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Abstract
This work was conducted to determine the volumetric mass ta4sfer coelficienl (Ky.a) in fued bed adsorption using

hexane-benzene mixlure by adsorption onto a fixed bed of white silica gel.Benzene concentration was measured by gas
chromatography. The effect of feedflow rate and initial concentration of benzene in hexane-benzene mixture on the
volumelric mass transfer coe/ficient and on the adsorption capacity of silica gel was investigated.

In general, the volumetric mass transfer coe/Jicient increases with increasing hexane /low rate, and with increasing
initial concentation of benzene in the mixture. The ultimatevalue of (Ky.a) was at 53 ml/min of hexaneJlow ratewilh
benzene initial concentration of (6.53 wt. %o), and it was (99.4 kg/m3.s).

The adsorptive capacity of silica gel increases with decreasing hexane flow rate, as with increasing inilial
concentration of benzene in the mixture. The best adsorptive capacity of the imported silica gel (100 g of imported silica
gel yielded 120 ml of benzene-free efrluent) was achievedwith the grade (1.18-5 mm) in size at a hexaneflow rale l5
ml/min.

Keywordsz mass transfer coefficient, adsorption, fixed bed.

Introduction
Most adsorbent are highly porous materials, and

adsorption takes place primarily on the walls of the pores
or at specific sites inside the particle. Separation occurs
because differences in molecular weight, shape, or
polarity cause some molecules to be held more strongly
on the surface than others or because the pores are too
small to admit the larger molecules []. The commercial
materials (solid adsorbents) include a variety of clays,
chars, activated carbons, gels, alumina, silicate and
resinous materials [2]. Solid adsorbents are usually
porous granular particles used in fixed beds [3].

Separation in a fixed bed of adsorbent is, in virnrally
all practical cases, an unsteady state rate controlled
process. This means that conditions at any particular
point within the fixed bed vary with time. Adsorption
drerefore occurs only in a particular region of the bed,
known as the mass transfer zone, which moves through
the bed with time [4].

The first factor which must be realized in considering a
fixed-bed operation is the equilibrium or capacity
requirement. A bed of a certain size has a fixed capacity
for the adsorbate entering in the feed stream. In addition,
the capacity of the adsorbent for smaller concentrations
of the adsorbate in the entering stream defines the shape
of the equilibrium curve and is important in fixed bed
operation [5].

Five mechanisms are associated with the spreading of a
concentration wave in a fixed bed .These arei (a) axial
dispersion, (b) external mass transfer, (c) pore diffusion,
(d) surface diffusion (or particle diffusion), (e) reaction
kinetics [6].

The MTZ or adsorption zone is defined as the portion
of the bed in which adsorption is occurring [4].

The MTZ length is independent of the bed length .It is
function of type of adsorbent , adsorbent particle size,
fluid properties, adsorbate concentration in entering fluid,
adsorbate concentration in the adsorbent (ifthe latter has
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Fig' 1 The exPerimental equiPment
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Fig. 3 Breakthrough Curves for Adsorption on 100 g of
lmported Silica Gelat initial Concentration of Benzene

Co= 6.53 wt. o/o at Various Hexane Flow Rates.
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Fig. 6 Breakthrough Curves for Adsorption on 100 g of
Imported Silica Cel at Initial Qoncentration of Benzene

Co=Z.638 wt. o/o at Various Hexane Flow Rates,
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Fig. 4 Breakthrough Curves for Adsorption on 100 g of
Imported Silica Gel at lnitial Concentration Co=5.24 wt.

% at Various Hexane Flow Rates.
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Fig, ? Breakthrough Curves for Adsorption on 100 g of
Imported Silica Gel at Initial Concentration of Benzene

Co=l.323 wt. Yo at Various Hexane Flow Rates.

Effect of initial concentration of benzene on
adsorption capacity of silica gel

The effect of initial concentration of benzene in
hexane-benzene mixture on the adsorption capacity of
imported silica gel of size (1.18-5mm) is shown
respectively in figures 8 to I l.

The total quantity of solute removed from solution at
any period of time increased with increasing influent
concentration.

