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u.s. Solvent ratjosx
palent Nomes of lacteria Substrate Butyl Ethyl Acelone | Isopropyl
no. alcohol | alcohol | alcohol
1,725,083 | Bacillus saccharobut.ylicum-beta Inverted molasses and CaCO, 73 - 3 3s
1,008,361 | Clostridium saccharobutylicup-gamma Blackst.rap molasses and CaCO, 65-80 & 18-34 1-2
1,822,921 | Cl. soccharoluty l-acetonicun Blackstrap molasses, corn 64 - 26
gluten, and (NH) SO
2,017,572 | Cl. viscifaciens lasses and CaCo, 66 - 3 31
2,060,219 | Cl. saccharoacet.obutylicun-beta and degraded 68-73 1-3 26-32
gamma ia, steep i
llery slop
2,063,448 | Cl. propyl hulylicun 69-70 - 4-17 o 1a-m
mixture
isopropy )
and Ethvl
2,073,125 | Cl. invertoocetohutylicum 66-70 2-3 27-31
z.nns..:zz Cl. saccharoacetobutyli 68-73 t-3 26-32
2,132,028 | Cl. propyl butylicun—alphs 65-70 5-10 16-26
2,139,108 | Cl. snccharobutyl-acctonicus (NI, SO, | 58-74 2-6 24-36
—gammn and della
2,138,111 | Cl. saccharobutyl-acctonicue- 60-69 3-4.5 26-35
-gamma and delta
2,147,487 | B. butacone d animal 65 - 2n
2,169,246 | Cl. celerifactor 60’ 2 38
2,105,629 | Cl. granulobecter ace 60-75 1-10 25-30
- .
2,219,426 | C1. saccharobuly-isopropyl= 60-85 - 15-0 | ©.1-4.0
~beta
2,398,837 | Cl: eadisonii Cuban blu:htrép, NI, OH 75-76 4-8 17-20
‘ o),
2,420,998 1. amylosacc l ) 65-72 Trace 2-4 26-32
2 N ﬂ ﬁ
2,439,791 | Cl. .swcharoacolonorhut.ylim nvort. nohuos. (NH,), SO, Boi'lj 2-7 18-25

Table 2.1 Microorganisms which can produce butanol by fermentation
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Table 2.2 Raw material which can be usex »arbon source in acetone-butanol fermentatoion (5)

Raw Microorganism “Tot.al solvent Solvent
material (g/1it) (g/1it)
Butanol | Acetone | Ethanol
Whey Cl. acetobutylicum R 7.0 | 2.5 -
P 262 :
Corn starch|Cl. acetobutylicum 13.3 T8 4.3 1.8
No. 105
Molass Cl. acetobutylicum 16.18 Ak A% Ak
| P 262 S
Tapioca Clostridium " 14,03 9.82 3.95 0.25
Starch No. 8P-2 < : :
Tapioca cl. butylicum feas .| a3 14,63 9.51 4.86 0.26
Starch mnsstl“LJEl? NnanaInegnny

ﬂW']éNﬂiﬂJ UA1INYINY

A¥ = No reported data




TABLE 2.3 Sugars which can be used as carbon source in acetane-butanol fermentation (5)

Substrate

Microorganism

. \_-::\:}\.; -
: Ppod .,r..mn ot.al solvent

Fermend

Solvent, concentrat.ion

Glucose
Glucose
Glucose
Xylose:
Arabinose

Lactose

Galactose

Cl. acetobutylicum
ATCC 824
Cl. butylicum
NRRL B592
Cl. acetobutylicum

P 262
Cl. acetobutylicum

ATCC 824

Cl. acetobutylicum

ATCC 824
Cl. acetobutylic

P 262

CIM

2 262

Z/0 s

uHINYNINENS:
ASRTOJ NI INAAE

centratlon (g/1)
Butanol | Acetone | Ethanol

15.0 4.5 1.3

A¥ A¥ A¥

9.0 3.4 0.3

8.9 3.9 1.3

1& 16.5 10.5 4.5 1.5
6.7 2.6 0.2

Tl 2.7 0.2

A% = No reported data




are removed overhead. On condensation, two layers are formed. The top
layer (80% butanol and 20% water) is returned to the butanol column,
and the bottom layer (4% butanol and 90% water) is returned to the

beer column.

nash may be substituted for

the molasses, in wh -- \\‘ is carried out at 37°C
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acetobutylicum. ~Figure /2 .-,.15 e“
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fermentation. The Bioghe ng,j hwayiand scheme for the butyl alcohol
fermentation are shown /i ‘e 242, 2.8 respectively.

2.1.2 Products and : = 1 Acetone-Butanol Fermentation

@1 the manufacture of

is, am%es for gasoline additives

lacquers, rayon, tﬁ,er" ;
and it’s also useQr a solvent. r fats, waxes, resins, shellac and

varnish. ﬂumwsmwmm

Acetone :  Acetone is uged mostly asa solventij or fats, oils,
G| o LAE Yo e ot
Ethanol : Ethanol is used in pharmaceutical industrials and
is also used for chemical material synthesis such as ether, chloroform.
Gas : The gas produced by this fermentation consist-é of 60%
'002 and 40% H,. About 60-70 g. of gas is produced from 100 g. of
glucose. The gases can be used to produce methanol or ammonia. When
the two gases are separated, the hydrogen can be used in chemical

synthesis as burned for energy, and the €0, solidified into dry ice.
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Figure 2.2 Biochemical pathway for conversion of sugar into
organic solvents by CL acetobutylicum (6)
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1. CeHi0c — 2C,H<Ca (b::-l.’l'n::.w:(‘ .l..:nlu alu:lu;i;:nlumeuauou)
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Butyric acid 1 uleohol
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1931.
Van vex Lzx, J. B., “Onderzockingen over de Butylai Yennootschap
W. D. Mtinemna, Delft, 1930.

