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The perfo ous solutions through silicone

related to the solubility of solute in

4 \\\ ombra be sh
g

interaction between tfie fsclute 2 d,’ ¢ merie membrane such as polarity,

rubber membrane
polymer. The soluk

ficient involves many complex

hydrogen bonding, and™: J- > J_'_ 2] Figure 6.1 and 6.2 show the

relations between distributicn ‘coefficientuand feed temperature of acetone-
- )_.‘_-'. I e

butanol-ethanol-agatis [icBCICCWRTEE es and acetone-butanol

\‘

fermentation hruthm Di ¢ jl tanol, acetone and ethanol

were found to m::rea‘u with tamparnue whereas distribution coefficients of

acetic acid, ﬂ..%cﬁc‘@ aiid wated Werd) dlits |cfstant. The results were

similar for h the syntheticymixtures apd fermentatiqn, broth. However,
csriofigh chafiourid o blistal ‘l&e’ln’ri} mma Whre higher than
other anlutns These results can be explained by a study of Tadashi Uragami,
and et.al., that studied affinity between solvents and membrane.[23] Solvents
that had high affinity force were preferentially incorporated into silicone

rubber membrane.
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5.2 The Effect of Feed Temperature on Pervaporation Process.
The effect of feed temperature on pervaporation at the permeation
pressure of 2 torr, are shown in figure 5.3 and 5.4. It was found that

permeation flux of all solutes in synthetic mixtures and fermentation broth

Feed temperature affected

increased as the feed temperatus reased.
\
every step of the pervapo as sorption, membrane mass

transfer, and desorption,, . uewe ummpereture can be expressed

by an Arrhenius expo airthdl iz shown inseguation 3.26.
| | (3.26)
The permeationdfiuf @ 5 w'g \q\ athanol, acetic acid, butyric
acid, and water at the jfed tér ‘- of B0 . in synthetic mixtures were

)

(0 , respectively, and that in

11.29, 3.91, 0.39, 0.02 !
fermentation broth were ‘.‘_ i3 04 dgos 0.01, 0.01 and 25.96 gfmi.h,
respectively. These results re he permeation fluxes of acetic acid,

and butyric acid distribution coefficients in

Y |
sorption process eri:tv due to the type of

I : .
the molecules, whereds the permeation flux of water was high because of the

s o QT INHNINEN

Figure 6.5 to 5.7 ehew the effeet of feed temperature on the
el (RAGPGTTNA Y G i
These values increased as temperature increased from of 40 °C to 80°C. As
the temperatures were higher than 60° C, the permeation concentration and
the membrane selectivity decreased. This was because of the increase of
permeation flux of water. The results of fermentation broth shown in figure
6.6 to 6.8 were similar to the results from synthetic mixtures, that .

At the feed temperature of E{JBC, permeation concentration of acetone

and ethanol in synthetic mixtures were 8.67, and 0.87 %wt., respectively, and
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that in fermentation broth were 8.00, and 0.74 %wt., respectively. Although
acetone concentrations in permeation were higher than that of ethanol the
membrane selectivity of ethanol are higher than the membrane selectivity of

acetone. These results can be explained by the relation between feed

concentration and membrane selget shown in equation 5.1.

(6.1)

For alcoholic ity of the high molecular

weight had higher e low molecular weight.
These results were ¢8mg /10,8 5F & | b W son and P.A. Pyane.[24]

Thus, the be€ plvent separation in synthetic
mixtures and fermentatiog bfoth Was-at 60 °C. ", This feed temperature could
provide a high permeatio f I» . patmaation \concentration, and membrane
selectivity of total solve een permeation flux and feed
temperature in synthetic : th in other permeation

pressure were similgfito | R 0)
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From section 5.2, the suitable feed temperature was at 60 C.
Therefore, in this section we are concerned about what is the most suitable
permeation pressure for solvent separation by pervaporation. The effect of

permeation pressure to the permeation flux at the feed temperature of 60°C

]
of synthetic mixtures and fe are shown on figure 6.9 and
5.10.  Generally, eation lides the driving force in
. ——

efmeation pressure increases and

pevaporation process.

the difference in pa d"and the permeate side of

lso decreases. The total

\

permeation flux of syhthétigh mixturest ] cation pressures of 2, 10,

membrane decreases,

and 30 torr were 4584 J32 »! _ f\ , respectively and that of
fermentation broth were' 38 10.42 -f 2.h. respectively.

The effect of penm “on the permeation concentration

and the membrane selectivit “shown in 541 and 5.13 for synthetic

mixtures, and ﬁg g5 6.12 and B.14 fi tinn broth. As the

permeation pressur 7 increases, 1he rmsatiom concentration and the
membrane ﬁf the permeation
concentration Mﬁﬂ II mjﬂrjat the permeation
pressur W Tha silicone
rubber EW jv much muragjgactwﬂo utanol than acetane and ethanol

at all permeate pressures.

