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SUJITRA DOUNGSRI : LIQUID-LIQUID EQUILIBRIUM OF TRNARY
MIXTURES FOR BIODIESEL PRODUCTIONIHESIS ADVISOR :

TERASUT SOOKKUMNERD, Ph.D., 113 PP.

BIODIESEL/LLE/NRTL/UNIQUAC/UNIFAC

The main objective of this research is to studwiligiquid equilibrium of
ternary mixtures for biodiesel production for syste of fatty acid methyl ester
(FAME) + methanol + glycerol, methanol + FAME pabit and FAME + palm oill
glycerol at the temperature of 35, 45, and 55 de@elsius antb investigate the
efficiency of various activity coefficient. modeld.he activity coefficient models
being investigated are NRTL, UNIQUAGNdUNIFAC-Dortmund. The finding in
this thesis will be useful in design and operatdmeterogeneous transesterification
reactors and unit operations. for purification ipdesel production. At the beginning
of this work, the constructions of binodial curwesre conducted using cloud point
titration technique. Then, the tie line is constedcby using Gas chromatography. For
the mixture which was separated into two phasesgjaitibrium. The upper phase was
measured by gas chromatography and calculateaves phase by material balance.
The Othmer-Tobias correlation was used to ascetterconsistency of tie line data.
The results show the liquid-liquid equilibrium cAME + methanol + glycerol, methanol +
FAME palm oil systems as type-l and FAME + palm-oiylycerol system as type-Il.
The comparison between the experimental data \mghattivity coefficient models

UNIFAC-Dortmund, NRTL and UNIQUAC.



The results show that, the UNIQUAC model yieldeel better results with the
root-mean-square deviations $gstem of FAME + methanol + glycerol at the temipeea

equal 35 degree Celsius about 1.72%.
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(Prausnitz, Lichtenthaler, De Azevedo, 1986) ttag Ol i szmanmanlieuainldanmsmiunn

Y
% 9y o

AUHANITNAADY ASUUTOAUDULLUTIAD UNIQUAC Ao f”h(lij NINTINHANTTNAADN

1 o Y a 1 = Y o I 9}3’; o . .
edu mldanuianannnmslszmnamanas annadatlszgnald 189N Vapor-Liquid
Ry Y a g Ay v
Equilibrium (VLE) t0ig Liquid-Liquid Equilibrium (LLE) U@NNUDADINWITINADT 1, LT q n'la
1 @ ] Yo R KR 1 Y 1 d‘d v é %
nnmsluenasais q d9lulamiiledanguiansuveslungaz Tumnaniimsuatiadany
v &R o9 Y 2q o ° 1 v J v 1y o
saziu Fahlde ruaz q Nlslunsdwanbigndes dwalimsdszmamdlsuuuiiaes
UNIQUAC Hawaia'la
3) 1UVI1A09 UNIFAC-Dortmund (Universal Functional group for UNIQUAC Activity
Coefficient-Dortmund Model)
k4 v
TagendonNAad1g IMYes Wilson ¥4 NRTL Wait 1119 uAaae91n UNIQUAC
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2.6 NITBNN IV
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2) Methanol + FAME + Oil
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3
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AUUANIIMININ MeOH Palm Oil FAME Glycerol
wa Tuana (g/mole) 32.04 849.8 282.6356 92.09
ANUHULUY (g/mL) 0.7918 0.9245 0.8814 1.261
1A (°C) 64.7 351 192 182

4 ) o % *4 d‘
G]"IiN“ﬁ 9.2 ma&mmimmmmsmumuﬂhmqamaﬂmm FAME

2 = = "
imiinTuanamaguos FAME N4 lumsnaaoaunini 282.6356 g/mole

., al. hwinTuana Wan13
M1399AY3ENOUVBY FAME | % lagtiidiin gasluana .

