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Abstract — Acetic acid is the most abundant and serious ethanol fermentation inhibitor in dilute-acid hemicellulosic
hydrolysates. A mixture of xylose, acetic acid and sulfuric acid was chosen as a simulated hemicellulosic hydrolysate so
as to find an optimal separation system to selectively remove acetic acid from the hydrolysates. In order to attain the pur-
pose, emulsion liquid membrane was applied to removal of acetic acid from the simulated hemicellulosic hydrolysate.
The effects of main constituents of water-in-oil (W/O) emulsion, such as amine extractant type, surfactant composition,
additive type, and type and concentration of stripping agent, on extraction of acetic acid, xylose, and sulfuric acid in the
simulated hemicellulosic hydrolysate were investigated. Under specific experimental conditions, degree of extraction of
acetic acid was higher than 95% while loss of xylose was insignificant, which means that the current emulsion liquid
membrane can be an economically feasible process.
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2-1. & M=

A8 (= YFTE72HR1 BAF A ER oA ZRa o &
Z59(ultrapure water)oll A+ 22~ (D-(+)-xylose, Tokyo Chemical
Industry), ZAFJunsei Chemical)®} #+:k(Matsunoen Chemicals)<
aAIA Fnlakslel, 152 w55 42 100, 507 50mmol/
dm’e] ek S FAEE W8S 2egl FAEVER
(Daejung Chemicals & Metals) 5= EHHFE F(Showa Chemicals)
= 83lAA FRlskAieh f7] A fEHE WA faAA s
H(EP, Junsei Chemical)oll &4 1= H7HA1E oA A zx3}h
S} A3 2= 9232 (Infineum), Span 80 (Sigma Chemicals) 5=
© 279 E3hEo] ARG E AN A 9 EE Fex] 53]
A4 92 ELM A 3ol thaliA = 9] 4 vol%s] =8
92327} F3HA| 2 AFEH UL} 23 o}t & A 2= dioctylamine
(DOA, Aldrich), didodecylamine (DDA, Tokyo Chemical Industry) 2}
Amberlite LA-2 (LA-2, Merck), 3%} 0}71 3254 Z1= trihexylamine
(THA, Tokyo Chemical Industry), tri-n-octylamine (TOA, Aldrich),
tri-n-decylamine (TDA, Tokyo Chemical Industry)®} tri-n-dodecylamine
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(TDDA, Tokyo Chemical Industry), 4%} UEHFH FEA 2=
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2ha} 112 E-EA| 7] RI (refractive index) A 2P E T3 935
YRt 1 ] E-dEel st 937t IA|= A, 1§
HEZ QlI3to] 3|57l = A2 A8} 3k 557 HPLC 4
&t tha A E 7 4= AUek. wEbA, Table 131 22 357243
Sl A E A "l ERte]l ek HPLC 4 55w 2458 AA &
R e A=
3. Zdu} 2 nEk

3-1. =] 0|F M|FL|E (transport mechanism)

BAL SR SR QA T H O 2 HE] AR A A, 3] 2
FE7HA st Al & w, 71 o] A S A Ak Al= Fig. 190
Hoixl A A5 o2 RE FANES Ae2] o= AAs L A
220 e 23] G Aot} 2k 2 FHEEAREE A
At Yst HH o2 2- 186 A vkt 947173 oA =
A5o] & Aol AMEE] ATk, TS, F8AlE ARSE €92327F 11
EARAE ofl #8715 EEslar Q7] wlstell AR FEA] o
& ST} 7,12]. A8 NP Abo] o] S AH T} ey} 3]
G Ato12] Ul Aol dolubi= 2 HHA)Y oF A 2R (B)2

5335} (complexation) W53} 1419] SIHES-S TS 2o THE T

mB+n(HA) < B, (HA), (1)

A=23e] vlslig] 24 (undissociated acetic acid, HA)y &=Pd-2o] o}
(B} HEg-3to] 7 AHelA 2ikobdl HE3HA|[B,,(HA), & &
g5t & Huks Falo] U AlEzkA] glksitt, sjgdo] )]l
ol o] JHEAE AE 5 nlalE] AR 35l s
oPA FEAE= 2N ARS8l GrlEtt. A8 39
A0 FEATF ZALY o]Fe] tigk FX1Ho7] witel] 3]Gl
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Fig. 1. Schematic diagram of transport mechanism for extraction
of acetic acid in a simulated hemicellulosic hydrolysate by emul-
sion liquid membrane (HA: undissociated acetic acid, B: amine).
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Fig. 2. Effect of surfactant composition in the membrane phase on
degree of extraction of acetic acid from a simulated hemi-
cellulosic hydrolysate in the ELM system (Feed phase: 50
mmol/dm? acetic acid, 100 mmol/dm® xylose, 50 mmol/dm?
sulfuric acid; Stripping phase: 1 mol/dm® NaOH).
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Table 1. Degrees of extraction and enrichment ratios of acetic acid, xylose, sulfuric acid at 14 minutes in the ELM systems with different
surfactant compositions (Feed phase: 50 mmol/dm? acetic acid, 100 mmol/dm? xylose, 50 mmol/dm? sulfuric acid; Stripping phase: 1 mol/

