RESULTS AND DISCUSSION

5.1 The Study of the Ultrafiltration Membrane Characteristics

Results of the stud; aport.ed in Table Al. Permeate flux

Permeate flow rate/Fil -.{'}

With den

5.1.1 ,- " on Permeate Flux
3 / ‘ \\ permeate flux will

increase linearly wit#i p /:

At low big 7-25 24 g/1 in run B, ©

permeate flux was incres d, it -' ¥ p ossure from 0.0° to 0.8"
& T | '-

kg, /em”. The correlatioy was.#i%’f' ar bacause the resistances also

increased with pressure £ 7Gin of concentration polarization.

At high bi i (45,4 g/1 in run D), when

the pressure 77, ;
Y,

increasing pressurg AL & LT3 1oﬁ of 64.40 g/1, when the

b’ flux was constant with

pressure reached 0. 2‘ % eat.e flux was also constant with

increasing ;ﬁs%-ilﬁg qﬂaﬂi%ﬁ 804 Pelot | thdt Bt P = 0.6" ke, scn®

1nrunDand =0.2" kg/c:g in run E agel layer formed and
ro QR IAT R I FH 1) B o
~1ncreasa the thickness and the resistance of the gel layer so the flux
rate would reach a maximum and become relatively constant with
pressure (see figure 5.2).

From the study it was also shown that at high cell
concentrations (more than 45.4 g/1), the applied pressure of more than
0.0" kg f/cmz caused the occurance of a gel layer and the permeate flux

was almost constant with increasing pressure. Moreover from this
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study, applied pressures of more than 0.0" kg ‘,/cmz caused rapid fouling
of membrane. The membrance fouling would decrease the permeate flux and
create difficulty in operating the experiment.. Therefore, the selected

pressure for application in the cell recycle system was 0.0" kef Jom-.

water increased lineaf ly  with - following the equation

J = PIM/(R R
pressure of 0.0 kgf SasSUTE ssure gauge, the permeate
flux was 11.45 x 104 » | T re irculation flow rate,
33°C). The fact t a hén transmembrane pressure
was zero showed tha it s : om the pressure gauge

must be incorrect. . be calculated from the
plotted line of the &€ : meate flux against, pressure
(figure 5.1).A From fig orrect, pressure at 0.0 l«rg‘,/cm2

measured from the presswu & gaug e/ Wi =g /crn2 which was the minimum
pressure attain v—"'“':"”“"'_—‘—_'-""‘" &l ized water across the
membrane at 0.4 m -il a @The symbol (+) above the

value of the pressu:ae meant, that t e correct pressure value was the

sresdie (mﬁw@%ug qq,g WRJHG
AW ANNIUNNRIINYIAY
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5.1.2 Effect of recirculation flow rate on permeate flux
From the experiment, (figure 5.3) permeate flux increased
with recirculation flow rate. From the ultrafiltration’s theory, the

mass transfer coefficient

(K)' increased with the square root of
recirculation flow rate in ow, and almost linearly with
recirculation flow w, and the increasing of
recirculation flow ra at the membrane surface,
so the thiékness layer decreased with
recirculation flow e effected the pressure
drop across the me e transmembrane pressure,
but, this effect was par fith the effect of reducing
gel resistance and i Mﬁ ass \.\; er coefficient, therefore
" the permeate flux inci' i "' : ,u' ion flow rate. In the study,
the microorganism was : n egi'at.ed at a 0.5 or 0.6 m"/hr

recirculation f ]( condition. Moreover,

in the fermen A gam occured from' this

highly turbulent gdlt.lon
a"ph"aﬁ“ﬂ“ﬁ ) ‘ﬁ”ﬁ VEWEAAS ™
5.1.3 Eff ect o tion“en Permeate ¥1

