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Abstract—Adsorption of methanol and ethanol over mesoporo
siliceous material are studied in the current papeme pure
mesoporous silica is prepared using tetraethylsitibate (TEOS) as
silica source and dodecylamine as template at ldwTe prepared
material was characterized using nitrogen adsarpt-ray
diffraction (XRD) and scanning electron microsco(8EM). The
adsorption kinetics of methanol and ethanol frorneags solution
were studied over the prepared mesoporous silicierial The
percent removal of alcohol was calculated per mmiss of adsorbent

Siham Al-Hajri, Marsél-Hasani

us Most widely known is the determination of the Bruag
Emmett, and Teller (BET) surface area by gas adisorp
BET analytical technique is designed to measure the
adsorption characteristics of nitrogen moleculesrgyorous
materials maintained at a temperature of 77 K. dgin
adsorption method is used to measure the surface Barrett-
Joyner-Halenda (BJH) pore volume and pore sizeiloigton
of a solid material. Nitrogen adsorption providagimation

used. The % order model is found to be in agreement with bot®f microporosity and mesoporosity distribution wp 10 nm
adsorbates while thé'®order model fit the adsorption of methanol[6].

only.
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|. INTRODUCTION

Icatalysts and adsorbents because of their largarnadt
surface area. Nanoporous materials became morertzmpo
and useful for separation of polluting species ewbvery of
useful ones due to their selectivity [1]. The fisbad family
of mesoporous molecular sieves (M41S) with threenbegs
that were well-known as hexagonal MCM-41, cubic M@Bi
and lamellar MCM-50 silica phases [2]. The mechanfer
M41S formation involve strong electrostatic intdiaes and
changed matching between micellar assemblies aeqery
ammonium cations ($ as structure-directing agents an

anionic silicate oilgomer species)(lIA series of mesoporous

silica molecular sieves had been prepared by elsetic

X-ray diffraction (XRD) is used to measure crystal
structure. The scanninglectron microscope (SEM) is a type
of electron microscope that images the sample cairfay
scanning it with a high-energy beam of electrons inaster
scan pattern. The electrons interact with the attiras make

NORGANIC porous solids have been found great utility a&P the sample producing signals that contain inédiom about

the sample's surface topography, composition artkrot
properties [1]. Transmission electron microscopNI) is a
microscopy technique where by a beam of electras i
transmitted through an ultra thin specimen, inténgowith the
specimen as it passes through. The TEM is usefsiudying
the pore structure and distributions.

The pollution of water with chemical contaminantsha
become one of the most crucial environmental probl¢7].
The design of a suitable mesoporous molecular sigehigh
surface area and adsorption capacity can be syrtidesasily

qn the laboratories with manipulated pore sizes andace
composition [1]. The high surface area of mesop®silicate
can be utilized to adsorb organic compounds frorsteveater

(charges) and natural (no charges) assembly pathigly with great capacity [8]. The seawater has been useely in

Mesoporous silicates, such as MCM-41 and SBA-15 a

amorphous porous silicates with huge surface greasnally
>1000 m2/g), large pore sizes (2 nm - 20 nm) ancered
arrays of cylindrical

morphology allow one to be sure that molecules sarall
enough to diffuse into the pores [5]. It was foundill cases
studied that the hexagonally packed pores are tedem a
circular manner around the micellar axis. Mesopsrsllica
fibers were one of the most interesting structuias
application. The kinetics of fiber formation ancetproduct
distribution were vary, and strongly dependent ba silica
source. A very interesting mesoporous silica fibsas
obtained from a static two phase's acidic systehe fibers
consist of hexagonally organized channels oriepi@llel to
the fiber axis.

The prepared mesoporous materials can be chazmsttda
study their properties using different analytigtniques.
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[fiethanol industry in order to cool the equipmetistwater is
polluted with methanol due to losses of methanminfistorage
tanks of process vessels, leaks from piping andpewgnt.

