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The export concentrations of acetone desorption from activated carbon at different temperatures, vacuum
degrees, and saturated adsorption capacities were measured. The results showed that the greater the desorption
vacuum degree and the initial adsorption capacity, the smaller the desorption rate. Given the adsorbent
microporous capillary effect and the mass transfer in the process of desorption, the concentration curve
reflects three phases, which are the vacuum-concentrated phase, fast attenuation phase, and slow attenuation
phase. Through theoretical analysis and a coupled model of the desorption process, numerical simulation of
the acetone desorption from activated carbon was carried out. Experimental and theoretical analysis showed
that small temperature changes were caused by desorption; therefore, the change of the mass transfer
coefficient and concentration caused by the temperature change is also small. In different desorption phases,
a coupled effect on the mass transfer coefficients have different influences on the concentration curve. For
the same initial adsorption capacity, the greater the partial pressure of the acetone, the larger the mass
transfer coefficient. Obtaining the mass transfer coefficient and axial dispersion coefficient by sections can
make the numerical results coincide well with the experimental data, and the axial diffusion coefficient
should not be ignored in vacuum desorption.

Introduction

In recent years, adsorption has become more widely applied
in large-scale separation projects, such as the separation and
recovery of organic solvents,1,2 purification of sulfur dioxide,
nitrogen oxides,3 mercury vapor,4 and dioxins5 and other
pollutants in combustion gas, carbon oxygen capture and
storage,6 and so on. PSA (pressure swing adsorption) is one of
the most important applications. On the basis of the fact that
adsorption varies under different pressures, it achieves the
separation of gas and the recycling of sorbents.1,7 It has been
found in previous studies that the smaller the desorption vacuum
degree, the steeper the desorption curve. However, when the
export concentration decreases to half of the initial concentration,
the desorption rate decreases considerably, and the export
concentration curve is abnormal and does not follow the law
of atmospheric pressure desorption. Additionally, the rebound
and maintenance of the concentration is also abnormal, and this
phenomenon is particularly evident with a total desorption
pressure below 30 kPa. This phenomenon has to do with both
the capillary effect and the heat and mass transfer cross-coupling
effect.8,9 At present, there are plenty of experimental studies
and numerical simulations of the heat and mass transfer in the
adsorption process,10,11 while there is less research on desorp-
tion, particularly vacuum desorption.2 Subebach2 takes vacuum
desorption as a counter-process of adsorption. However, in this
research, it is proven that, under a larger vacuum degree, the
export concentration for desorption and adsorption are not the
opposite but rather are more complex. A heat and mass transfer
coupling model was established for vacuum desorption to
simulate the desorption process of acetone from the activated
carbon. It serves as a numerical method of study on the coupled

heat and mass transfer on the desorption and provides reference
for the adsorption kinetic study of the purification of other
pollutants.

Experimental System and Methodology
Fixed-bed adsorption was used to study the desorption

process. The device consists of gas distribution systems, a
constant temperature system, an adsorption column (filled length
L ) 0.4 m, diameter DBi ) 0.028 m), a test system (GC FID,
RS53-T, Ratfisch nahysystem, Germany), data-processing sys-
tems (solatron instrument), and two vacuum pumps [(80 to 100)
kPa]. The inlet concentration of organic gases is measured in
the bypass pipe at the entrance of the adsorption column; the
outlet concentration is measured at the exports of the adsorption
column. Thermocouples are inside the adsorption column 1 cm
away from the surface. These are used to measure the temper-
ature changes in the heat and mass transfer areas as a result of
released or absorbed heat by activated carbon absorption or
desorption.

Columnar activated carbon C40/4 (Carbotech. Ltd. Co.,
Germany) was used in this study as the adsorbent, whose specific
physical performance parameters are shown in Table 1; acetone
(Koster and Bohmke Ltd., Germany) was used as absorbate,
with a purity over 99.5 %. The experimental apparatus is shown
in Figure 1.

