Bl g S g sdmghy - sole 4y i

YWWAA Sl oo ke o)l ceojles Jlo A g
Ol @l yia! cpaasil

32l jmadans 0138 6l 9 (635 0 S o (2 5b 3l solaiwl b c;Jl.oT & 3w o
J320 e g 5l Of Qi (lp (raab gl

T ool3m 55 ool 9| oDl dodold | Sl gS aodolo
kouhestani.f@modares.ac.ir « )l 45 « o de o3 olKZSIS ¢ gords (gwdige eyl ol IS -
f_eslami@modares.ac.ir <)l ;5 ¢y de Com i oBLils ¢ cond (cwdiges ¢ Lobiwl =Y
ramin@modares.ac.ir «(yl 5 « o o5 olRaSIS (ol (owiige coliw] -V
cbolrs odis g

QA0 o pds AMYITY iMool (3T @dl 0 AYNVTY 2l ,s & ,l)

oolitl S50 Cgu 5l ol Bl (sl 00 ol8j ks ColslitysndS (b Colsiy Sl Ghagh (nl o tednS
Ab pll Fwly mhaw ig,40 ¢ Design expert 7.0.0 j138le 5 51 oolatwl b oloj pede Loyl il (g5lwdigy b
S b ad)S Gy I8 peds 00l Glej g oo oS g jamman Jole CdAlE cny 0550 sl el
sl b 5l sty Ll 5o o ol (LS (i 4t el Sl ol a2l Ll o5 lvtinge
TABIYY Ol Gz auoyo el YIFY oy of 5 il a0 AT/ 0 sloo 1o Voo +/FY Cllale b oS5 joudes s
£S5 0) i S s 5 0nbi oS i mes Slsts Sl e = (Gis 1010 s 5 ST iz anld el (sl o
S g 33 35750 Of e 5 Wad byl (jem wdle 50 L sl ¥ ooty (g il oo Vo v+ (il ol
by g b 50 0ad ool Sudg) g (orb S ol (S oslul feglyS Had IS elSiws L
S s Sen 5 3a8 opole 40,58 S <ol 3 byl < 5 il il (slosl]
G Szl el oo il pbaasin Ul leaslciwod bl 4 axgi b aiod Julow 5 obaastie ¢ oiog,
Jad BB o, Sles oaimoylis iz al )8 5l as g L8 ol Lis s canlonds plxil psta oloj kw4575 S

LSO UV XS WOU TOWRLIV I\ J1

SF oS o b« SR S g (20 mken (i gk sl 1o Slgunls

FRRV-P)

32 GlooynS jsbar byl 5l oy woys g wlgle ;0 655l ady wlie e 3 (T (RS9 slacS g
ULMS)) 4.1..@..‘>)| sl&u}ﬁm U"‘ )9 9990 6Lma..>...>ﬂ cdale coslls ..\.:)ju;a )‘)3 oolazwl S)90 J.a_vjd.o? Lng[“*"“"“""
o dpe a0 ol jpax DNewl 550 lagl @il ), 5 cdsw cudS bl lp ol 5 oSS
2 ol o9y [¥¥lags o o] ol 3 e Colegye 5 0,008 o S Jpo laygige o,Sles p a5 ol oS ule
5ol g 5 Soge (adaS Jns Zogw 5o Ol vgzs @l 5l Ks (S [Vlestie cose Gy et
0,55 0 sty JB Caeal 5l Uns co s 3l O silulaz onlply [V]cwl cogn gilus oo by e slas lastiw
9 (S’LM».M: sGJLG)f LsL“u"ﬁ) )‘ Jo‘u)Lﬁ Ju}w‘sn solaiwl &_A>9M )‘ ui Bi> 6‘)" as GJLbung) u—‘r’Jﬁ‘M o
51 ool VoYU sloasjo g aads Sogll (ogpobe; dlesl colee Ll ooy iy, ol aSST Jb . S 58Ul

