UNIVERSITY OF LEEDS

This is a repository copy of An investigation on the capability of magnetically separable
FesOs/mordenite zeolite for refinery oily wastewater purification.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/136902/

Version: Accepted Version

Article:

Hesas, RH, Baei, MS, Rostami, H et al. (2 more authors) (2019) An investigation on the
capability of magnetically separable FesOas/mordenite zeolite for refinery oily wastewater
purification. Journal of Environmental Management, 241. pp. 525-534. ISSN 1095-8630

https://doi.org/10.1016/j.jenvman.2018.09.005

© 2018 Elsevier Ltd. This manuscript version is made available under the CC-BY-NC-ND
4.0 license https://creativecommons.org/licenses/by-nc-nd/4.0/

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

An investigation on the capability of magnetically separable
FesO4/mor denite zeolite for refinery oily wastewater purification

Roozbeh Hoseinzadeh Hekadazyar Sharifzadeh Bdei, Hadi Rostanti Jabbar Gardy Ali Hassanpotfr

1 Department of Chemical Engineering, Ayatollah Amoliriifa, Islamic Azad University, Amol, Iran
2 School of Chemical and Process Engineering, Universitgetls, Leeds, LS2 9JOK

T E-mail: m.sharifzadeh@iauamol.ac.ir

Abstract

Damage to the water resources and environment as a conseqdier production and use of
fossil fuels, has increased the need for applying variobsddmgies and developing effective
materials to remove oil contaminates from oily wastergatesources. One of the challenges
for an economic industrial wastewater treatment is saéparand reusability of developed
materials Development of magnetic materials could potentially fatditeasier and more
economic separation of purifying agents. Therefoszein we have synthesised an efficient
and easily recyclablEesOs4/mordenite zeolite using a hydrothermal process to invéstitga
purification capability for wastewater from Kermanshah afinery. The synthesised
FesOs/mordenite zeolite was characterised using XRD, FTIR, SEMX,EXRF and BET
analysis. XRD result showed that the synthesise@#mordenite zeolite comprised sodium
aluminium silicate hydrate phase [01-072-7919g(N&Siz0072)(H20).04 and cubic iron
oxide phase [04-013-9808, #&&]. Response Surface Method (RSt®mbined with Central
Composite Design (CCD) was used to identify the optimunratipe parameters of the
pollutant removal process. The effect of pH, contact amdfe;04/mordenite zeolite amount
on the Chemical Oxygen Demand (COD), Biochemical Oxygemddel (BOD) and
Nephelometric Turbidity Unit (NTU) were investigated. It waarfd that pH was the most
significant factor influencing COD and BOD removal but themnjitya of FesOs/mordenite
zeolite was the most influential factor on turbidity meml capacity. The optimum removal
process conditions were identified to be pH of 7.81, contme¢ of 15.8 min and
FesOs/mordenite zeolite amount of 0.52 /wt%. The results show that the regenerated
FesOs/mordenite zeolite can be reused for five consecutiveesynlpurification of petroleum

wastes.

Keywords. Oily wastewater purificatigrOil refinery wastewater treatmemtesOs/mordenite
zeolite; COD; BOD; NTU.



Resear ch highlights

e Fe0Osmordenite zeolite particles was synthesised and chasscte

e We examined the capability of f&&/mordenite zeolite for oily wastewater purification.

e The response surface methodology was used to optimisertizval parameters.

e The magnetic particles can be re-used multiple timdsowitloss of activity.
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1. Introduction

In the past few decades, water pollution has becomdauseanvironmental conce.
Among water pollutants, oil is found in both industrialsteavaters and drinking water

reservoirs sourcing from different sectors, includingdfgoocessing, transportation and the

petroleum and petrochemical industrjes [3-7]. Current coildgeld is ~84 million barrels per

day but about 0.4-1.6 times of crude oil production is disclaaggetroleum wastewaﬁ [8]
As a result, managing the water source in terms of optigisvater consumption and
introducing new technologies for water recycling has d#rhstrong interest within the
petroleum and petrochemical industries. Generally, theergf waste contains inorganic
materials such as My C&*, &, CI and S@* as well as emulsion oil and petroleum, cresols,

sulfides, phenols, ammonia and cyaniﬁes [B-11]

Mineral and waste types adsorbents such as carbon nasdftB-14], clay/anthracite

composite], wool fiber 6], bentoniE'l?], carboniziee thusk|E3 and amine-

functional agricultural wast 0] have been used to reraddroplets from oily wastewater.

