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(Pressure swing adsorption prototype with cassava-based adsorbent for
dehydration of ethanel vapor)
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Abstract

This research aimed to study the suitability of using cassava-based adsorbent in fixed bed
and pressure swing adsorption (PSA) systems for water separation from ethanol vapor. A prototype
PSA system has been developed for dehydration of ethanol-water vapor mixture. In addition, the
-.__e.ffect several variables on the quéntity of ethanol production rate was studied, including adsorption
.p.r'essure, adsorption temperature and feed flow rate. The cassava-based adsorbent prepared from
_'r_'n.ixtures of cassava starch and cassava pulp which are material which can decompose naturally.

The study consisted of two parts, fixed-bed and pressure swing adsorption experiments. For
fixed-bed adsorption results, the cassava-based adsorbent can removed water from ethanol vapor
'i;v_hich increased the ethanol concentration to more than 99.5 wi%. The capability of water
.ads‘-,orption decreased when the ethanol concentration in the feed was increased. The water
adsorption of cassava-based adsorbents can be modeled by the Langmiur adsorption isotherm.

The pressure swing adsorption study was designed as a 2’ factorial for analysis with three
factors that affecting the ethanol productivity which are adsorption pressure (P) adsorption
temperature (T) and feed flow rate (V). The results showed that all three factors had an effected on
ethanol productivity. The adsorption pressure was the most significant factor which had an affected
on ethanol productivity. The optimal operating condition for this system was found to be at 3 bars
for the adsorption pressure, 120°C for the adsorption temperature and 600 ml/min for the feed flow
rate with an ethanol production rate of 714 ml/hr. The PSA with cassava-based adsorbent reported in

this study could be an alternative method for production of nearly anhydrous ethanol.
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Abstract

This research investigated water adsorption
efficiency of adsorbent prepared from cassava starch
and cassava pulp in a bench-scale packed-bed
adsorption system. Parameters of interest are effect

of adsorbent quantity, and ethanol concentration of

starting solution on ethanol concentration in
condensates leaving the adsorber. Water adsorption
isotherm of the adsorbent appeared to fit a favorabls
Brunauer’s Type I or Langmuir isotherm. The
process could prepare ethanol solution with
concentiation higher than ifs aqueous azeotropic
point, which could not be achieved in normal
fractional distillation. The ethanol production
obtained was in a vicinity of 0.3 gram ethanol per
gram of gdsorbent. In conclusion, adsorption using
cagsava-based adsorbent was able to dehydrate
ethanol selution and couid be an alternative

technique for production of anhydrous ethanol.

Keyword: Ethanol Dehydration, Biomass-derived
Adsorbent, Cassava

1. Introduction

Complication of & process for ethanol
dehydration by fractional distillation arrives when
the solution is in the vicinity of its azeotropic point
95.6 wt% ethanol), where both compounds are not
separable by fractional distillation. Azeotropic
distillation to bring ethanol concentration up to an
anhydrous level is an energy-intensive and requires
a use of toxic organic enfrainers such as benzene. As

a result, anhydrous ethanol is normally produced™by
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distilling the selution until ethanol concentration of
about 75-90 wi% is achieved, and other techniques
are employed afrer that to remave water to a
minuscule level.

 One of the energy-efficient techniques widely used
for delrydration of ethanol is adsorption, and starcly and
ceHulosic biomass are among several adsorbents that
have been used. Examples of the biomass-derived
adsorbents include cracked corns [1], corn meal [2}H4],
com grits [5], 6], xylan and wood chips [7], {8], wheat
constifuents [9], [10], nateral comcobs, nahiral and
activated palm stone and oak [11].

It has been accepted that ethanol dehydration by
adsorption requires far less energy than the
conventional azeotropic distillation [12]. Adscrpdon
with bicmass-derived adsorbent is also less energy-
consuming than adsorption using other adsorbents.
For examyple, the total energy consuned in dehydration
of ethanol using cellulose was reported fo be
2,873 kg, while the adsorpiion using caleiam
oxide (Ca0) was 3,669 kikg .4 [1]. In addition,
biomass-derived adsorbents need less energy for
regeneration than synthetic adsorbents [13].