ay



030303, Oyl 5 (gl dabold ¢ SlwssS dabold

TN ssls zals 0+ +ppm 5 a8 @ YA« - ppm 511, Jpem Co g 10 35250 o olime o] .58, soliul 'pNIPAM
OBl (n i a5 w50 S osliiul S 9 Jpo S g Il Bi> sl e, il 5l il See 5 cds 3
YY 5 OY/Y o5 YEppm adgl Gl e b 50 diges 0 ¢ YIE-pPM adsl O (e b Jpogw digei 10 ol Gl
Ol Ken g ol dawg s gladud sl 5l eolatul b e 51 Ol Sls) 0 gumd gal IV]aal cavoa S39 o,
[alss 7881Y 51 Gan Y S TR S CS TP VOW PO XS PP L SRV g
20,8 gy sreeb Sl 5l ooliul L) Jieoser Jino balie § cor C g (0 5l ol Bl (1l Ken g ugld
ol sl She Jdoas (b ol [y Tassls SalS 559 o, YY dga U1y Jpo cdgw ol Gl gyl
Aozl il (slacs,3id 5 00,28 Spos Vb gl Corbis b ololyd 3ilie 5 ol JS> g Jobs s wsbo
DYlogr Cim DNV Sogll 8 ales sl Staio loaisl b 51 6 loms 10 beudgsy g oo solitnl «s3,5LeS (5,5l
3 Dl leasle @Wlas ags o Doleadbls plyea NV FllalE g5lulaz 5 g3l alls Y] damecan; 2Ll
69b GalSliwgiagl lacudss; g so solitwl NAICMSBOT aaas o [V S13é slge ads 5 (65,5le8 wlio
Jsbe sy ,o cewl (L, Na, K)o(Mg, Ca, SF, Ba)a[Alyag-Sin (0120020 MHZ0 byl (IS sloowds Jgoyd a5 35l
b easS 5 slasslS 5 MEYF) T JsSge YF (N2Y8) 50T 31 VY bl Ygono 5 canl SeidS sige ol
Jislo 40 85290 AlO, 5 SI0, sla g ,lo 51 S ,m [V - Jogi o pasie (MY §Ca* K NA") cdg) Jbsle e
e Bk 3l s ez JLatl g ool in sla S5 s o w3t Tyl Slazslo asly lyieas Sulsis
> edobnsids ey N alan S e Tagl Glasle slavsly wyaz 43,5 IS slalail & wisd s sl (5]
2 ol Cumdge 5 ol g lagssls g58 SIHAL Cons 0500 <l Slila (oll 55 osasar bz B 5l sk
kel (hg) ez by olem nl Olor ok Sl (silalaz 035l v sl Sl SIS ST Cdgsy Qe ol
S 215 3T A2 58 g opmnpns 10U L patinsl] (1331 L Sl b ol e e [ Lol i et
ol S olareds AP Syg 45 05 co 0310 syl Dygo pl 4 dlal) cpl cle wcads o b e i3l SITAI
ST sla S50 b (hens Jlails bod SiO-Si (slnos 5 1o sysa (5051 parie 3 95 o oo o slosSge i (sl
Gl g 09,8 [YEY el sas (35155 oanie sla iagh 4o ol #lal b SIAI cos Luals [YY—Y)]s )l
s 45 W8S (o, w0550 sl jglateas 1, "BEA 5 “FER ZSM-Buciss, 50 socalss) (olss o ainte Ll
a0 YO o YO FO Fe olojimdn anld by slp asds Yo g £ Ve £ g ey ol ol A
50 el Cawdds Ygo /) 5 o/ Y o)) 0S5 e Jole glaclale 5 ol ediws anl)d sles (slp o 5 il
Saala] O 51 580 Bds gl 3 Ked g uiT LYV Olgy 4 g5 LB SIAl cns (2alS liue 598 slacadss) solos
SIAI o oS ayyomie Mol (pl a5 860,5 ooliiw] aunS'g ) o Jolowe dwsas calizMol ol gy
ol ln 5 60 gz 1y a0 i el reeb Sy 65y 2 Sy iz aShes (5)Ken 5 UL [YFlas
5 o] .[Y/\]as.:; Il AC los o el A Cobedy 0S5 0o Ol slacdale (o 1) cudgl; jslate
Gt e 5 SISy Ay o lessty ekl Sl sl gt et g ol anlins 4 iSen
b cdgy )5 5 sogemme [VALwis 5T canvods Vg VIO cdale )0 1) oo LSis 0,095 g prlans coolace o)ljee
YU -V o5 yo alow slocdale L oSy umdn Jolows aliwgas YOC slos o celn ¥ Doy |y codgloy g lS

