McKennis, The mechanism of the
reaction of aniline with furfural in the presence
of acid, J. Am. Chem. Soc. 74 (1952) 5489-
5491.

[16] J. Hoigne, H. Bader, The role of hydroxyl
radical reactions in ozonation processes in
standard solutions, Water Res. 10 (1976) 377-
386.

[17] S.M. Borghei, S.N. Hosseini, Comparison of
furfural removal by different photooxidation
methods, Chem. Eng. J. 139 (2008) 482-488.

[18] E.M. Knipping, M.J. Lakin, K.L. Foster, P.
Jungwirth, D.J. Tobias, R.B. Gerber, D.
Dabdub, B.J. Finlayson-Pitts, Experiments and
simulations of ion-enhanced interfacial
chemistry on standard NaCl aerosols, Science,
288 (2000) 301-306.

[19] C. Kang, X. Tang, X. Jiao, P. Guo, F. Quan,
X. Lin, Degradation of Furfural by UV/O3
Technology, Chem. Res. Chinese. U. 25 (2009)
451-454,

[20] E-S.Z. El-Ashtoukhy, Y.A. El-Taweel, O.
Abdelwahab, E.M. Nassef, Treatment of
petrochemical wastewater containing phenolic
compounds by electrocoagulation using a fixed
bed electrochemical reactor, Int. J.
Electrochem. Sci. 8 (2013) 1534-1550.

[21] O. Abdelwahab, N.K. Amin, E-S.Z. El-
Ashtoukhy, Electrochemical removal of phenol
from oil refiner y wastewater, J. Hazard.
Mater. 163 (2009) 711-716.

v

a

[22] F.V. Santos, E.B. Azevedo, G.L. Sant'Anna
Jr, M. Dezotti, Photocatalysis as a tertiary
treatment for petroleum refinery wastewaters,
Braz. J. Chem. Eng. 23 (2006) 451-460.

[23] S. Demurci, B. ErdoGan, R. Ozcimder,
Wastewater treatment at the petroleum refinery,
Kirikkale, Turkey using some coagulants and
Turkish clays as coagulant aids, Water Res. 32
(1998) 3495-34909.

[24] S. Yaghmaei, R. Asr, P. Moslemi, Experimental
comparison of two modifications of activated
sludge for treatment of furfural-containing
wastewater, Iranian J. Chem. Eng. 2 (2005) 3-
9.