Figure 2.3 The scheme for the butyl alcohol fermentation (86 )
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Solid Residues : The acetone-butanol fermentation produces a
beer which contains riboflavin (60-100 g. per g. dry wt.), B complex
vitamins, protein (20-30% dry wt.) and certain unknown growth factors
in relatively large concentrations. The solid residues after drying

by spray or drum drying was used les a vitamin supplement for animal

The mass balance of fe nentat nta.ble24 2.5, and the

mentat.ion

Acetic and but.ylc acids

ﬂ%mmv%’wmm
amaﬁmmm"mmé‘i’a

Table 2.5 : Solvent ratio

% n-Butanol % Acetone % Ethanol

60-65 30-35 5-10




13

Acetons-Butanol Fermentation
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2.1.2 The Petrochemical Process
In the United States 70% of butanol is being made via the
oxo process. The oxo or hydroformylation process has been developed
into a 32 MM t/y industry. f the aldehydes produced are either

reduced to alcohols direct ‘\ oY

t.o aldol condensation prior
Vhyde is oxidized to the
olume feedstock for oxo

to hydrogenation. A limited a
corresponding acid.

plants.

2CH,CH = CH, + 2C0 Q. T +2,/CH,~CR, “GH,~CH,OH + CH,~CHCH,OH
- Besides normal and isobut ing amounts of normal and
isobutyl alchols, ipro ea y ends are . In the case of

Shell’s phosphin %0“process (vide infra),

[“
in a separate hyd.rogenat. on step. A number of

s “Ilﬂ‘mﬂ Nangay o -
cobalt carbg ?o The process is

S"°“°h“ﬁ“fa\1‘mm umqwmaa

alcohols a.re mad ”
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2.2 Development. of Acetone-Butanol Fermentat.ion Processes
2.2.1 Two-Phase Fermentation
The use of aqueous two-phase fermentation systems for

in situ extraction of butanol has been demonstrated. The phase

system consisted of a cc edium supplied with 6% (w/w).

Dextran T-40 (Pharmacia) z bopeg 8000 (Union Carbide)

resulting in a top ) : me 1. Cl. acetobutylicum
was completely p ; ha b shase and solvents part.itioned

in the top and bot.ié . 1 _  » covered by distillation
of the top phas - 3 _\ 1 squent, restart the batch
fermentation. - SiniiP I +2ined with a controlled:
batch fermentation. can reacti ¢ prodiictivity was 0.24 ke m hr

which compares favour: Wit " d inary bat.ch process productivity

2.2 Cont inubussFermentat.ion./

ﬁeu&l& VIEHLIWELAE) @ cons-cont tnuousy

can improve react.or product.ivity. Leungsand Wang (1981) reported that
woruntirl] hhbl [rabldvid Viodadd | brdBh Elbiree-ccra
cont.muous culture over that obtained in batch culture (2.5 kgm hr

versus 0.8 kem “hr 7). It was also shown that specific productivities
~ of acetone and butahol increased with dilution rate to maximum values
of 0.3 and 0.2 g g~ cell hr ', respectively, at the dilution rate
of 0.22 hr '; above that dilution rate, the fermentation favored

butyric acid production. Fick, Pierrot and Engasser (1985), obtained a
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productivity of 0.75 kem ~hr = solvent from a stable continuous culture
of ATCC 824 on a complex medium containing 40 g/1 glucose. This
process can be maintained for two months, at an optimal dilution rate

0.06 hr °,

the solvent concentration was 13 g/l1. For continuous

from immobilized Cl. ac Y, troem and Molin, 1979)

were immobilized in calciufi gel 2 d studied under what were

found to be repgymle (1.0 g. ‘butano; , but because butanol
| within the immobilization
“will be'ﬁ'equired to establish
S FT “ﬁﬁlﬁ"“ﬂ NIWTITHS

2.2.4 Ult.raf iltration

AW RE 3 S URNUVE s et

microf 11t.rat1on (CFM) to fermentation processes has been studied to

toxicity rapidi;

matrix, extens ig

improve productivity in acetone-butanol fermentation. antinuous
~ ethanol fermentation, using CFM to recycle cells back to the fermentor
has been reported to increase the biomass per unit volume, facilitate
an increase in productivity. In UF and CFM fermentation broth flows
tangentially across the membrane surface with cell-free 1liquid

permeat.ing through the membrane. Accumulated cells are swept away
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from the membrane surface using a high recirculation flow rate.
Concentrated cells and a portion of the cell-free liquid stream are
returned to the fermentor. Afschar et al (1985) obtained significant.

productivity increases using CFM (hollow fibre configuration) in a

tylicum ATCC 824 fermenting a
. io@ﬁsgntration of 8 kg m = was

obtained in a single-si cell recvele fermentor using turbidostal

cont.inuous fermentation

complex glucose medi N
cell concentration { b .’h\ of 0.64 hr ~

Ferras, improve productivity in
acetone-butanol fe con tinuous ferment.ation and
tube with an ultrafiltering
ceramic coat insi | with 2l recycle of biomass, a dry weight
concentration of 125 g/1 5 ' which enhanced the volumetric

solvent productiyity in averagi 4.5 g1~ (at dilution rate 0.33
hr™* for significs : )

Schlote andsSottschalk (1886), improved the productivity of

the acetoneﬁlmfgmﬁ §) I B Fate  wrtraritere

tion membrane was used to serﬁrate and gecycle cellsiin a continuous

femeﬂaiﬂ grap 4| E,Ler phodghate

11m1t.at.10n (0.74 mM), at a dilution rate of 0.40 hr * , a solvent

productivity of 4.1 g 1 *hr ' was maintained over three months.
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