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ABSTRACT

This work simulated numerically the n-pentane separation of a mixture of iso-pentane, n-pentane and nitrogen,
using an adsor ption column with zeolite 5A. The mathematical model equations of the massandheat transfer in the
adsorption column are presented, as well as the bounday and initials condtions, beyond some hypotheses and
considerations. The Volume Finite Method was used in the discretization of the equations to get the system of
algebraic equations and posterior development of the computational algorithm. The numerical results usng the
Differencing Central (CDS) and Upwind (UDS) interpadations were compared with experimental results found in
the literature. The influence of the partial presaure in the adsorption column performancewasalso analyzed.
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the adsorbent. The facility of operation and
construction cause some disadvantage, such as;

i) Due the necessity of residence time in the bed it
has more adsorbent restrained in the equipment.

ii) Difficulty of fast heating and cooling of a large
adsorbent volume due to its low thermal
conductivity. This factor increases the bed
temperature, reducing the relative saturation in the

INTRODUCTION

In recent years, there has been considerable
increase in studies on separation processes using
adsorption technique for isolation and purification
of products.

This is due to advances in the theoretical and
experimental  studies that contribute in the

prediction o the equipments functionality at large
scale in the development of synthetic adsorbent
such as zeolite, besides conciliating the necessity
of continuous functional of the adsorption unit and
desorption - simulated moving bed. The advantage
of the fixed bed is its smplicity and low cost of
construction besides causing a small abrasion in
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gaseous phase and the concentration of adsorbed

phase.
iii) The regeneration heat in general islost in each
cycle.
Petrochemical industry utilizes the adsorption

process at industrial scale, in special fixed bed
column. The catalytic isomerization o light
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naphtha stream that leaves refinery the containing
more or less 40% of n-pentane and iso-pentane
produces an elevated quantity of isoparaffins.

For the sdedive separation o isoparaffins, eg.
zeolite BA, the process is optimized by putting
adsorption unit with the reactor outlet.

In the petrochemical industry, in paraffin
separation, the main dbjedive is the production of
high-octane fudl.

Numerical simulations could be useful tools in
identifying the suitable condtion to operate an
industrial plant for separation o gas. Numerical
simulation is utilized because it frequently confers
time and investment economies. For the numerical
simulation to represent the redlity, the
mathematical models could be used. Ruthven
(1984 presented the modes that described the
mass transfer processin the adsorption column o
fixed bed. The models considered different devices
that cortrolled this transfer process such as inter
and intra-particles diffusion, external fluid film
resistance, macropore and micropore resistances.

In this work, the modeling the adsorption column
of fixed bed is presented. The modd resulted in a
set of nonlinear partial differential  equations,
where the analytical solution was impaossible. In
this case, the partial differential equations were
solved by Finite Volume Method (Patankar, 1980.
Themain dbjedive was to investigate and simulate
the performance of an adsorption unit of fixed bed
used in iso-pentane and n-pentane separations.
This paper is based on Silveira (2001). However,
in this work the Differencing Central (CDS) and
Upwind (UDS) interpolations were adopted, while
in Silveiraet a. (2002 only the CDS was applied.

MATHEMATICAL FORMULATION

The differential equations that govern the
processes of mass and heat transfer of the
chemical species in the non isothermal and non
adiabatic adsorption column o fixed bed, are the
conservation equations of mass energy, and
chemical species in the gas and solid phases.
These equations involve an approximation that
does not affect the results. The ideal gas is
considered, while in the adsorption process the
constant presaure gradient is maintained and the
mass flux in gaseous phase for axial dispersion
model is described. In this case, the mass transfer
includes the etern resistance in the fluid film and

macropore diffusion, as mentioned in Silva and
Rodrigues (19979).

The resistance for the heat transfer ocaurs in the
external fluid film in turn o the adsorbent. The
conservation equations that describe the mass
transfer process are the conservation equations
chemical species in the gaseous phase, ‘Y4

. _p, 2
ot azmaz D az sb

_|:F'_£b l:paaEan
ECst ot

For solution o the equation (1), following
boundary conditions (Danckwerts) are used: for z

@
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The conservation equation of massis:

< 2 =g

andfor z=L andt > 0,
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where the boundary condition assciated to
equation (2) isforz=0andt>0, F=F =C,u;
The conservation equation of chemical species ‘g,
for the solid phase considering a system
controlled by diffusion in the macropore (Mazzotti
and Morbideli, 1996 is given by

0(a,
P, <at )=, Oy, - (v.) ©
where K, isd@cribedbyi:i+ 1 .
gl Ke EpKi

In this work, the adsorption equilibrium isotherm
described by Nitta et al. (1984 and presented by
Silva and Rodrigues (1997a) is used.