Q RS AT EATIIRT . i, e

and a spemf ic recirculation flow rate (0.4 m /hr) From the experiment

selected 'm'ecirculation flow rate

(fig. 5.4), permeate flux was reduced with increasing biomass _concen-
tration. Table 5.1 demonstrates permeate flux against 1ln Cy- The plots
of permeate flux against In Cg, in Figure 5.5 showed that the permeate
flux declined linearly with InC,. According to gel polarization
theory, flux is a function ef the bulk solute concentration ( Cy)

following J =k In(C,/C). From the study at a cell concentration
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1.7 ¢/1 onwards, gel polarization occured and C, became const.ant.
From figure 5.5, mass transfer coefficient, (K) is the slope in the
plot line which was 1.75 x 107" m/hr and gel concentration (C,)

calculated from point at 0.0 m/hr permeate flux was 2810.87 g/1.

-3
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% ol - /45.42
A ﬁ 64.40

5 | a Y
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o

RECIRCULATION FLOW RATE (m° hr )

Figure 5.3 Permeate flux as a function of recirculation flow rate
At operating temperature = 33°C
applied pressure = 0.0 kg*,/cmz
biomass concentration 1.70, 11.24, 45.42, 64.40 g/1
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Table 5.1 Permeate flux against In C_ at 0.0" kgf/cm2 applied presure and

0.4 m /hr recirculation flow rate with 33°C operation temperature

In C 0.5308

= 3.8160 4.1651

Permeate flux | 12. 0 S—S 27 x 107° | 6.5 x 107"
(m hr 5 —T

n
?

PERMEATE FLUX (m hr 1Y)
Py
¢

O
£§
l
)
/
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]
00
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Q‘mﬂﬁﬂ‘im URNANYIQY ==

Flgure 5.5 Permeate flux as a function of 1n cg
At operating temperature = 33°C
applied pressure = 0.0 kg*,/cm2

recirculation flowrate 0.4 m°/hr
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5.2 Application of Ultrafiltration for Cell Recycle in Cont.inuous ABE
Fermentation

5.2.1 Effect of Feeding Glucose Concentration and Dilution Rate

on Cell Recycle System

5.2.1 A) At Feeding ; e Concentration 42.4 g/1it (run
xperiment, has was shown in
figure 5.6-5.12,
operation, the ce iifs ‘ E \' yith the maximal specific
growth rate and pg 0 g1 "hr ' respectively.
The residual gluc irst continuous fermen-

tation with total Cg a fixed dilution rate of

0.11 hr *
The cell S, £nd f,' . 3 umption began to increase
rapidly.12 hr after that, Geil mass reached 31.1 g/1 with a 8.05 g/1

solvent concentiati: concentration. Glucose

3 - \‘ | 3
consumpt.ion was /4. ‘ concentration in the

fermentor was remced Lo RS

ZZZOZ;ZfEmﬂ”’T?LEI NIWTAHS” "™ ™ ™
qaﬁ"'i‘;aﬁﬁ A AT AR

3.5 g/l with 10.41 g/1 solvent concentration and 5.89 g/1 butanol

s, S0, the dmut.lon rate was changed

concentration. The glucose consumption increased to 9.39 gl “he?
which was more than the glucose feed rate (9.328 g1 ‘hr ). Therefore
the dilution rate was changed to 0.36 hr

At the start of a 0.36 hr = dilution rate, the glucose
concentration in the system was 8.8 g/1, 3 hr after that, the glucose

concentration was reduced to 4.9 g/1 and the glucose consumption was

After the second batch

K)
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14.8 gl—lh.r_l-. Solvent.,, and butanol concentrations were reached at.
10.94, 6.20 g/1 respectively. Then the dilut.ion rate was changed to
0.55 hr

In the step using 0.55 hr ' dilution rate, cell concentration

ose concentration in the system

/ %e average solvent, butanol
‘ L
) @ctively. The average

~.(the glucose feed rate at

was almost constant.
fluctuated from 8.5
concentrations were
glucose conSumptio
D = 0.55 hr imum cell concentration
attained in t.hié s/1, while fermentation

operation was extremély igh cell concentration.