Another attractive advantage of using biomass-
derived adsosbent is that, when regeneration is not
practical, the spent adsorbents could be used as a
feedstock of fermentation, either for ethanol or biogas
production. In addition, deposition of starchy
and celiulosic adsorbents is unproblematic
and enviroamental friendly due to their readily
biodegradability. All these advantages lead to growing
interest in using this type of materials as a potent
desiceant for drying gaseous and crganic compounds,

Ability of starcht and cellulose to adsorb water is
a result of interaction in form of hydrogen bonding

between free hydroxyl groups (-OH) on their glucose

water

Figure T Hydrogen bonding between starch and water.

units and the water molecules [14] as depicted in
Figure 1. Water is by nature more polar than organic
compounds such as alcohols; therefore, it interacts with
hydroxyl groups of the glucose-confaining adsorbent
with higher strength and faster rate. Consequently,
agueous alcohol solution passing through Ded of
starchy or cethilosic materials would come ont with
lower concentration of water in the sohation.

Thailand ranks the third, following Nigeria and
Braril, of cbunu‘ies that produce cassava root with a
total root production of 25-30 millon tons amnuaily,
which sums up around 10% of the world production,
This country, however, is the first in production and
exportation of cassava-derived products [135],
Nakhosn Ratchasima is a proviuce in northeast
region of Thailand that has Iargest cassava planting
area. As a result, there are many cassava starch
production plants locating in this province.

Wet cassava pulp is created abundantly during
the production of cassava starch. This material still
containg sufficient amount of cellulose fiber and
starch and usually sold very cheaply at 100-400
Baths/ton {about §3-$12/ton}, to animal feed
mamefachurers. When the demand from animal feed

indusiry is low, cassava pulp accumulates and rots,
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causing an extremely unpleasant smell, which is an
environmental problem commoniy encountered in
1he area around cassava siarcll factories,

In present study, new adsorbent with a
capability in removing water fhotn ethanol vapor
was developed nsing cassava prlp as one of te
wmain ingredient. The water adsorption efficiency of
the adsorbent was lested by monitoring the ethanol
concertrativn in condensates leaving from a bench-
s¢ale packed-bed adserption systems. Parameters of
biterest were quantities of adsorbent and ethano,
concentration of stagting solution.

2. Materinls and Method
2.1 Cassava Starch ang Cassava Fulp

Native cassava starch and wet cassava pulp
were provided from Sanguan Wongse Starch
Industries (Naklicrn Ratchesimes, Thailand). Cassava
pulp was sun-dried for 24 v fellowed by dryivg in
hot air oven at temperature of 110°C for ancther
12 Ii. Moistute contants of the pulp were monitored
by a moisture analyser (Precisa, XM60). Diied
cassava pulp was ground and seleciively scroened.
Pellets with sizes berween 30-40 Mesh (0.420-
0.595 romy) were used in adsorbent preparation.

2.2 Adsorbent Prepavation

Cassava starch and deled ground cassava pulp
were weighed and mixed with an additon of 0.1 M
NaO. The mixwre was stived while being heated
at femperatire about 65°C for 10 nuin, The mixore
was then spread ouf on an aluminum pag and was
dried for 12 hin e hot air oven ax 110°C. The dried
mixture was then ground and sieved, and pelets
with size between 30-40 Mesh were usest as the
adsorbent in this study.

condenser

product

hot water]
At
out

_stting
" solutien

heating
wantle

Figure 2 Benco-scale packed bed adsorpiion.