dm® NaOH)

Degree of extraction (%)

Enrichment ratio

Surfactant composition

Acetic acid Xylose Sulfuric acid Acetic acid Xylose Sulfuric acid

4v0l% Span 80 71.7 -0.98 -0.46 538 0.078° o
3vol% Span 80 + 1vol% C9232 86.7 -3.40 -3.19 5.11 0.129 0.087°
2vol% Span 80 + 2vol% C9232 89.8 398 -3.94 539 0.169" 0.124°
1vol% Span 80 + 3vol% C9232 933 -4.43 -427 535 0.181° 0.136
0.5vol% Span80 + 3.5vol% C9232 95.1 -4.46 -3.82 5.86 0.202° 0.139
4vol% C9232 91.0° -4.44° -3.40° 567 0.145%b 0.1322b
*Data from Ref.[6]
bApparent value described in Section 2-2
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Fig. 3. Effect of amine extractant type on degree of extraction of
acetic acid from a simulated hemicellulosic hydrolysate in
the ELM system (Feed phase: 50 mmol/dm® acetic acid, 100
mmol/dm? xylose, 50 mmol/dm® sulfuric acid; Membrane
phase: 4vol% C9232; Stripping phase: 1 mol/dm® NaOH).
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Degree of extraction of sulfuric acid at 14 minutes

Fig. 4. Relationship between final degrees of acetic acid and sulfuric
acid in the ELM systems with various amine extractants (Feed
phase: 50 mmol/dm? acetic acid, 100 mmol/dm® xylose, 50
mmol/dm® sulfuric acid; Membrane phase: 4 vol% C9232;
Stripping phase: 1 mol/dm® NaOH).
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Fig. 5. Effect of membrane additive on degree of extraction of acetic
acid from a simulated hemicellulosic hydrolysate in the ELM
system (Feed phase: 50 mmol/dm® acetic acid, 100 mmol/dm’
xylose, 50 mmol/dm® sulfuric acid; Membrane phase: 4 vol%
(9232; Stripping phase: 1 mol/dm® NaOH).
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Fig. 6. Effect of Na,CO; concentration in the stripping phase on
degree of extraction of acetic acid from a simulated hemicel-
lulosic hydrolysate in the ELM system (Feed phase: 50
mmol/dm? acetic acid, 100 mmol/dm> xylose, 50 mmol/dm?
sulfuric acid; Membrane phase: 4vol% C9232).
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Fig. 7. Effect of amine extractant type on degree of extraction of
acetic acid from a simulated hemicellulosic hydrolysate in
the ELM system (Feed phase: 50 mmol/dm? acetic acid, 100
mmol/dm? xylose, 50 mmol/dm® sulfuric acid; Membrane phase:
4vol% C9232; Stripping phase: 1.5 mol/dm® Na,CO,).
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Table 2. Degrees of extraction and enrichment ratios of acetic acid, xylose, sulfuric acid at 14 minutes in the ELM systems with different amine
extractants (Feed phase: 50 mmol/dm® acetic acid, 100 mmol/dm® xylose, 50 mmol/dm® sulfuric acid; Membrane phase: 4vol% C9232;

Stripping phase: 1.5 mol/dm® Na,CO,)

Extractant type and concentration

Degree of extraction (%)

Enrichment ratio”

Acetic acid Xylose Sulfuric acid Acetic acid Xylose
No extractant 97.1 -6.84 -5.93 4.07 0.230*
20 mmol/dm’ LA-2 97.8 9.87 91.8 3.57 0.583*
20 mmol/dm® TOA 922 -8.03 39.2 425 0.347°
20 mmol/dm® Aliquat 336 99.3 -11.7 37.2 3.17 0.043*

#Apparent value described in Section 2-2.
“Enrichment ratios of sulfuric acid are not available.
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