After running with o45 % or 15 hr . The dilution
rat.e could not be maintain 1t,- 0 ‘,< anymore. Because the permeat.e

=
et

flux was less than the poiat— 8 0.55 hr ! dilution rate occured,

the experiment

Figuf 3. of | microorganism during
operation of ruﬂ A roah rate, (M) specific
production rate ( 1) ¥,-and specificgacid production rate ()/ 4)-Table

5.2 shows ﬂu&d@tﬂﬁj 3 ke ) ‘§tota1 solvent and

butanol in this experiment. #From the datas, the maximum productivity
e QAR IR B Eﬂeﬂ Fbion rate vas
0.55 hr " and the maximum solvent and butanol productivitives were
6.06 and 3.44 gl 'hr ' respectively. Product concentrations and total
solvent (ethanol + acetone + butanol) concentrations f or coht.inuous
run A were plotted against time (see figure 5.6, 5.8). The continuous
availability of glucose was demonstrated in figure 5.7. In this
continuous fermentation, total acids were changed to acetone and

butanol, so there was no acid-accumulation in the system.
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Table 5.2 Results of ABC fermentation from cell recycle system with

feeding glucose concentration 42.4 g/1 (run x>

Dilution rate Product1v1t.y ;1°-hr jon (gl T .
(hr 5 Solvent butanol |(gl” hr

P=0.11 1346 v 4, 21 4.90 0.24
D=10.22 _2.67 : 5.89 3.39 0.28
D.="0:36 4.15. - 6.20 © 14.80 0.28
D = 0.55 68.06 6.26 19.30 0.31

“'-—id L

P LSl = {:} i

Remark A R, -

-

iy
a{':l d from the overall

*The report. ?f ] :
)

production at ‘he end of each 'stages ¢

ﬂ‘UEJ’JVIEJ‘VIﬁWEJ’]ﬂ‘i
ammﬂimumawmaﬂ
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5.2.1 B) At Feeding Glucose Concentration 52.0 g/1lit (Run L)
The results of this experiment are shown in figures

5.13-5.17, and tables 5.3, A3, A8. After the second batch operation,

the cell mass reached 5.04 g/ 1’ ith the maximal specific growt.h rate

. » ~* respectively. The re81dua1
a1ned
-4

fe :- 1% with total cell recycle was

and production rate of 0.f
glucose concentratio :

Then the ¢
started at a. s b, ¢ After mnning with this
dilution rate f ons was rather constant

at. 55.4 g/1 and ; : ' uced to 11.6 g/1. Total

Its 11 concentration was rather
constant. The dilution r ?‘ to 0.22 hr . After running at
0.22 hr ° dil'r on 'i - r 28 hr t} 1./ concentration and the

AJ

glucose consumption wer 0 , 10.58 gl "hr °

respectively w1t. 13.07 g/1 of total s ent. concentration and

T i"m;lfm a1y S
IOV il o b N azz::t:z:;::f

tion dropped to 64.5 g/1, the residual glucose, the butanol concentra-
tion and the total solvent concentrat.io_n were fluctuated from 10.8 to
15.4, 6.4 to 7.3 and 10.8 to 12.7 g/1 respectively. The glucose
consumpt.ion was set between 11.2-15.3 g/1 hr. High cell concentration
reduced permeate flux of the recycling unit lower than the point that
the experiment operated with 0.36 hr " dilution rate could be done, sb

the experiment was stopped.
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Figure 5.16 shows the behavior of the microorganism during
operation of run B in terms of specific growth rate (& ), specific
product.ion rate (2/) and specific acid production rate (2/“ 1)+ Table