2.3 Characterization of the Adsorbent

Surface motphelegy of the adsorbent was
visualized by svanning electron microscopy (SEM)
Adsorbent pallets were fixed on a metal stubs and
eomed with gold. Images of the sample surface was
scanned and photographed using a TEOL JSM-6G400
scanning electron micrescope operating ar 206 kV,

Crystallinity of hie adsorbents was investigated
by X-ray diffraction {XRD)} using a poxvdel_"x—my
diffractometer (Maodel D5005, Bruker), with Ni-
filtered Cu-Ka radiation. All the spectra wers
recorded with 28 angle in the tange of 5 to 75°, Cu
target, 40 KV, 40 maA, a slep size of 0.02 with a scon

step of 0.4 second per step.

2.4 Eihanol Dehydesfion in Bench-scale Packed-
~hed Adsorption
A schematic of bench-scale packed bed
adsorber for ethanol vapor delipdeation is shown i
Fignre 2. The adsorbent was packed in a jacketed
Chromailex cohum (Koutes 420870-3010) with an
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Figure3 Breakthrough curves when using 10 g of
adsorbent.

inside diameter of 2.5 cm and a length of 30 cm.
Column wall temperature was maintained at 90°C
by circulating hot water through the jacket.

Starting aqueous solution with known ethanol
concentration was heated in a 500-mi round-
bottom long-neck flask surrounded by an electric
heating mantle. The vapor was passed through the
column, and the exit stream was condensed using
water as a cooling medium. The process was
operated semi-batchwisely with periodically
addition of ethanol solution into the flask in order
to maintain the constant concentration of the
starting solution.

Fractions of condensates were collected at
regular time interval and were analyzed for ethanol
concentration using Abbe refractometer. When the
experiment is terminated, spent adsorbent was
removed fiom the column and regenerated for rense
by drying in the hot air oven at 110°C for 12 hous.

3. Result and Discussion

Breakthrough curves of water adsorption on
the prepared adsorbent wher ethanol with different
water contents were used as starting feed are
Hlustrated in Figure 3. Cy, is water concentration in
the vapor mixture condensed from the adsorber at
any time and Cy, is the concenfration of water in
the vapor at the starting (zero time) of the
experiment. To ensure {hat adsorbent saturation
and complete shape of the breakthrough curves
were achieved, the column was packed with only
14 g of the adsorbent. Feed solution with ethanol
concentration of 75 and 85 wt% were also studied
(data not shown here). Water loading, W, which
expressed as gram of water adsorbed {g,) per gram
of adsorbent uvsed (g,,.), was calculated for each
experiment and were plotted against the
corresponding feed concentration.

The adsorption isotherm illustrated in Figure 4
shows that adsorption of water on cassava-based
adsorbent resembles a favorable Brunauter’s Type I

or Langmuir isothenn, which follows the relation:

W ( Ke } w
e VN
Where W= water loading , £,/Z.

Wy = maximum water leading

¢ = water concentration in solution, g/L

X = adsorption constant, L/g

Parameter W_,, and K, determined by a

method of curve fitting from the isotherm dat_a, were
found to be 0.067 g./g.. and 0.03 L/g, respectively.
These values were verified by calculation of water
loadings and plot the value obtained back into
Figure 4. The R? of the plot is 0.95 indicating 2
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Figure 4 Adsorption isotherm when using 10 g of

cellulosic adsorbents, R?=0.95.

fairly good agreement between the calculated resulis
and the experimental data.

Breakthrough curve of adsorption using
different quantities of the adsorbent are
summarized in Figure 5. The stariing solution in
every experiment was of 90 wt% ethanol
congentration. Breakthrough data obtained from
these experiments are displayed in Table 1. As
below the
breakthrough point, CyfCy,y<0.05 or ethanol

seen, concentrations of water
concentration of abont 99.5 wi¥ in the collected
condensate, were obtained when mote than 20 g of
adsorbent were packed in the column.
Breakthrough time, as expected, Increased with
increasing adsorbent quantities.