Adsorption experiments were first done before desorption.
The vacuum pump blows a certain concentration of dry organic
gas (acetone) into the adsorption column of laminated glass with
a constant internal water temperature to ensure a constant
temperature in areas beyond the mass transfer regions. When
the adsorption column outlet gas concentration equals that
of the inlet gas for more than 30 min, dynamic balance is
achieved. The mass of activated carbon is measured to determine
the adsorption capacity and thereby determine the parameters
in the adsorption isotherm model.
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After weighing, the activated carbon is put back into
adsorption column. Organic gases with the original inlet
concentration go through the carbon for adsorption. After the
adsorption balance is achieved, the adsorption vacuum pumps
are replaced with the desorption vacuum pump. By adjusting
the constant water temperature, inlet concentration, and desorp-
tion vacuum, we may obtain different export concentrations.
When the adsorption column outlet gas concentration equals
that of the intake for more than 30 min, desorption balance is
achieved. At the same time, the activated carbon is weighed to
determine the desorption capacity.

Mathematical Model

Assumptions. Several assumptions are made to build the
model to analyze the test data and study the heat and mass
transfer coupling in the adsorption column, and Athena was used
to do the simulations in this work.

(1) The gas is viewed as an ideal gas (because when the gas
is at low pressure and room temperature, the effect of pressure
and temperature on the gas is neglected).

(2) The bed pressure drop is ignored (this work ignored the
role of resistance).

(3) The linear driving force mass transfer model is used (a
traditional model is used in this work).

(4) The adsorption equilibrium model uses the Langmuir
adsorption isotherm model.

(5) The adsorption of the carrier gas is neglected (because
activated carbon has little adsorption capacity for the carrier
gas).

(6) Gases within the fixed bed are in the form of axial piston
flow (because of little radical diffusion).

(7) The gas flows uniformly on every surface of the bed.
Considering the constant adsorbate, the gas flow rate in the fixed
bed is constant (to simplify the adsorption process).

(8) The physical properties of the adsorbents and the
adsorption column do not change.

Model DeWelopment. Gas-Phase Mass Transfer Model. The
model used in gas-phase mass transfer is

where DL is the axial diffusion coefficient, m · s-1; C is the
total concentration of gas, kg ·m-3; u is the empty tower gas
velocity, m · s-1; ε is the adsorbent porosity; z is the bed axial
coordinates; Fp is the adsorbent packing density, kg ·m-3; q
is the solid-phase concentration, kg · kg-1; and t is the
adsorption time, s.

Adsorbed gases meet the ideal gas assumption, namely, Ci

) pyiMi/(RT). Ci is a concentration of component i, kg ·m-3;
yi is mole fraction of component i; Mi is molar mass of
component i, kg ·mol-1; R is the gas constant, J · (mol ·K)-1;
T is the gas temperature in the column, K; and p is the column
internal pressure, Pa.

These are introduced into eq 1, such that,

Energy ConserWation Model. The model used for energy
conservation is

where KL is the thermal axial dispersion coefficient,
W · (m2 ·K)-1; cpg is the column gas heat capacity, J · (mol ·K)-1;
cps is the solid-phase adsorbent heat capacity, J · (kg ·K)-1; cpa

is the heat capacity of the absorbed phase, J · (mol ·K)-1; FB is
a true bed density, kg ·m-3; Fg is the column gas density,
kg ·m-3; ∆H is the equivalent heat adsorption, J ·mol-1; aw is
the effective heat transfer coefficient of the wall, J · (s ·K)-1;
RBi is the bed internal radius, m; and Tw is the wall tempera-
ture, K.

The wall heat transfer in axial dispersion is neglected, and
to calculate the bed boundary energy, the energy equation is

Fw is the bed wall density, kg ·m-3; cpw is the bed wall heat
capacity, J · (mol ·K)-1; Aw is the bed wall cross-sectional area,
m2; RBo is the bed wall external radius, m; hi is the convective
heat transfer coefficient, J · (s ·K)-1; ho is the natural convection
heat transfer coefficient; and Tatm is the ambient tempera-
ture, K.