There are several techniques to separate oil from \idgelsification) such as flotatign [41-

, chemical destabilizatioEF4], membrane separd@6r2[], eIectrocoaguIatio@&g
and adsorption have some advantages such as high COD remmvaisage of chemical

additives and compactness of the treatment ynits [BOA&&orption is one of the most

common methods for demulsification among these technanaeseolite adsorbent has certain
advantages over other conventional methods for industaisiewater treatme3]. For oll
pollutions removal, the absorption is controlled by van\faals forces, oil viscosity, pore
morphology and the hydrophobic interaction between oilsthe absorben.

Zeolites are hydrated aluminium silicate crystals thaetalkaline and alkaline earth metal
cations with infinite structure. The properties of them@pounds include their cation exchange
ability and process reversibility without any major changéheir molecular structure. The
natural zeolites have a negative charge on their gfaad therefore have the ability to
:. [37], gaasgej
catalyst|[39-4P], preparation and modification of [48moving odou A ], and absorption

of heavy metal@].

The primary purification of oil refinery wastewaters canobtained by combining physical

exchange cationEikﬁ]Zeolites have been used as molecular si

and physicochemical separations of free oil and suspendet maoticles and colloidal
materials. However, these processes cannot remove emudsipetroleum oil which is

considered in the secondary purification step. After pymgaurification, refinery oily
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wastewaters usually contain aromatic hydrocarbons and compesuadsas ethyl benzene,
toluene, benzene and 1-ethyl methyl benzene. In additiggaraa®n and recyclingdf
adsorbent materials are two other major challenges fageusn industrial applications
Therefore, we investigate the capability of easily sepafad{@s/mordenite zeolite adsorbent
for purification of refinery oily wastewater treatmenheldecontamination experiments and
optimisation were performed by investigating the effects pbf, contact time and
FesOs/mordenite zeolite amount on efficacy of refinery oilysteavater purification. The
regeneration and reusability of synthesisegDs/mordenite zeolite in purification of refinery

oil wastewaters were also studied.
2. Material and methods

2.1. Synthesis of FesO4/mordenite zeolite

Mordenite zeolite was synthesised as follows: Aluminog#icailky gel was made by mixing
specific amounts of sodium silicate (%03, Sigma-Aldrich) and sodium aluminate (NaAJO
Sigma-Aldrich)in deionised water. The proportion of materials and trefficeents of the
above compounds for the gel preparation are specified basbé desed zeolite formula (10
Na&O - 1.0 AbOz - 30 SIQ - 780 HO). To prepare the gel, a definite mass basis was
contemplated and then the appropriate amounts of evameat (Si, Al, Na, O and H) were
calculated from molar and mass bases. A small amdsodam aluminate powder was added
to deionised water and then mixed until it complete dissafted several hours. The resulting
solution was added to another solution, which was prepared feorapid addition of sodium
silicate to deionised water. The obtained milky gel was thized for 30 min at 600 RPM to
homogerse the gel. The prepared gel was poured into an autoclave emgritperly sealed
and heated for 24 h at 170 °C. The produced material wagdiltesing Buchner funnel and
then washed with deionised water until the pH changed to beldalld@ed by aging at room
temperature for 30 min. The synthesised zeolite was-dxied at 100 °C followed by aging
at room temperature for several days.
Iron oxide coated zeolite particles were synthesisedovecipitation of two iron salts under
alkaline condition to form reddish-brown to black®gparticle coats on the zeolite particles
using the following modified procedur@: 3% of iron (lll) chloride hexahydrate
(FeCk.6H.0, Sigma-Aldrich) and 2% of iron (Il) chloride tetrahydréffeCh.4H.O, Sigma-
Aldrich) dispersed in 100 ml of deionised water followed by headit 80 °C with vigorous
stirring using a hotplate-magnetic stirrer until the r@sgisolution turned to an orange colour
4



To this, 10 ml of 25% ammonium hydroxide (~30%, XHH, Sigma-Aldrich) was added

dropwise into the resulting mixture with continuous stgrifihis formed a black solution of
FexO4 particles. The obtained solution was added dropwise into df0sgnthesised zeolite

particles and heated at 80 °C with continuous stirringd@®min. The synthesised particles,
finally, were washed many times with deionised water to reraoyeresidue, followed by

being oven-dried at 55 °C for 24 h.