Experiments with 60 g of adsorbent resulted in
the Jongest breakthrough {ime of 52.4 min, which
was considerably longer then a breakthrough time of

7.1 min when using 40 g of adsorbent. Water

T T

E LI B R S B

0 20 40 60 80 100 120 140

Time (min}

aA20g ®30g ©40g ®G0g

Figure 5 Breakthrough curves of different
quantities of cassava-based adsorbents

with feed concentration of 90 wt¥ ethanol.

loading for systems using 90 wi% ethanol as starting
solution was found to be in vicinity of 0.045 g/8..
for all expariments except a considerébiy under-
calenlated value of 0.030 g,/%.a oblained from
experiments using 60 g of adsorbents. Reasons to
this could be a particle arrangement and a packing
characteristic inside the adsorption column when
comparatively large amount of particles were
packed inside the column causing dense section at
the point where the feed entered, hence obstructing
good vapor distribution and sufficient access to
adsorbent surface. One of the evidence that counld
verify this hypothesis is the 0.60 ml/min condensate
flow rate which is significantly lower than those
around 1 ml/min in the systemn using 30 g and 40 g
adsorbent. Water loading in this system could have
been higher if the adsorbent distribution and access
to the adsorbent surface in the column had been
improved.
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Tablel  Breskthrough data for water adsorption
of 90.0 wt% ethanol using different

adsorbents quantities

Adsorhents | Breakthrough | Averspe | Water | Waler Ethazol
quantity Time* condensate | adsorbed | loadivg | Production®
flowmate

(2] (roim} (mmlmin) (g | (2w | (gethanolpads)
10 WA 052 G454 | 0045 NIA

20 L& 0.70 0825 | Qo041 0197

30 34 13 13528 0058 0292

40 71 Q.95 1900 | 4048 0.285

0 524 0.60 1.808 | 4030 0338

* i d at breaktheaugh ¢ ien CWICWO0=0.05

*  Gram of cthnnof with concentration = 995 w1% produced per pram of adsosbent

Ethanol production, defined as gram of
ethanol with concentration higher than 99.5 wt%
that was produced per gram of the adsorbent,
appeared to be approximately 0.3 Spuuof/S.a When
more than 20 g of adsorbent was used for
dehydration of 90 wt% ethanol solution. This value
is close to that of 0.284 g ,.4/&r, In a study using
corn grit as the adsorbent to dehydrate a solution of
17.5 mol% water in ethanol, which was equivalent
to a 91.7 wt% ethanol selution [5}. With a
comparable capacity to corn that costs around
7000-8000 Baths/ton, cassava-based adsorbent
holds an advantage of cheap main ingredient that
makes it an attractive choice for water adsorption
using biomass-derived material.

SEM images show that the adsorbent pellets’
shape and surfaces are not wniform (Figure 6a). In
closer view (Figure 6b), it can be seen that
significant portion of the adsorbent surface was
coverad by numerous sphere particles (most likely

. starchj, with gel-like layers appeared to cover on

: :_'sm_ne'p_ortion of the particle surface (Figure 6c).

: . : _Tﬁe_sé.’ Iayers, which could bave been created by

: sta.rch '_g_eI_aﬁnization when the mixtures were heated
£ durmg gdsbrbent preparation, presumably acted as a

201

Figure ¢ SEM images of (a) adsorbent particles;
() and (c) adsorbent surface.

glue fo hold all the components together and provide
structural strength to the adsorbent,

Gelatinjzation could increase the adsorption
capacity of the starch, because it causes crystalline
structure to become amorphous, which is desirable
for water adsorption. However, gelatinization may
also leads to retrodegradation of starch, which
causes an increase in the crystallinity and also

stractural changing that can adversely affect the
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Figure 7 X-ray diffiactograrns of cassava adsorbent.

adsorption of water vapor, as crystallinity hinders
the adsorption of water because the ~OH groups on
adjacent glucose units form complexes with each
other and cannot adsorb water unless this secondary
hydrogen bonding dissociates [12].