Mass Transfer Rate Equation and Adsorption Isotherm
Equation in the Linear DriWing Force Mass Transfer Model
(LDF). The LDF mass transfer rate equation is

where q* is the equilibrium adsorption capacity, kg · kg-1.
The adsorption isotherm (Langmuir) equation is

where qmax is the maximum adsorption capacity, kg · kg-1, and
qmax ) aa exp(bb/T), b ) cc exp(dd/T).8,12 aa, bb, cc, and dd
are fitting constants, where aa ) 2.4279 ·10-3, bb ) 1.4193 ·103,
cc ) 2.0975 ·10-4, and dd ) 1.9202 ·103, respectively.

Table 1. Parameters of Activated Carbon (C40/4)

bulk density apparent density BETa surface area micropore volume specific heat capacity particle size

kg ·m-3 kg ·m-3 m2 · kg-1 porosity m3 ·kg-1 kJ ·K-1 ·kg-1 (d × L)

390 700 106 0.667 10-3 0.8 0.004 mm × 0.008 mm

a Brunauer-Emmett-Teller.

-DL
∂

2C

∂z2
+ u

∂C
∂z

+ ∂C
∂t

+ 1 - ε
ε

Fp
∂q
∂t

) 0 (1)

-DL

∂
2yi

∂z2
+ u

∂yi

∂z
+

∂yi

∂t
+ 1 - ε

ε
Fp

RT
pMi

∂q
∂t

) 0 (2)

-εKL
∂

2T

∂z2
+ (εtFgcpg + FBcps + FBcpaq)

∂T
∂t

+

εFgcpgu
∂T
∂z

+ FB∆H
∂q
∂t

+
2aw

RBi
(T - Tw) ) 0 (3)

FwcpwAw

∂Tw

∂t
- 2πRBihi(T - Tw) + 2πRBoho(Tw - Tatm) ) 0

(4)

Aw ) π(RBo
2 - RBi

2)

∂q
∂t

) k(q* - q) (5)

q* ) qmax
bC

1 + bC
(6)

Journal of Chemical & Engineering Data, Vol. 55, No. 11, 2010 4733



Theoretically, the mass transfer coefficient9,13 can be obtained
by

where Rp is the average diameter of the adsorbent, m; Deff is
the effective diffusion coefficient, m2 · s-1; Fs is the adsorbent
packing density, kg ·m-3; D12 is the molecular diffusion coef-
ficient, m2 · s-1; Dkn is the component of the Knudsen diffusion
coefficient, m2 · s-1; M1 is the molecular weight of component
1, kg ·mol-1; M2 is the molecular weight of component 2,
kg ·mol-1; V1 is the molar volume of component 1 with the
pressure p and temperature T, m3 ·mol-1; V2 for component is
the molar volume of component 2 with the pressure p and
temperature T, m3 ·mol-1; and dp is average micropore diameter
of adsorbent, m. Allowing for circuitous phenomenon, D12 and
Dkn are amended to be

where updiff is the molecular diffusion constant and upkn is the
Knudsen molecular diffusion constant.

As a result of the heat and mass transfer coupling, as well as
many other factors, it is hard to theoretically calculate the mass

transfer coefficient of the LDF model, and the simulation method
is most currently used.10,14,15 This is supported by a large
difference among published data in relevant literature. The
change of mass transfer coefficients in the desorption process
is discussed in this paper.

Model Conditions. Initial conditions:

Boundary conditions:16,17

The end conditions of the adsorption are used as the initial
conditions of the desorption.

Results and Discussion

Desorption Temperature Changing Conditions. As the
desorption absorbs heat, the desorption mass transfer zone
temperature decreases. The concentration curve was tested at
20 °C and 105.21 kPa when adsorption occurs with inlet
concentrations of (22.60 and 6.14) g ·m-3 and at different
pressures, as shown in Table 2. The measured mass transfer
zone temperature changes, and the export concentration curve
in the acetone desorption process is shown in Figures 2 and 3.