MEeSOpores W',th very regulaorep Because of growing environmental awareness has uput
morphology [4]. The large pore size and orderedepo

rstringent regulations to control the emissionshi$ pollutant,
the concern is to control and reduce the concéoirabf
methanol before it could be recycled to the seasofjgtion
methods could be a good choice to separate theamatfrom
wastewater and can treat a large volume of wasésvifathe
proper adsorbent is selected [9].

The adsorption technique is one of the common nakstho
used to recover the pollutants among many availaigthods
widely applied. The adsorption process is two tygdgysical
adsorption and chemisorption based on the interatetween
adsorbate and adsorbent [7]. Activated carbon atisar
systems have been used and found to play importdetin
cleaning industrial effluents. Mesoporous materiats one
alternative due to their large pores and abilityrisgeneration
compare to activated carbons [5]. Other than thag, to their
large specific surface area, high pore volume,aunif pore
diameter and high thermal stability. Mesoporous emials
become promising materials to be implemented in yman
industries involving adsorption, catalysis andatfiftration.
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The mesoporous M41S molecular sieve materials sti@wve
potential application as adsorbents of their Igggee volume
and the compositional flexibility [6].

In the current paper we aimed to synthesize anthctexrize
mesoporous silica material which can be use asrbeisbfor
methanol and ethanol in aqueous solution. The rptisa
kinetics for the adsorption of methanol and ethamar the
synthesized mesoporous material is evaluated usivm
different adsorption models that are pseudb otder and
pseudo ¥ order models. The current work will differentiate
between adsorption kinetics and mechanisms of rdifte
alcohols over the same adsorption material.

Il. METHODOLOGY

A. Preparation of Mesoporous Materials

Mesoporous silica material was prepared by usingyelo
technique. The crystallization gel is prepared gising of
Tetraethylorthosilicate (TEOS), obtained from Merualith
purity > 98%, as silica source dissolved in 160 aflwater

adding 1 g of sorbent into each solution, respebtivThe
experiments were repeated for similar solutionsigud g of
sorbent. M-1 and M-2 are referred to methanol drpamts
treated with 1g and 2g adsorbent respectively,Eaicand E-2

are the ethanol adsorbed using 1g and 2g adsorbent
respectively. The concentration of the alcoholha solution

was measured at 10 min time intervals for 60 mmute

Ill. RESULTS ANDDISCUSSION

A. Preparation and Characterization of Mesoporous
Materials

The adsorption-desorption data was collected atigbar
pressuresR/Py) in the range of 0 to 1 as shown in Figure 1.
The adsorption-desorption isotherm shows that thegom
nitrogen intake is found in thB/P, range above 0.7. The
result indicates that a very high external surfacea is
formed. The mesoporous material was found of hexalgo
mesoporous silica (HMS) type. The BET surface arethe
material is measured using 5 points in the,P#nge of O to

and 8 mL hydrochloric acid (37%) and refluxed unde.1. The surface area was found to be 48@.nBJH method

vigorous stirring at 70°C for 4 h. A solution of ¢ of
dodecylamine template obtained from Aldrich withripu>
99%, in 100 mL methanol is added to the previoustume.
The crystallization mixture is allowed to react eiom
temperature with stirring and kept for crystallipatfor 24 h.
The solid produced from the crystallization isefikd, washed
with deionized water and dried overnight in the moo
temperature prior to calcinations at 600°C in neuffirnace
for 4 h.

B. Characterization of Mesoporous Materials

The prepared material was characterized by nitrogen

adsorption and adsorption-desorption data was rdxaiising
Automated Quantachrome 6B Autosorb at CombiCatarese
centre, Universiti Malaya, Kuala Lumpur, Malaysidhe
sample was degassed at 120°C for 1 h before datzobected
and analyzed to evaluate BET surface area and, gioeeand
pore volume using BJH method. The structure of taflse
material is obtained using XRD measurement. Thetspa
was collected in the range of 2 — 10° at step afz22.02° per
second. The XRD result was obtained using D8 advan
diffractometer, Bruker AXS, at CombiCat researchter
Universiti Malaya, Kuala Lumpur. The morphology thfe
synthesized material was viewed using scanningtrelec
microscope (SEM) (Model Leica Cambridge S-360, DBRI
research center, University of Nizwa).