(g/mole) ATUIN

Palmitic Acid Methyl Ester 52.88 270.45 C,H,,0, 143.014
Stearic Acid Methyl Ester 4.67 298.5095 C,,H;0, 13.9404
Oleic Acid Methyl Ester 33.98 296.49 C,,H,0, 100.7473
Linoleic Acid Methyl Ester 8.05 294.48 C,H,,0, 23.7056

Linolenic Acid Methyl Ester 0.42 292.46 C,,H,,0, 1.2283
391 282.6356
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A1 @ulAIAIMSarmeve95z UL FAME + MeOH + Glycerol

M13199 7.1 HANMINAABIVDITZ VY FAME (1) + MeOH (2) + Glycerol (3) NQain

a

NV 35 DI LY

a

=\

od NOATITIUNNIUDAADNALLDTOAAT 9

%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (Yomass) | (%omole) | (%mole) | (Y%omole)
0 200 0 0.2 200 0 0.1763 0.0881 0 99.9119 | 0.0287 0 99.9713

10 90.0483 12 0.2 90.0483 | 9.5016 0.1763 0.1768 9.5277 | 90.2955 | 0.0489 23.259 | 76.6921

20 80.0016 25 0.4 80.0016 | 19.795 0.3526 0.3521 19.7655 | 79.8824 | 0.0838 | 41.5258 | 58.3904

30 70.0015 35 0.6 70.0015 27.713 0.5288 0.5383 28.2085 | 71.2532 0.115 53.1635 | 46.7215
40 60.009 50 0.8 60.009 3959 0.7051 0.703 39.47 59.8271 0.132 65.3858 | 34.4822
50 50.0678 60 0.8 50.0678 47.508 0.7051 0.7174 48.339 50.9436 0.123 73.0807 | 26.7963
60 40.014 75 1.5 40.014 59.385 1.3221 1.3126 58.9598 | 39.7275 0.204 80.8437 | 18.9523

70 30.0481 90 3.9 30.0481 71.262 3.4375 3.2817 68.0321 | 28.6862 0.4746 86.7927 | 12.7327
75 25.0038 95 5.1 25.0038 75.221 4.4951 4.2925 71.8307 | 23.8768 0.6035 89.0928 | 10.3036

