CHAPTER 1V
RESULTS AND DISCUSSION

In this study, the amount of a permeate sample was determined by a mass
balance method presented in Appendix B.
The effect of the operating parameters, i.e. feed concentration, downstream

pressure, feed temperature, and feed flow rate, on the flux and selectivity in

pervaporation of methanol-water mixfus pgine the PTFE/PP membrane were studied

4.1 Effect of feed concei ._

The permeate coge ) <8 afd e lectvitwvere determined at using
six different concentratigs | 0 60 wt % methanol). All
experiments in this se tg perature of 30 °C, downstream

pressure of 34 cmHg, ¢ . The fluxes and selection

factors for methanol and / (rations are shown in Table C.1

(Appendix C). ‘
Figure 4.1.1 shows the n; ;;,1, i ion in the permeate as a function of
the methanol mass m';j 1 in the fe ,';. pervaporation through

| methanol transfer. The

s '
the membrane ensureg ’( . C 'I

Tl i
permeate concentrationvas found to' rease With an increase in the feed

concentration.

@wﬁ mé‘wmm s

feed mixture. total flux and hanol flux %eased with an increase in the

may be to the increasing pro ability of the le

the membrane. Then, the chemical interaction between the membrane and methanol is

stronger than that between the membrane and water. Therefore, when the methanol
content in feed increases, the interaction between the membrane and methanol
becomes more significant, and the methanol sorption and diffusion capacity is
enhanced. Using 10 to 60 wt % methanol, the total flux enhanced from 3.18 to 12.64
kg m™ h! and the methanol flux enhanced from 0.75 to 8.82 kg m? h”'. The water
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ﬂux showed a minor change with an increase in the concentration of methanol in feed.
Therefore, the water flux was only slightly affected by concentration of methanol in
feed change.

Figure 4.1.3 shows the selection factor and PSI as a function of the methanol
mass fraction in the feed. The effect of feed concentration on selection factor showed
the behavior as same as on PSI. The selection factor and PSI rapidly decreased in the
range of low feed concentration, up to 30 wt % methanol, and the level off to

approximately of 1.5 and 9 kg m™ h”', respectively, at feed concentration above 40

wt % methanol. Previous work repo 1at the selection factor decreased with an

increase in the feed concentratic P “high methanol content in feed, high

sorption of the permeants-da bolymer and easing diffusion of

both the permeants. Henc™, Pt fior ccreases at high methanol content

in feed. Figure 4.1.3.g8 factor and PSI at low

concentration of methgi aporation performance was

obtained at low conce nown that pervaporation is

especially attractive emoved component is relatively

low. .
Feed concentratigh « andl gave the total flux of 3.18 to
12.64 kg m™ h', the metha @ m ", the water flux of 2.43 to

3.82kgm™h, the selection fz ,.:‘*‘;f'if i0, and PSI of 6.45 to 8.59 kg m™h™.
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The permeate cop éuation, fluxes selectivity were determined at three

different va]u@ﬂ %EW » w&qm All experiments in
this section wergcarried out at temperature of 30 °C, and feed flowsrate of 17 ml min™!
at six diffeld mdﬂ%% ; | thanol). The
fluxes 2 qq Sechd a fi and water at va s values of downstream

pressure are shown in Table C.15 (Appendix C).

Figure 4.2.1 shows the methanol mass fraction in the permeate as a function of
the downstream pressure. At each feed concentration, permeate concentration was
found to increase with an increase in the downstream pressure. Therefore, the

permeate concentration changes in the same direction with downstream pressure. The
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concentration of metharol in the permeate was found to be 23 wt % when 10 wt %
methanol in feed and the downstream pressure of 34 cmHg were used.

Figure 4.2.2 shows the effect of the downstream pressure on fluxes. At all feed
concentrations, the fluxes decrease with an increase in the downstream pressure. This
is consistent with previous work [23, 39, 41, 44]. Since, there is a reduction of driving
force for mass transport of components. The high methanol flux was obtained at high
concentration of methanol and low downstream pressure The similar trend was found
for the effect of downstream pressure on the water flux. At low methanol

concentration, the downstream pressuge; Bad less effect on methanol flux and water

flux. At downstream pressure of the concentration of methanol in

feed increased, the water flud Jucreas ; ' oo centration of methanol in feed
did not affect the water flu ot diins e’ | PresSULe ot 34 cmHg.

