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adsorption is associative, on the other hand i.e. dissociation
when atom, ion or molecule dissociated upon adsorption. The
nature of adsorption of atoms, ions depends on quantum
mechanical forces including adsorbate strength and substrate
interaction.

Abstract
Lot of attention has been paid to the investigations on
adsorption and desorption processes in view of determining
purity and migration of various fluids for vacuum systems. In
the present work, modeling of adsorption and desorption
mechanisms of water in vacuum system under low pressures
have been carried out. Further, time dependent analyses of
adsorption and desorption of water molecules under different
pressures for realization of load lock vacuum system with
water migration and pumping have been simulated. From the
analyses of results, it has been observed that adsorption of
molecules found to decrease gradually which was discussed in
detail by considering two specific points such as high vacuum
and load lock systems with sticking coefficients and
corresponding pressure drop between chambers. Another
interesting observation is that pressure drops slowly for the
first three hours of pumping, after which abrupt decrease in
pressure due to residual pumped water was resulted.
COMSOL Multiphysics software tool v 4.4 was used to model
the proposed design. These studies would be more useful to
develop the non-sticky coatings in biomedical devices and
also to control and deliver fluids in various industrial
applications.
Keywords: Adsorption; Desorption
Coefficient; Load Lock; Vacuum System.
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EASE OF USE
Design Procedure
The procedure consisting of three fundamental steps such as
geometry, addition of physical interface& selective materials
and simulation with proper meshing for realizing optimum
output. To design the proposed model, COMSOL
Multiphysics v 4.4 was used. It has the features of inbuilt
materials library, model library and different physical
interfaces which really helps in coupling different domains of
research works.

Geometry
The proposed vacuum system comprising of lower cylindrical
load lock and upper spherical high vacuum chambers with
gate valve as partition between them. The dimensions of both
the chambers are in the range of few inches (Fig. 1). The
vacuum pump is placed in such a way that it exactly opposite
to the gate valve with constant speed of 500 l/sfor maintaining
vacuum to the desired level. By utilizing various geometry
toolbar options, the following vacuum system has been
realized.

Sticking

INTRODUCTION
Recent days, there has been growing demand for vacuum
technology which is vital in micro and nanoscale device
fabrication processes under low pressures. It helps in avoiding
thin film contamination problems during deposition process.
More specifically, interaction of water with solid surface
resulting adsorption and desorption mechanisms in high
vacuum systems has become interest of many investigators [1,
2]due to the facts that they would facilitate simple, cost
effective and more economic procedures suitable for industrial
applications. Hence felt it is necessary to carry out
investigations on adsorption and desorption of water with
solid surface under low pressures in a vacuum system.
Considering need and demand of such investigations, the
present work is aimed to model a vacuum system consisting
of high vacuum and load lock cylindrical chambers provided
with gate valve that facilitates and ensures the operating
pressure over a function of time as water is pumped out.
Adsorption is the process in which ions, atoms, molecules are
trapped on substrate and adhere to it, where substrate is a solid
surface onto which adsorption takes place. Based on adsorbed
entity, if atom, ion or molecule adsorbed as single unit then

Figure 1: Vacuum system with two chambers and gate valve
provision
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Parameters and Physical Interface

Simulation

Generally, the rate of adsorption and desorption of water
absolutely depends on density of states available including
time constant for desorption and sticking coefficient. Since,
during adsorption, water molecules may collide with walls of
the chamber with strong dependence of vacuum pressure. It is
known fact that the water molecules or any other cannot travel
without colliding neighboring molecules or walls of the
chamber until unless suitable low pressure is maintained. The
details of parameters used in the modeling process are
presented in Table 1.

Simulation of time dependent adsorption and desorption of
water in a vacuum system at low pressures has been carried
out for different time periods. Various attempts have been
made to explore the molecules adsorbed on the surface as a
function of time with respect to water pumping. When a gate
valve to a load lock is opened, then water will enter into the
system and same has been modeled.