80 20.0092 100 7.85 20.0092 79.18 6.919 6.5207 74.6219 | 18.8574 0.9023 91.089 8.0087
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A1599 7.2 HAN1INARDIVDITZUL FAME (1) + MeOH (2) + Glycerol (3) ﬁ’@m‘ﬁ
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%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%omass) | (%omass) | (%mole) | (%emole) | (%omole)
0 0.1 0 200 0.1261 0 200 99.937 0 0.063 99.8069 0 0.1931
20 0.8 25 80.0019 1.0088 19.795 80.0019 | 79.3625 | 19.6368 1.0007 31.0426 67.756 1.2014
30 1.35 35 69.9965 1.7024 27.713 69.9965 | 70.4106 27.877 1.7124 21.8953 | 76.4703 1.6343
40 1.8 50 60.0156 | 2.2698 39.59 60.0156 | 58.9108 | 38.8612 2.228 14.4193 | 83.907 1.6737
50 2.15 60 50.0052 2.7112 47.508 50.0052 |~49.8933°| 47.4017 2.7051 10.4743 | 87.7828 1.7429
60 3.2 75 40.0086 | 4.0352 59.385 .| 40.0086 | 38.6823 | 57.4163 | 3.9014 6.9429 | 90.9079 | 2.1492
70 4.2 90 30.0098 | 5.2962 71.262 | 30.0098 | 28.1602 66.87 4.9698 4.4466 | 93.1449 | 2.4085
75 5.15 95 25.0098 | 6.4942 75221, | 25.0098 |-23:4339¢(, 70.4812 | 6.0849 3.53 93.6568 | 2.8132
80 6.25 100 19.9945 7.8813 79.18 19.9945 | 18.6767 | 73.9615 7.3618 2.6923 94.0507 3.257
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A1599 7.3 HAN1INARDIVDITZUL FAME (1) + MeOH (2) + Glycerol (3) ﬁ’@m‘ﬁ
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%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%emass) | (%omole) | (%mole) | (%omole)
0 200.06 0 0.55 200.06 0 0.4848 0.2417 0 99.7583 0.0789 0 99.9211
10 90.0012 12 0.35 90.0012 9.5016 0.3085 0.3091 9.5196 90.1714 0.0856 23.2598 | 76.6546
20 80.0129 25 0.55 80.0129 19.795 0.4848 0.4834 19.7372 | 79.7794 0.1152 41.5093 | 58.3754
30 70.0131 35 0.55 70.0131 27.713 0.4848 0.4936 28.2178 | 71.2885 0.1054 53.1644 | 46.7301
40 60.0174 50 0.7 60.0174 39.59 0.617 0.6156 39.5014 59.883 0.1155 65.3935 34491
50 49.9918 60 0.9 49.9918 47.508 0.7933 0.8071 48.333 50.8599 0.1384 73.0992 | 26.7624
60 40.0281 75 1.95 40.0281 59.385 1.7187 1.6995 58.7204 | 39.5801 0.2651 80.7888 | 18.9461
70 30.0198 90 4.75 30.0198 71.262 4.1867 3.9696 67.5671 | 28.4633 0.5775 86.7134 | 12.7091
75 25.014 95 7.1 25.014 75.221 6.2579 5.8764 70.6348 | 23.4889 0.8382 88.8787 10.283
80 20.0051 100 10.8 20.0051 79.18 9.5191 8.7569 72.8399 | 18.4032 1.2372 90.7827 7.9801
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A1599 7.4 HAN1INANDIVDITZUL FAME (1) + MeOH (2) + Glycerol (3) ﬁqmw
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%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%omass) | (%omole) | (%mole) | (%omole)
0 0.2 0 200.01 0.2522 0 200.01 99.8741 0 0.1259 99.6145 0 0.3855
10 0.8 12 90.0012 1.0088 9.5016 90.0012" | 89.5431 9.4532 1.0037 50.8728 | 47.3771 1.7501
20 1.15 25 80.001 1.4502 19.795 80.001 79.0163 | 19.5514 1.4323 30.8801 67.402 1.7179
30 1.45 35 70.0069 1.8285 27713 70.0069 | 70.3245 .. 27.8387 1.8367 21.8714 | 76.3754 1.7532
40 2.4 50 60.0068 3.0264 39.59 60.0068 | 584729 38.578 2.949 14.3375 | 83.4433 2.2193
50 3.25 60 50.0001 4.0983 47.508 50.000L |.49.2096 | 46.7569 | 4.0335 10.3807 | 87.0079 | 2.6114
60 4.5 75 39.9997 5.6745 59.385 39.9997 | 38.0735 | 56.5253 5.4012 6.8814 90.1224 2.9962
70 6.15 90 30.0061 7.7552 71.262 30.0001 | 27.5227 65.364 7.1133 4.3969 92.1153 3.4877
75 6.9 95 24.9996 8.7009 75.221 24.9996 | 22.9519 | 69.0598 7.9882 3.4952 92.7713 3.7335
80 8.1 100 20.0153 | 10.2141 79.18 20.0153 | 18.2939 | 72.3704 9.3357 2.6693 93.15 4.1807
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A1599 7.5 HAN1INARDIVDITZUL FAME (1) + MeOH (2) + Glycerol (3) ﬁqmw
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%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%omass) | (%omole) | (%mole) | (%omole)
0 200 0 0.3 200 0 0.2644 0.132 0 99.868 0.0431 0 99.9569
10 89.9923 12 0.35 89.9923 9.5016 0.3085 0.3091 9.5204 90.1705 0.0856 23.2616 | 76.6528
20 79.9904 25 0.45 79.9904 19.795 0.3966 0.3959 19.759 79.8451 0.0943 41.5248 | 58.3808
30 70.0313 35 0.45 70.0313 27713 0.3966 0.4041 28.238 71.3579 0.0863 53.1682 | 46.7456
40 60.008 50 0.6 60.008 39.59 0.5288 0.5281 39.5399 59.932 0.099 65.4078 | 34.4932
50 50.0083 60 0.65 50.0083 47.508 0.5729 0.5841 48.4335 | 50.9825 0.1 73.1209 | 26.7792
60 40.0601 75 2.4 40.0601 59.385 2.1154 2.0829 58.4725 | 39.4446 0.326 80.7272 | 18.9468
70 30.0051 90 5.6 30.0051 71.262 49358 4.6475 67.0999 | 28.2526 0.6802 86.6292 | 12.6906
75 25.0182 95 8.55 25.0182 75.221 7.536 6.9923 69.7943 | 23.2133 1.0077 88.7253 10.267
80 20.0549 100 13.5 20.0549 79.18 11.8989 | 10.7068 | 71.2475 | 18.0457 1.5415 90.4848 | 7.9737
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A15199 7.6 HAN1INANDIVDITZUL FAME (1) + MeOH (2) + Glycerol (3) ﬁqm‘ﬁ
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%MeOH in | Glycerol | MeOH FAME | Glycerol | MeOH FAME FAME MeOH | Glycerol | FAME MeOH | Glycerol
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (Yemass) | (%emole) | (%mole) | (%mole)
0 0.2 0 200.45 0.2522 0 20045 | 99.8743 0 0.1257 | 99.6153 0 0.3847
10 0.7 12 89.9959 | 0.8827 9.5016 /| 89.9959 | 89:655 9.4656 0.8794 | 50.9829 | 47.4824 | 1.5347
20 1.25 25 79.9918 1.5763 19.795 79.9918| 78.9161 19.5288 1.5551 30.8316 | 67.3038 1.8646
30 1.95 35 70.0065 2.459 27713 70.0065 /| 69.8818| 27.6636 2.4546 21.7399 | 75.9165 2.3436
40 3.25 50 60.0074 4.0983 39.59 60.0074 | 57.8688 38.179 3.9522 14.2258 | 82.7924 2.9818
50 4 60 50.0098 5.044 47.508 50.0098 | 48.7606 | 46:3213 4918 10.3204 86.485 3.1947
60 5.95 75 40.0005 7.503 59.385 40.0005 | 37.4227 | _55.5579 7.0194 6.8158 89.2606 3.9237
70 8.25 90 30.0071 10.4033 71.262 30.007 1| 126.8707 | 63.8135 9.3159 4.3453 91.0311 4.6236
75 8.9 95 25.0019 | 11.2229 75.221 25.0019 | 22.4341 | 67.4956 | 10.0703 3.4581 91.7778 4.7641
80 10.45 100 20.0066 | 13.1775 79.18 20.0066 | 17.8052 | 70.4674 | 11.7275 2.6362 92.0348 5.329
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.2 @ulAIAINSacMIgvaIsZUL MeOH + FAME + Palm oil