Figure 4.2.3 showsetfcesti Y Whsiteam pressure on the selection
factor and PSI. The s getiond indred§ 7 crease in the downstream

pressure. The same be related to the separation

>

of VOCs in aqueous €0 u This may be due to a

reduction of the driving he mbrane and a decrease of
membrane swelling. The : centrations and downstream
pressure of 12 cmHg were 1,"therefore, this pressure gave low
efficiency on pervaporatlon pe concentration of methanol in feed,
the downstream pressire ; ;;c centration of 10 wt %
methanol, when the E}"__ -‘”» 34 cmHg, the selection

factor enhanced from | “to 4. At aoWnstrea I; re of 12 cmHg, PSI was
found to increase with ansing

values of PSI ' Wid the dwr %%%eased from 20 to 34
cmHg, the PSE Mvalue decrased eoppos1te end with selectivity.

concl @m ﬁ% ' '
by down m |

The suitable pervaporation performance of the membrane was obtained at high

downstream pressure (34 cmHg), especially at low methanol content in feed.
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4.3 Effect of feed temperature

The influence of feed temperature on pervaporation performance was
determined at three different temperatures (30, 40, and 50 °C). All experiments in this
section were carried out at downstream pressure of 34 cmHg, and feed flow rate of 17
ml min™' at six different concentrations of methanol in feed (10 to 60 wt % methanol).
The fluxes and selection factors for methanol and water at various feed temperatures
are shown in Table C.16 (Appendix C).

Figure 4.3.1 shows the methan

the feed flow rate. All feedr cong

ass fraction in the permeate as a function of
/ ate concentration decreased with an
increase in the feed temp concentration, high temperature
gave low permeate con f niraticy

Figure 4.3.2 ; | re on fluxes. At each
concentration of

methanol flux are foung

fee in the total flux and the
x 0 °C. Therefore, the feed
temperature does methanol flux. All feed
feed temperature of 30 °C.

only slightly affected by feed

concentrations, low vald : ,
At feed temperature of 4gfto §0 CoXaer
temperature change.

Figure 4.3.3 showsth' /o7 :;w stream pressure on the selection
factor and PSI. The S8edlio

in the feed tempera ?’

,?3 ecrease with an increase
B4, 38, 42, 43, 45]. The

selection factor of 3.70 nd 8 ' j are the higher values, at

feed concentration of 10 methanol and erature of 30 °C

Accor@u ﬂﬂ % %@ﬁﬂ}% of polymer chains

produces free

me. As tempera e rises, th equency and litude of chain
¢ |aingl t ﬁ]lffusion rate
oleculés are high, so

that the total flux increase. In the 11qu1d boundary Iayer the mass transfer coefficient

of components increases with feed temperature which causes a decrease of
concentration polarization, and then an increase of flux and a decrease of selection
factor. In addition, an increas= of the vapor pressure of the components of feed with
temperature causes both components to desorb rapidly and reduces the activity of both

components on the downstream side, resulting in an enhance of flux.
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‘The suitable pervaporation performance of the membrane was obtained at the

room temperature (30 °C), especially at low methanol content in feed.
4.4 Effect of feed flow rate

In order to determine if mass transport in the boundary layer is a factor
controlling the transport of alcohol from feed to the permeate side of the membrane,

the feed flow rate was varied and the membrane performance was evaluated at the

different flow rates, maintaining the it oncentration of alcohol in the feed.

The permeate concentras clectivity were determined at three
All experiments in this section
sure of 34 cmHg at six different

‘methanol). The fluxes and

different feed flow rates (3.5 4.
were carried out at 30 °
concentrations of me
selection factors for meg rates are shown in Table
C.17 (Appendix C). )

Figure 4.4.1 s o the permeate. At each feed
concentration, the perr U'a decrease in the feed flow
rate.

Figure 4.4.2 shows 1 a *on the fluxes. The total flux and
decrease in the feed flow rate.

5
f

methanol flux showed a Mingr”$hange.
Therefore, the total d , of .'! y affected by feed flow

rate change. The w ”’ ‘ mcrease in the feed flow

rate.

Figure 4.4.3 sho effect of the ectivity and PSI. The
selection fact@D gﬁﬁ] as shown in Figure

3a. The sa ehavior was obta' ed in a previeus study related/to the separation

of M ‘ ﬁ“ﬁﬁ ctivity was
1. In"this work, the max1mum selection factor of

obtained_ at low ‘ c
4.08 was obtained at 3.5 ml min"' and feed concentration of 10 wt % methanol. At

feed concentration of 10 wt % methanol, slight different PSI was obtained. PSI was
found to decrease with an increase in feed flow rate at feed concentration above 20
wt % methanol.