5.2 shows the productivity

and concentration of total solvent and

butanol as function of ;“ . Product. concentrations for
cont inuous run B were_ -'x- , (see figure 5.13) and total

solvents (ethanol + ~eoncentrations is demonstrated

in figure 5.15. WA glucose and the glucose
oY

\ 5.17 respectively. From
butanol concentration (7.86

consumpt.ion are d

table 5.3 the maxi N hr was achieved at a

N\
3 :‘ \

(13.07 g/1) were achieved at

0.36 hr ' dilution

the 0.22 hr  dilutiom rate I s fermentation, ‘total

acid was also changed to. a __ _butanol, so there were no acid

Compa “”!‘ K and 1L (at
42.4 g/]1 and 52. &]g

:::::@;uﬂ*ﬁ () ioh e .
I SRR Y

glucose uptake. Moriera and et al (23) reported that at high concen-

/1 feeding glucose conce tions) shows that at

trations (more that 7 g/1), butanol could inhibite the rate of glucose
uptake into the cell, thus the glucose consumption rate was limited

by butanol concentration.



64

BATCH : ~ CONTINUOUS i
D=0.11bf'{p=0.22bF'| D=0.36 br
10 +

~8 T

1

.

..t

36 4+

z 4

g4

Figure 5.13 Time varjation of btrt.@pl, acetone, ethanol acetic acid

ﬂuﬂ%e‘ﬁ:&] §64centtat foh dufdng) = total cell recycle

q&ystem of Cl. gcigtobut.ylicug at a f eedix}é glucose
AN TREAIEHNTINGA Y
ok

A acetic acid
v butyric acid




65

v

~ 50 3 1
0 = 0.36 br Lo
* _
§4o - :
g -70
B 30« i
-0
{0 :
B - 20)
10 -
1 ] & |
120 140
TIME (hr)

fas ﬁﬁiﬁ:ﬁ%’ﬁ;ﬁt G B i e
awﬁﬁ%ﬁ%ﬁfﬁiﬂﬁ?ﬁﬁ L

O biomass

CELL CONCENTRATION (g 17)



66

BATCH : CONTINUOUS

D = 0.11 br'|D = 0.22 hr* | D = 0.36 br"

TOTAL SOLVENT OONCENTRATION (g S

" 120 odE o)

Figure 5. lsﬁm&l;l YN BN T i aurie

a total cell recycle systemof Cl. acetobutylicum at a

AR TREATOANIS Ay




“qg8
£
&
~, 008
0.04
3 \ 7 X
or 20 7 60

TIME ¢hr) |

o+ 4_‘-&; ; : .v V
AUBANENINEINT
ARIAINIUNNIINYIAE

Figlire 5.16 Specific growth rate (&), specific pr
rate (V) and specif ic acid production rateo/u;d)
against time (run L)
@ specific growth rate (M)
- ®- specific production rate (V)
A specific acid production rate ( )/ acid)



68

05T V
{ T ;
>"n()..’a . | : .
2 40 gd 120

20+

ABNAADIALUAL VYR i

(r)) and production yield @) against time (run L)
® glucose consumption (r)

A total solvent productivity (r,) .
B production yield e



69

Table 5.3 Results of ABE fermentation from cell recycle system with
feeding glucose concentration 52.0 g/1 run L

Dilution rate|Productivity (gl ' ion (g/1) - Y I
(e solvent | ol olve butanol |[(gl 'hr
= 0.11 1.36 f A | .92 4.84 0.29
= 0.22 3:-38— 7 1 .86 10.58 0.30
3 ., -'c, 9
= 0.36 4.31 - . Tidl 13.54 0.32
a a‘}‘
_ )
. ‘.“-".Jﬂ ; V
*The reported productivit re ated from the overall
N