1. Poly(N-isopropylacrylamide)
2. Primary Building Units

3. Secondary Building units

4. Zeolite Socony Mobil-5

5. Ferrierite

6. Beta

aA



YYAA Glies) opylez o )lads ceo0jles Jlo o3l il § G g oidghy — oo 4,45

ol ¥ ]w0,5 solitnl Begiues 3 oesisrn wda sl oaslwsts sladiges 5l g 00,5 S5 mdiw Ve
(iRl Ol 5o ol sl oats plmil M3 3ol byl (giluaings 5 (Mg Cigm ST iz jsliieay panb g
S g hepma Sl ookl b lslinsndS ab clgy Jno Sose I ol Bd jslanea Glodsl ol
loyally blie @lal yp 5 ol5ombon a2l s loan lp el mlaw Gy 5l b 2155 mkew
5 lertm(Supd Plo ol osliiul wpnS g uaman Jole cdile 5 plojmlin wilB by g L wile (o2
Dal ez UL 5l glacgame dliwgds Cudgsy (o Lle laxie

ERIIPR=151]

p3¥ Slge

TXRD 5T alonil b a5 0 dsgs gy 3,81 5, 51F MM B\ ojlailay 51,3 b sboolizis] e shity silS anes st
31 smly Jpo cogm g Mome 250 <855 5,0 10 Vb pogds b oSy im0l jasie g505e (nl Como
9 ,LE90,5 bl ascd oad o859 o b as peais ol b Codgy ol 4 STl ails (o) (g plel oYL
(sl 00 ()3 WZ &5, 50ty digd cyal) b (St 11+ °C (glod o Ly § 9555 B33 ] ol o (slo a5l

2193 mrens

S5 s e S b Jslone CBIE a5 b bslie (slos wile) Sude sl 28 ol sl
035m0 s dxg5 b ailoads (pad ol G e o s o oliiws sl ialejl (b alwgas lagyl aigy polie oS
ol Jolie alxil ogs Lo sl o (>, Design expert j18ls 5 lawgs iolosl VA el )b as ol (sl oo s
SS9 ooy Jolne Lawogs WZ diges 51 b5 mbons Slilos 09 0 0013 gudgs ialo)l VA 51 (o 15 mali
A sl ol olojmdiw ;0 .28 5 Ojae 4l YT 5 asdo V) 5 cele ¥ Soe s g VF/40°C slos jo Yoo /Y
Sl g oad asy; i lee O+ wlos 90 (cozm b (9,0 STy ye mad 0,5 VIV Vgo «FF Cle b Jslore
) WZ ti3mi 5 T a5 piemror JolS a8l 5| oy 5 08 ol sl oo 00+ Jslons 2> 4 bk
VE1-0°C o ol glod g o ools JI 3 y5ed Glilo o gy Aged (o 0l a8lS] Joloea 4y (Yeml/g vl> 4 Joloe
alas ;o zuwles ols )8 L diges slos ol 00502 4l YT g aado V) g Cel ¥ Sowdy 500 oMo j50 b g ol odass
Shaiz oads olosiyg Sl b g lax Joloe 51 59h yle olfiws 5l oolawl b diges gl jo ol S labamd & g0t )b
8,5 Dyg0 VV%C gloo jo el YT Goedy Hub S ol 8 w0 S 4 ol pH B ol as
O ygods dige ulid 50 sad ol ek WZ digai 0l plil Koo oo >k iole1 VY 6l ol e (o ailice
A (5,l3%eL ZOH.Opt