This shows that vacuum desorption outflow is divided into
four characteristic areas: the vacuum concentrated area, fast
decay area, the concentration maintenance area (pressure < 60
kPa), and the slow decay area.

The desorption temperatures were set at (15, 20, and 25) °C
under a pressure of 105.21 kPa, and adsorption occurred with
an import concentration of 6.14 g ·m-3 under a pressure of

Figure 1. Experimental device.
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105.00 kPa. Experimental conditions are shown in Table 3. The
measured mass transfer zone temperature changes and the export
concentration curve are shown in Figure 3.

The greater the initial concentration of adsorption and the
lower the temperature, the greater the amount of saturated
adsorption. Figures 2 to 4 show that the greater the amount of
saturated adsorption, the larger the temperature difference in
the mass transfer zone, but that the temperature drop due to
desorption is less than 2 °C.

Impact of Desorption Pressure on the Desorption Penetra-
tion CurWe. The export concentration curves in Figures 2 and
3 show that when desorption occurs in the saturation adsorption

column under different degrees of vacuum, the export concen-
tration changes in two ways: (1) when the desorption vacuum
is small (experiment nos. 4, 7, 8), except in the beginning, the
acetone concentration at the exit increases because of the
vacuum concentration, and the change in concentration is
the opposite of that in the adsorption process; namely, it is
similar to the situation with an atmospheric pressure purge,
which decreases quickly at first and thereafter slowly; and (2)
when the desorption vacuum is large (experiment nos. 1, 2, 3
and 5, 6), changes in the concentration are more complicated
than those at exports with the atmospheric pressure purge. When
the concentration is decreased to a certain degree, there is a
period of time when it is maintained or even increased, after
which it continues to decline at a slower rate.

The rapid increase of the concentration during the initial
desorption of acetone can be explained by the following reasons.

Table 3. Experimental Conditions (II)

saturated adsorption weight desorption temperature

serial no. kg ·kg-1 °C
9 0.17 15
10 0.11 25

Table 2. Experimental Conditions (I)

saturated adsorption weight desorption pressure

serial no. kg · kg-1 kPa

1 0.24 31.50
2 0.24 53.55
3 0.24 81.90
4 0.24 105.00
5 0.15 31.50
6 0.15 53.55
7 0.15 81.90
8 0.15 105.00

Figure 2. Temperature difference of mass transfer zone and outlet concentration of acetone at different desorption pressures, when the initial concentration
of adsorption is 22.60 g ·m-3.

Figure 3. Temperature difference of mass transfer zone and outlet concentration of acetone at different desorption pressures, when the initial concentration
of adsorption is 6.14 g ·m-3.
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Due to evacuation, the total pressure decreases rapidly, and the
partial pressure of acetone also decreases and is less than the
balance pressure in the beginning of adsorption, to accelerate
the acetone desorption from the activated carbon. The volume
fraction of acetone in the adsorption column increases rapidly.
The greater the desorption vacuum, the higher the degree of
increase in the concentration. As the desorption proceeds, the
acetone absorbed by activated carbon is gradually reduced, and
the export concentration decreases at a rapid rate. Under different
desorption pressures, the rates of concentration change in the
fast attenuation areas and slowly decaying area and are shown
in Figure 5. At the beginning of desorption, there is a large
quantity of acetone on the activated carbon, and there is a large
difference in the desorption of a gas-phase acetone concentration
in the beginning of the corresponding equilibrium adsorption,
such that the desorption rate is large when desorption begins.
As desorption continues, acetone desorbs continuously from the
activated carbon to the gas phase, and the corresponding
difference between the relatively small amount of equilibrium
adsorption and the desorption rate is low. As shown in Figure
5, the greater the initial adsorption, the greater the slope of the
desorption curve and the greater the desorption rate.