AULINENINEINS
AMIAINTUNNINGAY
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5.2.1 C) At Feeding Glucose Concentration 64.8 g/1 (run M)
The results of this experiment are shown in figure
5.19-5.22 and table 5.4, A4, A9. After 38 hr of the second batch

operation, the cell mass was almost constant at 4.1 gl_1 with the

maximal specific growth rate & ction rate at 0.06, and 0.10

fermentation with total cell

A i 1uth Onw- 11 ‘hr_1

13 '~‘.‘t ate the cell concentration

hr ' respectively; t
recycle started at &
was increased to and  the cell concentration
remained constant a ucose was 40 g/1 and the
average total solve tlons were 8.50 and 4.76

g/1 repectively productivity. The glucose

i
consumptlon was rather ons.m: u,:[ 2,80 ¢ and then +the dilution
rate was changed into O. :-ﬂ-, S |
-*'.?'}_:T‘ 2/ e
After. * g at a 0.22 ilutjen rate for 14.5 hr

the cell concen 3t fon increased to -’ﬂ‘?‘ en the cell concent-
ration f luctuateﬂ between , g , @al solvent. and butanol
concentration at 4422.¢ 17" and 288 respectively. The glucose

omatins 4 0, maq:;twga 3 e L2

product.1v1t.y was 0.91 g/1 hrg

q Vbt boh) ) S GV o e
product?1v1t.y between 0.11 hr = and 0.22 hr = dilution rate, showed |
that increasing of dilution rate could not improve the productivity
and the glucose consumpt.ion. The experiinent. was then stopped a£ a 0.22
hr™" dilution rate.
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In this experiment, there was higher acid accumulat.ion than
previous experiments (runs K, L). The low productivity and low glucose

consumpt.ion rate were achieved while the cell concentration was rather

high. All of the results show that, the microorganisms reduced the

activity of fermentation ' ¢ o produce solvent. The low
productivity might e 16 xcessive residual glucose
: — . | T——

from operation with slucose concentration that made

the microorganism 7of consumption glucose to
produce cells but uning glucose for producing
solvent.. Another fac sht ‘:A'-‘- ‘1. v1ty to produce solvent,
; 7 ‘ : \‘ N T erment.at,lon processes,
the amount of burned 5 1c i’;- G .. ld e 'g- the activity of microorganism
' e occured while keeping high

glucose concent.ratlon broth & emperatures for a long time.

R
The beh: s mic suat  a specific growth

rate, a spe01f ac1d production rate

are shown in f i 5 21 while the glucosemconsumpt.lon, the solvent

e A RS
"’"’“"'»W'mﬁﬂim umqﬂmaa
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Table 5.4 Results of ABE fermentation from cell recycel system with feeding

glucose concentration 64.8 g/1 run M

Dilution rate

Productivity (gl_ihr- |

- E: = P/S
(hr ) solvent | butan6! — (gl "hr 5
= 0.11 0.94 2.80 0.33
D =9.22 0.91 281 =3¢
Remark

*The reported produc

U

AULINENINYINT
ARIAINTUNNING

Ny
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5.3 Experiment of Cell Recycle System with Constant Dilution Rate
5.3.1 At 42.3 gl ' Feeding Glucose Concentration and 0.55 hr
Constant Dilution Rate. (Run N)
The experiment of the cell recycle system with total cell

recycle at a 42.3 g/1 feeding gluc concentratlon was operated at

é the start of the continuous

with the experiment ' n A ilution rate was increased

a fixed dilution rate.o

operation to compare

from -0.11  to -0y "0 ‘ ctively. following the

glucose consumptio

rate of about 0.07 hr - s i'espectively. The residual

glucose concentrafion) duce then the first cont inuous

rate of 0.55 hr—i._m
After changing from batchgeperation to continuous operation

with totalﬂ‘u Bhod¥] B9 WL ena the siucose

consumpt.ion were increased wapidly. The,cell concentration reached
so. 128 WNieh 511670 ahlhdrosd b i b Bl o1 mtan
concentrat.lon in 14 hours of operation. The residual glucose was
9.0 g/1 with a glucose consumption rate of 19.25 gl 'hr ' and a 0.31
production yield. A Then the f erment.étion operation was extremely
difficult because of high cell concentration. The dilution rate could
not be fixed at 0.55 hr = anymore, because the permeate f lux was less
than the point where a dilution rate of 0.55 hr~ ' could occur. Then,

the dilution rate was decreased and the residual glucose was also
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decreased to less than 5 g/1it. After about 10 hours, a part of the
fermentation broth was aseptically drained and replace by feeding
medium. The cell concentration was reduced to 21.28 g/1 and the dilution

rate fixed at 0.55 hr again, Then the second continuous fermentation

with total cell recycle at. 0 \ ‘ / ilut.ion rate was started.
From the report \_ ta i 5,5.23-5.25, the curve of the

cell concentration,

e solvent concentration
against. time 'of the atlic e Similar to that of the first
operat.ion perform A > ,7 ) 1Lion e te. After 13 hours of
operat.ion, the cel "

