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Table 2.1 Fuel ethanol quality standard (JIS K 2190)

Item Unit Standard

Appearance [—] clear or light yellow and

free of impurities

Alcohol [volume %] =99.5

Methanol [g/L] =40

Water [mass %] =0.7

Organic impurities [g/L] =10

Electrical conductivity [uS/m] =500

Non volatile matter [mg/100ml] =35.0

Copper [mg/kg] =0.10

Acidity(as acetic acid) [mass %]  =0.0070

pH [—] by agreements between
delivery parties

Sulfur [mg/kg] =10
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AL IWIRES 50% 7R A HR) KOV pH A1k pH }—4-15
pHe A—4-ik
HEIK 2 99.3wt%LL F
H)-vaEAE 99.5vol% Ll 92.1vol%LL | & witell

EK 1 92.6~93.8wt%
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Table 2.3 Y 7 IRffER

No. RAA=4/—n HAEMARRTES ) —v A A B3

1 100% 0 0
2 80% 0 20%
3 50% 0 50%
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7 0 0 100%
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9 0 0 100% (ZEHEHL)
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fig, A% ) —)L, Fav-1-F—), -7 % ) —)b, Fip=F /)L, EEEETFLEN
BENTND ZENRbole, Filo, BHEERAEDEN D, SAEAMMIE, L)
KEWZ ERbNoT-,

33



Table 3.1 The average properties of feed solution for distillation and refining process with

standard deviation

pH Acidity Electrical conductivity Sulfur
[-] [wt%o] [nS/m] [mg/kg]
Measurements  3.93 +0.6  0.274 +0.158 83,000+73,800 21+41

Table 3.2 The average organic impurities in the feed solution for the distillation and

refining process with standard deviation

Boiling point Concentration
['C] [¢/L]
Acetic acid 118 1.117+1.305
Ethyl butyrate 121.3 0.701+0.295
Butyric acid 163.5 0.521+0.359
1-Butanol 118 0.145+0.287
Acetaldehyde 20.2 0.051+0.074
2-Propanone 56.5 0.001+0.001
Ethyl acetate 77.1 0.014+0.012
2-Butanone 80 0.036+0.049
Propan-2-ol 82.5 0.002+0.002
2-Methyl-1-Butanol 128 0.006+0.007
Methanol 64.5 0.664+0.267
2-Butanol 99.5 0.004+0.003
Acetal 102 0.050+0.025
Propan-1-ol 97.2 0.097+0.066
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Table 3.5 Average concentration of organic impurities in the discharged

fusel oil  with standard deviation [g/L]
Concentration
Acetic acid 0.535+0.547
Ethyl butyrate 5.211+8.051
Butyric acid 56.361£112.625
1-Butanol 1.549+2.058
Acetaldehyde 0.075+0.128
2-Propanone 0.000+0
Ethyl acetate 1.002+1.283
2-Butanone 0.011+0.006
Propan-2-ol 0.023+0.028
2-Methyl-1-Butanol 1.487+2.295
Methanol 1.127+0.365
2-Butanol 0.299+0.383
Acetal 6.319+7.302
Propan-1-ol 1.507+1.004
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Table 3.6 The organic impurities concentration of the simulation analysis and Plant

data [Wt%]
Simulation Plant distillate
Feed conc.
distillate

Acetic acid 0.0973 0 0.0025
Ethyl butyrate 0.0777 0 0.0107
Butyric acid 0.0486 0 0.0002
1-Butanol 0.0097 0 0.0086
Acetaldehyde 0.0077 0.1628 0.1049
2-Propanone 0.0012 0.0243 0.0229
Ethyl acetate 0.0003 0.0061 0.0800
2-Butanone 0.0038 0.0794 0.0150
Propan-2-ol 0.0014 0.0283 0.0186
2-Methyl-1-Butanol 0.0079 0.1512 0.0088
Methanol 0.1432 2.9539 2.8416
2-Butanol 0.0032 0.0001 0.0655
Acetal 0.0050 0.1051 0.0270
Propan-1-ol 0.0242 0.3876 0.4354
Total 3.8988 3.6419
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Table 3.7 AHAMMESE & 1 D BIFR