30 e g ol wiar aiyly3
ladiged 4 (ESgm S oo Voo e Gl Sy 05 0) (oo (h9 BT S b 0aB 018j ki Sodsh; (slaaiges
Ol g CS g sladiges pliliw [V e ]as sojen (yjen w90 b ele ¥ Saeds o] bglsue g adlol e gu
Sse (YYOO) b1 slos o o i b ialesT aen (gl ad laz o 5 ;25 cnd g W5 ooy 3l ooliial b ool

A (6 5050l 684 KF Coulometer Jos ' i 5 olfiws basi S gus 55,0 35750 ol (3lje ¢ pumes 28,5

1. Response Surface Methodology
2. X-Ray Diffraction
3. Karl Fischer

19



030303, Oyl 5 (gl dabold ¢ SlwssS dabold

Glosl (>15b
oyl polie oo 3)l0 gl p 1) Bl o yiien a8 (el e ) Wl e alejT ik Blaal (IS jgbas
Jlads 5 adly Sos8 Gl )3 G nd et &5 (s)sbas coglhas g aige Jlade 4 Gl ABS005 sl J5S BB s
slas sl 5 (Ko a8 HCCD) (555 0 oS o (b 5l ialesT (b 5o IV s By sla el Sl o
Ot 4 sy 5bteds ¢ 05 pmabins Sl 5 A5 ST sadaigy slaytally b ot ooliul il sl i by,
o Jolome Sl 5l wlojle o185 meken anld S8 lagtally Wigd atie g Ol Dz i
(V) alal; Syp0tr 35 50 <5 0 gy )0 (Zlib blE IS slasi 25 (€) slod 5 (B) lojie d(A) 0nS 9,002

Lryloss o 4l
n=2%+2k +C, o)

el (555 p0 alais gl 41,55 Cp g sl B sle el )l slass K calaly ol o
s § A ke i e 039t ALBIS Sl 20 g sl glaialjT 5l soliil b Jazl ( >yl bs, ol 4
So shlo b yiie gobaw 51 Sy j0 098 oo drlone I8l oy puiie 1o (Sl s o gy e laasels ulul
A 0 g+ ) e o) ol ke b ot JASUS i gty el Ay (yg0s 0k g IS i Sy g oxdly e
Sl Jade oyl Cowony 1) dme ogllae (ol il (53550 850 gy 45 Wigdh oo Sl (g )5k Cp 5 @ ol
Lry]a] oo covsas (V) alayl,
a=(2")"s ™)
o aid 5 i yo (K=Y) (oo maiw 0l )‘fﬁ-’b oyl 4w b alesl (ol iagt cul )0 aSul 4y 4z g5 b
oad &LV Jgazr ;0 CCD (o) 5l ol d sl o sl grlaw iy 0580 VPA Ll (V) abadl) 5ok o lade o
solie 35800 VAl () alaly @b lagilesl U5 sl cnlply ad (o) (Cp=F) Jlylez 55550 alais oo
b gl yusiie ol Ol Gz )0 Gl yusiie sl oals 1)1 Y Jgaz 30 GialejT VA ol sl piite 5y 00 5,l350S
1L 035 (e pgdaz ;0 (glalesain dlolae JSia pgd a2 )0 Jae Su L 65 0 S e (Sib
y=B,+ Py Bxi +Z§<jﬁy~xixj + 5 ﬂ,«,«x% \»)
Silee oz )lis oS 54 Bij 3 Bii Bi Po dilJiee sloprie Lo Xj g Xi g gl i Silo Y oY) dolee o
Jolao g, IVFXTIanle e 2lso DIl 5 seite jo povaz,s Sl sl 65y p e o Lol Jl degly IS
bl o oolaiwl Design expert 7.0.0 g lel 15816 5 51 oolaiwl L (V) doles 35 ,b3l Jow <ol po annlxs gl Slas o
sl foges SANOVA) il ly 5T ol iz lien 2 ol o3l 5 Jitans (sl poicie curodl oy sl 0028 gl
Aoles glyd o yloline myyr 6ly doys D lipabsl o b F ygnsl 51 s 428,854y Waowlo 3l Julos 5 Jlos
Lvolos soliesl pgs ax o