- butanol concentrat.io 15,0 & 1 respect.ively. The glucose

that. of the firsh o

A

activity at very 1@ glucose ation f m about, 6 hours.

The compaﬁnn of the dell re dcle system with 42.4-42.2

BN L1 UV g

reported in table 5.8. The restlts of rumsN was almostithe same as the
resultaom ﬁﬁ-ﬂﬁ muﬂﬁ rlflm E]l,lﬁe&l producthlty
of run N (5.98 gl hr? was only 1.32% different from run K at a
0.55 hr ' dilution rate (6.06 gl “hr *) due to the difference in the
dilution rate at thé start of the operaﬂion. From the results that the
productivity of run N was close to the productivity of run K (at the
same dilution rate). There was no need to repeat the experiment in
order to check the productivity with constant dilution rate at 50 and

60 g1~ ' feeding glucose concentrat.ion.
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rate (V) and specific acid product.ion rate (Vacid)
against time (run N
- @ specific growth rate (p)
—-#-specific production rate (V)
A specif ic'acid production rate (1/ acid)
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Table 5.5 Comparision of ABE feri

glucose

concent.rat.i

cell recycle systems with feeding

Ain run K and run N respectively

ration (g/1) re
Ruq Dilution rate '
(hr™ butanol |(gl *hr
A 0.11 4.21 4.90 0.24
0.22 5.89 9.39 0.28
0.36 6.20 14.80 0.28
0.55 8, : 6.26 19.30 0.31
e 0.55 (57 = 90" || 5.65 19.35 0.31
pre 0.55 5@7 40 M .5@ Lo 19.00 0.30"

AUEINENINEINT

production at the end of each stages.

Remark qhﬂ;]ﬁeﬂ mdigi“swe’rlimlﬂg é,}.lhe overall

S8
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5.3.2 At 43.6 gl ' Feeding Glucose Concentration and 0.65 hr
Constant Dilution Rate (Run O)
The experiment of the cell recycle sytem with a 43.6

sl feeding glucose concentration and a 0.65 br " dilution rate was

itv at. the dilution rate above the

operated to observe the produ

\

maximal dilution rate (0.85 hr ") y fouling of the U.F. membrane.

2.01 gl"1 with the maxdfiz geciffic)g ‘ e and product.ion rate of
about. 0.10 hr " “andgl. 8 The residual glucose
concentration was 4 ‘ 5. cont.inuous fermentation
with ‘t.ot.all cell. & xed dilution rate of
0.65 hr °

After changing”/ , o - ba ( o ont.inubus with total cell
recycle operation, t GO atien was increased rapidly. The
cell concentration . ____.?_._._\‘ of operation with a
gluc

3.85 gl hr ¢1 "hr ' solvent produc-

tivity. Then the opeiatlon was ext.remely difficult because of the hlgh

cell concentﬁcu.ﬂr% Wﬂiwﬁwmﬂﬁ fixed at 0.65 hr "

because the Meate flow rate was less than the pomt. where 0.65 hr *
R RIRIND EH SR e et
At a r8sult the solvent product.n ity was very low, the batch fermen-
tation was operated to check the activity of the 'microorganisms.
From the experiment,, the increase in dilution rate above
the maximal point (0.55 hr " dilution rate) limited by fouling of the
U.F. membrane could not improve solvent .- productivity. Moreover, the
very excessive residual glucose from operation with very high dilution

rate made the microorganisms use majority of consumption glucose to
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generate cells and reduce the activity of consuming glucose for
solvent. production. So the glucose consumpt.ion and solvent productivity
was very low comparing with run N (0.55 hr~ ! dilution rate). At 21

hours of the operation 74.58% 24.12% of the glucose consumed was

y pectively. The behaviour of
i ﬁ- figure 5.31 in the form

used for producing cells.

