EXPERTMENTAL

The purpose of this experiment. study could be separated into
2 ‘parts s

seristics of UF, study of the cell
recycling system. > deta] émerimental investigation is
—

The strai /his Study was Clostridium acetobutylicum

ATCC 824 stored ) \. I regulated cultures at

The same medium was used 33 batch and continuous

0°C in glass tu

cultures. It (;-*,r v 1« ; tor 1L K ,HPO, 0.5 g3

KH,PO, 0.5 g; @4 1,0 0.2 g5 MnSO, H,0 @ng; FeSo, ~7TH,0 0.01 g3
NaCl 0.01 g3 Yeast¢ ract 6.0 g3 D, (+) Glucose anhydrous variable.

e sl YDA IIBANA T i 1

f erment.atlonqi)rot.h for reducing foam.
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4.3 E:axerllental Equipments

4.3.1 Fermenter

4.3.1.1 Batch system : A KMJ-2B 3 litre glass férment.or

from Mituwa Rikagaku kogyo Co., Japan was used for the batch system.
The pH of the experimental fermentation broth was controlled by a pH
controller which controlled an alkali feed pump. The temperature of

the system was controlled at 35°C by a temperature controller.
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4.2.1.2 Cell recyling system : a 2 litre glass fermentor
was used for continuous fermentation. The volume of “broth was
controlled with a level controller which controlled the medium feed
pump. The pH of total fermentation broth was controlled by the pH

The ultrafili S| 4 Ce Al 11t.er (type 1M-1, Japan)
(figure 4.1) consis 3 with an ultrafiltering
~ ceramic coat inside 4 M 'nt,ernal diameter, 85 cm

long; and a 0.2030 m- of pore diameter was 0.2 jr

(molecular weight cut DEfF . 4 a0; : ‘ altic pump was used for
pumping the nutrient w ) a level controller. The
fermentation broth was ci .‘;":; otigh hé ultrafiltration module
with a sanitary.rotary pamp (0.75 2 circulation velocity was

0.465 m/sec. lr ate was 3 ischarged at a fixed flow

rate Q, and collBt : ge tank. rj} e excess permeate was

directly recycled t.ct ferment.or.
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Figure 4.1 A ceramic filter (type 1M-1).
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4.4 Experimental Procedure
4.4.1 Study of the Characteristics of U.F. Membrane
The aim of this study was to find the optimum operating

condition of this equipment for applicat.ion in the cell recycling

 system. From ultraf ilt.ra .10 the parameters that effect

filtration processes }, concentration of solute,

gd

and. pré suq and temperature in this

olo ‘\“-\ ment.at.ion process so the
parameters studied \ pressure and recircu-

lation velocity or i fAonston v.
Men ane ] ‘ Ang .

recirculation vel

study were fixed at

4.4.1.

After opers membrane was cleaned by

rinsing and back flush ingowit h de liéed water so that residual
ST T ] &

proteins and o her p BY . his method, permeate

flux will be re }_ ed. Membra lean] we3 terminated when the
permeate flow rat.i}f at.e s than fthe set point (11.5x10°°

n°/hr at rec1rcu1¢. n flow ra 0 4 m /hr pressure 0. o* ke /em”

temveratureﬁ%cﬁ’.) ‘VIW]?W BIN3
ARG RERIR 11278 2

The schematic of the U.F. system is shown in Figure 4.2.
Fluid is removed from a process tank (1) by pumping through the
ultrafiltration unit (6) and returned to the tank. The perméat.e flow
rate is measured and then the permeate is returned to the process tank.
The parameters (solute concentration, pressure, and recirculation flow

rate) used for each experiments are shown in table 4.1.
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recirculation pump 6. ultrafiltration membrane

3. flow meter 7. control block

4. inlet pressure gauge 8. N, storage tank
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Table 4.1 The operation of ultrafiltration system for studying the

effects of pressure, recirculation flow rate and biomass

concentration on permeate flux.