C.Adsorption Test

was used to calculate the average pore size distiband
pore volume. The average pore size was found etpal
2.85nm and the pore volume is 0.32%gn
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Fig. 1 Nitrogen adsorption-desorption isothermdaicined HMS

Characterization of mesoporous material using X-ray
diffraction (XRD) is necessary to identify the pespies of the
material crystalinity is shown in Figure 2. The a§rscan was
obtained in the range of 2 — 10°. Figure 2 show®XRtterns
of the products synthesized using HCl| as acid sowt

Adsorption test was made on two alcoholic solui;ionsdmbient temperature. When the as-synthesized proiuc

methanol and ethanol. Specified amount of alcohwtlianol
and ethanol) was mixed with 1000 mL of deionizedewdor
10 min respectively. The initial concentration dfettwo
solutions was measured using UV/Vis spectrophoter{&tVI

Biomate, Chemistry Lab, University of Nizwa) at @as rate
of 300 nm/min. Adsorption experiments were perfednby
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crystallized for 24 h, the XRD pattern displays ellvdefined
diffraction peak and two weak diffraction peakghe range of
2 —10°, which indicates high ordered hexagonatipct The
results are in agreement of reported materials ésaporous
materials. Crystallinity with hexagonal pore stwuetis found
as indicated by the number of peaks in the spectrum
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The first peak is narrow indicating a uniform pateucture

however a thick wall is formed.
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_(G-G)V 1
q =5 ()

100 ] whereC; is the initial concentration of alcohd/), G is the
] concentration of alcoholg(L) remaining at timegt, V is the
1800 5 volume of the solutionl() andW is the mass of adsorbeg) (
1500 A
3 TABLE |
- 1200 METHANOL ADSORPTION BYMESOPOROUSSILICA FIBER
" ' ' Time(min) _ M-1 M-2 E-L E-2
00 ] gL gL gL gL
100 ] 0 0.550 0.395 0.800 0.800
] 10 0.525 0.369 0.770 0.710
P S S 20 0457  0.358  0.640  0.630
2- Tneta 30 0.441 0.349 0.580 0.540
Fig. 2 XRD spectra for mesoporous material prephasesbl-gel technique 40 0.440 0.349 0.490 0.500
L . 50 0.440 0.347 0.430 0.400
The morphology of the mesoporous materials is shiswn
Figure 3 by scanning electron microscopy (SEM). The 60 0.440 0.347 0410 0.330
scanning electron microscopy images displayed guréi 3
exhibit micrometric spherical particles. Uniformrpides of ~ The percentage of alcohol removal is calculated by
less than 1 um were produced. The small uniforrighes of ~EQuation (2).
high external surface area will enhance the ad®orpt Removal%:Mme (2)
sorbents intake and access to the solid material. G

E
0000 05 Jun 2011
Fig. 3SEM image of mesoporous silica material preparesdbgel
technique

B. Adsorption Test

Methanol and ethanol solutions have been prepated
concentrations shown in Table 1. Methanol and ethhave
been adsorbed by using two different amounts obrest
1g/L and 2g/L. Adsorption kinetics of methanol agithanol
over mesoporous silica material were performed &7
Samples have been taken every 10 min, and the ctvatien
has been measured by UV/Vis spectrometer. The W/ddia
have been collected 3 times and the average caatient
recorded. The data were reproducible within theeptad
error. The amount of alcohol intake was -calculated
Equation (1).
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The models describing adsorption mechanism arelajese
based on understanding the interactions over tica surface.
Three types of adsorbing centers of silica wereppsed.
Besides of the major adsorbing sites formed by &edace
hydroxyl groups, there are also sites formed byrephi—
geminal — hydroxyl groups bound by Hydrogen Bridi§¢he
distance among the individual hydroxyl groups igadale [10]
as shown in Figure 4.