the microorganisms

- 'l' r——
of specific growt.w d | specifae. production rate. A batch
fermentation was o) n ‘?" microorganisms did not
loose the activith \\* o 80 hours of batch opera-

tion, the cells ose in the medium. 7.18% and

32.46% of consumed o cells and solvent respec-

tively. The final s in the broth was 13.26 gl

with 0.23 gl *hr " of fSolvént produstivity. The result of the batch
operation proved f.hat. tll ¥ ;

for producing solye [in continuous operation

ns did not loose the activity

came from the redyci : BEA cxcessive residual
glucose. The gluc consumpt.ion, solvent prﬂxctivit.y and production

iﬁﬁﬁmnml not improved by

increéin dilution rate above the maxififum jjint. lififed by membrane

yield' are s

F

ool QN LA N ML kL2 TR EL, chere v

no need to make the experiments of this increasing dilution for t.hé

foulin

cases of 50 and 60 gl“1 feeding glucose concentration.
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Table 5.6 Results of ABE fe! i ﬂf oo from cell recycle system with

Productivity g1 hs/ _ (g/D) £ Vel ooy

. = »r/s
Dilution rate :
(hr ) solvent. NE o tanol |(gl *hr °
0.65 0.88 g " ‘_ .34 » 0.85 3:65 0.24
TN
Remark
*The reported p ‘ : om the overall

product.lon at t end of the st.age

ﬂUEJ’J‘VIEWﬁWEJ’]ﬂ‘i
’QW’WNﬂimﬂJWTJWMQB
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5.4 Optimization of the Cell Recycle System
The comparison of total solvent, productivity and butanol
product.ivity are reported in tables 5.5 and 5.6. The comparison of

glucose consumpt.ion is shown i _t _le 5T

From the resu \\"n' / al solvent. productivity (6.06
¢l *hr ") and the maxim@l .glucose cofiswibtion rate (19.30 gl ‘hr
with the 0.21 produc ‘ hieved in the cell recycle
system with s 42.423 sentration at 0.55 hr *
dilution rate (A' ent.ration achieved was
11.03 g¢1”' and butanol, 4.40 g1~ ' of
: no acid acummulation.

acetone and 0.37 g
\ \ attained. Therefore, the

A dry weight conce \
operation with 42-44 g —-~- slucose concentrat.ion at a 0.55
hr* dilution rate was condition f 6r ‘this cell recycle

syst.en.

3

:
ﬂ‘lJEJ’JVIEJ‘VIiWEJ’]ﬂﬁ
QW']%Nﬂ‘ﬁﬂJ SJWYJVIEJ’]Q d
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Table 5.7 Comparision of solvent productivity (gl "hr ") from cell recycle
process with feeding glucose concentrations 42.4, 52.0 and 64.8 g/l

reasing dilution rate from
Feeding glucose wand 0.55 hr = respectively
concentration (g/1)
* | p=0.55 hr "

42.40 6.086

52.00 : : Stop reaction

64.80 JT e W top reaction

‘ it dil tion rate from

Feeding glucose ‘s 1 ‘, operat.ion

-

concentration (g/1)

D=0.65 hr *

e




|
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Table 5.8 Comparision of Butanol productivity (gl-1

process with feeding glucose concentrations 42.4, 52.0 and 64.8 g/l

Feeding glucose

concentration (g/1)

h ") from cell recycle

0.