1 0

P = - (4
<y>0 KadS(l_ea)
whee n = 5 P = 1, g = Y2 and
qmaX
K .4 = Ko X €X AH
RT,
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The energy conservation equation in the gaseous
phaseis given by:

aT_ K 2T _uoT,
ot ¢,CC, 0z° ¢, 0z
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where a, =2/R_. The boundary conditions for

the energy conservation equation are for z = 0

andt>0, K ‘;—T =C,,(uTC-C,u,T,), andfor
z

z=Landt>0,a—T:0.
0z

The energy conservation equation in solid phase
is:

Oy _ 3y () A, 900,)
o0 p,C, * C, ot
where C is the spedfic heat of the adsorbent.

Theinitial conditions for solve the equations
are for

(6)

t=0and0z F=F,y,=(Y,)=(d,)=0.C=

Ci, T=Ts=T,=Tw(2). The parabolic temperature
profile in the wall, T,=Tw(2), in the initial instant
is adopted.

For the numerical solution of the differential
equations describing the problem, the control
volume method is employed (Patankar, 1980. The
basic idea of the control volume formulation is
easy to understand and based on dired physical
interpretation. The calculation domain is divided
into a number of non-overlapping control volumes

such that there is a control volume surrounding
each gid pont. The differential equation is
integrated over each control volume. The
structured gid for points gorage is used. The grid
points are placed at the centers of the control
volumes, arrangement collocated, and the one-
dimensional structured gid is adopted. For the
one-dimensional problem under consideration, the
interpoation functions of Differencing Central
(CDS) and Upwind (UDS), evaluating the
variables and derivatives in the control volume
faces (Patankar, 1980 are used.

RESULT S AND DISCUSS ON

In this work, the separation processof one paraffin
using a packed bed with zeolite 5A was smulated.
The results obtained by numerical simulation
compared favorably with experimental results
found in the literature (Silva and Rodrigues,
1997h Silveira et al., 2002). With these results it
was posshle to evaluate the partial presaure
influence of n-pentane on the column behavior.
The adsorption column used to ddtain the
experiments data had length 0.2 m and internal
diameter of 0.0335 m. The system had apparent
specific mass of solid p,= 1130 Kg/m* bed
porosity of & = 0.32, solid porosity & = 0.35;
solid adsorbent diameter d,= 0.0016 m, and
column length L = 0.006 m. The equilibrium
parameters of the adsorption isotherm of Nitta et
a. (1984 for zeolite 5A, are AHuu= 132
Kcal/gmol; n=5; gmx= 13.0 g/100g; Ko= 2.04 x
10° am™ Table 1 presents the operation
condtions for n-pentane separation.

Table 1 - Operation conditions of the adsorption column for n-pentane separation.

Exp. | F | T Vat | Vb | Py
1 0.10 548 019 029 1
2 0.11 548 009 044 1
3 0.11 548 004 045 1

Table2 - Model Parameters

Exp. | D, | K. Ky | hw | h,
1 6.5 10° 0.34 103107 14 86
2 7.110° 0.34 105102 14 89
3 6.9 10° 0.32 105102 14 87

Brazilian Archives of Biology and Technology



27C Silva, A. et al.

The dispersion coefficient, D, is determined by
correlation d Hsu and Haynes (1981),

0328, 3.33
ReSc 1+059ReSq)™

1
— 7
Pe @)
where Pe is the Peclet number, Re is the Reynalds
number and St is the Schmidt number.

The parameters utili zed in the mathematical model
previously described are presented in the Table 2.

The dfective thermal conductivity of the bed, K,
is regarded for the corrdation o Wakao (1975.
The internal coefficient of mass transfer, K;, is
calculated by Glueckauf (1959, K; = 5Dy/R,. The
external masstransfer coefficient , K, is regarded
for the corrdation of Wakao and Funazkri (1978,
Sh=2.0+11R"°sc®®,  where Sh is the
Sherwood rumber. The global coefficient mass
transfer, Ky, was defined in the present work.

The heat transfer coefficient in the film between
the fluid and the solid, h,, and the heat transfer
coefficient between the fluid and the wall of the
column, hy, are obtained as described by Silva and
Rodrigues  (1997a), utilizing adjusts of
experimental data. The boundary condtions are in
the south face - symmetry condition, in the north
face - wall impermeable condition, in the west face
- Danckwerts entrance condition and in the east
face - Danckwerts outlet condition.

