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Abstract

The esterification of alcohols with acetic acid, lactic acid and citric acid was carried out in batch during the
second distillation. Effect of various parameters, e.g. pH of reactant base spirit, temperature of distillation, time
of distillation were studied. The parameter of distillation temperature was modified by atmospheric distillation
and pressure distillation. The pressure(1.9 atm.) distillation was used in order to react and distill at high
temperature. Compared with the base spirit concentration, ethyl acetate, ethyl lactate and iso-amyl acetate in
esterification distillate increased by 2,890%, 6,410% and 52%, respectively. Major factors of the esterification
with organic acids in distilled spirit making were molecular weight of the organic acid and pH of reactant base
spirit.
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Fig. 1. Schematic diagram of pressure distillation
apparatus.
1; Heater(Haloplate), 2; Pressure cooker(feed vessel), 3; Pres-
sure tube, 4; Pressure cock of pressure cooker, 5; Joint
apparatus, 6; Distilling, Kjeldahl, Straight end with cone,
inner joint, 7; Condenser, 8; Receiver.
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6890)2-48 3, EAZAL column: DB-WAX,
column length: 30m, ID 0.53mm, film thickness 1.0 xm,
carrier gas: He(5ml/min), oven program-2 initial: 40°C
/10min, rate: 15C/min, final: 190°C/9min®] 11, injection
180°C, detector temp.: 210°C, detector: flame
ionization detector(FID), injection volume: 1.0 1] &ith
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Table 1. Analyses of fermented mash, base
spirit, blanks and pH 3.0 esterification distillates

Samples Alcohol(v/v%) pH

Fermented mash 18.5 4.10
Base spirit 45.5 6.49
p” 30min 419 2.95

AA" A” 30min 454 3.04

A 240min 45.6 3.09

Blank A 30mim 45.8 5.25

P 30min 42.6 428

LA" A 30min 458 421

A 240min 45.7 4.16

Blank p 30min 40.9 5.80

P 30min 41.6 438

CA” A 30min 45.7 443

A 240min 45.8 430

YA, P, AA LA and CA denote esterification conditions.
A; atmospheric distillation, P; pressure distillation, AA; acetic
acid. LA: lactic acid. CA: citric acid.
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Table 2. Contents of volatile compounds in base

spirit and blanks of esterification (unit : mg/l)
Blank

Base

Volatile compounds spirit Atmospheric  Pressure
distillation  distillation

Acetaldehyde 39.6 347 24.7
Ethyl acetate 46.5 127.4 99.4
Methanol 2.7 2.7 -
iso-Amyl acetate 17.7 14.0 14.4
iso-Amyl alcohol 826.3 710.7 768.0
Ethyl lactate 3.7 3.2 3.0
Acetic acid 20.2
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Table 3. Contents of volatile compounds in esterification distillates with acetic acid

(unit : mg/l)

pH 4.5

pH 3.0

Volatile compounds

Pressure distillation

Atmospheric distillation

30min 30min 30min 240min
Acetaldehyde 26.0 36.6 433 44.5
Ethyl acetate 151 4386 3717 3528
iso-amyl acetate 17.7 19.8 26.2 26.9
Ethyl lactate 32 2.7 38 33
Table 4. Contents of volatile compounds in esterification distillates with lactic acid (unit : mg/1)

pH 4.5

pH 3.0

Volatile compounds

Pressure distillation

Atmospheric distillation

30min 30min 30min 240min

Acetaldehyde 26.9 28.1 40.2 425

Ethyl acetate 97.9 107.1 173.0 166.7

Acetic acid 102.1 360.2 308.6 319.8

iso-amyl acetate 17.6 16.3 224 20.4

Ethyl lactate 6.7 79.9 60.2 241.0
Table 5. Contents of volatile compounds in esterification distillates with citric acid (unit : mg/t)

pH 4.5

pH 3.0

Volatile compounds

Pressure distillation

Atmospheric distillation

30min 30min 30min 240min
Acetaldehyde 22.3 242 39.2 39.8
Ethyl acetate 92.0 88.6 165.4 155.8
iso-amyl acetate 13.6 13.4 224 19.4
Ethyl lactate 3.6 3.7 42 4.9
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