In case 2, the maintenance of concentrations may be the result
of capillary phenomena.18 When the pressure is reduced during
desorption, the condensed liquid in the large hole evaporates
first, and the adsorption film is left on the hole wall. As the

pressure decreases further, the condensed liquid in smaller holes
evaporates and is left on the hole wall, while the adsorption
film becomes thinner on large pore walls, so the amount of
desorption caused by reduced pressure consists of two parts:
the condensed liquid evaporation corresponding to the pressure
change and the decreased thickness of adsorbed film on pore
walls. However, because the activated carbon pore size is
different, a cavity closed by the condensed liquid may be formed
at relatively large pores. As desorption proceeds, the inner cavity
pressure is equal to the sum of gas pressure outside the cavity
and the condensed liquid pressure, in which the partial pressure
of acetone is greater than that outside the cavity. Thus, before
the condensed liquid is fully evaporated, the extent of desorption
on the inner cavity surface is less than that outside the cavity,
and the desorption gas is enclosed in the cavity by condensed
fluids. After complete evaporation of the enclosed condensed
liquid, this part of the gas is released, so the desorption rate
decreases, and the desorption concentration curve is maintained.
In Figure 2, when the desorption pressure is less than 81.90
kPa, the acetone export concentration curve shows short-term
maintenance, whereas under the conditions shown in Figure 3,
there is a smaller trend under the same pressure. This indicates
that, under a strong vacuum, the greater the initial adsorption
capacity is, the more likely that concentration maintenance
occurs, which may be explained by the fact that the greater
adsorption concentration, the more holes have capillary cohe-

Figure 4. Temperature difference of mass transfer zone and outlet concentration of acetone at different temperatures, when the initial concentration of
adsorption is 6.14 g ·m-3.

Figure 5. Decrease rate of concentration of different initial concentrations of adsorption and desorption pressure.
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sion, and the more obvious the effect of molecular vaporization
on concentration maintenance.

In addition, Figures 2 and 3 show that the larger degree of
vacuum helps to increase the initial concentration of acetone
but is not good for the fast desorption of acetone. When the
initial adsorption equilibrium capacities are (0.24 and 0.15)
g ·g-1 and the desorption pressures are (31.50, 53.55, 81.90,
and 105.00) kPa, the multiples of concentration increase are
1.68, 1.52, 1.31, and 1.06 and 3.0, 2.33, 1.5, and 1.1,
respectively. Insert Ci ) pyiMi/(RT) into both sides of eq 6, and
calculate the partial derivatives for P and the rate of balance
adsorption over pressure.19 We have (∂q*/∂p) ) (qmaxRT)/
(byiMi)p-2. This shows that the smaller the acetone concentration
in evacuation, the greater the rate of balance adsorption over
pressure, so the smaller the initial adsorption capacity, the greater
the extent of the reduction of the balance adsorption capacity
over pressure; in turn, the greater the desorption mass transfer
rates, the greater the degree of the increase of the concentration
of acetone in the gas phase.

In Figures 2 to 4, the desorption pressure and rates are
different; thus, the mass transfer coefficient is different because
the pressure affects the diffusion coefficient and absorption
capacity, thus affecting the mass transfer coefficient.8

Impact of Temperature on Mass Transfer. Figure 4 shows
that, under different temperatures, the export concentration curve
shape is almost the same, indicating that the mass transfer rate
varies slowly with temperature. In Figure 4, the speed of the
decline of the acetone concentration did not vary substantially
but is the fastest at 25 °C and the slowest at 15 °C. This indicates
that the higher the temperature, the greater the rate of acetone
desorption, the greater the mass transfer coefficient, and the
greater the slope of the desorption curve.

