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AH 2 A~ + H*
a—x X 1078
Ka = [A-][H+]/[AH]

= * (10" / (ax)
x = a*Ka / (Ka+107"")

pKa :@ log[A-]/[AH]

fEBEL TLBIA- | LEEDNaOHA S EDpH
[CRDI=DITHE,

E. aerogenes

H2 103mol, CH3COOH 21mol

NaOH = 21*40/(103*22.4) g/L-H2 = 0.36kg/m3-H2

C. acetobutylicum
H2 135mol, CH3COOH 19mol
NaOH = 19*40/(135*22.4) g/L-H2 = 0.25kg/m3-H2

HNOO1E DIZE . #90.8kg/m3-H2 HMETHSH 5. NaOH
40 /kgTAF A REAZD2ADARNT VT, o
C.acetobutylicumZERITNIX10MHEEDIARNT Y TN ?
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(e)

FErMENTATION BaLANcES ror CLosTRIDIA

mMoles/100 mmoles glucose fermented

3 : 3 p
s S : H $ 2 -
Products EE  E2 ES ES EE S,
g A% 2F 2y 38 3t
8  §3 T8 T3 1 TS
32 3% 3k 3 i 3%
(3 3] 3 3] 3] )
Butyric acid 76 73 9= 3 /{N 17.2 29
Acetic acid 42 28 15 60 14.2 17.2 B8
Lactic acid — - 160 - - 107
Carbon dioxide 188 190 24 178 221 203.5 48
Hydrogen - 235 .- 182 (o 21 214 \ 135 - /-T7.8 vamTd
Ethanol — - 10 26 7.2 - —
Butanol - - —_— - 58.8 -_—
Acetone -_ — - - 2.4 -— —
Acetoin —_ - _— - 6.4 -_ —
Isopropanol - — - - - 12.1 —_
Carbon recovered, 96.0 91.0 98.3 97.1 109.6 86.2 110.0*
%o
0.97 1.16 0.81 1,05 1.01 1.06 0.74

O/R balance
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BEOPHIZH1TBIAVAHID (& pKa TRES,
AH =2 A- + HY

a-x x 1077

Ka = (x*10")/(a - x)

x = a*Ka / (Ka + 10"

K =[A-][H']/ [AH]
pKa = pH - log[A-]/[AH]

iRl L TV B [A] & S B ONaOH MK E DpH

RO OITHE,

Glucose 2%

i EEalmol/L] 0.09701
pKa=4.76 1.738E-05
pH=6.0 1.000E-06
a*Ka= 1.686E-06
[A] = a*Ka / (Ka + [H']) 0.0917
HENaOHE[g/L] 3.67

[ERER—F2/LYaE—

KRB EYZEPHE 0 TR D=L ELNaOHE D 51 E xlsx
Glucose 2%=111.1mmol/L, pH=6.0

FeCI(ID) acetate | butyrate | ethanol | formate | lactate H2 H2 H21R 3=
[mmol/L] | [mmol/L] [mmol/L] [mmol/L]| [mmol/L]|{L L/L] |[mmol/L]

FeCI(IN) &7 60.60 8.29 35.67 16.55 109.53 3.67 163.9 1.5
FeCI(Il) 100mg/L 97.01 16.61 54.48 0.00 24.27 6.16 275.2 2.5
FeCI(TM) 200mg/L | 104.82 13.66 | 59.47 3.45 29.39 5.70 2547 2.3
FeCI(I) 400mg/L 91.42 1568 | 51.63 1.92 33.04 5.62 250.9 2.3
pKa 476 4.82 3.75 3.86
pH 6.0CHEREL F-ER R [ mmol/L ]
FeCI(II) &R M 97.3 1.8 16.5 108.7
FeCI(II) 100mg/L 91.7 15.6 0.0 24.1
FeCI(IT) 200mg/L 99.1 12.8 3.4 29.2
FeCI(IT) 400mg/L 86.4 14.7 1.9 32.8
WHENaOHE [g/L] &t NaOH [ g/L-H2]
FeCI(IN) &AM 2.29 0.31 0.66 4.35 7.61 2.07
FeCI(II) 100mg/L 3.67 0.62 0.00 0.96 5.26 0.85
FeCI(IT) 200mg/L 3.96 0.51 0.14 1.17 5.78 1.01
FeCI(Il) 400mg/L 3.46 0.59 0.08 1.31 5.43 0.97
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BEDpHIZBITAIAIAHID L pKa TRES,
AH 2 A- + HF

a-x x 1077

Ka=(x*10"")/(a-x)

x = a*Ka / (Ka + 107)

