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Abstract. The performance of a pressure swing adsorption (PSA) process for production of high purity hydrogen
from a binary methane-hydrogen mixture is simulated using a detailed, adiabatic PSA model. An activated carbon
is used for selective adsorption of methane over hydrogen. The effects of various independent process variables
(feed gas pressure and composition, purge gas pressure and quantity, configuration of process steps) on the key
dependent process variables (hydrogen recovery at high purity, hydrogen production capacity) are evaluated. It is
demonstrated that many different combinations of PSA process steps, their operating conditions, and the feed gas
conditions can be chosen to produce an identical product gas with different hydrogen recovery and productivity.
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Introduction

Separation of bulk gas mixtures by Pressure Swing Ad-
sorption (PSA) processes has become a common indus-
trial practice in the areas of air fractionation, gas dry-
ing, and hydrogen production (Sircar, 1996). Numerous
PSA process concepts have been patented during the
last thirty years and several of them have been commer-
cialized. Besides high separation efficiency and favor-
able economics provided by some of these processes,
the key reason for such a phenomenal growth in the
development of this technology is the design flexibility
of these processes. Many combinations of the cyclic
adsorption, desorption, and complementary steps and
their operating conditions in conjunction with a vari-
ety of adsorbents (often multiple types used in the same
process) can be utilized to obtain the desired separation
goals.

Pilot plant performance data are generally needed
for ultimate design and optimization of these PSA pro-
cesses. However, realistic process simulation models
can be used for screening process concepts and adsor-
bent materials, as well as for first pass process design.

∗Author to whom correspondence should be addressed.

An acceptable model must simultaneously solve the
equations describing the mass, the heat, and the mo-
mentum balances in the adsorption columns for each
step of the cyclic process and integrate them over many
cycles of operation in order to generate the steady state
performance. The key input variables for these models
include (a) the multicomponent adsorption equilibria,
heats, and kinetics for the system of interest covering
the entire range of conditions (pressureP, tempera-
ture T , and gas phase mole fractions of componenti ,
yi ) experienced by the adsorber during a cycle, (b) the
relevant physical properties of the gases and the adsor-
bents, (c) the fluid dynamic and heat transfer character-
istics inside the adsorber, (d) the feed gas conditions,
and (e) the sequence of PSA cycle steps, their durations,
and operating conditions. The key dependent variables
include (a) the product gas purity, pressure, and recov-
ery, (b) the adsorbent inventory needed for producing
unit amount of the product, and (c) the specific energy
needed for the separation.

It should be emphasized here that the effects of the
adsorbent non-isothermality and the column pressure
drops on the PSA process steps are critical for obtain-
ing realistic process designs (Hartzog and Sircar, 1995).
Ignoring them can result in a very optimistic process
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performance. Several detailed PSA process models,
which incorporate these important effects and which
are used for industrial designs, have been published in
the literature (Hartzog et al., 1992; Gemmingen, 1993).

The purpose of the present work is to simulate the
performance of a PSA process for production of high
purity hydrogen from a binary methane-hydrogen feed
gas mixture using an adiabatic, non-isobaric model, and
to evaluate the effects of feed gas conditions, product
purity, and process cycle designs on the separation. It
will be demonstrated that the separation performance
of the PSA process is the result of a complex and often
non-intuitive interaction between the input variables
and the process cycle.

Characteristics of the Adsorption System

We chose the BPL activated carbon (Calgon Corp.) for
selective adsorption of CH4 from H2. Figure 1 shows
a set of adsorption isotherms for these pure gases on
the carbon at several temperatures over a large pressure
range. These data (circles) were experimentally mea-
sured in our laboratory using a conventional volumetric
adsorption apparatus (Golden and Sircar, 1994). The
isotherms can be described very well over the entire
ranges of pressure (P) and temperature (T) of the data
by the homogeneous Langmuir model (solid lines):
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1+ bi P
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RT

]
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wheren0∗
i is the specific equilibrium adsorption ca-

pacity of pure gasi at P andT . bi is the Langmuirian

Figure 1. Pure gas adsorption isotherms for CH4 and H2 on BPL
activated carbon.