The effect of the initial benzene concentration in the
flow is one of the limitation factors and a main process
parameter. Increasing the inlet benzene concenffation
increases the slope of the break through curve, reducing
the volume treated before adsorbent regeneration'
Increasing inlet benzene concentration at constant flow
rate decreases the through put until break through. This
may be caused by saturation of the adsorbent more
quickly with high benzene concentrations, thereby
decreasing the break through time. It was noted that with
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Fig. 5 Breakthrough Curves for Adsorption on 100 g of
Imported Silica Gel at Initial Concenfation of Benzene

Co=3.94 wt. Yo at Various Hexane Flow Rates.
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Fig. 8 Breakthrough Curves for Adsorption on 100 g of

lm-o-Jrted Silica Gel of Various Concentration of Benzene

at a Hexane Flow Rate (F=15 ml / min)'
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Fig. 9 Breakthrough Curves for Adsorption on 100 g of

tmpJrted Silica Gel of Various Concentration of Benzene

at a Hexane Flow Rate (F=28 ml / min)'
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Fig. 1l Breakttuough Curves for Adsorption onl00 g of

Imiorted Silica Gel of Various Concenffation of Benzene

at a Hexane Flow Rate (F=53 ml / min)'
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iime tttat is film diffusion remains rate limiting for

shorter periods of time.
Both'the mass hansfer rate and the total quantity. of

solute removed from solution at any period of time

increased with increasing infl uent concentration'

Effect of hexane flow rate on volumetric mass
transfer coefficient

From table 1 It can be showed that Ky'a increases with

the increase of hexane flow rate by factors l'l'2'34 with
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Table I Volumetric Mass Transfer Coefficient (kg/s'mr)

Initial Concentration
of Benzene in Effluent

(wt ,%)

Hexane Flow Rate, F (ml/min)

l 5 28 40 5J

r 1?'l I  6.56 18.816 4 l  .08 45.708
t '(1R l 8 .08 19.33 52.7 82.93

3.94 19.E9 26.82 53.64 87.85

5.24 20.21 27.49 " 56.37 90.2
99.46.53 22.6 36. l4 60.91

Effect of concentration on volumetric mass
transfer coefficient

Fie. l0 Breakthrough Curves for Adsorption on 100 g

;i6;"J sitica-cet of Various Concentration of

ntni"n" at a Hexane Flow Rate (F=40 ml / min)'
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The increase of mass transfer coefficient and the
transfer rate upon increasing the concentration can
be attributed to the following: As the solute is
transferred acrobs the liquid-solid interface due 

.to

the applied concentration driving force across the
interface, spontaneous conffaction and agitation
giving rise to strong movements in the interface and
the fluid in its immediate viciniry, accompany the
transfer process. These eruptions greatly enhance
the interfacial transfer of the material. So as the
concentration driving force is increased the induced
interfacial turbulence at the interface increases,
increasing the rate of transfer and consequently the
overall transfer coeffi cient.

Conclusions
l. The adsorptive capacity of imported silica gel

increases with decreasing hexane flow rate and
with increasing the initial concentration' of
benzene in hexane-benzene mixture. The best
adsorptive capacity of imported silica gel &l
benzene (100 g of imported silica gel yield€d
120 ml of benzene free eflluent) was achieved
with 6.53 wtTo initial concentration of benzene
at a hexane flow rate of l5 ml/min'

2. The value of volumetric mass transfer
coefficient increased with the increase of the
initial concentration of benzene in hexane-
benzene mixture by factors l.0l'2 and it
increased with the increase of hexane flow rate

by factors l.l-2'34. The highest value of Ky'a

6g.q ugnLs) was at hexane flow rate of 53
ml/min 

-and 
6'53 wto initial concentration of

benzene in hexane-benzene mixture.

Nomenclature
Initial concentration of benzene (wt.%)
Hbxane flow rate (ml/min)
Working temperature (oC)
Mass flow raie of hexane. (kg/m2.s)
Solute concentration in solvent (kg benzene/kg hexane)
Equilibrium concentration (kg benzene/kg hexane)
Concentration in effluent fluid at exhaustion point (kg/kg)

Concentration in cffluent fluid at breakthrough point (kg&g)
Height of mass transfer zone (m)
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