2.2. Characterisation of FesOs/mordenite zeolite

The XRD patterns of E®as/mordenite zeolite particles was obtained using a D8 Bruker’s
diffractometer byCuKa source foR6 = 5-70° with step size of 0.035. The surface functionality
of the synthesise8esOs/mordenite zeolite particles was studied usaridicolet iIS10 FT-IR
spectrometer over the ranges of 650-4000.cFhe particle size, morphology, structure surface
and the elemental distributions of the synthesiBefDs/mordenite zeolite particles were
investigated using Hitachi scanning electron microscope fittdd am Oxford INCA energy
dispersive X-ray spectroscopy (EDS). The sample was megar SEM and SEM-EDS
analysis by placing over a carbon tabs on an alumirstub and coated with iridium to
minimise the surface charging of sample. The nitrogen poetsy was undertaken according
to the multipoint nitrogen adsorption-desorption method & K7ausing Quantachrome Nova
2200 surface analyser. Prior to the analff@gOs/mordenite zeolite sample was degassed at
300 °C for 4 h under a vacuum of 10 mmHg. The BET surfaceveasaletermined over the
relative pressure range of 0.01-0.3 but the total pore voiindeaverage pore diameters were
calculated by applying the Barrett-Joyner-Halenda (BJH) rdetthahe desorption isotherm.
The full elemental composition was quantified using thea)-fluorescence (XRF, ZSX
Primus-Il, Rigaku) spectrometer. Prior to analysigjlass disk ofFesOs/mordenite zeolite
sample was made using a fusion metreuhixture of lithium borates anhydrous (6.5 g) as a
flux and 0.5 g of the sample melted at 1000-1100 °C.

2.3. Removal and reusability studies

A batch system (100 g of sample per batch) was usedef@ethoval experiments. Samples of
oily wastewater of the Kermanshah refinery had COD, BQDtartbidity of 5000 ppm, 25000
ppm and 24352 NTU, respectively. In each experiment, pH of soduti@ms determined and
adjusted by 1 M bBQs or 1 M NaOH solution. After each experiment, the solutiowl
FesOs/mordenite zeolite were separated by the external niagfield and prepared for

analysis and determination of COD, BOD and turbidity. Eaqteement was repeated twice
5



and the error was found to be below 4%. The SQ300 Merck photometenssd for the
determination of COD, BOD and turbidity in the refinery vead®emoval efficacy for COD,
BOD and turbidity was calculated usiggn. 1:

Ci — C

% Removal = x 100 Eqn. (1)

i
Ci is initial concentration (mg/L), and: @ the final concentration (mg/L) of COD, BOD and
NTU.
The synthesiseBe;Os/mordenite zeolite wag-used in five consecutive cycles at the optimum
conditions of pH, contact time am@Os/mordenite zeolite amount to study the lifetime of the
synthesisedresOs/mordenite zeoliteAfter each cycle, deionised water was used to wash the
FesOs/mordenite zeolite particles followed by addition of 0.05shbtium hydroxide with
mixing at 150 RPM for 60 mi@g]. The used:Bg'mordenite zeolite was then dried in an
oven at 110 °C for 60 min and was used for the next expetainein.

2.4. Design of experiment

The response surface methodology (RSM) is a statiggchnique for sensitivity analysis,
which can be used to optimise the process parameterpardmmeters for the removal capacity
of FesOs/mordenite zeolite were studied in this work with the stashdR8M using a central
composite designQCD) for the experiments. The approach was used to optanid analyse
the effective parameters using a minimum number of expet'ﬂ‘r@] Based on CCD the
number of experiments, N, with n variables, involve$ &@torial runs with 2n axial runsa
well as r centre runs (including six replicates for the estimatibexperimental) Eqn. 2).
N= 2"+2n+n, Eqn. (2)

Hence in this study for variables such as plj,(@ontact time (¥ andFesOs/mordenite zeolite
amount (%) (together with their codes shown Trable 1) 20 experiments would be needed

which would include 8 factorial points, 6 axial points and @icages at the centre points.