For the case of the adsorbent utilized in this
study, increase in crystallinity by retrogradation after
gelatinization might be insignificant when consulting
its X-ray powder diffractogram (Figwe 7) as it depicts
very low proportion of crystallinity. This could mean
that the extent of gelatinization that took place during
adsorbent preparation did not sufficiently lead to
retrogradation of the starch, or it could mean that most
of starch crystallinity was destroyed by the high
temperature employed for heating the mixture in
adsorbent preparation, since it has been reposted that
cassava {tapioca) starch caystallinity, molecuiar order
and DSC enthalpy were completely lost at~ 69.5°C
upon heating in water [16]. More extensive studies are
necessary io investigate whether the presence and
extent of gelatinized layer formed during adsorbent
preparation could have any effect on water adsorption
properties of the adsoﬁ)ént At this point, the cassava-
based adsorbent could be regarded as amoerphous
yather than crystalline materials.

4. Conclusion

Cellulose-based adsorbent prepared from
cassava pulp as.one of the main ingredient was
proved to be capable of adsorbing water in vapor
form. This ability is presmnably due to interaction
between water molecules and free hydroxyl groups
on the glucese units of starch and cellulose, which
has been reported for this type of materials.

" Breakthrough study of water adsorption cn the

adsorbent showed a favorable Brunauer’s Type I or
Langmuir isotherm. Results from fized-bed
adsorption showed that cassava based adsorbent was
able to selectively adsorb water and, in
consequence, dehydrate ethanol vapor, leading to
ethanol solution with higher purity than that of the
starting solution. This study elucidates that cassava
pulp could be a raw material for preparation of
adsorbent with target use of water adsorption. In
conclusion, water adsorption with cellulose-based
adsorbent could be an ecopomical technique to
produce anhydrous ethanol in country with large
area of cassava plantation like Thailand.
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Pressure Swing Adsorption with Cassava
Adsorbent for Dehydration of Ethanol Vapor

Chontira Boonfung and Panarat Rattanaphanee

Abstract—Ethanol has become more atfractive in fuel industry
cither as fuel itself or an additive thot Lelps enbancing the octane
number and combustibility of gasoline, This research studied a
pressure swing adsorption using cassava-based adsozbent prepared
fron mixtwe of cassava starch snd eassava pulp for deleydzation of
ethano! vapor. The apparafus used in the experiments consisted of
dauble adsomption columns, an evaporater, and a vacuum pump. The
feed solution contained 99-92 %hwt of ethanol Three process
variables: adsorption temperatures {110, 120 and 130°C), adsarption
pressuzes (1 and 2 bar gavge) and feed vapor flow rate (25, 50 and 75
% valve opening of the evaporater) wese investigated. According te
the experimental sesults, the optimal operaling condition for this
systemn was found to be at 2 bar gange for adsorption pressure, 120°C
for adsorption temperature and 25% valve opening of {le evaporator.
Production of 1.48 grams of ethanol with couceniration higher than
99.5 wi% per gram of adsorbent was obtained. PSA with cassava-
bosed adsorbent reported in this stady could be an altemative miethod
for production of nearly anlydrous ethanol. Dehydration of ethanel
vapor aclieved in this study is due fo an interaction between free
hydroxyl group on the ghicose units of the starch and the water
melecules,

Eeypwords—Adsorption, PSA, Ethanol, Dehydation, Cassava.

1. INTRODUCTION

ATER adsorption s one of energy-efficient teclniques

that are widely used for dehydmtion of ethanel, and
starchy and celivlosic bicmass are among several adsorbents
that have been used for this pwpose. Examples of the
biomass-derived adsorbents include cracked coms {1], com
meat [2]-[4], corn grits [5], [6], xylan and wood chips [7], [83,
whest censtituents [9], [10}, natural comcebs, namral and
activated paim stone and oak [11]. These materials offers
several advantages that liave led to growing interest in using
them as potent desiccants for drying gaseous and organic
compounds. For example, adsorption with biomass-derived
adsorbent was reported to be less energy-comsuming than
adsorption nsiug other adsorbents. The fotal energy consumed
in dehydration of ethanol using cellulose was reported 1o be
2,873 kIkZemeq, While the adsorption using calcinm oxide
(Ca0) was 3,669 kJkguen [1]. Also, biomass-derived
adsorbents were found to need less encigy for regencration
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than synfhetic adsorbents [12]. Ancther advantage is that
wlen regeneration is not practical for the spent adsorbents,
they could be used as a feedstock of fermentation, either for
ethanol or biogas production. In addition, deposition of starch
and celfulose base adsorbent is  umproblematic and
environmental fijendty due to their readily biodegradability.