Table 1. Equilibrium and kinetic properties of the adsorbent.

Kinetic LDF
Langmuir equilibrium parameters parameters

Gas m (moles/kg) b0
i (atm−1) q0

i (kcal/mole) ki (sec−1)

CH4 3.24 4.32× 10−4 3.984 1.3

H2 3.24 0.87× 10−4 3.011 32.5

equilibrium constant for adsorption of pure gasi which
is an exponential function ofT . b0

i is a constant andq0
i

is the isosteric heat of adsorption of pure gasi which is
independent of adsorbate loading andT . m is the satu-
ration adsorption capacity for both gases. Table 1 gives
these model parameters. The selectivity (S) of adsorp-
tion of CH4 over H2 (S = bCH4/bH2) is a function of
T only. The value ofSat 30◦C is 25.0 and it decreases
with increasingT becauseq0

CH4
> q0

H2
.

The mixed gas Langmuir adsorption isotherm is
given by

n∗i =
mbi Pyi

1+∑ bi Pyi
i = 1, 2 (2)

wheren∗i is the equilibrium adsorption capacity of com-
ponenti from a gas mixture (mole fractionyi ) at P
andT . It was assumed that the CH4-H2 binary adsorp-
tion isotherms can be calculated by Eq. (2) using the
parameters of Table 1 because our previous experience
showed that CO2-N2 and CO2-CH4 binary mixture data
on the BPL carbon can be described by the mixed Lang-
muir model (Sircar and Kumar, 1986).

Previous analysis of column dynamic data on the
BPL carbon for adsorption of CH4-He, N2-He, and
CO2-He binary gas mixtures showed that the local ad-
sorption kinetics for these systems can be adequately
described by the Linear Driving Force (LDF) model
(Sircar and Kumar, 1986):(

δni

δt

)
z

= ki [n
∗
i − ni ] (3)

whereki is the effective mass transfer coefficient for ad-
sorption of componenti .ni is the instantaneous loading
of that component on the carbon at timet and distance
z in the column.n∗i is the corresponding equilibrium
loading of componenti in the carbon atz andt where
the instantaneous gas phase conditions are given byP,
T , andyi .

Table 1 gives the value ofkCH4 on the carbon
(Sircar and Kumar, 1986). We assumed that hydrogen
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Table 2. Physical properties of gases and adsorbent.

Adsorbent

Bulk density= 0.481 g/cm3

Chemical density= 2.107 g/cm3

Total column void fraction= 0.77

Interparticle void fraction= 0.38

Particle diameter= 3.18 mm

Adsorbent heat capacity= 0.22 cal/g/◦K
Column diameter= 1.83 m

Column length= 6.10 m

Gas

Molar density= Ideal gas

Molar heat capacity= C1+C2T +C3T2

+C4T3 cal/mole/◦K (T =◦K)

CH4 H2

C1 4.75 6.95

C2 1.20× 10−2 −0.046× 10−2

C3 0.303× 10−5 0.096× 10−5

C4 −2.63× 10−9 −0.208× 10−9

Molar viscosity= C1 + C2T kg/m/sec (T = ◦K)

CH4 H2

C1 1.75× 10−6 2.91× 10−6

C2 3.14× 10−8 2.00× 10−8

adsorption is instantaneous (kH2 = 32.5 sec−1). We also
assumed thatki ’s are independent ofni andT . Theseki

values are relatively large (>1.0 seconds−1) which sug-
gest that the ad(de)sorption process for these systems
will primarily be dominated by the adsorption equilib-
ria and the absolute values of these kinetic variables
may not be critical (Hartzog and Sircar, 1995).

Table 2 lists the relevant physical properties of the
adsorbent and the gas phase used in the simulation.
It was assumed that the gas and the adsorbed phases
reached instantaneous thermal equilibrium and the ad-
sorbent columns were adiabatic throughout the PSA
cycle. It was also assumed that there was no radial gra-
dients and there was no axial dispersions of heat or
mass in the column.