From these results, we can conclude that the best permeation
pressure was 2 torr, because the permeation flux, the permeate concentration,
and the membrane selectivity of all solvents were higher than these at other

permeation pressures.
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The effect of membrane thickness on permeation flux of synthetic
mixtures and fermentation broth are shown in Figure 5.16 and b5.186,
respectively. From both figures, it is notably shown that the permeation flux

of all solutes were inversely correl to membrane thickness., These effects

(3.1

A,

34,53, 47.2, and 54.489 tﬁ fermentation broth were

31.76, 42.89, and 50.13%wt., respectively, The permeate concentration of all

sovents. ncfab] 34 DIDBIVPWEI ARG o ettoct o

membrane thicﬂmss on membrage selectivity was similar to ,what was found
for peripalin doptentaton idueelolie bt ¥92) | 6 £
Ithough the permeation concentration and the membrane selectivity
were increased with membrane thickness increased, the permeation flux were
not suitable for solvent separation because of the low productivity and
certainly high energy consumption.
From the effect of feed temperature, permeation pressure and

membrane thickness on pervaporation that were demonstrated above, the
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experimental results had a similar trend with a study of Chompunut
Pipoplapanant in water-butanol mixtures.[15] Butanol flux, butanol
concentration and membrane selectivity of butanol increased as feed

temperature increased , permeation pressure decreased and membrane

thickness decreased.

: ;
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Permeability and diffusivity are significant parameters indicating the
performance of separation in pervaporation process. Solute with higher
permeability can be separated more than other solutes by the pervaporation

process, whereas diffusivity reflects an efficiency of solute movement in
membrane. Permeability an n be calculated from the solution-

Q

diffusion model. P multiple value of distribution

coefficient and di Table 5.1 show
permeability and mixtures and fermentation
broth. From Ta " ability of butanol was the
highest among cause butanol had higher
distribution coeffici A otl In, addition, permeability of solutes
with same functional® inbrea &d, with, melecular weight. Morover, the
igher than these of bigger molecule.

Water had highes, diffusiVity than: ‘Solutes. _This results reflected that

water can be separated Dy this process;a sgfi it had a low distribution

LA B ST T e o
"YU, o,

synthetic mixtures and acetone-butanol fermentation broth were shown in
Figures 6.21 to 5.24. These results were carried out of the permeation
pressure of 2 torr and membrane thickness of 0.26 mm.. Permeability and
diffusivity of all solutes increased as feed temperature increased because

distribution coefficient and diffusivity were relevant to the change of feed
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temperature. Relation between feed temperature and diffusivity can be
explained by equation 3.6.
Do = D ..expl-E/RT) (3.6}
The effect of permeation pressure on permeability and diffusivity of

synthetic mixtures and acetone-butanol fermentation broth were shown in

Figure 5.25 to 5.28. The .opers gbpdition of these results were feed
temperature of 60 c and membra | @ 0.25 mm. Permeability and
; e ———

diffusivity of all sol ineation pressure increased.

*- 2 between the two sides

1 4he f \- =ment of the solutes and

any ‘effect on permeability and

Low permeation pressur
of the membrane
thus higher diffusivi

Membrane

diffusivity as the res 5.29 to 6.32. The operating
P

conditions of these experiment: : Meation pressure of 2 torr and feed

temperature of 80°C. pembrane thickness 0.25, 0.5

and 1.0 mm. of SyATHHE 899 and 3.80 (10", m/h)

respectively, and 1h@ nfac’a e-butano ermantmun broth were 3.13, 3.11
and 2.96 (x10 . m’ m ivaly.  Sinfitdrly, diffusivity of butanol of synthetic
mixtures and@u t m‘l\fLﬁMaﬂﬁlﬂﬁam rarely constant.

Permeabjli q i ‘v‘ fﬁu]qul 'H’Tﬁ(ﬂn broth were
Iowerﬂam aythanquMUWs at anparating condition. These

results will be discussed in section 5.7 (The pervaporation process in
comparison between synthetic mixtures and acetone-butanol fermentation

broth).



Table 5.1 Permeability and diffusivity of synthetic mixtures and

acetone-butanol fermentation broth at permeation

pressure 2 torr, feed temperature 60°c and

membrane thi { ss 0.26 mm.

