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Abstract

Background and Aims: Some industrial wastewaters contain high contents of phenolic compounds,
so that the removal of these compounds is not possible through biological treatment. Fenton process
is known to be a suitable alternative because of the ease of construction and operation in different
scales and economic considerations. The aim of this study was to investigate the effects of the
independent variables of operation in total phenol oxidation by Fenton process and their optimization.
Materials and Methods: This experimental study was conducted on a laboratory scale in a 1.5 liter
Plexiglas reactor. Wastewater samples were taken from an olive oil mill plant. Independent variables
of process included H202 / Fe?* ratio, pH and reaction time, each of them was studied at five levels.
Experiments were designed by central composite design using Design Expert 7.0 software. Ethical
considerations were observed at all stages of the study.

Results: The results revealed that the main, interaction and quadratic effects of all three independent
variables including pH, reaction time and H,O2 / Fe2* ratio were effective in removing total phenolic
compounds. The highest effect was related to the quadratic effect of H,O / Fe?* ratio and the lowest
effect was associated with the quadratic effect of pH. Under optimal conditions of H,02 / Fe?* ratio
8, pH 2.8 and reaction time of 67 minutes, the removal efficiency of phenolic compounds reached up
to 70.4%.

Conclusion:The results revealed that the main, interaction and quadratic effects of all three
independent variables including pH, reaction time and H20 / Fe? * ratio were effective in removing
total phenolic compounds. The highest effect was related to the quadratic effect of H.O, / Fe?* ratio
and the lowest effect was associated with the quadratic effect of pH. Under optimal conditions of
H,0, / Fe? * ratio 8, pH 2.8 and reaction time of 67 minutes, the removal efficiency of phenolic
compounds reached up to 70.4%.
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Table 1- Characteristics of wastewater used

in this study
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Table 2- Independent variables and the range of
levels of each of them

[ERRPRLINLY C"h“
=\/\A -\ . +\ +\/(A

Jd>l g L&ﬁ.«'v&:

41 G iz 9. VVe/t o dads o=S1s 0l

Y/XY Al ¢ 0 0/ A - pH
£ 1A oM - -
H20./Fe*?

eLE ey palie 5 Rl S bl b e Sl
el oS S (F) ol Jgd o P33 a3 Jbe Law g
bl Jlis s 1) bseilel, s () ol S
S 3 ) bekiledly Jlazl w555 (0 =) oslad IS0 5
sdalive Lajlsged opl 53 oS & Slan das e 0L o IS

o O bl oled blie s bodilbedl w3y 355 0

VE) Ol Y oyled N 6ssn

Jg.\:)u\.:: (5‘):? UU‘;\)}:S\))\ 51‘:’"’]" M}MJ} >j>j“°J"'9
QL.:..: \) Axn.hﬂ d‘)} a;\.&:.‘«h)jﬁ CJ).LJNLi s_i.::w (\)AJLQMZ

3]

(F)

e O Al B s sl 350 bl Sl Y IS
(0 s Sa 50 o g (8 2o PHE K (F ablin O30 ()
DSV gl b 3 aslizad 550 pal Sad 5 055508008 5

Figure 1- Pilot schematics used in the Fenton process
in order: 1) magnetic stirrer 2) magnet 3) pH meter 4)
sampling pipette 5) hydrogen peroxide and iron salt
used in the process 6) reactor

6 S o3Il 3,1l slatsy ool s 15 andllan ol s
PH 55 e Blsmel =8 L Qb SlS 5 &S &y opl
STy Koy JSCE b el Al 3 gl 3 VA E 0/
b 3 Ol a5l e L Jioe 5 K ol s e

YY) 558 0 5 28 o3Il 00 enM

sl
() osled Jodr 53 anlllae 550 CUSL 48 Dlo yas
BOD 33 5 o stalis Jsdor 53 45 6 5Silan il o 1|
UL & a5 b e 2ol s UL ¢ 45 ) COD
Ol e ol BOD/COD s 5 b LS 5 0a 5
Sl by OF (S5 sy 4kl 5 o3 UL UL
(Ao YO Jle YO U YY) Cods adle cCwd aisles Ll

.0 a)wdjk)w\é\)@\)\)jw%

S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



Opmd s a b sl ool il

S35 2 b bediladl Jlazs| B35 S s G 25
el 4 S 13l b O

slal Dbb ol bekileadl Jb i s 5 besls JUind
Slased 53 &S £ Kles dzes (ANOVA) bty s
S o 5 baeiladl s 35 8 e edalia (Ll -T)
L Laesls JUanal 5 3 015 oo opl ol LS o8 S5 (2
LT oS des o OLES baeiladl Jbo w5 o ik
s bl SIS e s Jb s ms s Sl baediledls
besls Jbo 5 w5 (25 Ol5 e Sl 4 8 5l 5 ol Lo
3550 03 1y baediledly Jlazl w555 (V) Sy )
5 Wlssad ol > Ans e 0L aslllas 3550 sl
las S50 3 s bt S s L baedilagdl S 4
ool s Jo gl ooilasdly Jo b msgh 4 b ol ol
sl imn

Residuals vs. Run

1 /\/\J\ A - |
IRVAEL -

Run Number

Internally Studentized Residuals

Normal Plot of Residuals

Normal % Probabty
P
0
o

20} - (o

o ilesl Llas s beilasl (il 35 Sl Y S
Ld IS Gds gl aeilesl Jbe 5 | (o

Figure 2- Distribution plot of a) residuals versus
experiments, b) normal probability of residuals
for total phenol removal
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Table 3- The design matrix of the experiments
using the central compound design method along
with the actual and predicted results

J Js Gl Il
) H202/ ol ol oyled
Fe pH p .
o s ratio Al bl el
ok

oY/\4 ot ! \ A | 3
A\7a) ¢ 1 ¥ q. Y q
Y/ v\ h 0 Yo Y A
oy/on 0 1 4 4. ¢ K
/Y "0 Ve s ¥ 0 \
0L/ 00 Ve Y Q- a1 AR
oY/NY 0 Ve 0 Y \ \4
07/04 00 K ) Q. A A
00/1 00 A ¢ SYA q \V
VY 14 A 3 YV /8 \o VY
Vy/0) A A Y/¥Y Ay AR \1
00/Y4 Y A 0/7A Y VY Y
YY/AQ e ¢ML 1 e \Y \4
LY/ Y LY AAVAmt ¢ e V¢ \o
ASVAR! 10 A 3 e \o \
ASVARI A A ¢ Ay 1 \¥
ASVAR! n4/0 A 13 e Vv a1
ASVARI \al A ¢ Ay A \¢
ASVARI 1470 A 3 e \4 \g
ASVAR! \AV-H A ¢ e \g 0

L ialosl blas 3 1) baedladly s (QRY) ojles IS
Sl 3 1 bedilesdly Jlel i (0 =) oslad K2
sdalie Wajlases ol 5o &5 45Skes das o 0L 6 IS
o O okl oled Jlie s betiladl s 355 0

&S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



0\/O])Ko-h} JI.«}: ujhj

VE) Ol Y oyled N 6ssn

andllas 550 (sloesls il SIUT b =8 Jgar
Table 4- The results of analysis of variance of the studied data
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Figure 3- Parallel diagrams of mutual effects of
effective variables in total phenol removal
a) The mutual effects of reaction time and pH on
total phenol removal, b) Interactions of reaction
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and H202/Fe2+ ratio on total phenol removal
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