Table 1. Variables and codes used for tt€D

Variables Code -1 0 1
pH X1 5 7 9
Contact time (min) X> 15 20 25
Amountof FeO4/mordenite zeolitén 100 g sample (wt/wt%) X3 0.4 0.5 0.6




The low and high levels of variables coded as —1 and +1, respectively. The axial points are
placedat (+a, 0, 0), (0, +a, 0) and (0, 0, +a). a iS the distance of the axial point from centre and
in this study was fixed at 1. Variables were labelled devws: PH (7 to 9) (), contact time

(15 to 25 min) (%), andFesOs/mordenite zeolite amount (0.4 to 0.6(¥}), while the removal
percentages of COD ()Y BOD (2) and turbidity (¥) were regarded as the process responses.
It was then assumed that the process resp¥is@re affected by the interaction between the
three variables following a quadratic equation as giverElgy.(3) .

n n n-1 n
i=1 i=1

i=1 j=i+1

In the above equation for n number of variablesy X are the coded variableg,ibaconstant,
bi is coefficient for the linear term;i lis the quadraticoefficient and b is coefficient for the
interaction The Design Expert® softwa - 1] was used to analyseepessionvariance

and the response surfaces.

3. Resaults and discussion

3.1. Characterisation of FesO4/mordenite zeolite particles

Figure 1 presents the powder XRD profile ofsBa/mordenite zeolite particles matched with
sodium aluminium silicate hydrate phase [01-072-7919(MgSiz0072)(H20)9.04 and cubic
iron oxide phase [04-013-9808,3R]. The main diffraction peaks observed at 20 values of
9.9, 11.2, 22.3 and 22.7° corresponded to the (020), (200), (330) and (ZHjoref for the
monoclinic structure of zeolite, respectively. However,the FeOs phase a common set of
reflectionsat 26 values of 30, 35.6, 37, 43.2, 57.1 and 62.8° were assigned to the (220), (311),
(222), (400), (511) and (440) planes, respectively.
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Figure 1. Powder XRD pattern of E®s/mordenite zeolite

Figure 2 shows an FTIR spectrum of thesOs/mordenite zeolite. The broad peak around 3300
cmi! was related to the stretching vibrations of hydroxgugs of the zeolite structuﬂSZ]
The peak at 1641 chwas attributed to the H-O-H symmetric vibration of wamelecules in
the FesOs/mordenite zeolite. A strong peak at 1018'owas denoted to an internal asymmetric
stretch vibration of M-O-M (where M donates Si, Al fee) ]. The band at 792 cdnwas
ascribed to an external asymmetric stretch vibratiol-O-M bending from the SiQor AlO4
structur.] Finally, the bands at 1437 and 626'cwere assigned to Fe-O bending and Fe-
O stretching vibration, respectively, from the magaq@has?].
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Figure 2. FTIR spectrum of R4/ mordenite zeolite



SEM images of thEesOs/mordenite zeolite at different magnifications are enésd inFigure
3. It can be observed that th&0O4 nanoparticles aggregate to each other to form a bigger
cluster. The SEM micrographs also consisted mainly ofilaydrs with a number of pores

:

Figure 3. SEM images of F®s/mordenite zeolite

The SEM-EDS analysis was used to further exploee gkistence of iron oxide in
FesOsmordenite zeolite particles. The corresponding SEMS and EDS-mapping
(Figure4) confirm that the synthesised material consi€ipfe, Al, O and Na elements
and that the Fe element is evenly distributed thhowt the elemental mapping. This
confirms the successful modification of mordeniteol#e crystals with Fg4

nanoparticles.
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Figure 4. EDS-mapping of F€4/mordenite zeolite

Topm

Surface area significantly affect the activity ad&:®s/mordenite zeolite for removal
processes. Large surface area facilitates easpcositthe molecules on the synthesised
FesOsmordenite zeolite surface. The texture propertéied bulk analysis (obtained
from XRF) for FeOsmordenite zeolite are presentedTliable 2. The results obtained
from XRF analysis confirm that the synthesised matepatains 6:1 atomic ratio of Si
to Al.

Table 2. Textural properties and bulk analysis ogGgmordenite zeolite.

Bulk analysis (composition in wt%)¢
S10, ALOs Na,O K>O Fe, O3
37£1 1.9+0.1 0.12 64.49 10.57 1.77 0.26 22.91

SBETa pr VpC

aSser: BET internal surface area fg?), ® D, Mean pore size (nmj;V,: Total pore volume (cfng?). ¢ XRF
used for quantification of each elements in synthesisgdifeodified/ mordenite zeolite.