A1599 7.7 HAN1INANDIVDITZUL MeOH (1) + FAME (2) + Palm oil (3) ﬁqmw

a

N 35 DIAH ALY

U

=

A o U Y o 2 1 Y o g 1
{5 ‘wamwmuumu"l‘lﬂammamaumuﬂmmma ol

%FAME in | FAME | Palmoil | MeOH | Palmoil | FAME MeOH MeOH FAME | Palmoil | MeOH FAME | Palm oil

Palm oil (gram) (gram) (mL) (gram) (gram) (gram) /| (%mass) | (%mass) | (%emass) | (%emole) | (%omole) | (%omole)
0 0 100.011 7.8 100.011 0 6.176 5.8162 0 94.1838 62.091 0 37.909

5 5.0042 95.0768 9.5 95.0768 5.0042 7:5221 6.9906 4.6506 88.3588 | 64.4343 4.8594 30.7064

10 9.9968 90.0693 10.05 90.0693 9.9968 7.9576 7.3665 9.2543 83.3792 | 63.7284 9.0757 27.1959

20 20.0008 | 79.9957 11.45 79.9957 | 20.0008 9.0661 8:3128 18.3388 | 73.3484 | 63.1806 | 15.8007 | 21.0187
30 29.944 70.0693 13 70.0693 29.944 10.2934 9.3316 271461 | 63.5223 | 63.0348 | 20.7872 16.178
40 40.0614 | 60.0011 15.6 60.0011 | 40.0614 | 12.3521 10.988 35.6372 | 53.3748 | 64.4825 | 23.7079 | 11.8096
50 50.0095 | 50.4108 194 50.4108 | 50.0095 |“15.3609 7| "13.2672 | 43.1931 | 43.5397 | 66.9884 24.723 8.2886
60 60.0197 | 40.0027 23.9 40.0027 | 60.0197 | 18.924 | 15.9097 | 50.4594 | 33.6309 | 69.4812 | 24.9812 | 5.5376