RUN RECIRCULATION FLOWRATE
(m°/hr)
A | Distilled wa f 0 0.4, 0.5, 0.6
B | Ddistilled wasbrd / fo.2" 800" 006T50. ¢ 0.4
C Ferment.a on 4br, ey \ - 0.4;.40:5; 0:6
D [celll = s ). ¢ : ER ¥
E | Fermentatic P2 o 0.4, 0.5, 0.6
F- | recelll = 11.28 giffo2" ;004 J0.6" | 0.4
5 . T

G Fermentatlon Z 0.4, 0.5, 0.8
H | [cell]® C“-"-"—'_'_-_'f,'-.—'-’-" 0.4

Yo Y
I Fermentat1on brc m 0.4, 0.5,.0.8
J Ccelll = 64.40 g/1 |O. 2 s 0 4 ;04 6 0% 8 0.4

i Y
ol L ‘i'.l 1. ' L] & Fc
. J M J 0 J ‘ J
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System By U.F.

The aim of this study is to find the optimum condition of
the cell recycle sytem in an acetone-butanol fermentation. The
parameters that were studied are glucose concentrations and dilution
rates. Other parameters such as temperature, pH were fixed at the
optimum point in a batch acetone-butanol fermentation process. The

photograph and the schematic diagram of this operation are shown in
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Figure 4.3 The céll recycle system
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Figure 4.4 Schema&nc diagram of the cell recycling system
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figures 4.3, 4.4 respectively. The procedure of this study was
described as follows.

4.4.2.1 Sterilization and Cleaning

The ce - ing system is cleaned by a water
rinse and back flushed WAL/, Zed water until the permeate
flowrate is not less+ihan-the se 5x10 m /hr at recircula-
tion flow rate 0.4 m /hay" i \ l.gm at 33.0°C). The system
is steam steriliseds® //7 \ . ed steam at 100 ‘C, for
more than 30 min fopfes / ‘\\ \ d other equipments are
sterilised Aby kee ng ‘ y ‘ﬂ’ \\ \ p 1, 121 °c for 15 min.

- 4.4.2.2

e CI] - :- Lridium acet.obutylicum

ium acetobutylicum ATCC 824

stored as o*'fvf—‘_'

= ‘ cally transferred to
100 ml of the st.erm.is

) m stk. The medium is kept
anaerobic by bubbhng ure nlt.roge or 15 min, and is then kept at

35°C for aﬂluﬁ» ’Jg%ﬂfﬁnwgﬂxﬂ Thoculun flask are

shown in figu
QW’]%Nﬂ‘ﬁm UNIINYAY
4.4.2.3 Batch Operation in the Cell Recycling System

The 100 ml of the prepared culture (from 4.4.2.2)
was aseptically transferred to 1-L of the sterilised medium in the 2-L
fermentor. The agitation speed was maintained at about 200 rpm and the
temperature was controlled at 33-35°C. The pH of the medium was
controlled to be not less than 4.8 by automalic addition of 4N NaOH.

The medium was kept anaerobic by bubbling of pure nitrogen.
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Fg e 4.5 The culture tube and the inocculum flask.



After the residue substrate concentration reached about
10 g/1 <(or the cell concentration was constant), 1.75-L of the
sterilized medium was added and the circulation pump was turned on (2.

The fermentation was performed in a batch mode (the fermentation broth

about. 10 g/1 (or the ce ent,né constant). Every 4 hours
fermentor for dete

A:4.27
residue substrate 10 g/1 (or until the
cell concentration w a sterilised medium was
fed into the reactor n (4) controlled with a level