Ability of starch and ceflulose in selectively adsorption of
water is a result of interaction in the form of hydrogen
bonding befween free hydroxyl groups (~OH) on their glucpse
units and the water molecules [13]. Water is by matare more
polar than organic componads such as alcohols; therefore, it
mteracts with hydroxyl groups of the glucose-containing
adsorbent with kigher sength and faster rate. Consequently,
aqueous alcohol solution passing through bed of starchy or
cellulosic materials woutld come out with lower concentration
of water in the solution.

Wet cassava pulp is cellulosic material thal is normally
created abundantly during the production of cassava starch in
Thailand. This material is usuaily sold very cheaply at 100-
400 Bathsfton (about $3-512/ton), to animal feed
mannfacturers. When the demand from animal feed industry is
low, cassava pulp accurmilzies and rofs, causing an extremely
unpleasant smell, which is an environmeatal problem
coymmonly encountered in the area around cassava starch
factories.

Capebility of biomass adsorbent prepared from eassava
pulp, whick still contsins sufficient amount of starch, was
used successfully in packed-bed adsorption system
dehiydration of ethanol vapor {14]. In this study, water
adserption capacity of the adsorbeat is tested in pressure
swing adsorption. Effect of operating variables including
adsomption temperature and pressure as well as feed ffow rate
on ethanol concenfration in the products and ethansl
praduction rate was investigated.

1. MATERIALS AND METHODS

A. Cassava Starch and Cassava Pulp

Cassava starch and dried ground cassava pulp were
weighed and mixed with an addition of 0.1 M NaOH. The
mixtare was stired witile being heated at femperature about
65°C for 10 min, The mixture was then spread cut on an
alumminum pan and was dried for 12 It in the hot air oven at
110°C. The dried mixture was then ground and sieved, and
pellets with size berween 30-40 Mesh were used as the
adsorbent in this study.
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Fig. 1 Schematic diagram of PS4 process

RB. ddsorbent Preparation

Cassava starch and dried ground cassava pulp were
weighed and mixed with an addition of 0.1 M NaOH. The
mixture was stirred while being heated at temperature about
65°C for 10 min. The mixture was then spread out on an
aluminueg pan and was dried for 12 h in the hot air oven at
LHI0°C. The duied mixture was then ground and sieved, and
pellets with size between 30-40 Mesh were used as the
adserbent in this study.

C. Pressure Swing Adsorption

Double-column PSA apparatus used in this study was built
in-house. The schematic diagram of 1he system is show in Fig,
1. The adsosption columns were made of stainless steel
columns with a Iength of 30 ¢ and an inver diameter of 5
cm.

At the beginning of the experiment, the evaporator was
filled with an ethanol solution with 90-92 Y%wt of ethanol. The
heater was tumned on and the cyele time of the operation was
set by fimer controller. The optimal cycle time for the
appamatus used in this study was found io be 4 min for
adsorption and 1 min for desorption (Adsosption Mesorption:
4/F). When the pressure in the evaporator reached up fo the
desired adsorption pressure, valve GV-1 was opened. The
ethanol vapor was passed through the top of colwin-1 whete
waler adsorption was fiestly taken place.

