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Table 1- chemical composition of rice husk ash (RHA) [10]

Formola Wt. %
SiO2 95.41
Al;03 0
Fe203 0.82
MgO 1.24
SOs 0.07
Na:0 0.22
K20 1.65
CaO 0
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1. Environmental Protection Agency (EPA)
2. Hydeodesulfurization (HDS)

3. Silica

4. Metal-Organic Framework (MOF)

5. Pycoline

6. Pyridine

7. Hydrogenation
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1. Crystobalite

2. Tridimite

3. Boiler
4.Taguchi

5. Calcination

6. Alkali-treatment

144



oolime ) eely 9 Grate Lo equpim; el

P (99
Sla3ls i gz el 10CC po @i (s 05 S S b Vg0 S 0l S5 000 Lo g g I
o e 501055 o Sl Sl )l @i s Shaite DT L st alo e (aiz b e 5 95800 (298 Sl 1R
Ty g FmS 1B G grmali S 5l g 5 090 Al 0,55 50 el 3 e 4, T00°C (slos yo g2 g
P ooy eSS 10C e b Voo S anS5)008 s Lo 5 @i Gogems S 0 S0ty (RHAT)
eSS mades Jslome U955 00 90 el 2l G 5955 00 (255 Ll 0S5 008 o Jslns B0cC
O L ol PH & s 51 V50 S s | S 055000 o 35 Sl o Jlomo 0098 o s (e
03,05 00 Do il sy el 28 Jo o Jig e (55 2055 on plonl DS S5 e S5t Loy U g 398 (on
o Sl ke gl &5 Jo b sl cgum LB L Cules )0 5 095 (o0 plonil i Shalle OT b al> o piizr e
(Si02) suuST (68 (gl L3> ) g 0 St el 12000 4 (S St bawgs 140°C slos 40 5 095 o0
390 (5 ISPl

ol sl o9 (o 5L ok il 595 2 el 29y 44 58 (539 W13 (lies s e 5 (5 e cam alye 40
o1 100cC ;0 0y Sl 5,5 U2 g (o9, Slyis 5l o5 156 o s 51 0,5 148 Ldlo a5t (sl skt
25 (g0 Lo 1V Jylowe 4 (Sl iy 0,5 2061 e 4 s i S a5l e 5 05 (o0 S e
lose 51 s i o boglis abliie oy pod Lags 80°C (glos 1o el oo 4y conlin 130 45 ol (gla Jslne
2 Coleyd g Nigh S > laaiges 08 o )3 TS 5 9,0 100°C slos jo el 24 oe & Lo Jolmo o0 53
&35 55 Ce02/Si02 5 ZNO/SiO; (CUO/SIO2 ol 5 4 ladla A oo dimnlS 0,55 10 Caels 5 aeay 350°C gleo

g o

BET olfiws lawgs TTK slod ;0 gole (459,50 wdxly 5 wdz slap gl lawss oo i ,lislo 5 a0 g zelaw Colune
il iy Ollee cou M5 10 150°C slos 1o celid S s ladiges 28,5 & j90 5,95 Lo Belsorp mini Jow
09031 Lamgi s 535 2 polie @i Gizmen 5 S JSE daclly g s3lshyee b)) 285 8 Pl
EDX olS2s 45 3200 TESCAN =8 55 el MIRA3 Jos isSss,Sae 31 50UT ol plonil gz 0 w3 FESEM

s ooliul yolic as8 5 ooS 5a0UT gz

iz (52193955 aigl 3
Co g il 28,5 O g0 Jaore slod ;0 g A gl s O g0y 0l Jiw Glaodl vy od> 5lo50,5 68 w8
58 a3 s 1000 ppm 4 750 500 250 slacbale jo loa Jlos b des i kieso=0s8 oS5 L Joo
Shiae cdale L (50cc/g ply wdl> a4 cd g cad) Joo g 1006 40 L3l 0,50/2 5« 01050,555 cyg03] yo
599 50 St sl Jawgl Gl g CS g bgltus ( uaw o p Jolas adaii 4y awlyd (LS| el 35 o b ol a8l

A3 o 4ids 5 s o 2000rpm

1. Rice Husk Ash
2. Aging
3. Degas

145



1400 5y ey o lod om0 )loz Jo 3linl 5 S g (095 = sole 4y

0w ‘g.b)'.);gf ‘519439.0.3 cblé s
UV160A Jus (UV-VIS) il i 5 a5 g cieb ol s 5l xbans i GislojT 5| g e gus lale a6l
21939,555 so j0 g Jol ode cud bl e .o ooliiw! 284nM z4e sk o pl5 Shimadzu oS ,5 cole
2055 o0 D90 (2) g (1) dolae langs
V(Cy —Ce)
Gl (1)

C,—C
sulfur removal% = (0(:76) * 100 ()
0
i ya Co 9Cy « Mg S/g adsorbent >,y Jolss alais o L3> (g9, 5 0,555 Ldz cud b Qe YU Ly, 4o

w|g > A_)OL> rnJ>M 9 ml > oaoslaiw! w%p}:} Vv ppm > éomwﬁuﬁ‘ujalc

Bodler (o loatd = (K 508 Slasio (i g s

XRF ;01

W5 Sk (ogls 45 wims oo LS b el 0 00,512 Jgur 10 g2 ugees 3l 5 Sekens (liord S 5
Sl gzl sl s plmil 51 ys 3l sla callBl i a5 995 oo odolice puizmen .ol s, NIBIT sgu> o 0us
Lol a8l oS wgate O jg0d