Equations 7, 8, and 9 show that, in addition to the ∂q/∂c term,
the temperature affects the mass transfer coefficient primarily
through the Deff term. The temperature difference in the
desorption process is less than 2 °C, that is, its range is (0.99
to 1.01). Thus, the D12 range is (0.98 to 1.02) D12,o, and the Dkn

range is (0.99 to 1) Dkn,o. Correspondingly, the largest range of
Deff is (0.98 to 1.02) Deff,o. The change is less than 2 %, so the
temperature has little effect through the improved Langmuir
isotherm.8 We see that the temperature change is less than 2
°C, resulting in a very small difference of ∂q/∂c; therefore, given
a little change in temperature, the changes in k and Deff can be
ignored.

Discussion on the Impact of Heat and Mass Transfer.
Impact of Mass Transfer Coefficient on Desorption Concen-
tration CurWe Influenced by Coupling. Equation 7 shows that
the mass transfer coefficient depends on ∂q/∂c. As the acetone
adsorption on activated carbon can be described by the improved
Langmuir isotherm equation,8 it can be established that, when
the gas phase adsorbate concentration is low, ∂q/∂c is basically
constant, and that it is the same as the higher concentration;
that is, when the adsorption isotherm is linear, the adsorbate
mass transfer coefficient has nothing to do with the concentra-
tion.9 It can be predicted for the acetone desorption process that
there are different mass transfer coefficients and diffusion
coefficients in different concentrations changing stages.

To explore the impact of coupling heat and mass transfer,
numerical simulations were used to discuss the coupling effects
of the mass transfer coefficient on the concentration curves of
desorption. Table 4 shows some parameters in the desorption
mathematical model.

Figure 6 shows the effect of the mass transfer coefficient k
on the desorption curve under different degrees of vacuum. As
the desorption pressure changes, for the same k, the smaller the

pressure, the greater the concentration increases in the vacuum
compression zone, and the greater the concentration rate of
decrease and the faster the mass transfer. As for the same initial
equilibrium adsorption capacity, temperature, and desorption
pressure, the greater the k, the greater the mass transfer rate,
the steeper the concentration curve, and the sooner the concen-
tration decreases to 0. With the desorption pressure changes,
the change in the decreasing rate of concentration due to k
changes is not obvious.

Figure 7 shows the impact of the change in the mass transfer
coefficient k on the desorption concentration curve under
different equilibrium adsorption capacities. When the equilib-
rium adsorption capacity is not the same, for the same k, the
greater the equilibrium adsorption capacity, the steeper the
concentration curve, the larger the concentration decrease and
the faster the mass transfer rate. Figure 7 shows that the change
in the rate of decreasing concentration due to k increases as the
initial equilibrium adsorption capacity decreases.

Figure 8 shows the impact of the mass transfer coefficient k
on the desorption curves under different temperatures. For the
same initial equilibrium adsorption capacity, desorption pressure,
a 5 °C temperature difference, and k under different tempera-
tures, the concentration curves are almost identical, indicating
little sensitivity to temperature.

Figures 6 to 8 show that the impact of the mass transfer
coefficient k on concentration is strong at the beginning of

Table 4. Primary Parameters in the Model

∆H Rp

ε εp kJ ·kg-1 mm

0.428 0.673 620.5 3.16

Figure 6. Effects of k on outlet concentration of desorption at different
vacuum rates (20 °C, 6.14 g ·m-3).

Figure 7. Effects of k on the outlet concentration of desorption with different
saturation adsorption quantities (20 °C, 31.50 kPa).
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desorption, but that this subsequently decreases, especially in
the slowly decaying areas.

Figure 9 shows the impact of the axial diffusion coefficient
DL on the desorption concentration curves. For the same initial
equilibrium adsorption capacity, temperature, and desorption
pressures, the greater the DL, the smaller the mass transfer rate,
the flatter the concentration curve, and the later the concentration
is reduced to 0. The change in the decreasing concentration rate
due to the DL value increases as the desorption decreases; when
the pressure is low, the diffusion is more obvious.