Jwo gl pudio Ol jundi 031 9 gl - Jgur
Table 1- Experimental range and levels of the independent variables

. Range and levels
Factors Independent variables "o (C1.68) K] 0 1 o (L68)
A Concentration of sodium hydroxide solution /M 0.2 0.36 0.6 0.84 1
B Time of desilication/h 1 1.81 3 4.19 5
C Temperature of desilication/°C 70 74.05 80 85.95 90

1. Central composite design
2. Analysis of variance
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Table 2- Coded values of CCD

Run Concentration of sodium hydroxide solution /M Time of desilication/h Temperature of desilication /°C
1 0 0 0
2 1.68 0 0
3 0 1.68 0
4 1 1 1
5 0 0 0
6 0 0 0
7 -1.68 0 0
8 -1 1 1
9 1 -1 -1
10 -1 -1 -1
11 0 0 0
12 0 0 1.68
13 -1 1 -1
14 1 -1 1
15 -1 -1 1
16 1 1 -1
17 0 0 -1.68
18 0 -1.68 0
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Figure 1- XRD pattern of WZ and ZOH.Opt
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Table 3- The chemical compositions of WZ and ZOH.Opt

Samples SiO, Al,O; Na,O K:0 CaO MgO Fe,03 TiO, P,0s MnO
Wz 69.264 11.204 3.497 1.559 1.449 0.997 1.561 0.213 0.022 0.028
ZOH.Opt 61.1 11.534 5.552 1.602 1.925 1.07 1.495 0.225 0.025 0.029
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1. Fourier-transform Infrared Spectroscopy
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Figure 2- FTIR spectra of WZ and ZOH.Opt
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Figure 3- SEM images of WZ and ZOH.Opt
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Table 4- CCD design and response values

RUN Cﬁ;gf;;;ggigﬁ{izzd;&m Time of desilication/h ;—:Srﬂ?fgggjr:e/:g water adsorption (%)
1 0.6 3 80 93.98
2 1 3 80 92.38
3 0.6 5 80 93.47
4 0.84 4.19 85.95 92.07
5 0.6 3 80 94.77
6 0.6 3 80 92.12
7 0.2 3 80 94.75
8 0.36 4.19 85.95 92.02
9 0.84 1.81 74.05 93.47
10 0.36 1.81 74.05 89.76
11 0.6 3 80 93.96
12 0.6 3 90 94.04
13 0.36 4.19 74.05 94.03
14 0.84 1.81 85.95 94.87
15 0.36 1.81 85.95 95.15
16 0.84 4.19 74.05 95.20
17 0.6 3 70 95.22
18 0.6 1 80 95.17
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1. Lack of fit
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Table 5- ANOVA analysis of the model for the water sorption percentage

Source Sum of squares Degrees of freedom| Mean Square F Value P Value
Model 38.06 9 4.23 339.52 <0.0001
A- Concentration (M) 15.65 1 15.65 1256.56 <0.0001
B- Time (h) 0.048 1 0.048 3.81 0.0866
C-Temperature (°C) 0.74 1 0.74 59.18 <0.0001
AB 0.0018 1 0.0018 0.14 0.7137
AC 0.71 1 0.71 56.85 <0.0001
BC 0.061 1 0.061 4.92 0.0574
A? 20.49 1 20.49 1645.31 <0.0001
B 2.33 1 2.33 187.41 <0.0001
c? 0.93 1 0.93 74.30 <0.0001
Lack of fit 0.097 | 0.019 4.53 0.4682
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Figure 4- Normal plot of residuals for water sorption percentage
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Figure 5- Comparison between predicted and actual values for water sorption percentage
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Figure 6- Three-dimension response surface and contour plots as a function of the concentration of sodium hydroxide solution and
time of desilication whereas the temperature is constant for water sorption percentage
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Figure 7- Three-dimension response surface and contour plots as a function of the concentration of sodium hydroxide solution
and temperature of desilication whereas the time is constant for water sorption percentage
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Figure 8- Three-dimension response surface and contour plots as a function of temperature of desilication and time of desilication
whereas the concentration of sodium hydroxide solution is constant for water sorption percentage
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Table 6- Optimization results for maximum water sorption percentage