In general, the concentration of methanol, a more permeable component, on

the membrane surface is lower than that in the bulk phase. The opposite is true for
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water which is a less permeable compor:ent. A reduction of concentration polarization
at high flow rate means that the methanol concentration near the membrane surface
was close to the methanol concentration in the bulk. An increase of methanol
concentration on the membrane surface with feed flow rate enhances methanol as well
as water sorption in the membrane, therefore, membrane swelling increased and the
selection factor reduced.

The suitable pervaporation performance of the membrane was obtained at the

low feed flow rate (3.5 ml min™"), especially at low methanol content in feed.

4.5 A comparison of previous :

In this study, using PESWOP niembime-or peivaporation of methanol-water
Yy __,,.::'f.‘ 4 7 P

mixture, the best co dition of the pervaporation system

-_—

are the concentration ¢ downstream pressure of 34

cmHg, feed temperature @ ‘ e 3.5 ml min™. Table 4.1 shows
a comparison of pre | FE membrane used in this

work was found to givé ctioh .‘ ” \. eas PDMS-PMHS and HPP

membranes used in prey®ugworl bW er o8 of selection factor, However,
PDMS and silicalite-filled #FDMS: ;-"' “'? ve better selection factor. The total

flux and PSI for PTFE memb

higher than those forb

vork was found to be significantly

D

4 ﬁ membrane in this work

§

gives better pervapsiio

tal

comparison with other

A Inninenns
SHIRNTANIA IR

membranes reported it previous wo
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Figure 4.1.2 Effect of feed concentration on fluxes in pervaporation of methanol

solution at T =30 °C, F = 17 ml min™ and P = 34 cmHg.
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Figure 4.2.1 Effect of downstream pressure on permeate concentration in
pervaporatlon of methanol solution at T =30 °C and F = 17 ml mln"
for six different feed concentrations.
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Figure 4.2.2 Effect of downstream pressure on a) total flux, b) MeOH flux and
c) water ﬂux in pervaporation of methanol solution at T =30 °C and F =
17 ml min™" for six different feed concentrations.
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Figure 4.2.3 Effect of downstream pressure on a) selectivity and b) PSI in
pervaporatlon of methanol solution at T = 30 °C, F = 17 ml min™ for
six different feed concentrations.



100
o g
°§ 90 //
5 - /
g
2 3
8 60
£
s 50 4
R}
g 40 - ¢ T=30C
51 30 -
3 , B T=40C
; 20
@) A T=50C
O 10
3 T
0 .- & T 1

Figure 4.3.1 Effect of

46

ncentration in pervaporation

of methanol 8o st /2 ol o and P = 34 cmHg for six

different fe

tal flux (kg/m”.h)

;

MeOH concentration in feed (wt %)

Figure 4.3.2 Effect of feed temperature on a) total flux, b) MeOH flux and c) water
flux in pervaporation of methanol solution at F = 17 ml min” and P = 34

cmHg for six different feed concentrations.



47

b)
10
jl L 2
Rk H
NE -
3o
z
{ o}
g e T=30C
R
= 2 e T=40C
al
A T=50C
0— i |
A 60 70
9)
8 -
!
/\6— z
% . Y o : |
g . £ |
L Sc————— 24 |
é4j ‘;’ l -
5 T =,
g . . ¢ T=30C
WHANENTNEART
- |
T=50C

ST Tl D

Figure 4.3.2 (continued) Effect of feed temperature on a) total flux, b) MeOH flux
and ¢) water flux in pervaporation of methanol solution at F = 17 ml
min”' and P = 34 cmHg for six different feed concentrations.
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Figure 4.3.3 Effect of feed temperature on a) selectmty and b) PSI in pervaporatlon
of methanol solution at F = 17 ml min" and P = 34 cmHg for six

different feed concentrations.
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Figure 4.4.2 Effect of feed flow rate on a) total flux, b) MeOH flux and c) water flux -
in pervaporation of ethanol solution at T = 30 °C and P = 34 cmHg for

six different feed concentrations.
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Figure 4.4.2 (continued) Effect of feed flow rate on a) total flux, b) MeOH flux and

¢) water flux in pervaporation of ethanol solution at T = 30 °C and P =
34 cmHg for six different feed concentrations.
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Figure 4.4.3 Effect of feed flow rate on a) selectivity and b) PSI in pervaporation of
methanol solution at T = 30 °C and P = 34 cmHg for six different feed
concentrations.
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