59

Bl & A ST

GENLMERSDOEFETENTD

[t & 7% 8 2

— ESENEE D T F LT X T IR

R 7R A5 E) —

WL —ER* - fHH R - Bl =T

35 makcttr -

EE**** . Ip%a’: %m*****

Reaction of components in fermentation broth of Shochu during
distillation and their distillation behavior
— Esterification kinetics of long chain fatty acids
and their distillation behavior —

Koichiro SHIOMORI, Masanori KASHIWADA, Sachiko TOMIYAMA,
Yoshinari BABA, Yoshinobu KAWANO, Yasuo HATATE

Abstract

Ester formation rates between ethanol and palmitic, linoleic and oleic a cids were measured, The
formation rate was affected by the concentrations of fatty acid, citric acid as catalysis, ethanol
and temperature. The rate equations of esterification of the respective fatty acids were driven from
the experimental results. The distillation behavior of aqueous ethanol solution containing linoleic
acid or ethyl linoleate was measured. No linoleic acid was contained in the distillation effluent,

however, ethyl linoleate produced by the reaction between ethanol and linoleic acid was contained
in the distillate. The distillation behavior was interpreted based on the esterification rate of linole-

ic acid and the distillation behavior of ethyl linoleate.
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1. Thermometer 7. Thermoregulator
2. Stirre 8. Pump
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Fig. 1 Experimental apparatus for the esterification reaction



BROAZCEEINIMBRSOEBENTORID &L BHEE 61

Sl a- VA BEBsE, REEBOEHE< I x
F oy 7 BOMMABBERBOITHBR LA SMEALT
RIGEBHNA—EREICHER L. =57/ —ILKE
Wicy T BAERMUABEICY /) —VBEEY
J— VBT FLAEMAIKEROERERIFig. 2
WRLEN S RBOF R v —BEPEE TIT- 7.

1. 3 ERAE

RiSEERMERE : iERO/ T VBERM L
4 J — VKB HEHOmIERIGHE P CTHERKEE
THRRsEk. JISROEREICL >k, T

1. Thermometer

2. Heater

3. Condenser

4, Distllate collecor

. Cock for sampling

. Magnetic stirrer
. Distillation still
. Cooling water

woONOO

Fig. 2 Osmer type distillation apparatus
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Fig. 3 Quantitative analysis of ethyl paimitate
by gas chromatography
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Fig. 4 Quantitative analysis of ethyl linolate
by gas chromatography
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Fig. 5 Quantitative analysis of ethyl oleate
by gas chromatography
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Fig. 6 Quantitative analysis of ethanol
by gas chromatography
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Fig. 7 Realation between Cpg and reaction time
for various Cpg at 353 K
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Fig. 8 Relation between In(Cro/Cr) and reaction time

for varoius Cro at 353K

Table 1. Rate constants of esterification

VEBBIUIS ) - LVDBETHL . AERENHT
CBLUVC,, B—FELRETEBLDT, kp,C.!
Cor" 2 BBELTHWOERA, I kR, T 5.
FLT, reaeWNLIFUBEBECELTIKRTS
BERETNIE, DRBERKXNTEE 5.
In(Cro/Cp)=kpgt (2)

EE3SK C.=4.8X10 "mol/IDFEDERBER %
In (C,,/C,) &t iwBL TS oy bL, Fig. 8
RY. EBRERE, C, EBRII-FOER LI
Tov bEh, LI FUBOLXTFIRIGHEE
BRAXTRELLEERLTV S, RIGEEE323,
333B L UB43K & LA, In (C,/C) &t &
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7 x EBRIRE A4 8X10 P mol/1E —FEILL T,
) —VEREBE A 8X1072~17.2X10" mol/ 1T %
{bEE7Ea, RIGEE323~38KILB 5L X7

T k|PE kOPE
[X] (h!] [(mol-11)0-55p°1]
323 1.12x103 6.35x1073
Ethyl palmitate 333 2.07x10°3 1.12x10°2
343 4.20x1073 2.24x102
353 7.37x1073 3.87x102
T k’LE 1(OLE kLE
K] [h1] [(mol-1'1)065h-1]  [(mol-1"1)®15p71]
323 1.10x1073 8.44x1073 8.95x102
Ethyl linoleate 333 1.92x10°3 1.48x10°2 131x10°1
343 3.27x103 2.45x107 2.49x10!
353 5.24x1073 3.87x102 4.40x10°!
T kOE kOOE
[K] {h"l] [(mol . 1'1)*0‘4911'1]
Ethyl oleate 343 3.16x10°3 139x1072
353 5.14x1073 2.49x102
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Fig. 9 Realation between C_e and reaction time
for various Cq at 353 K
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Fig. 10 Relation between In(Co/Cy) and reaction time
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Fig. 11 Realation between Cog and reaction time Fig. 12 Relation between In(Coo/Cq and reaction time
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Fig. 23 Realation between C g and reaction time

for various Cgr at 353 K
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Fig. 27 Distilation results of aqueous ethanol
solution containing ethyl linolate.

KE-TRHONB.

CLL =£kac°°’Cﬁ;°"°CLd1 (18>

= jo 163 %107 exp(-6.17 x 10/ RT)C°CiC, dr (19

JIUVEBOIBE. C. BEOXEYGEMEIcE2E
B, T, V- LEBONEE, C, BLUOgdixs
DLy /) —VRBEEZRWT, (19) X4HEICHE
S LTHEBOKMICE Y 5C, 04k Fig. 28ic

110 ; ; v .
® 100} so ]
& 90 @@@ b
T pooanaaRRET
80 . [
110 r : T y
8 100 - gééé b
S 90} n .
80 1 1 L '
100 T T T .
—_ aogg@@@@@gge y
R*
Z 60— O 1
s key Cpg [moif) ) j
40 F O 178x107%° ]
(_T)D A 357107 o
20 | Cero=30 [Wi%] a .
C=4.8X10"2 [molA] 1
O n 1 1 1 I
6.0 ' ('ZLO='1.7§3;'<10‘é Calc.
3
E,
w0
o
*
Y
O

t[h]

Fig. 28 Distilation results of aqueous ethanol
solution containing linoleic acid.
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Nomenclature

C : concentration [mol-17']
k : rate constant of ester formation
k’: rate constant at the fixed concentrations

of citric acid and ethanol

k% : rate constant at the fixed concentration
of ethanol.
r . formation rate of acid ester

[mol-1""+-h""]
T : temperature [K]
t . reaction time [h]
< subscripts >
C: citric acid
ET : ethanol
G L : ethyl linoleate in the vaporized phase
G P : gas phase
L : linoleic acid
L E : ethyl linoleate
L L : ethyl linoleate in the liquid phase
L P :liquid phase

O : oleic acid
O E : ethyl oleate
P . palmitic acid

P E : ethyl palmitate

0 : initial
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