Concentration Acidity

[ppm] [wt%o]
Methanol 900 0.0007
Propan-1-ol 4,000 0.0007
Propan-2-ol 150 0.0009
2-Butanol 1,000 0.0008
Acetal 1,000 0.0009
Acetaldehyde 350 0.0009
Acetic acid 70 0.0129
Ethyl acetate 1,000 0.001
Ethyl butyrate 200 0.0009
1-Butanol 124 0.0007
Butyric acid 132 0.0119
2-Methyl-1-butanol 113 0.0006
2-Butanone 92 0.0007
Special ethanol 999,900 0.0009
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Fig. 4.1 Experimental apparatus
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Table 4.2 The relative volatility of model and plant solution in high and low

concentration of ethanol

Feed stage of distillation Top stage of distillation

Model Plant feed Model Plant reflux
Acetic acetate 0.030 0.027 0.090 0.320
Ethyl butyrate 7.748 0.447 1.042 0.816
Butyric acid 0.072 0.296 0.144 0.116
1-Butanol 5.067 — 0.185 0.154
Acetaldehyde 3.817 1.395 9.042 8.182
Ethyl acetate 6.835 2.035 1.991 1.394
2-Butanon 3.612 0.799 2.207 1.803
Propan-2-ol 1.108 0.388 0.916 1.169
2-Methyl-1-Butanol 1.724 1.308 0.134 0.031
Methanol 0.520 0.807 1.488 1.655
2-Butanol 16.563 — 3.097 1.016
Acetal — — 1.338 1.407
Propan-1-ol 1.886 2.030 0.481 0.393
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4.3.1 ZRBPENGAEHRE & B 52

ST b ORBEEFSMZ L2 MacCabe-Thiele IBIC L Y  KBERO= ¥ /
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AW OETAITENE DL LU THEZIT o7, Figure 4. 7 |[Z7KREE DA B
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Table 4. 3 Distillation condition of plant

Symbol Item unit Value
N Number of stages — 25
zZ Feed stage — 10
F Feed rate k-mol/h 154.13
D Distillate rate k-mol/h 1.21
W Bottom rate k-mol/h 152.92
Xz Ethanol mole fraction in Feed — 0.006
Xp Ethanol mole fraction in Distillate — 0.747
Xw Ethanol mole fraction in Bottom — 0.00004
R Reflux ratio — 53
L Liquid flow rate k-mol/h 6.41
Vv Vapor flow rate k-mol/h 7.64
Olay Geometric average of relative volatility of — 3.29
ethanol
q Fractional, feed enters as part liquid and — 1
part vapor
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A Thermometer ®Distillate Collector
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Fig. 4. 11 Experimental apparatus with NaOH addition
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Table 4.4 The effect of NaOH addition on the VLE of the impurities [mole%]

Charge | without NaOH with  NaOH
X Yi X; Vi

Temperature [C] — 78 78
pH [-] 4.36 4.26 5.37 4.14 6.38
Acidity [wt%] 0.2605 | 0.3278 0.0209 0.3346 0.0064
Ethanol 59.251 | 65.642  70.132 53.830 65.262
Acetic acid 0.068 0.105 0.006 0.088 0.001
Ethyl butyrate 0.283 0.244 0.265 0.195 0.293
Butyric acid 0.085 0.102 0.027 0.117 0.016
1-Butanol 0.293 0.267 0.073 0.232 0.062
Acetaldehyde 0.455 0.157 1.076 0.124 1.269
Ethyl acetate 0.431 0.367 0.560 0.278 0.528
2-Butanone 0.139 0.102 0.218 0.078 0.216
Propan-2-ol 0.039 0.034 0.033 0.028 0.032
2-Methyl-1-Butanol 0.054 0.053 0.015 0.047 0.009
Methanol 2.646 2.454 3.702 2.036 3.451
2-Butanol 0.118 0.068 0.332 0.053 0.350
Acetal 0.014 0.103 0.185 0.052 0.120
Propan-1-ol 0.451 0.545 0.312 0.465 0.291
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Fig. 4. 12 The effect of NaOH addition on the VLE of the impurities
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