// ﬁ’\\\'

42.40
52.00
- 64.80

t.op

55 hr = respectively
36 hr ' | D=0.55 hr °
2.36 3.44
2.56 Stop reaction

reaction

Feeding glucose
concentration (g‘éf

e

eI NENT

ut.ion rate from

the start of £h9 contfg ous operation

‘iL = 0.65 hr

. mwmmmmm'mma e
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Table 5.9 Comparision of glucose consumption (g1 *hr™ ") from cell recycle

process with feeding glucose concentrations 42.5, 52.0 and 64.8 g/1

7asing dilution rate from

1hr ‘ 0 -d 0.55 hr = respectively
D=0, *‘// | '!\\\- 36 hr | D=0.55 hr °

N 14.80 19.30

Feeding glucose

concentration (g/1)

42.4
52.0 % 13.54 Stop operating
64.8

op operating

dilution rate from

~0 .-JJ uous operation
!

5 | mjn = 0.65 hr '
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5.5 Comparision of Cell Recycle System with Other Processes
5.5.1 Batch Operation (run P)
The experiment of the batch fermentation with feeding

glucose concentration at 43.8 g/1 was operated to compare with the

cell recycle process. shown in figures 5.33-5.35.

Figure 5.36 shows the ek ganism during operation of

run’ P in the form o specific production

())ac )+ The maximal

rate (l)) and specifi

solvent. concentratig \- 49.0 hours of fermen-

tation with 6.20 g/ of cell. The productivity

of this batch pro es ile the glucose cosumption

\ N\
rate was 0.86 gl H yield. In the comparison

: w1t.h the maximal produg »‘ \ cyclé process (see table
5.10), the solvent produ cell recycle process was 24.5
times higher than, the
Be2.4.2 Oth@pr 2
Companison of the re sults obtained from run KX (the cell

nrte il U8 FPHNSWUART e w 0r -

dilution rat$ and the data obtained from the literature, the volume-

trie SR bl oy e mm ﬁﬂﬂf'}n@ Eaustished date

(see table 5.11).
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Table 5.10 Comparison of ABE fermentation from run K and run P

RUN | Dilution rate |Productivity (g 1 oncentration (gl™") : o
(hr D Solvent [k butanol |(gl” “hr

A D='0.11 1.16 4.21 4.90 | 0.24

D= 0.22 2.674f 5.89 9.39 | 0.28

D= 0.36 4.15 6.20 14.80 | 0.28

D = 0,58 . 6.06 6.26 19.30 | 0.31

“F | (batch process) 0.2 8.20 0.86 0.29

. il

lﬁ‘ the overall

- -
production at the "l d of eac AZES. U

AULINENINYINT
AN TUNNINGAY

*The reported pra adctivities




Table 5.11 Comparing the results obtained from run A (at 0.55 hr '

dilutibn rate) with datas.obtained from the literatures

Reference | x (g/1) ABﬁ (g/1) rPABE:(gllh)

23 3.5 18 < 0.6

23 4 23.8 0.6

23 s 2.4 0.8

23 1.8 5.6 0.72

23 ¥ 11.5 0.75

23 5.0 12.3 2.70

24 23.3 10.3 4;10“_'
|l

23 maximum 94 |maximum 20.5

Rn K

minimum 30

80.0

Remarks

fermentation from molasses

mutant of Cl. acetobutylicum, batch-

'Q\;'HQ drolyzed jeruéalem artichokes
immobilized cell of gl;_butVIicum

g lucose

ted chenostat

: glucose

butylicum cells in two-stage chemostat;

hstrate : glucose
obutylicum ATCC 824; chemostat fed with rich

18 g/1 yeast extract)

minimum.9.3

Augiane

wo A WAGY Tleadld

-

U TCC. 824; continuous run/under
mit.on/cellulose triacetate niembrane,
'partie} cell recycle; carbon substrate : glucose

ﬂ_%%ﬁ%}!ctj Iﬁc 824; continuous run/tubular
membrane (one tube), total cell recycle

ubstrate : co
ﬁmﬁ ﬁﬂontinuous run/tubular

membrane (19 tube), total cell recycle

carbon substrate; glucose .

€07
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