It was further assumed that the following differential
form of the Ergun equation described the local transient
pressure drops in the column atz andt for all steps of
the PSA cycle:

−
(
δP

δz

)
t

= 150µQ(1− ε̄)2
ρg(dp)2(ε̄)3

+ 1.75Q2(1− ε̄)
ρg(dp)(ε̄)3

(4)

whereQ is the molar gas flow rate in the column atz
andt (based on empty column cross-sectional area).ε̄

is the interparticle void fraction in the column.dp is the
adsorbent particle diameter.µ andρg are, respectively,
the gas phase viscosity and density atz andt .

Characteristics of the PSA Process

The base PSA process design for this study consisted
of the following seven cyclic steps:

(a) Adsorption: The feed gas mixture at pressurePF

and temperatureTF was passed through the carbon
column and a stream of pure H2 at pressure∼PF

was withdrawn through the product end. A part
of this gas was used for final repressurization of
a companion column (step g) and the balance was
withdrawn as the H2 product gas. This step was
continued until the CH4 adsorption front reached
about the middle of the column.

(b) Cocurrent Pressure Equalization: The column
was then cocurrently depressurized fromPF to PI .
The effluent gas through the product end consisted
of pure H2 which was used to partially pressurize
another column undergoing step (f).

(c) Cocurrent Depressurization: The column was
then cocurrently depressurized fromPI to PII . The
hydrogen effluent gas through the product end was
used to purge another column undergoing step (e).

(d) Countercurrent Depressurization: The column
was then depressurized fromPII to PD counter-
currently in order to remove a part of the adsorbed
and void gas CH4 from the column. The effluent
gas was wasted.

(e) Countercurrent Purge: The column was then
purged at the lowest pressure level of the cycle
(PD) countercurrently using a stream of hydrogen
from another column undergoing step (c) in order
to further remove CH4 from the column. The efflu-
ent gas was wasted.

(f) Countercurrent Pressure Equalization: The col-
umn pressure was raised fromPD to PI by coun-
tercurrently introducing the effluent gas from step
(b) of a companion column.

(g) Pressurization with Product: Finally, the column
pressure was raised fromPI to PF by countercur-
rently introducing a part of the H2 product gas be-
ing produced by another column undergoing step
(a). The column was now ready for a new cycle
from step (a).
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Figure 2. Schematic flow diagram for the base seven-step PSA process.

Figure 2 shows a schematic flow diagram for the above-
described PSA process and Table 3(a) gives the time
schedule for the steps. Four parallel adsorbers are
needed to operate the cycle with continuous feed flow
and product gas withdrawal. The only other hardware
required by the process are gas headers and switch
valves. We assumed that each adsorber was 1.83 meters
in diameter and 6.10 meters long, and the total cycle
time for the process was 16.0 minutes.

The CH4 was adsorbed from the feed gas in step (a).
It was desorbed and removed from the column in steps
(d) and (e). The complementary step (b) is added to
recover and internally recycle a part of the void and
co-adsorbed H2 that is present in the column at the end
of step (a). The complementary step (c) also recovers
a part of the void and co-adsorbed H2 and uses it as
H2 purge gas during desorption. These steps increase
the H2 recovery by the process at the cost of increased
adsorbent inventory. The H2 purge and pressurization
steps (e, f, g), push back the CH4 impurities from the
product end of the column so that a pure H2 product
stream can be obtained during the subsequent adsorp-
tion step.