H\ H N A H\
o CI} 0
|
Si Si S
Fig. 4 Hydroxyl group formed by pure siliceous aptwus materials [10]

The models should take onto account the physical
possibilities of the sorbate molecules to bindhe adsorbing
centers, mainly by hydrogen bonding. Mirji et &D] have
proposed three mechanisms for methanol interactiith
silica during adsorption as shown in Figure 5.

HC. 5-H ,CHg CHy
0 |
|11 Ho H WO u

e ’ w

o] “o" O o
a | ? L L
Si Si Si Si
Fig. 5 Mechanisms of methanol interaction ovecsilis material [10]
C.Kinetic Sudy

The study of adsorption kinetics describes thetsalitake
rate and evidently this rate controls the residetioe of
adsorbate intake at the solid-solution interfadee hteraction
of organic molecules with inorganic surfaces hdmaeted a
great deal of attention due to its technologicabliaptions.
Adsorption of organic solvents like methanol on rgamnic

scholar.waset.org/1307-6892/6276


http://waset.org/publication/Adsorption-Kinetics-of-Alcohols-over-MCM-41-Materials/6276
http://scholar.waset.org/1307-6892/6276

International Science Index, Materials and Metallurgical Engineering Vol:6, No:8, 2012 waset.org/Publication/6276

World Academy of Science, Engineering and Technology
International Journal of Materials and Metallurgical Engineering
Voal:6, No:8, 2012

materials such as pure silica has been studied 11.0,Figure
6 illustrates the removal of the alcohols from amgesolution
over mesoporous silica material. Mesoporous masehave
very large surface area, ordered pore structureeatrgmely
narrow pore size distribution. Methanol adsorptmm these
mesoporous materials can be interesting becaustargé
surface area, and hence large adsorption siteshwimay help
to adsorb more quantity of methanol [11]. The Kkusetof
alcohol adsorption on the mesoporous silica madtexias
analyzed using pseudo first-order and pseudo secalet
kinetic models. The conformity between experimedtth and
the model predicted values is expressed by theeletion
coefficients R?). A relatively high R? value closer to 1
indicates that the model successfully describesithetics of
alcohol adsorption.

100
oMethanol- 1
80 1 OMethanol- 2
_ AEthanol- 1
S 60 | | *Ethanol- 2
£
é >A< VAN
2 40 A o
X
’ A
20 A 6 O @) O
X 0 | O O
ol —
0 10 20 30 40 50 60

Time (min)
Fig. 6 Percent removal of alcohol over mesopordicesus materials

The pseudo first-order equation is generally exqgdsas
follows [12],

N @-a) ©)

dt

M -2 0.0754 0.0490 0.99
E-1 0.005¢ 1.388¢ 0.97
E-2 0.0043 2.0090 0.99

Comparison between model and experimengtatiata are
shown in Figure 7. The model data were in good exgent
with the experimental data and pseudo first-ordedeh said
to represent the methanol and ethanol intake ovwer t
mesoporous silica surface. The first-order modlpsrt the
mechanism that single site is responsible for adgm single
molecule of the alcohol at its surface. These tesate in
agreement with our unpublished data that Langmuir
equilibrium model fitting the equilibrium result§ methanol
and ethanol over mesoporous silica materials.