Concentration of sodium hydroxide solution (M) | time of desilication (h) | Temperature of desilication (°C) | water adsorption (%)
0.47 242 84.05 95.4362

VoA




YYAA Glies) opylez o )lads ceo0jles Jlo o3l il § G g oidghy — oo 4,45

Silwtinge glp b solitul Jpo cigw 5l Isjol Jale O lareas oo 018 pkiw camb cdgi; @l ol o
Obg, -l oolail Design expert 7.0.0 ,158ls 5 51 (655 0 S e (b bl ol maw (Bg, b ol el Lol 3
cdgsy bawg Ol Gix ao,s pgsax o lalesais dolee o SeSa g Yo cds b g gt Caly by maw

‘u_‘>9.~u )0 O9>g0 QT u‘)—a—d u.....u l; sgj UJ:> 61).' owglo)uﬂ...l...u) u...]gs) @L‘y S (5"‘"&)’“"" ‘) DM@‘Q)JA...LHA
ke o) s s i Bl 55 o i ol 55Tk (5o (5 aglsS i LIS ol Lag
o, Sles cdeds el Cwddy 0o )0 AB/YYOY (AF/-0°C 5 el YITY Slo; s slod g Gloj Vg0 +/FY 0S5 j0un

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.

22.

0)5 oolazwl @Lo LsLQu??.u J-)LA-AJ )I u] g.A.\.’> lef L)] )‘ U‘?"LS‘Q aui uA} B OMLS'b)kJ’“'"L"‘“ u...[gj) u3.‘>

&b

C. G. Tsanaktsidis, E. P. Favvas, A. A. Scaltsoyiannes, S. G. Christidis, E. X. Katsidi and A. V. Scaltsoyiannes, “Natural
resins and their application in antifouling fuel technology: Part I: Improving the physicochemical properties of diesel fuel
using natural resin polymer as a removable additive,” Fuel Processing Technology, 114, 2013, pp. 135-143.

S. U. Patel and G. G. Chase, "Separation of Water Droplets from Water-in-Diesel Dispersion Using Superhydrophobic
Polypropylene Fibrous Membranes,” Separation and Purification Technology, 126, 2014, pp. 62-68.

X. Yang, H. Wang and G. G. Chase, “Performance of Hydrophilic Glass Fiber Media to Separate Dispersed Water Drops
from Ultra Low Sulfur Diesel Supplemented by Vibrations,” Separation and Purification Technology, 156, 2015, pp.
665-672.

P. Kusgens, Metal-Organic Frameworks for Water Adsorption Applications in The Automotive Itration Industry, PhD
Thesis, Department of Mathematics and Natural Sciences, Technical University of Dresden, Dresden, 2009.

X. Yang, X. Zhang, H. Wang and G. G. Chase, “Vibration Assisted Water-Diesel Separation by Electrospun PVDF-HFP
Fiber Mats,” Separation and Purification Technology, 171, 2016, pp. 280-288.

P. B. L. Fregolente and M. R. W. Maciel, “Water Absorbing Material to Removal Water from Biodiesel and Diesel,”
Procedia Engineering, 42, 2012, pp. 1983-1988.

P. B. L. Fregolente, “Removal of Water Content from Biodiesel and Diesel Fuel using Hydrogel Adsorbents,” Brazilian
Journal of Chemical Engineering, 32, pp. 895-901, 2015.

H. Nur, M. J. Snowden, V. J. Cornelius, J. C. Mitchell, P. J. Harvey, L. S. Benee, “Colloidal Microgel in Removal of
Water from Biodiesel,” Colloids and Surfaces A: Physicochemical and Engineering Aspects, 335, 2009, pp. 133-137.

D. Sun, X. Duan, W. Li and D. Zhou, “Demulsification of Water-in-Oil Emulsion by Using Porous Glass Membrane,”
Membrane Science, Vol. 146, 1998, pp. 65-72.