The N adsorption-desorption isothermske#Os4/mordenite zeolite can be classified as
Type IV with one hysteresis loop at a relative pressange of 0.4-0.983F{gure 5)
and suggests the materials is mesoporous with Tylpef Hysteresis Ioop.
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Figure 5. N2 adsorption-desorption isotherms forz©&mordenite zeolite

3.2. Regression model equation and statistical analysis

The correlation between variables and responses wasdstugiiegy CCD.Table 3 shows the
three response values obtained from the experimentalndesityix. The six runs at pH 7,
contact time 20 min anBesOs/mordenite zeolite amount 0.5 g are the centre pointsfosed

the analysis of the experimental error.

Table 3. The design matrix of the experiments and the respaalses

Adsor bent
Contact (FesOs/mordenite COD
Run Type time zeolite) amount Removal BOD Turbidity

pH (min), in 100 g sample (%) Removal (%) Removal (%)

, X1 X2 (9), X3 .Yl Y2 , Y3
1 Centre 7 20 0.5 49.82 68.75 76.68
2 Centre 7 20 0.5 49.53 68.45 76.28
3 Factorial 5 25 0.4 35.32 34.27 54.31
4 Factorial 9 15 0.4 20.31 41.15 53.82
5 Axial 5 20 0.5 39.95 37.34 56.64
6 Factorial 5 15 0.4 32.23 31.13 48.78
7 Factorial 9 15 0.6 29.43 51.56 59.93
8 Centre 7 20 0.5 49.21 69.19 76.08
9 Centre 7 20 0.5 49.97 68.85 75.47
10 Axial 7 20 0.6 52.71 74.13 80.12
11 Factorial 9 25 0.4 24.62 47.18 57.75
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12
13
14
15
16
17
18
19
20

Factorial
Axial
Centre
Axial
Axial
Centre

Factorial

Factorial

Factorial

© N 0N N © N N O

25
20
20
20
10
20
15
25
25

0.6
0.4
0.5
0.5
0.5
0.5
0.6
0.5
0.6

39.95
46.56
49.76
51.34
46.45
50.06
38.19
28.41
31.30

44.43
63.35
69.32
71.11
67.21
68.13
38.18
50.17
58.72

65.01
72.11
77.43
79.02
70.62
76.62
57.18
60.67
69.01

For all responses, the quadratic model was selectede$pense function of COD, BOD and

turbidity removal, was obtained using the regression anallyseresulting empirical models

for COD, BOD and turbidity removal are shownrEgns. (4), (5) and 6), respectively.

Y; = 49.81 —4.96x; + 1.59x, + 3.25x5 + 0.17x,x, + 0.65x;x3 — 0.47x,x3 — 16.85x
— 1.14x% — 0.40x3

Eqn.(4)

2
1

Y, = 68.93 + 6.40x; + 2.65x, + 4.99x5 + 0.48x;x, + 0.59x;x5 + 0.53 x,x3_25.13x2

+0.003x2 — 0.42x3

Eqn.(5)

Yy = 76.21 + 1.93x, + 3.48x, + 4.45x; — 0.044x,x, — 0.22%, %5 + 0.93x,%5 —

17.23x% — 1.07x2 + 0.23x3

Eqn. (6)

The coefficient of the responses for the model weérined using a multiple regression

analysis technique included in the RSM. The correlation icteft value can be used to

evaluate the quality of suggested empirical modeigures 6 (a-c) shows the predicted

response using thHegns. (4-6) as compared with the experimental data. It can be baethe

points fall close to the diagonal line, indicating thatehgirical models satisfactorily predict

the experimental data.
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Figure 6. Predicted data vs. experimental valuéa)fCOD removal (%)(b) BOD

removal (%) andc) turbidity removal (%).

The coefficient of the empirical moddE@n. 2) and their statistical analyses were assessed
using the Design Expert® software to identify the experimesatidble effects on DOE, BOD
and turbidity removal. The F-test analysis of variam@s used to evaluate the statistical
significance of the quadratic model for pH, contact time eaOs/mordenite zeolite amount
(Table 4 a, b and c¢). The statistical analysis shows that these regressiostatistically
significant at a 99% confidence level? Ralues for all three responses are close to unity,

indicating that all models satisfactorily fit the exipggntal data.

The p-values of less than 0.05 indicate to significandehterm, while the values of higher
than 0.1 indicate that model terms are insignificknt COD removal (), according to the
p-values the pH (¥, contact time (X), FesOs/mordenite zeolite amount gX interaction effect
between pH and adsorbent amountX?, interaction effect between contact time and

FesOs/mordenite zeolite amount §X3), square effect of pH (%), square effect of contact time
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(X2?) were significant model terms. Moreover, pHiXcontact time (), FesOs/mordenite
zeolite amount (¥), X1X2, X1X3, X2X3 and %2in the case of BOD removal g¥and X, Xz,

X3, X2X3, X12, X22 in the case of turbidity removal were found to be sigaifianodel terms.