The &peimental concentration and temperature
profiles obtained by Silva and Rodrigues (1997a)
and rumerically obtained in the present work are
shown in Figs. 1 to 6. Figs. 1, 3 and 5 present the
experimental and numerical results of n-pentane
molar fraction in the column cautlet (breakthrough
ling). Figs. 2, 4 and 6 show the variation d the
temperature in the column autlet and in the
position o 12 cm of the entrance, with the time,
for 1, 2 and 3 experiments. In these eperiments
the outflow supdy was maintained at 140 mL/min
tothe 298K, entrance temperature was maintained

548 K and n-pentane partial presaure was varied
as, Yar = 0.19,0.09 and 0.04, respedively.

The results illustrated in Figs. 1, 3 and 5 showed
that when npentane partial presare was
increased, the column saturated faster. Analyzing
the curves inclination it was posdble to conclude
that when the partial presaure increased the
inclination was larger. Figs. 2, 4 and 6 illustrate
the results obtained using the same fed
temperature for the three different partial presaures
of the n-pentane 0.19; 0.09 and 0.04, respectively.
Temperature peaks on the 12 cm of the inlet as on
the outlet were larger when the partial presare
was higher. This was justified becuse the
adsorption was favored for the increase of partial
presaire, generating an increase in the temperature
inside the column. The CDS and UDS
interpaation functions had similar performance.
For the breakthrough line illustrated in Figs. 1, 3
and 5, one could doserve that in the case 1 the
CDS interpalation function approximated more of
the eperimental results than that the Upwind
scheme. For the case 2, the Upwind interpadation
function reproduced the experimental results of the
more adequate form. For the case 3, both
numerical interpoations obtained a line with the
same inclination o the eperimental results, but
not with the same values. For the temperature
profile, the numerical interpolation dotained had
goad approximation with the experimental results,
except for the case 1, that the concordarce was not
so goad, as observed in Figs. 2, 4 and 6 of this
work.

The numerical results presented in this work had
goad approximation with the eperimental
temperature profile obtained by Silva ad
Rodrigues (19973). The maximum error presented
in the numerical temperature values for 12 cm of
the inlet column were 0.39%, 0.52% and 0.43%
and in the outlet of 1.86%, 1.17% and 1.379%,
comparatively at the experimental results obtained
by Silva and Rodrigues (19979).
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Figure 1 - Bre&through line of n-pentane for the case 1.
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Figure 3 - Bre&kthrough line of n-pentanefor the ase 2.
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Figure 4 - Temperature in the bed outlet (0) andin the 12 cm of the bed inlet (0) for
the ase 2.
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Figure 6 - Temperaturein the bed outlet (0) andin the 12 cm of the bed inlet (0), for
the ase 3.
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CONCLUSIONS

In this work, the modding of an adsorption
column o fixed bed for the n-pentane separation
of a mixture of n-pentane iso-pentane and
nitrogen, considering the system not isothermal
and nd adiabatic, was presented. The partial
presaure influence of the n-pentane (0.19, 0.09 and
0.04) was analyzed in the breakthrough line and in
the temperature profile along adsorption column.
For each analyzed case, the maximum error
obtained in the numerical temperature values for
12 cm of the inleg comparatively at the
experimental datawas of 0.52%, whil e that for the
outlet temperature in the column was of 1.86%.
The developed methoddogy predicted with good
precision the concentration profile of the
temperature and chemical species of interest inside
of the adsorption column o fixed bed.

RESUMO

Neste trabalho é simulada numericamente a
separacdo de n-pentano de uma mistura cntendo
iso-pentano, n-pentano em uma corrente de
nitrogénio (inerte), em uma luna de adsorcéo de
leito fixo empamtada com zedlita 5A. Sdo
apresentadas as equagdes do modelo matematico
da transferéncia de calor e massa na ®luna de
adsorcdo, bem como suas cond¢des de contorno e
iniciais, além de algumas  hiplteses e
consideractes. Utiliza-se o Méodo de Volumes
Finitos para discretizar as equagdes e obter um
sistema de equaches algébricas aproximadas e
posterior  desenvolvimento  do  algoritmo
computacional. Os resultados numéricos utilizando
as interpoagdes Diferenca Central (CDS) e
Upwind (UDS) sdo comparados com resultados
experimentais obtidos na separacdo do n-pentano
encontrados na literatura. A influéncia da pressio
parcial no desempenho da coluna de adsor¢éo de
leito fixo também é analisada.
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