controller (3), while the 4 i “was “continuously discharsed at a

5). The dilution rate

fixed flowrate (§=4o rod Lorage tank-«
Vi _

(D = Q/V) was defined [ oUS tflowrate of permeate

(at 1-L of the total ‘f ermentat.ion brot,h volume). The pH of the medium

was controlﬁduﬁ(‘}ov]lﬁsﬂﬁs &w ﬂ %ﬂﬁc addition of 4N

NaOH. The température was cont&;'olled at 33—35 €.
AR RN TUURIINAEE o =
0.11 h#ff = until the residual substrate concentration reached about
5 g/1 (or until the cell concentration was constant). Then the dilution
rate (D) was changed to 0.22 hr ', 0.36 hr °, and 0.55 hr ' respectively.
In this study, run K (see tablé 4.2) was operated with a
constant glucose concentration of 40 g/1, and the glucose concentra-
tions for run L and M were 50 g/1, 60 g/1 respectively. Run N was

operated at 40 g/lit glucose concentration, and with a fixed dilution
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rate of 0.55 hr ' from the start of the continuous operation compared
.to productivity with run K. Run O was operated at 40 g/lit of glucose
concentration with a fixed dilution rate of 0.65 hr = from the start

of the continuous operation to check the solvent producing ability of
w:llut.ion rate. The data from
fe. ﬁiz&tion of this cell recycle

L, .J -
system. Every 4 hou . t@f broth was aseptically
taken from the fey de »  tratio

the microorganism at a

experiments of run K-0O

rmination of cell concentration and

Table 4.2 The Operat ion -4; recy s tem for studying the .
effects o ng “oree rat.ion and dilution rate on

-.--nq

R ,
RUN |FEEDING QE’CO g y ) ' ﬂaDILUTION RATE

(hr

U
i Ql’iﬂq
L)

K Y 40 ¢ ed at 0. I&Jand increased

PRAINTU IR IR

| 9 50 : started at 0.11 and increased
to 0.22, 0.36, 0.55

M 60 started at .0. 11 and inci-eased
to 0.22, 0.38, OiS5

N 40 Constant at 0.55

0 40 Constant at 0.65
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4.4.2.5 A batch operation for comparing with cell recyling
system (run P)
The 100 ml of the prepared culture (from 4.4.2.2)

was aseptically transferred to 2-L of the sterilised medium which

contained glucose as much as imal feeding medium optimized from

the experiments of the eg}:l\n\ ﬁst—em The agitation speed was

maintained at 200 rpmﬁze t@pe as controlled at 35°C. The

pH of the medium m‘%haﬁ 4.8 by automatic
tlkéxqs 0-70 hours. The photo-

addition of 4 N NaOH.
3 _'igh.:ar@shown in figures 4.6,

Y

graph and the scher

4.7 respectively..

Figure 4.6 The batch fermentat.ion
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1. fermentor
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3. Temperature sensor and controller

4. pH meter and controller



4.4.3 Analysis
4.4.3.1 Determination of Cell Concentration
Biomass concentration was determined by two

independent. methods:

1. Opt. | \densi measurement, at 820 nm with a
spectrophotometer: ited in order to work in the
linear range. .
: ple of the fermentation
broth was centrif ) in. The cell pellet was
resuspended and w o \ at.er and then dried for

48 h, at 90 C and w

4.4.3.2 ‘.'3.::(». rod Concentrations

Acet, il ethanol, acetic acid and
by T ,

butyric acid we de Og aphy using a Shimadzu

Model G_ 7 Aj :’-;p“_; | wit ’ ion/ detector. Separation
took place in a@n %00 ess st.@l columm <(packed with

Porapak @Q 80-100 meshi, at 210 e, was used as carrier gas. The

injector teﬂeu& Qs%la&]:ﬂnﬁemz &lﬁl@ @mperat.ure was 300 C.

The analysis of the chromatographic dataswas with a ¢hromatopac CR1A.
recordr |10t okfabon. (Floy bitecal Parried dhs fibs BOBIZhin, retention
time of butanol, aéetone, ethanol, acetic acid and butyric acid are

4.09, 1.77, 1.31, 3.10 and 9.96 min respectively.

4.4.3.3 Determination of Glucose Concentration
Glucose was determined by a YSI Model 27 glucose

analyzer.
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