Table 1: The adsorption and desorption process parameters

From the simulation results, it has been observed that there
was adsorption of molecules per unit area on the surface
including relocation of molecules among both the chambers.
Very interestingly, adsorbed molecules per unit surface area
found to decrease gradually where distribution of molecules
appears qualitatively similar. When time increases from 0 to
1000 seconds, the adsorbed molecules per square meter on the
surface of the chamber found to changes from 6.02 x 10 19to
1.8 x 1019as shown in Figures 2, 3, 4 and 5. From these
results, it allows us to conclude that surface acclimatisation
with adsorbed molecules has been observed, most
importantly, adsorbed molecules per square meter chamber
surface found to decrease as function of time.

S.No.
1
2

Parameter
Density of adsorption sites (Nsites)
Time constant for desorption (Tau)

Value
10-4mol/m²
200.00 s

3

Sticking coefficient (Sc)

0.10

RESULTS AND DISCUSSION

Out of various available physical interface modules, fluid flow
module was selected since it supports in modeling and
simulating free molecular flow of water under different low
pressures with respect to time. This model treats the
adsorption and desorption of molecules in a molecular flow by
specifying sticking coefficient (s) and molar desorption rate
(d).

The value of the sticking coefficient is
S=S0 (1-nads/nsites)

-----------------

(1)

Where ‘S0’ is the sticking coefficient with no site occupancy
(assumed to be 0.1) and nsitesis the molar capacity of the
surface sites on the system.
The value of the molar desorption rate is given as
𝐷=

𝑛𝑎𝑏𝑠
τ

------------------

(2)

Where τ is the time constant for desorption.
Figure 2. Adsorbed molecules per unit area at t=0sec.
Materials and Assumptions
As per the model, for the applied load/pressure, pumping of
water to be simulated, hence water has been added. Sticking
coefficient usually depends on surface site occupancy and its
maximum value is 0.1 for clean surface. It is also important to
note that there is no dissociation of water molecules during
adsorption resulting first order desorption process means
desorption rate is proportional to the molar concentration of
adsorbed molecules.
At the start of the simulation, it is assumed that the walls of
the load lock and the sample stage are both fully saturated
with a single monolayer of adsorbed water and that there is no
adsorbed water vapor on the surfaces of the high vacuum
chamber. Selection of the required boundary points and builds
all the objects with extra fine meshing.
Figure 3. Adsorbed molecules per unit area at t=300sec.
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Figure 6: Pressure as a function of time at points in the load
lock and high vacuum chambers.

Figure 4. Adsorbed molecules per unit area at t=700sec.

Figure 7: Adsorbed molecules per unit area at points in the
load lock and high vacuum chambers.

CONCLUSION
The adsorption and desorption processes of water in vacuum
system comprising high vacuum and load lock under low
pressures have been designed and simulated. From the
simulation results, it has been observed that there was
adsorption of molecules per unit square meter on the surface
including relocation of molecules among both the chambers.
Very interestingly, adsorbed molecules per unit surface area
found to decrease gradually where distribution of molecules
appears qualitatively similar. During initial pumping up to 210
seconds, gradual pressure drop taken place, later, abrupt
pressure resulted that could be due to remaining water
content.

Figure 5. Adsorbed molecules per unit area at t=1000sec.

For better understanding of working of vacuum system, as
water is pumped out, graphs have been plotted for variation of
pressure with adsorbed molecules on the surface for the two
chambers, one is in high vacuum chamber and another is load
lock chamber. From the figures 6 and 7 the graphs resembles
the similar variation. Worth note observation is that after
certain time, there was merging of pressures in both the
chambers including time independent difference between
chambers pressures. During initial pumping up to 210
seconds, gradual pressure drop taken place, later, abrupt
pressure resulted that could be due to remaining water
content. It is important to note that the pressure of high
vacuum chamber must be of the order of 0.7 µ torr or less.
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