Figure 10 shows the impact of DL on concentration under
different equilibrium adsorption capacities. The rate of decreas-
ing concentration due to decreasing DL decreases as the
equilibrium adsorption capacity increases. For different tem-
peratures, the impact of DL on the desorption curves is shown
in Figure 11. For the same initial equilibrium adsorption
capacity, desorption pressure, and a 5 °C temperature difference,

in the first half of the concentration curve, the smaller the DL

value is, the higher the concentration, and the concentration does
not change with temperature; in the second half of the
concentration curve, for the same DL value, the lower the
temperature, the higher the concentration. The effect of reducing
DL on the concentration increase is more obvious at lower
temperatures.

Comparing Figures 6 to 11, the impact of concentration
changes when the DL changes by a factor of 100, which is bigger
than the change of the k value on the concentration curves. The
impact of DL changing is not only in the initial desorption, but
the decrease of DL also causes the concentration to increase in
the slow decay area, which is contrary to the adsorption
situation.2

The export acetone concentration decline rate on activated
carbon is very different before and after the maintenance phase,
with the maintenance emergence time as the subpoint. Figure
12 shows the experimental simulations of the no. 1 experiment
when the mass transfer coefficient and axial dispersion coef-
ficient are given certain values. The simulated curves with
various k and DL values are very different than that when the
concentration is constant. If the simulation results coincide with
those in the vacuum compression area and the rapid concentra-
tion decay area, it is difficult to demonstrate coincidence with
the slow decay zone data, and vice versa. This shows that, under
large vacuums and concentration maintenance areas, the calcula-
tion with fixed values of k and DL can hardly correspond well
to the experimental data in the entire desorption process.

In short, the simulation concentration curve shows a law for
the impact of coupling mass transfer coefficients on the
desorption curves: in vacuum desorption, when the desorption
vacuum is small, the mass transfer coefficient and diffusion

Figure 8. Effects of k on the outlet concentration of desorption at different
temperatures (105.00 kPa, 22.60 g ·m-3).

Figure 9. Effects of DL on outlet concentration of desorption at different
vacuum rates (20 °C, 6.14 g ·m-3).

Figure 10. Effects of DL on outlet concentration of desorption with different
saturation adsorption quantities (20 °C, 31.50 kPa).

Figure 11. Effects of DL on outlet concentration of desorption at different
temperatures (105.00 kPa, 22.60 g ·m-3).

Figure 12. Simulation results of experiment 1 with constant k and DL.
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coefficient are almost unchanged. However, as the vacuum
degree decreases, in particular, when it is lower than 50 kPa,
the mass transfer coefficient and diffusion coefficient may
change, and the mass transfer coefficient and diffusion
coefficient have different characteristics. This also indicates
that, after capillary phenomena take place, the mass transfer
coefficient is influenced by the desorption pressure and
decreases with desorption pressure reduction; desorption
temperature fluctuations have little effect on the mass transfer
coefficient. It is also consistent with the previous theoretical
analysis, such that it can be concluded that the mass transfer
coefficient is different at different desorption stages. Simula-
tion serves as a way to obtain data that is hard to obtain in
micropoles.

Mass Transfer Coefficient at Different Desorption Stages
with the Coupled Effect. On the basis of the theoretical analysis
and simulation discussion, for a constant concentration, it is
necessary to find the mass transfer coefficient and axial
dispersion coefficient in different stages, with the emergence
time as the subpoints, before and after which different mass
transfer coefficients and axial dispersion coefficients are ob-
tained. For the situations without concentration maintenance,
good results with fixed k and DL values were found. In
experiments 1 to 10, the export concentration curves are shown
in Figure 13 to 15.

k and DL values in the simulation of experimental data are
shown in Table 5. This shows that the model can be used to
simulate the desorption of acetone from activated carbon. The
average error between the experiment and simulation is less
than 10 %.