0.50

%

0.40 —
f A ¢ Ml-e
0.30 -’: M2-e
A El-e

5 %
0.20 a X E2-e
e —M1-m
010 — M2-m
El-m
A
000 E2-m
0 20 40 60 80
Time {min)

Fig. 7 Comparison between pseudo first-order maddlexperimental.q
data. Where in the legend: e is the experimenilnams the model

The pseudo second-order adsorption kinetic ratatesuis

expressed as [12].
@ -ay’ ®)
dt  °

wherek; is the rate constant of pseudo second-order adsorpt

whereqe andq; are the adsorption capacity at equilibrium and|/g-min). For the boundary conditiohs 0 tot =t andg,= 0
at timet, respectively (g/L)k; is the rate constant of pseudoto g, = q, the integrated form of Eq. (6) becomes

first-order adsorption (1/min). After integratiomchapplying
boundary conditions = 0 tot =t andqg, = 0 toq; = q, the
integrated form of Eq. (3) becomes.
In(@, —q) =In(q,) —kt
Rearranging Eq. (4) to resujtvs t as in Eq. (5)
g =qf-e™*]

Nonlinear regression using Polymath software (eer&.1)
was used to estimate the constant valueg ahdk;. Tables 2
illustrate the results of pseudo first-order modal the four
experimental runs. In the™lorder model Rwas calculated
and found in the range of 0.92 — 0.99.

(4)

TABLE Il
KINETICS OFMETHANOL AND ETHANOL USING 15" ORDERMODEL

1% order
ke Qe R
M -1 0.052¢ 0.122: 0.92
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1 1

== -kt (7)
(-q) G “
which is the integrated rate law for a pseudo sdamder.
Equation (7) can be rearranged to obtain Eq. (8)¢chvhas
a linear form

m:hl(t) ®)
q) h q
whereh=kyqe? (L/g-min).

The plot of {/q) vs.t of Egq. (8) should give a linear
relationship from whichg, andk, can be determined from the
slope and intercept of the plot, respectively. Atively,
polymath software using regression analysis wasd use
estimate the equation parameters. Table 3 is ridltisy the
values ofh, g andR? for four experimental runs.
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TABLE llI
KINETICS OFMETHANOL AND ETHANOL USING 2"° ORDER MODEL

2nd order
h e R
M-1 0.028" 0.119( 0.99
M-2 0.0067 0.0554 0.99
E-1 0.008¢ 1.783( 0.65 1]
E-2 0.009 3.307¢ 0.41

The results clearly show that pseudo second-ordmtem
well fitting methanol adsorption witl? = 0.99, however it
fails to fit the ethanol adsorption. Figure 8 sh@womparison
between experimental data and model data for the fol®!
experimental runs.

(2

[4]

0.50
X

0.40 &£/ [5]
A * Mle

0.30 A* / M2-e [6]

& X A El-e [7]
020 A ¥ E2-e
P4 —M1-m

N M2-m [8]
El-m

0.00 j& E2-m [9]

0 20 40 60 30
Time (min)

Fig. 8 Comparison between pseudo second-order naodiebxperimental;q
data. where in the legend: e is the experimentinaiis the model

In conclusion, hydrophilic HMS adsorbents provided
adsorption capacity than the hydrophobic onesshdtuld be
noted that adsorption of alcohol on HMS due toraatgon

. . 2
between silanol groups on surface and intermoleculd?

hydrogen bonding part of alcohol molecule mightstenger
than hydrogen bonding interacted with HMS surface.
Moreover HMS hydrogen bonding caused by functional
groups should be suggested to enhance the adsogafiacity
comparing with HMS. Interaction between silanol igyoon
HMS and might be stronger than hydrogen bondingrated
with materials loaded with functional group loaden HMS
surface.

IV. CONCLUSION

Mesoporous silica material having surface area9ifind/g
with adsorption capacity of 0.32 &g was synthesized. The
synthesized mesoporous siliceous material was used
adsorbent for methanol and ethanol from aqueousephihe
methanol and ethanol intake over the mesoporousasil
adsorbent surface was measured and percent rem@sl
calculated and found to be 20% for methanol and 66f6
ethanol. The experimental concentration — time @avaith 1%
order model with good agreement. Furthermore, tHe@ler
model fit the methanol adsorption only.
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