I, RESULTS AND DISCUSSION

Three cperating variables of ethanol dehydmtion by PSA
process were investigated in this study, ie adsorption
temperature {T), adsorption pressure {P), and feed fow rate.
The latter was controiled by adjusting the percent opesing (v)
of valve GV-1 at the evaporator. Values of the variables in
each experiment are shown in Teble L The process outputs of
interest were ethanol concentration in the product and ethanol
production expressed in prams ethsnol per gram adsorbent

(zmon/gas).
TABLEI
OPERATING VARIABLES OF PSA PROCESS

Run TCy P (brar) ¥ (3% valve opening)
i 110 i 50
F 120 i 50
3 13¢ 1 50
4 126 2 25
5 e 2 50
[ 120 2 75

A. Effect of Adsorption Temperature

The effect of the adsorpfion temperature on capability of
cassava-based adsorbent fo remove water from ethanol was
investigated. The results are shown in Fig. 2. Tt can be seen
that the coacentration of ethanol in the product at
adsoiption
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tempesattre of 120 and 130°C were significantly higher than
at 110°C. This could be due o some degree of vapor
condensation when the tersperature was not sufficiently high
because the used adsorbent in experiment with adsorption
temperature of 110°C appeared to be gquite wet.

The used adsorbent was found to be partially buiped in
experiment with adsorption temperate of 130°C despite the
high ethanol concentration obtained in the product As a
result, the optimum temperatiure was chosen to be at 120°C in
this study.
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Fig. 2 Effect of adsorption teinperature on coneeniratior of ethanol
product (%owe): ® 110 °C; 0 120 °C; A130°C

B. Effect af Adsorption Pressure

The effect of adserption pressure was studied at 1 and 2 bar
{2 and 3 bar absolute), and the ethanoi concentmtion oblained
from the process are shown in Fig. 3. It can be observed that
the concentration of ethanel product was increased with
adsorpiion pressure. The optimuin adsorption pressuze for the
apparatus nsed in this study was therefore chosen to be at 2

bar.
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Fig. 3 Effect of adsorption pressure on cencentration efethanol
product ($ewt): o 1 bar; A 2 bar,
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C. Effect of Feed Flow Rate

Effect of feed flow rate on ethavel concentration in the
product is shown in Fig. 4, which indicates that decreasing
feed flow rate by decreasing percent opening of valve GV-1 at
the evaporator could buprove the concentration of ethano! in
the product. This was likely due to longer contact time
between the vapor and the adsorbent at low feed flow 1ate.
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Fig, 4 Effect of feed flow rate on concentration of ethane} product
(Sowt): m 25 Yvalve opened; A 50 %; 0 75 Y%valve opened

Ethonol production, Zeon/fu, obtained from experiments
wilh different values of operating variables zre shown in
Table 2, As seen, the ethanol production was found to be
highest at percent valve opening of 25%. This value was thus
selected as the oplimum point for feed flow rate controlling in
this'study.

TABLER

ETHANOL FRODUCTION FROM PSA WITH CASSAVA ADSORBENT
T P ¥ 2Enn/ Tt
¢ () (valve opening) (99.5%w1)
114 1 50 -

©120 1 50 0.767
130 1 50 0228
120 2 50 1.366
120 2 25 1420
120 2 75 0.766

IV, CONCLUSIONS

Ethanol dchydration in PSA process using cassava
adsorbent was fested in this study. Effect of three operating
variables Le. adsorption femperature, adsorption pressure and
feed {low rate, on ethanol concentration in the product and
ethano] production from the system were investigated in order
fo obtain the opfimwmn operating conditions of the apparatus,
Results from various experiments showed that imcreasing
adsoxption pressure and decreasing of the feed flow rate led to
increased concentration of ethanol in the product. The
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optimum conditions were found 1 be at 120°C for adsorption
temperature, 2 bar for adsorption pressure, aud 25% valve
opening at the evaporatos for fecd Jow iate conrolling. This
study elucidntes that cassava pulp could be 2 raw muterdal for
prepaxation of adsorbent with targst vse of water adsorpiion.
In conclusion, waler adsorption with  cellulose-Lased
adsorbent couwd be an cconomical technigque to produce
anhydrous ethanol in cowmtry with lsrge arca of cassava
plantaden like Thailand.
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