Table 4. Analysis of variance for response surface quadratic model

Sour ce Sséj ljgrl Efg;dei:: '\éqeﬁgr(: F-Value p-value Remarks
(a) COD removal
Model 1966.86 9 218.54 744.57 < 0.0001 significant
X1 245.82 1 245.82 837.51 < 0.0001 significant
X2 25.34 1 25.34 86.35 < 0.0001 significant
X3 105.89 1 105.89 360.75 < 0.0001 significant
X1X2 0.22 1 0.22 0.75 0.4058 Not significant
X1X3 3.39 1 3.39 11.56 0.0068 significant
X2X3 1.78 1 1.78 6.05 0.0337 significant
X412 780.58 1 780.58 2659.45 < 0.0001 significant
X2? 3.56 1 3.56 12.13 0.0059 significant
X3? 0.44 1 0.44 1.48 0.2415 Not significant
Residual 2.94 10 0.29 _ _
Lack of Fit 2.45 5 0.49 5.04 0.0502 Not significant
Pure Error 0.49 5 0.097 _ _
Cor Total 1969.79 19 _ _ _
R-Squares 0.9985
(b) BOD removal
Model 3956.62 9 439.62 1170.35 < 0.0001 significant
X1 409.22 1 409.22 1089.40 < 0.0001 significant
X2 70.12 1 70.12 186.67 < 0.0001 significant
X3 249.40 1 249.40 663.94 < 0.0001 significant
X1X2 1.81 1 1.81 4.81 0.0531 Not significant
X1X3 2.81 1 2.81 7.48 0.0210 significant
XoX3 2.25 1 2.25 5.98 0.0345 significant
X412 1736.86 1 1736.86 4623.79 < 0.0001 significant
X2? 3.636E-005 1 3.636E-005 9.681E-005 0.9923 Not significant

14



X33 0.48 1 0.48 1.27 0.2862

Residual 3.76 10 0.38 _ _
Lack of Fit 2.78 5 0.56 2.86 0.1368
Pure Error 0.97 5 0.19 _ _
Cor Total 3960.37 19

R-Squares 0.9991

(c) Turbidity removal

Model 1938.68 9 215.41 361.26 < 0.0001
X1 37.09 1 37.09 62.21 < 0.0001
X2 120.90 1 120.90 202.75 < 0.0001
X3 197.85 1 197.85 331.81 < 0.0001
X1X2 0.015 1 0.015 0.026 0.8759
X1X3 0.37 1 0.37 0.63 0.4467
XoX3 6.94 1 6.94 11.64 0.0066
X412 816.49 1 816.49 1369.33 < 0.0001
X2? 3.12 1 3.12 5.24 0.0451
X3® 0.14 1 0.14 0.24 0.6333
Residual 5.96 10 0.60 _ _
Lack of Fit 3.80 5 0.76 1.75 0.2762
Pure Error 2.17 5 0.43 _ _
Cor Total 1944.64 19

R-Squares 0.9969

Not significant

Not significant

significant
significant
significant
significant
Not significant
Not significant
significant
significant
Significant

Not significant

Not significant

3.3. Effects of operation parameterson COD removal efficiency

pH, contact time and adsorbefe{Os/mordenite zeolite) amount had significant effects on

COD removal according to the resultsTiable 4(a). pH had the highest F-value of 837.51

hence is most significant effect on COD removal)(@mong the studied factors. The second

effective studied factor on COD removaFeOs/mordenite zeolite amount gXwith F-value

of 360.75, while contact time gXshowed a less remarkable effect with F-value of 86.35. On

the other hand, the interaction between pH RegDs/mordenite zeolite amount (X3) had

considerable effect on COD removal due to its F-value &4ld@ompared with less notable

effect of interaction between contact time d&eOs/mordenite zeolite amount §X3). The
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guadratic function of pH with F-value of 2659.45 showed signifieffiects on COD removal
in comparison with the other parameters. 3D diagrams leeme applied to show the effect of
interaction of three parameters on COD, BOD and tusbréimoval.Figure 7(a-c) show the

effect of interaction between the studied variablesherQxOD removal.