Solute Synthetit \ !’. ) Acetone-Butanol Fermentation
- Broth

Diffusivity(

A mn . m 10, m'/h)
Butanol ///9@5‘ y \\\\ 1302 5.1318
Acetone (/) E“ 248\ \ |, 1 2695 2.7068
Ethanol l l W m\\\\ 2.8120 9.3421
Acetic Acid 01120 f ‘iﬁ J\\\ 0.0570 2.5221
Butyric Acid 0.2287f ﬂ—q@ | 0.1537 2.3941
Water 0.0657 16.424

00753z

\7

ﬂuEJ’JVIEWﬁWEJ’mi
ammmmumwmaﬂ
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In this section, we will discuss about the effects of other solutes on
the pervaporation process of butanol and the results are shown in Figure 5.33
to 5.38. Other solutes can be sean, in Appendix C. The acidic group was not

/y/ all the steps of pervaporation

process. As a result, mptures that we d were water-butanol mixtures,

studied because had on

water-acetone-butan : mtﬂ-athannl mixtures and the

operating conditiori . &\\\\\\ erssure of 2 torr, the feed

temperature of 60° b of 0.26 mm.. The results
indicated  that of ?\ | _\' sation  flux, permeation
concentration, mem i /and diffusivity of butanol in

water-butanol were hi and decreased as the number

components increased. Mr; reaver, the effect of acetone addition was higher
K‘V

than that of ethanal & ts .ﬁ showed that molecules

with higher r.Iintri -7‘* ffect on pervaporation of

butanol than mulal:ims with lower distribution cnﬁiniants
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and membrane thickness 0.26 mm.



6.35 and 5.36, respectively. The efifefudn, fluxes of butanol in synthetic

" 2
mixtures and fermentatien==br , 11, and 8.7646 g/m .hr,

permeation concegtfation, membran pass mass recovery,

permeability and sfe hard to identify what
types of molecules and m&chamsms of campatm occurred. However, we

von e 04 8|S0 810 o s

experiments intvarious mixtures Jn section 5 6 and Appendm C. From these
s b\ TG B REH) B4 ) B4 rarmarior
broth deqpendad upon the adsorptive molecules in sorption process that were
not found in synthetic mixtures. In addition, the residual glucose in the
fermentation broth might also cause same reduction.

At the same membrane thickness, feed temperature, permeation
pressufe, permeability and diffusivity of all solutes in the synthetic mixtures

were higher than that found in the fermentation broth.
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In this project, the pervaporation process can be coupled with
acetone-butanol fermentation as was earlier studied by Satida Krailas[25] on

“solvent productivity improvement in acetone-butanol fermentation by two-

stage continuous system ound from this study that two-stage
continuous system coup flon. can provide high productivity of
butanol, and solvent mf extractive fermentation are

shown in table 5.2. 2 ssha s amatlc of extractive acetone-
butanol fermentation e he parvaj ation process. Product per hour of
one pass through peg@pgarati 4 * 03.g. ,which contained butanol

The Comparisofis of the: : dits with the extractive fermentation
without microfiltration thét was studied by MA. Larrayoz and L. Puigjaner(s]
are shown in table 5.3. me*ﬁ;? c ing, the extractive fermentation with
microfiltration wa 4nd concentration than that
without microfiltraticn. This -"ft‘;‘ and production index
of butanol were hlgl;har although parnwatmn cancantmﬂnn and membrane

selectivity ﬁﬁrﬂ q ﬂ Mﬂjﬂ%ﬁﬁmﬁmthaut microfiltration

were higher than that with rrgcmﬂltratlon The result nf high permeation

conclo R 141 U T RS e misin

wathnut microfiltration may be caused by the difference of silicone rubber.
For a low permeation flux of butanol in extractive fermentation without
microfiltration, cell concentration in fermentor highly influenced the butanol

separation.



Table 5.2 Operating condition of extractive acetone-butanol

fermentation through the pervaporation process.

Two-Stage Coupled by Microfiltration Pervaporation with Silicone Rubber

Hollow Fiber Membrane

First Stage aed Flow Rate 1 I/h

perature 60°C

m“eura 2 torr

\ rr;kness 0. 25 mm.

Dilution Rate = I'.'.'I.1T¢'I'|_1

Working Volume 1 L
Second Stage 7

Dilution Rate = 055 b

Working Volume
Feed Rate of M

= 4537 g/m’ h

Microfiltration
Area = 0.2030 m"
Velocity 0.465 m/s

Permeation Rate 1.495 |/h ""

Table 5.3 Cumganson between 3:tractwa farmantatmn with

ﬂ%&ﬂlﬂ’}%ﬂ ‘WEJ']T' P

resent Study

production index

183.9825 g/m_.h

concenthation in feed 1.6 %wt. 0.7 %wt.
concentration in permeate 46 %wt 23.02 %wt.
permeation flux 6.63 g/m .h 8.76 g.fmz,h
selectivity 52 43.8

279.3188 g/m.h

Vacuum System

Gas weeping

Vacuum pump




medium feed rate in

medium feedrate second stage

v — —_T_];

in first stace

= ).
First Stage ‘ v I , Storage Tank
ntate. \ |
-

' (il Retentate Tank

Membrane Module

Flguraﬂ uEgJ gwnermnatmn wlfﬁl mlcglltratinn by
Qﬂﬂﬂﬁmﬁmﬁﬂmﬁ d
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