A part of the void gas H2, the co-adsorbed H2, as well
as the purge gas H2 is lost with the effluent waste gases
produced during steps (d) and (e). This lowers the H2

recovery by the process. Thus, instead of using one in-
ternal pressure equalization (1PE) step (b, f), one may
design cycles with two (2PE) or three (3PE) pressure
equalization steps in order to improve the H2 recovery
by the process. Table 3(b) and (c) show the cycle steps
and time schedules for these cases. For the 2PE case,
the adsorber is cocurrently depressurized three times.
The H2 effluents from the first and the third segments
are used for pressure equalization with two other com-
panion columns, while the effluent gas from the middle
segment is used for the H2 purge step in another col-
umn. This option can be operated using four parallel
adsorbers as shown by Table 3(b). For the 3PE case, the
adsorber is cocurrently depressurized in four segments.
The effluent gases from the first, second, and fourth seg-
ments are used for internal pressure equalization with
three other companion adsorbers. The effluent gas from
the third segment is used to purge another column. It
is necessary to have five parallel columns in order to
accommodate all the steps of the 3PE case as shown by
Table 3(c). It also requires additional valves and pip-
ing. The column is countercurrently depressurized to
PD at the end of the cocurrent depressurization steps in
all cases, purged with H2 at PD, and then repressurized
with H2 to PF in a sequence of pressure equalization
and product pressurization steps.
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Table 3. Cyclic steps and various options of times for the PSA process.a

aCCD – Cocurrent Depressurization; CoCD – Countercurrent Depressurization; PE – Cocurrent Pressure Equalization; Pres – Pressurization.

The CH4 impurity is not allowed to break through
the product end of the column until at the end of the last
cocurrent depressurization steps. Thus, each additional
pressure equalization step increases the adsorbent in-
ventory per unit amount of pure H2 product.

It was assumed in this study that the feed gas was
available at pressurePF and the final desorption pres-
sure (PD) was slightly above atmospheric. Thus, no ad-
ditional energy was needed to carry out the separation.

It may be seen from Table 3(a)–(c) that the adsorbers
idled during certain periods of the total cycle. There
were no introduction or withdrawal of gas from the
adsorber during these idle periods. The cycle times for
the individual steps were chosen in such a way that the
total cycle time was the same for each case and at least
one adsorber was always undergoing step (a) of the
process so that the feed gas introduction and hydrogen
product withdrawal were continuous.
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Characteristics of Process Simulation Model

The column mass and heat balance equations used in
the model are (Sircar and Rao, 1999):

Component i balance:(
δn̄i

δt

)
z

= −
[
δ{Qyi }
δz

]
t

i = 1, 2 (5)

n̄i = ρbni + ερgyi i = 1, 2 (6)

Heat balance:

Csρb

(
δT

δt

)
z

=−
[
δ

δz
{QCg(T − T0)}

]
t

+ ρb

∑(
δni

δt

)
z

+ ε
(
δP

δt

)
z

(7)

whereρb, Cs, and ε are, respectively, the adsorbent
bulk density, the adsorbent heat capacity, and the total
void fraction in the column.ni , T , andCg are, respec-
tively, the loadings of componenti , the adsorbent and
gas temperature, and the molar heat capacity of the
gas phase at a distancez in the column at timet . The
corresponding gas phase is characterized byP, T , and
yi .

The momentum balance for the column is given by
Eq. (4). Equations (4)–(7) can be simultaneously solved
with Eqs. (1)–(3) and the appropriate initial and bound-
ary conditions for each step of the PSA cycle to estimate
the overall separation performance of the process.

A proprietary software package called SIMPAC
(Simulator for Packed Bed Adsorption Cycle) was
used. The partial differential equations were discreti-
cized in space using the finite volume method, and the
resulting system of time dependent, explicit, first or-
der differential equations was solved with backward
difference option for stiff systems. More details about
this software package and its operational algorithm can
be found elsewhere (Hartzog et al., 1992; Hartzog and
Sircar, 1995). About 500 cycles of operation were re-
quired before a steady state was reached. On an IBM
RS/6000 model 550 workstation with a nominal rating
of 25.6 MFLOPS, one complete cycle needed about 68
CPU seconds.