K =[A-][H']/ [AH]

pKa = pH - logl[A-]/[AH]

fidE LT AIA] L =B O NaOHAEE OpHIC RS T2 DIZ L,

Glucose 2%
[ EEalmol/L] 0.111
pKa=4.76 1.7378E-05
pH=5.5 3.16228E-06
a*Ka= 1.92896E-06
[A]] = a*Ka/ (Ka+ [H]) 0.093911006
WENaOHE[g/L] 3.76
[A-] = a*10PH PE2) 0.60999037
[A]] = a*Ka /[H'] 0.60999037
x =a*Ka/(Ka +1077) 0093911006
WENaOHE[g/L] 3.76
FLER pH=6 0.000001
pKa=3.86 0.000138038

1.50%
0.083333

(e)

FErueNTATION BaLANCES ror CLosTRiDIA

mMoles/100 mmoles glucose fermented

$ : =E E
v e -
Products % T4 K g : i
E & =
i f3 f: £ fF s
2 s Se 5 g =
if F§ IS I3 33z il
5-6 2 H 5 a - N - ‘8. %
S 3] 3 g¢ & &
Butyric acid k] 73 9 17.2 b-]
Acetic acid 42 28 15 60 17.2 88
Lactic acid - - 160 33 - 107
Carbon dioxide 188 1% 24 176 203.5 48
Hydrogen 235 ... 182 <. 31 . 214 <TG vamd
Ethanol - -— 10 28 - —
Butanol -_— -— —_— - 56 58.6 -
Acetone - — - = 4 - -
Acetoin - - - - 6.4 i -
Isopropanol — - - - — 12.1 s
Carbon recovered, 96.0 9.0 983 97.1 99.6 96.2 110.0*
%
O/R balance 0.97 1,16 0.81 1,05 1.0l 1.06 0.74
(b) ANAEROBIC DISSIMILATION OF GLUCOSE DY Aerovacler aeregenes
Fermentations run under the same conditions as for B. polymyxa (Table 1)
pH 5.00°| pH 5.00 | pI{ 5.20 | pH 5.60 | ptl 6.00 | pl 6.60 | pl1 7.00 pil 7.60| pll 8.00
Product
+ Millimeoles per 100 millimoles of glucose dissimilated
2.3-Dutanedial a.2 | an7 | ams | 4z | 4rs | sas | sovs| mm f i
Acctoin 2.4) 2.48 1.39 2.39 1.58 2.10 J.o8 1.88 5.81
Ethanol 56.4 60.5 61.2 56.3 . 51.4 55.1 na 54.7 60.9
Glyeerol 413 1.7 1.81 3.91 3.3 4.37 51 71.12 6.55
Acetone Nil Nit 0.53 Nil 0.07 Nil Nil Nil Nil
Butyric acid 1.07 0.20| o071 | Nil o.44| o063 1.79] 3.95
Aceti€ acid 11.7 20.8 3.89 4.13 7.96 12.95 | 4.3 52.7 52.6 -
Formic acid 0.50 0.26 0.43 0.36 0.77 0.44 | 21.5 52,4 | 119.6
Succihic acid 1.25 1.29 .17 2.04 1.80 J.08 6.19 4.10 9.29
Lactle acid- A3aS)) 349l ) 234 0 2i64) . 335 | RS-} 25:0 o IS 180
Carbon dioxide 188.0 190.5 183.8 |'171.1 174.0 167.0 106.8 11.4 19.60
Hydrogen 98.9 W 6.8 57.6 74.2 80.7 5.4 69.7 10.37
Glucose carbon -— z 41.5 66.2 65.1 91.0 87.6- | 532 83.1
assimilated i
Fermentation time, hr. 143 141 24 29| 14} 10} 10 1] H
7% glucose uned 65.5 68.0 99.9 100.0 100.0 100.0 100.0 99.9 93.4
9 earbon nceounted for | 91.1 96.9 91.0 91.9 99.0 | 101.8 98.6 4.9 ?3.9
O/K Index 1.10 10| 1,07 1.06 1.03 1.06 1.00 1.07 1.07

* Duplicate runs were made at pH 5.00 because the sudden increase in acetic acid and
hydrogen 1was unexpected and needed confirmation.
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