E. P. Fawas, C. G. Tsanaktsidis, A. A. Sapalidis, G. T. Tzilantonis, S. K. Papageorgiou and A. C. Mitropoulos,
“Clinoptilolite, A Natural Zeolite Material: Structural Characterization and Performance Evaluation on Its Dehydration
Properties of Hydrocarbon-Based Fuels,” Microporous and Mesoporous Materials, 225, 2016, pp. 385-391.

S. Kesraoui-Ouki, C. R. Cheeseman and R. Perry, “Natural Zeolite Utilisation in Pollution Control: A Review of
Applications to Metals’ Effluents,” Chemical Technology & Biotechnology, 59, 1994, pp. 121-126.

Chojnacki, K. Chojnacka, J. Hoffmann and H. Gorecki, “The Application of Natural Zeolites for Mercury Removal: from
Laboratory Tests to Industrial Scale,” Minerals Engineering, 17, 2004, pp. 933-937.

P. Misaelides, “Application of Natural Zeolites in Environmental Remediation: A Short Review,” Microporous and
Mesoporous Materials, 144, 2011, pp. 15-18.

M. W. Ackley, S. U. Rege and H. Saxena, “Application of Natural Zeolites in The Purification and Separation of Gases,”
Microporous and Mesoporous Materials, 61, 2003, pp. 25-42.

J. Weitkamp, “Zeolites and Catalysis,” Solid State lonics, 131, 2000, pp. 175-188.

N. Q. Feng and G. F. Peng, “Applications of Natural Zeolite to Construction and Building Materials in China,”
Construction and Building Materials, 19, 2005, pp.579-584.

N. Eroglu, M. Emekci and C. G.Athanassiou, “Applications of Natural Zeolites on Agriculture and Food Production,”
Science of Food and Agriculture, 97, 2017, pp. 3487-3499.

D. Kall6, “Applications of Natural Zeolites in Water and Wastewater Treatment,” Reviews in mineralogy and
geochemistry, 45, 2001, pp. 519-550.

K. Margeta, N. Z. Logar, M. §iljeg and A. Farka$, Water Treatment, London, Intech Open, 2013.

S. Wang and Y. Peng, “Natural Zeolites as Effective Adsorbents in Water and Wastewater Treatment,” Chemical
Engineering Journal, 156, 2010, pp. 11-24.

J. Pires and M. Brotas de Carvalho, “Water Adsorption in Aluminium Pillared Clays and Zeolites,” Materials Chemistry,
7, 1997, pp. 1901-1904.

A. Jentys, G. Warecka, M. Derewinski and J. A. Lercher, “Adsorption of Water on ZSM-5 Zeolites,” Physical Chemistry,
93, 1989, pp. 4837-4843.

VeQ



23

24,

25.

26.

27.

28.

29.

30.
3L
32.
33.

34.

35.

36.

37.

38.

39.

030303, Oyl 5 (gl dabold ¢ SlwssS dabold

. M. Takeuchi, T. Kimura, M. Hidaka, D. Rakhmawaty and M. Anpo, “Photocatalytic Oxidation of Acetaldehyde with
Oxygen on TiO2/ZSM-5 Photocatalysts: Effect of Hydrophobicity of Zeolites,” Catalysis, 246, 2007, pp. 235-240.

[24] A. Ates and G. Akgil, “Modification of Natural Zeolite with NaOH for Removal of Manganese in Drinking
Water,” Powder Technology, 287, 2016, pp. 285-291.

J. C. Groen, L. A. A. Peffer, J. Moulijn and J. Pérez-Ramirez, “On The Introduction of Intracrystalline Mesoporosity in
Zeolites upon Desilication in Alkaline Medium,” Microporous and Mesoporous Materials, 69, 2004, pp. 29-34.

H. Lin, Q. Liu, Y. Dong, Y. He and L. Wang, “Physicochemical Properties and Mechanism Study of Clinoptilolite
Modified by NaOH,” Microporous and Mesoporous Materials, 218, 2015, pp. 174-179.

J. C. Groen, L. A. A. Peffer, J. A. Moulijn and J. Pérez-Ramirez, “Mesoporosity Development in ZSM-5 Zeolite upon
Optimized Desilication Conditions in Alkaline Medium,” Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 241, 2004, pp. 53-58.