Results of Parametric Study

For our base case analysis, we assumed that the feed gas
mixture contained 20% CH4 + 80% H2 at a pressure

of 14.61 atm (PF) and a temperature of 30◦C (TF).
The countercurrent H2 purge step was carried out at
∼1.34 atm (PD). The quantity of the H2 purge gas at the
column inlet [P, actual cubic meters (pressure= PD

and temperature= TF) per cubic meter of carbon col-
umn per cycle] during a cycle was controlled by manip-
ulating the rate of the cocurrent depressurization step of
the companion column which was producing the purge
gas. The H2 product gas purity was 99.999% in all
cases except otherwise mentioned. The separation per-
formance of the process was estimated in terms of the
H2 productivity [H , normal cubic meters (pressure= 1
atm and temperature= 21◦C) per cubic meter of carbon
column per cycle] and the % H2 recovery [R, moles of
H2 produced per mole of H2 feed per cycle× 100]. The
preferred performance objective was to increase both
H andR while maintaining the product gas purity.

Effect of PSA Cycle Design

We conducted a series of simulation runs for the process
options 1PE, 2PE, and 3PE using different H2 purge
gas quantities (P). Feed gas quantities [F , actual cu-
bic meters (pressure= PF and temperature= TF) per
cubic meter of carbon per cycle] were adjusted to
meet the desired product purity. The model generated
the composition-quantity profiles for the effluent gases
from the countercurrent depressurization and the coun-
tercurrent H2 purge steps. They were integrated to ob-
tain the amount of H2 lost by the process per cycle.
Consequently, the H2 recovery by the process was es-
timated.

Figure 3 shows typical CH4 desorption characteris-
tics by the process. It was generated for a 1PE cycle
using aP/F value of∼1.0. The abscissa for Fig. 3
represents the fraction (f ) of the total gas leaving the
column during steps (d) or (e). It may be seen from
Fig. 3 thatyD

CH4
increases as the desorption process by

countercurrent pressure reduction continues andyP
CH4

decreases as the desorption process by hydrogen purge
continues. The figure also gives the average column
pressures during these two steps. The fraction of H2

loss during the pressure reduction step is 38.6% of the
total H2 loss for this case.

Figure 4 summarizes the net results of these runs
which show the hydrogen productivity (H ) and the re-
covery (R) as functions ofP/F for all three different
process cycle options. The general trend is that bothH
andR are relatively low whenP/F is low. They both
increase with increasingP/F , go through maximum
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Figure 3. Example of effluent gas composition—quantity profiles
for countercurrent depressurization and hydrogen purge steps of the
base PSA process.

Figure 4. PSA process performance using one-, two-, and three
internal pressure equalization steps.

values, and then decrease asP/F is further increased.
At lower P/F ratios, a relatively larger fraction of ad-
sorbed CH4 is desorbed per unit amount of H2 purge
used in the process. Thus, both the H2 productivity and
recovery increase with increasingP/F . At higherP/F
ratios, the amount of desorbed CH4 per unit amount of
purge gas used decreases, which reduces both the H2

productivity and recovery values. The variation ofR is
much less pronounced than that forH . It may be inter-
esting to note that the maximum ofH and R profiles
do not occur at the same value ofP/F . Thus, both ad-
vantages cannot be achieved at the same time. Higher
H2 recovery may, however, be economically more at-
tractive than higher H2 productivity.

The data of Fig. 4 also shows that for any given value
of P/F , higher H2 recovery can be achieved by increas-

Table 4. Hydrogen losses during countercurrent depressurization
and purgea.

H2 loss in countercurrent H2 loss in
Process cycle depressurization purge effluent

H2 in feed H2 in feed

1 Equalization 0.058 0.092

2 Equalizations 0.024 0.117

3 Equalizations 0.010 0.118

a All absolute quantities are in moles of gas/kg of adsorbent/cycle.

ing the number of pressure equalization steps. The H2

productivity, on the other hand, drastically decreases in
the order 1PE> 2PE> 3PE. The maximum values of
H2 recoveries for these three cases are, respectively,
85.0%, 86.5%, and 87.5%. TheH values for these
maximum H2 recovery levels are, respectively, 24.7,
22.1, and 17.7. Thus, a 2.5 point additional H2 recovery
(%) can be obtained over 1PE case by using the 3PE
cycle at the cost of∼40% more adsorbent inventory
for the same H2 production rate. The optimum values
of P/F for the highestR values for all three cases
lie between 1.1–1.3. The 3PE case also requires addi-
tional hardware to accommodate five adsorbers in the
process.