COD Removal (%)
COD Removal (%)
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Figure 7. The 3D diagram of the effect (d) pH and contact timé) pH and adsorbent
(FesO4/mordenite zeolite) amouiit) contact time and adsorbeRie§Os/mordenite zeolite

amount on the COD removal.

pH is reported to be one of the important parameters irewagtr treatment systeEqSS]. The
charge of the sorbent and sorbate is changed by theosopiti, and that can affect ihe
electrostatic interaction. With an increasing pH, théaser charge becomes more negative (
OH), whereas a lower pH value causes an increas€ afrts ]. According tdr able 4(a)

the interaction between pH and contact time is not sggmfiand the interaction between pH
andFesO4/mordenite zeolite amount with p-value close to 0.05 stigavs insignificant effect
on COD removal. The insignificant interactions of®¢ and XXz are also shown by 3D plots
(Figure 7aand 7b). According to thé-igure 7(a), at lower pH levels, by increasing the contact
time the COD removal has no appreciable changes intlicat an insignificant interaction
between these two parameters. On the other hand, by imgyélas pH up to neutral the COD
removal increased to highest value and then decreased unyhar fincrease of pH. The
interaction between pH arfeesOs/mordenite zeolite amount on COD removal efficiency is
shown inFigure 7(b). It can be noticed that at pH<7, the COD removal doesigaificantly
increase by increasing the amount of®#mordenite zeolite. This could be ascribed to the
partial destruction of zeolite framework at lower pH va. Figure 7(c) shows the

interaction effects between contact time &rgDs/mordenite zeolite amount. The results show
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that the COD removal is at its lowest at lower contaa imdFe;Os/mordenite zeolite amount.
By increasing both contact time aRe:Os/mordenite zeolite amount, COD removal shows a
significant increase and reaches the highest levdieatmaximumFe:Os/mordenite zeolite
amount (0.6 g) and contact time of 20 min. However, by inargake contact time up to 25
min the COD removal rate slightly decreases. This caexptained by the fact that the
FesO4/mordenite zeolite surface gets close to the saturatitmger contact time resulting in
the slowdown in adsorption rate due to an increase in iaxd:ppre].

3.4. Effects of operation parameterson BOD removal efficiency

The results of BOD removal imable 4(b) indicate that all three variables have significant
effects on BOD removal, where pH had the highest effdw. iliteraction effects between
X1X3 and XXz are significant, where the interaction between pH anthcbtime with p-value

> 0.05 does not show a significant effect on BOD removatddver, only the quadratic effect
of pH is considerable and-¥ Xs? showed no significant effects (the p-value > 0.05). The 3D
response surface in Figure 8 (a-c) demonstrate the £iédhe three parameters on BOD
removal (Y2). The 3D plot inFigure 8(a) shows the effect of interaction of pH and contact
time on BOD removal where no significant interactiaan doe seen. The BOD removal,
however, increases by enhancing the pH from acidic to 7hemdreduces with the further
increase of pH. According teigure 8(b), a simultaneous increase in pH &@Os/mordenite
zeolite adsorbent amount, up to pH=7 dfeOs/mordenite zeolite amount 0.6 g, BOD
increases to the maximum value (74.13) and after that theved decreases. The interaction
between adsorbent amount and contact time is shokigume 8(c). According to this 3D plot,
BOD removal increases continuously to the optimum amot®®.12, where the contact time

is 20 min and the amount B&Os/mordenite zeolite is 0.6 g.
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Figure 8. The 3D response surfaces for the effedappH and contact timé) pH and
adsorbentKesOs/mordenite zeolite) amoult) contact time and adsorbere{Os/mordenite

zeolite) amount on the BOD removal.

3.5. Effects of operation parameterson Turbidity removal efficiency

According toTable 4(c), all three parameters exhibit significant effects obitlity removal.
The interaction effects between pH and contact timgX¢Xand pH and~esOs/mordenite
zeolite amount (XX3) are not significant as the p-values are higher than Tl#binteraction
between contact time arfeesOs/mordenite zeolite amount illustrates significant effemts
turbidity removal. The quadratic effect of pH and contiaeg¢ was significant, while it was not
the case for thEesOs/mordenite zeolite amouritigure 9 (a-c) demonstrates the 3D response
surface for the effect of the variable parameters ertultbidity removal capacity @. The
changes in contact time am@Os/mordenite zeolite amount have no remarkable effect on
turbidity removal at lower pH value&igure 9 (a & b)]. By increasing the pH level to neutral
the turbidity removal increases to 80.12 % at 20 min cotitaetin Figure 9(a) and 79.02%
for FesOs/mordenite zeolite amount of 0.5 gkingure 9(b). By further increasing pH to 9 the
turbidity removal capacity showed a decrease as shoviangure 9 (a & b). Figure 9(c)
demonstrates the 3D response surface of contact timebaatbant amount. As can be seen,
turbidity removal is the lowest (48.78%) at lower contanes and absorbent amounts, while

it reaches a maximum at higher contact times.
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zeolite) amount on the turbidity removal.