T g 31 5 s (o1 loads oS -2 Jgux
Table2. Chemical composition of silica from rice husk
Hg Ni Fe203 Cao Cl SOs SiO: Al>03 MgO Na20 by oS 5

0.07 0.01 0.14 0.21 0.14 0.29 | 98.76 0.04 0.08 0.28 EW-PH)

0395 &89 9 iz LT

(ST IR o UL.«; CeOZ/SiOZ ‘ZnO/SiOZ sCUO/SiOZ sSiOZ LgLﬁ:Uyu' 6‘)? |) 0)9).“; g_)A.>\9 9 g_).).> (ST ‘lJSM)
iz oaio ol a8 wiyS e )8 Shnl o)z g9 gunaies ;o ol eled gl (s Ldzly 5 i slap s
04> 9,5l sladel> aiile dz (b o cnd JLad jo g lal o cwl aYas Gis 5,k jlo,as 930 sladsl> (g,
LS5 Gllae il on al3il i 530 5o (Sovise S oy i oo Vb (sbogoms 125 15 J5 5,5 oo S35
b e ol 1aS 3 1T i O ygo i Mo g wiS e &S, ol B et b b3 5 03 095 s jLes o
S99 (oduadylid a5 Wb co Ll Ldz cud B 0f6 51 5V s JLid o cunl Latuie a5 jebles ol ao i g3
Slad yo as CuO/SiO; SiO; sldisai gl Cizly v b Joy Jow uwla il (LS Le (o e o 9,500 (S
ol bleie 5,500 Cooms 42 000l a3l o,h (S 03lasl a5 sl ol saimslis ccanl oolog, 0164 51 S s
5 Ssge (W aSul cleas [15] ] hloie o8> 930 Caoms 4 Ce0/SIO2 § ZNOISIO; slawdl> sl a5 Jb> 5o
poorsss e (Slodils o0l S G dla 5y Cdly g Ll la porie (0 WBs i 7y LSS HLES SO o S
dwdid 45 Cowl dlins U"“ OMQULM aS el H1 59.) )l o.MbL?u‘ U‘MM LSL:})" Gl dwd d.)UaA Row oMbL?u‘

it Juate o2 4 Slola baiges 0ya> g 33,00 SVU cons (31955 oo o les 5 009y (glaly! oo i &

1. Hysteresis

146



Quantity adsorbed (amu)

WAL

o3l300,8 Caaly 5 (s Lo copin) yuel

-=-5i02
—7n0/Si02
—--Ce02/5i02
——Cu0/Si02

-0~

5N

0 0.2 0.4 0.6 0.8
Relative pressure (P/P,)

ol i (grdiged (51 ¢339y iy 9 i p gl -1 JSb
Figure 1- N2 adsorption- desorption isotherm for synthesized samples
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Table 4- Coefficient and constant of Langmuir, Friendlich and Dubinin-Radushkovich isotherms for synthesized samples

Isotherm Parametrs CuO/SiO» Zn0O/SiO2 Ce0,/SiO;
R? 0.9772 0.9915 0.9872

Langmuir ki (L/mg) 0.501 0.0123 0.9432

qi (mg/g) 47.619 204.08 120.48

R? 0.9946 0.9975 0.9999
Freundlich ke ((mg/g)(L/mg)*™) 0.17 0.01 0.18
N 0.66 0.5 0.75

R? 0.9239 0.9779 0.9364

- . Bor (Mol?/J?) 0.000001 0.00004 0.00001
Dubinin-Radushkevich tor (M/Q) 5141 6774 46,99
E (KJ/mol) 0.707 0.111 0.223
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Table 5- Pseudo-first-order and Pseudo-second order kinetic parameters for CuO/SiO; adsorbent at 500 ppm

Kinetic models Kinetic parametrs CuO/SiO2
R? 0.8215
k1 0.012
Pseudo-first-order rate
ude-tt ge(Theorical) 1.008
ge(Experimental) 23.706
R? 0.999
Pseudo-second order rate ka - 0.09
ge(Theorical) 23.69
ge(Experimental) 23.706
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Synthesis and characterization of CuO, ZnO and CeO; adsorbents based on
silica derived from Rice husk ash and evaluation of its performance in the
desulfurization process of model fuel
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In this study, the aim is to extract pure amorphous silica from rice husk ash by acid leaching, then calcination
and base leaching, and finally titration by acid. Then, the synthesis of adsorbents was performed through
loading of copper, zinc and cerium at the rate of 13% by weight of metal by impregnation method on silica
support. Finally, the performance of the synthesized adsorbents in the adsorptive desulfurization process was
investigated to remove 4, 6-dimethyldibenzothiophene from the model fuel. Nitrogen adsorption - desorption
isotherms for the samples showed that the pores are in the mesopore range. The highest adsorption capacity
was obtained at a concentration of 500 ppm for CuO/SiO2 adsorbent equal to 23.7 mg/g. Also, by examining
the Langmuir, Freundlich and Dubinin-Radushkevich equilibrium isotherms, the Langmuir isotherm was most
consistent with the experimental data. Also, according to Dubinin-Radushkevich isotherm it was proved that
the dominant mechanism in adsorption is chemical. In order to investigate the adsorption kinetics in this study,
pseudo-first order and pseudo-second order equations were also examined. The pseudo-second order Kinetic
was fitted with experimental data with R-squared of 0.99 were fitted to the experimental data. BET and FESEM
equipped with ED X analyzes have been used to investigate the physicochemical properties of the synthesized
adsorbents. Also, the concentration of fuel solution was determined by UV-VIS.

Keywords: Adsorptive Desulfurization, Rice Husk Ash, Silica.
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