M. Akgll and A. Karabakan, “Promoted Dye Adsorption Performance Over Desilicated Natural Zeolite,” Microporous
and Mesoporous Materials, 145, 2011, pp. 157-164.

Y. Hou, C. T. Duan, N. Zhao, H. Zhang, Y. P. Zhao, L. Chen, H. J. Dai and J. Xu, “A Versatile Coating Approach to
Fabricate Superwetting Membranes for Separation of Water-in-Oil Emulsions,” Chinese Journal of Polymer Science
(English Edition), 34, 2016, pp.1234-1239.

R. Mahmoudi and C. Falamaki, “A Systematic Study on The Effect of Desilication of Clinoptilolite Zeolite on its Deep-
Desulfurization Characteristics,” Nanochemistry Research., 1, 2016, pp. 205-213.

M. Cavazzuti, Optimization Methods, First Edition,Germany, Springer-Verlag Berlin Heidelberg, 2013.

A.l.Khuriand S. Mukhopadhyay, “Response Surface Methodology,” WIREs Computational Statistics, 2, 2010, pp. 128-149.
K. Hinkelmann and O. Kempthorne, Design and Analysis of Experiments, Second Edition, New Jersey, John Wiley &
Sons, Inc., 2007.

Z. H. Yang, J. Huang, G. M. Zeng, M. Ruan, C. S. Zhou, L. Li and Z. G. Rong, “Optimization of Focculation Conditions
for Kaolin Suspension using the Composite Flocculant of MBFGAL and PAC by Response Surface Methodology,”
Bioresource Technology, 100, 2009, pp. 4233-4239.

M. Kilig, B. B. Uzun, E. Piitiin and A. E. Piitiin, “Optimization of Biodiesel Production from Castor Oil Using Factorial
Design,” Fuel Processing Technology, 111, 2013, pp. 105-510.

E. Kouvelos, K. Kesore, T. Steriotis, H. Grigoropoulou, D. Bouloubasi, N. Theophilou, S. Tzintzos and N. Kanelopoulos,
“High Pressure N2/CH4 Adsorption Measurements in Clinoptilolites,” Microporous and Mesoporous Materials, 99,
2007, pp. 106-111.

F.Pecharand D.Rykl, “Infrared Spectraof Natural Zeolitesof The Stilbite Group,” Chemické Zvesti, 35, 1981, pp. 189-202.
I. Othman Ali, “Preparation and Characterization of Copper Nanoparticles Encapsulated Inside ZSM-5 Zeolite and no
Adsorption,” Materials Science and Engineering, 459, 2007, pp. 294-302.

J. C. Groen, J. A. Moulijn and J. Pérez-Ramirez, “Desilication: on The Controlled Generation of Mesoporosity in MFI
Zeolites,” Materials Chemistry, 16, 2006, pp. 2121-2131.

English Abstract

Statistical optimization using central composite design for the desilication

process of natural zeolite for water sorption from diesel fuel
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In this paper, natural zeolite (clinoptilolite) was desilicated to remove water from diesel fuel. Optimization of
desilication conditions was done using Design-Expert 7.0.0 software and using response surface
methodology. The considered parameters are the concentration of sodium hydroxide solution and the
temperature and time of the desilication process. After optimization of desilication process condition, the
water sorption percentage was 95.32% under the optimized condition, the concentration of sodium hydroxide
solution 0.47 molar, temperature 84.05 °C and time of 2.42 hours. To carry out the process of water sorption
from fuel, amount of 0.5% w/v of the desilicated zeolite (5g zeolite/1000mL of the fuel) was mixed with
diesel fuel for 2h and the water content was measured by the volumetric Karl Fischer technique. The natural
zeolite and the desilicated zeolite at the optimum condition were characterized by XRD, XRF, FTIR and
SEM analyses which indicate well desilication process. The results of water sorption before and after the
sorption process indicate the acceptable performance of desilicated zeolite.

Keywords: Clinoptilolite, Sorption, Desilication, Diesel fuel, Central composite design
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