3.6. Reusability of FesO4/mordenite zeolite

The reusability oFesOs/mordenite zeolite through regeneration in a continuousasKois very
important since it determines the economics of the pso] The lifetime of
FesOs/mordenite zeolite for COD, BOD and turbidity removal wasdiedby conducting five
consecutive cycles of adsorption-desorptiiggre 10). The results show that the removal
capacities of synthesised 38a/mordenite zeolite for COD, BOD and turbidity removal
decreased by about 17.36%, 18.36% and 20.34%, respectively, afteorisecutive cycles.
Thus, FesOs/mordenite zeolite has an excellent reusability and has gotehtial for an

economic wastewater treatmembil refineries.
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Figure 10. Reusability oFesOs/mordenite zeolite for COD, BOD and turbidity removal [pH
of 7.81, contact time of 15.83 min, adsorbdr&Qs/mordenite zeolite) amount of 0.52 g
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3.7. Discussion

From economic point of view for an industrial applicatisurface coated zeolite absorbent
should be used with the highest removal efficiency. TheigdeExpert® software was
implemented to optimise variable parameters for the rehwamacity of COD, BOD and
turbidity of Kermanshah olil refinery wastewaters. Thémpm predicted conditions were pH
of 7.81, contact time of 15.83 miRgsOs/mordenite zeolite amount of 0.52 g (in 100 g sample)
with the COD removal of 43.78%, BOD removal of 66.33% and @ighiemoval of 71.45%.
From experimental observation, the actual removal amofi COD, BOD and turbidity
removal were 42.63%, 65.28% and 70.39%, respectively, under pcedmtismum conditions
of pH, contact time anBesOs/mordenite zeolite amount. The relative error for CBDD and
turbidity removal was found to be 2.69%, 1.60% and 1.50%, resplctsuiggesting that the
present process optimisation method has a reasonabiaeg. It was also found that the iron
oxide modification of mordenite zeolite led to stabilise t#ivity and reusability of

synthesised R®s/mordenite zeolite.

It is interesting to note that pH has the highest influemcéhe removal efficiency with the
peak at near pH neutral. According to the literature, zeglirticles have a high sorption
capacity for many different ions in wastewater solutiond #he surface complexation
mechanisnis dominated. The surface complexation mechanism as weltfases precipitation

are highly pH dependent. In current study as the pollutant andynoaganic and oily base, pH
neutral would favour the adsorption process unlike the caseri@ pollutants. Hence the
possible removal mechanism could be floating of zeulith oil after contacting at specific
time and neutral pH (Scheme 1). To fully verify this claitme underlying adsorption
mechanisms and its kinetics should however be studiedaii detl this would be the subject

of future studies.
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4. Conclusions

In this study, the response surface technique is impletieto optimise the removal
parameters for oil refinery wastewater purification ugtegOs/mordenite zeoliteThe central
composite design was carried out to investigate the effé¢tser variables of pH, contact
time andFesOs/mordenite zeolite amount on the COD, BOD and turbidityaeal capacity of
FesOs/mordenite zeolite. The results indicated by increasing phh facidic to neutral, the
removal capacity increased to the maximum and furthegasimg pH caused a rapid decrease
of removal of COD, BOD and turbidity removal. Based ornrd®ilts it was found that pH was
the most significant factor on COD and BOD removal capauihereasFe:Os/mordenite
zeolite amount was the most effective factor on turpicimoval capacityThrough process
optimisation, the experimental results of COD, BOD amfidlity removal reasonably agree
with the predicted values. The optimum conditions fanaeal capacity of F€s/mordenite
zeolite have been identified as a pH of 7.81, contact Bin&.83 min and amount of
FesOs/mordenite zeolite of 0.52 g (in 100 g samplE)e present study showed the prepared
FesOs/mordenite zeolite could be reused for five consecutivéesyand can be applied in

purification of wastewater treatment in oil refineries.
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