Table 4 shows the amounts of H2 lost during the
countercurrent depressurization and H2 purge steps of
the PSA process using the 1PE, 2PE, and 3PE options
when the H2 recoveries are at their maximum values.
The amount of fractional H2 loss during the counter-
current depressurization step decreases as the number
of internal pressure equalization steps are increased.
The fractional H2 loss during the countercurrent H2

purge step does not significantly change between these
process options.

Effect of Feed Gas Pressure

Figure 5 shows the performance of the PSA process
with a one (1PE) or three (3PE) pressure equalization
steps, estimated using different feed gas pressures. The
P/F ratio was maintained at a constant value of∼1.0
for these runs. In both cases, the H2 productivity mono-
tonically increased as the feed gas pressure is increased
but the H2 recovery went through a maximum value.
The higher feed gas pressure results in higher void and
co-adsorbed H2 in the column at the start of the step
(d) which is then lost during countercurrent desorp-
tion, causing a larger reduction in H2 recovery by the
process.
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Figure 5. PSA process performance using different feed gas pres-
sures and pressure equalizations steps.

Figure 5, however, shows some very interesting re-
sults. Both the H2 recovery and the productivity are
comparable between the 1PE and 3PE cases when the
feed gas pressure is relatively low (PF∼7.80 atm).
Thus, there is no incentive to use the 3PE cycle in that
pressure range. The H2 recovery, on the other hand,
is much higher for the 3PE option than the 1PE case
in the higher feed pressure range. Thus, the 3PE case
is much superior in that region. The maximum in the
H2 recovery-pressure profiles occurs at a much lower
feed pressure value for the 1PE case than for the 3PE
case.

Figure 5 also shows that the H2 recovery is higher
for the 3PE case than the 1PE case but the correspond-
ing H2 productivity is lower. The two extra cocurrent
pressure equalization steps in the 3PE case decrease
the subsequent H2 loss in the countercurrent depres-
surization step which increases the H2 recovery by the
process. On the other hand, these steps require more
adsorbent volume to contain the CH4 impurities from
breaking through which reduces the H2 productivity.

Effect of Purge Gas Pressure

The purge gas pressure (PD) is a key variable in the
PSA process because the purge waste gas is often piped
for combustion. Figure 6 shows the performance of the
base PSA process with one pressure equalization step
and using different purge gas pressures. BothH and
R drastically decreased as the purge gas H2 pressure
was increased. Lower purge gas pressure was obviously
beneficial.

Figure 6. Effect of hydrogen purge gas pressure on the performance
of the PSA process.

Effect of H2 Product Purity

The base PSA process (1PE case) can be operated to
produce lower purity H2 by allowing some of the CH4
impurity to break through during the last cocurrent de-
pressurization step. Table 5 shows theH andR values
for several levels of CH4 impurities in the product gas.
The H2 productivity and recovery increased as the H2

purity in the product gas was reduced. Alternatively,
the table shows that the penalty for increasing the prod-
uct H2 purity from 99.0–99.999% was not large. Only
a 14% reduction in H2 productivity and a 2.5 points
decrease in H2 recovery occurred during such a large
upgrade in the H2 product purity. This is a typical ad-
vantage offered by most PSA processes which cannot
be met by many other separation technologies.

Effect of Feed Gas Composition

Several simulation runs were also made using different
feed gas compositions (60–90% H2) and the base PSA

Table 5. Performance of the PSA process for producing impure
hydrogen product.