Because the LDF mass transfer coefficient is greatly
impacted by the saturated absorption capacity, the saturated
absorption capacity is determined by the partial pressure of
acetone rather than the volume percentage. In the experiment,
the order of partial pressure of acetone is experiment 4 >

experiment 3 > experiment 2 > experiment 1, and in the other
group, experiment 8 > experiment 7 > experiment 6 >
experiment 5. Table 4 shows that the LDF mass transfer
coefficient increases as the partial pressure of acetone
increases. Experiments 8, 9, and 10 simulation experiments
have the same mass transfer coefficient, which indicates that
there is no big change in the mass transfer coefficient under
a 10 °C temperature difference.

The simulating calculation shows that, in contrast to
adsorption, the axial dispersion coefficient DL is much bigger
for desorption in this experiment and should not be ignored.
This indicates that free diffusion and microporous molecular
Knudsen proliferation in the desorption process have a greater
role than in adsorption. In the DL subvalues, it is found that
the difference between DL values in two stages is far less
than the differences in the k values, but that the impact of
temperature on DL is much bigger than that on the k value:
it increases as temperature rises. This is because both the
free molecular diffusion and Knudsen diffusion increase as
the temperature increases.

Table 5. k and DL in the Simulation

serial no.

k (s-1) DL (m · s-1)

vacuum concentration
and rapidly decay zone

concentration slowly
decay zone

vacuum concentration
and rapidly decay zone

concentration slowly
decay zone

1 0.0018 0.00025 0.0024 0.00074
2 0.0034 0.0005 0.0026 0.0034
3 0.038 0.00035 0.0028 0.0074
5 0.0019 0.0015 0.0094 0.0074
6 0.008 0.00085 0.035 0.0064
4 0.18 0.0058
7 0.038 0.95
8 0.6 0.055
9 0.6 0.050
10 0.6 0.065

Figure 13. Simulation of outlet concentration in experiments 1 to 4.

Figure 14. Simulation of outlet concentration in experiments 5 to 8.

Figure 15. Simulation of outlet concentration in experiments 9 and 10.
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Conclusions
In this paper, on the basis of the fixed-bed vacuum desorption

process, the mass balance, mass transfer process, and energy
conservation model are established, and for the models used
for the performance calculation under different experimental
conditions, the simulated results agree well with the experi-
mental results. Thus, the model can be used for the prediction
of some factors to be determined. The following conclusions
can be drawn by numerical simulations.

(1) The desorption concentration curve can be divided into a
vacuum concentration area, rapid attenuation area, and slowly
decaying area: when the desorption pressure is 31.5 kPa, the
desorption export concentrations which are 6.14 g ·m-3 and
22.60 g ·m-3 go through a long period of rebounds and holds
before slowly declining, and when the desorption pressure is
53.55 kPa, only the initial concentration of adsorption of 6.14
g ·m-3 has this trend.

(2) In the vacuum desorption process, the mass transfer
coefficient and diffusion coefficient do not change substantially
when the desorption vacuum degree is small. However, as the
vacuum degree decreases, in particular, when it is lower than
50 kPa, the mass transfer coefficient and diffusion coefficient
change and have different characteristics. In particular, the
capillary phenomena in the production after the mass transfer
coefficient by the desorption pressure decrease with the desorp-
tion pressure to reduce the trend. This also indicates that after
capillary phenomena take place, the mass transfer coefficient
is influenced by the desorption pressure and decreases with
desorption pressure reduction.

(3) It is found from experimental and theoretical analysis that,
when the temperature is from (15 to 25) °C, if the temperature
changes caused by desorption are not big, the mass transfer
coefficient change is not great.

(4) If the adsorption isotherm lines have linear relations, the
concentration has little effect on the mass transfer coefficient.

(5) Simulating the mass transfer coefficient and axial disper-
sion coefficient phase by phase can meet the experimental data
well, serving as a good way to acquire the data, which is hard
to obtain in micropoles.

(6) The axial diffusion coefficient DL has a large value in
the experimental conditions and should not be ignored. The
temperature has a greater impact on k than DL.
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