Product H2 H2 productivity H2 recovery
purity (mole %) (H ) (nm3/ft3) (R) (%) P/F

99.999 24.21 84.8 1.01

99.990 25.03 85.5 0.98

99.900 26.16 86.3 0.94

99.000 27.62 87.4 0.93
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Figure 7. PSA process performance using different feed gas com-
positions.

process with a single pressure equalization step. The
H2 product purities were again maintained at 99.999%
for these cases. Figure 7 shows the results which plot
H andR values as functions ofP/F for feed gas mole
fractions (yF

H2
) of 60%, 70%, 80%, and 90% H2. The

general characteristics of these curves are similar to
those shown by Fig. 4. Again the maximum values of
H andR for any given value ofyF

H2
did not occur at the

same value ofP/F .
A very interesting result was that the maximum val-

ues of H2 recovery changed only between 82.5–85.5%
whenyF

H2
was changed from 60–90%. The higher the

feed gas H2 mole fraction, the higher was the maxi-
mum value of the H2 recovery. On the other hand, the
corresponding change in the maximum values of H2

productivity was very large. The maximum H2 pro-
ductivity values were, respectively, 32.1, 24.5, 17.6,
and 12.8 foryF

H2
values of 90%, 80%, 70%, and 60%.

Thus, higher H2 concentration in the feed gas does not
appreciably increase the potential H2 recovery but it
significantly increases the H2 productivity (reduces ad-
sorbent inventory). As in the case of Fig. 4, the effect of
varying P/F on H2 recovery is much less pronounced
than that on H2 productivity.

This parametric study demonstrates the flexibility in
the design and operation of a PSA process for CH4-
H2 separation. Various combinations of process steps,
operating conditions, and feed gas conditions can be
used to produce the same product purity with different
H2 recovery and productivity. Some of the results of
this study are not obvious. They are caused by complex
interactions between the adsorptive properties of the
system and the process design. This may complicate the

process optimization, but it also creates opportunities
for developing new PSA process concepts.

Summary

Separation of binary methane-hydrogen gas mixture
by a PSA process using one or more internal pressure
equalization steps was numerically evaluated. An acti-
vated carbon, which selectively adsorbed methane over
hydrogen was used as the adsorbent. An adiabatic, non-
isobaric PSA model called SIMPAC was employed for
the process simulations. The effects of different pro-
cess designs, the feed gas pressure and composition, the
product H2 purity, and the hydrogen purge gas pressure
on the process performance were evaluated. Hydrogen
recovery and hydrogen productivity per unit amount of
the adsorbent were treated as the dependent variables.

The key conclusions reached from this study are:

(a) High purity H2 product (99.999 mole%) can be pro-
duced at feed gas pressure from a feed gas mixture
containing 60–90 mole% H2.

(b) Both the H2 recovery and productivity exhibit max-
imum values as functions of the actual H2 purge to
feed gas volumes per cycle. However, the locations
of these two maximum properties do not coincide.
Thus, one cannot take advantage of both features.

(c) The H2 recovery can be increased by increasing
the number of internal pressure equalization steps
(PE) in the PSA cycle at the cost of a significant
reduction in the H2 productivity.

(d) The H2 productivity of the PSA process mono-
tonically increases when the feed gas pressure is
increased but the H2 recovery-feed gas pressure
profile goes through a maximum value at high pres-
sures. There is minimal incentive to use the 2PE
or 3PE case over the 1PE case when the feed gas
pressure is relatively low (PF∼7.80 atm). The hy-
drogen recovery is much higher for the 3PE case
at higher feed gas pressures.

(e) Increasing the hydrogen purge gas pressure dras-
tically decreases both the hydrogen recovery and
the productivity.

(f) The H2 product purity can be upgraded from 99.0%
to 99.999 mole% with a relatively small penalty in
hydrogen recovery and productivity.

(g) The maximum hydrogen recovery is a relatively
weak function of the feed gas composition (60–90
mole% H2 range) but the H2 productivity increases
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significantly when the hydrogen mole fraction in
the feed gas is increased.

(h) Many different combinations of PSA process
steps, their operating conditions, and the feed gas
conditions can be chosen to produce an identi-
cal product gas with different hydrogen recov-
ery and productivity. This complicates the task
of process optimization, but it also creates newer
opportunities.
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