70 70.0003 | 29.9976 31.45 29.9976 | 70.0003 | 24.9021 | 19.9376 | 56.0451 | 24.0173 | 73.3095 | 23.3609 | 3.3296
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A15199 7.8 HANIINANDIVDITZUL MeOH (1) + FAME (2) + Palm oil (3) ﬁqmw
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%FAME in | FAME | Palmoil | MeOH | Palmoil | FAME MeOH MeOH FAME Palmoil | MeOH FAME | Palm oil
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%mass) | (%omole) | (%mole) | (Y%mole)
0 0.1 0 250 0.09245 0 197.95.. | 99.95332 0 0.046682 | 99.9982 0 0.0018
10 0.5 10.0017 115 0.46225 | 10.0017 91.057 | 89.69282 | 9.851858 | 0.455325 | 98.7515 1.2296 0.0189
20 1 20.0072 100 0.9245 20.0072 79.18 79.09165 | 19.98488 | 0.923468 | 97.1738 2.7835 0.0428
25 1.7 25.01 95 1.57165 25.01 75221 | 73.88904 | 24.56714 | 1.54382 | 96.2947 3.6295 0.0759
30 2 30.001 90 1.849 30.001 71.262 0 |69.11126°| 29.09555 | 1.793196 | 95.3559 | 4.5508 0.0933
35 2.3 35.0121 80 2.12635 | 35.0121 63.344" | 63.03986 34.844 | 2.116141 | 93.9917 5.8894 0.119
40 3.7 39.9975 75 3.42065 |.39.9975 59.385 | 57.76574 | 38:90688 | 3.327379 | 92.7193 7.0793 0.2014
45 6 45.0085 70 5.547 45.0085 55.426 | 5229781 .42.46826 | 5.233932 | 91.2552 8.4005 0.3443
50 6.65 50.0283 60 6.147925 | 50.0283 47.508 | 45.81989 | 48.25064 | 5.92947 | 88.9478 | 10.6182 0.434
55 8.55 55.0597 55 7.904475 | 55.0597 | 43.549 | 40.88602 | 51.69285 | 7.421124 | 86.9438 | 12.4612 0.595
60 10.55 59.9991 50 9.753475 | 59.9991 39.59 36.20731 | 54.87259 | 8.920107 | 84.6676 14.546 0.7864
65 12.85 65.0205 45 11.87983 | 65.0205 35.631 | 31.66318 | 57.77991 | 10.5569 | 82.0051 16.964 1.0309
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GﬂﬁN“ﬁ 7.9 NINAADIVDITLUU MeOH (1) + FAME (2) + Palm oil (3) NnguUvigu 45 D3y e mmwmuumu"luiﬂﬁwamumuﬂmuma Jl|

%FAME in | FAME | Palmoil | MeOH | Palmoil | FAME MeOH MeOH FAME Palm oil | MeOH FAME | Palm oil
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) (%mass) | (%mass) | (%omass) | (%omole) | (%omole) | (Yomole)
0 0 100.4894 11.45 100.4894 0 9.0661 8.275349 0 91.72465 | 70.5267 0 29.4733
5 5.0037 95.3234 12.55 95.3234 5.0037 9.9371 9.012082 | 4.537919 86.45 70.4844 | 4.0234 | 25.4923
10 10.0118 | 90.1277 13.35 90.1277 | 10.0118 | 10.5705 | 9.547918 | 9.043266 | 81.40882 | 69.9869 | 7.5145 | 22.4986
20 19.9967 80.835 15 80.835 19.9967 11.877 10.53778 | 17.74193 | 71.72028 | 69.0862 | 13.1859 17.728
30 30.016 70.4676 16.85 70.4676 30.016 13.3418 | 11.72129 | 26.37021 | 61.9085 | 68.7676 | 17.5383 | 13.6941
40 40.0188 | 60.0036 19.3 60.0036 | 40.0188 | 15.2817 | 13.25339 | 34.70718 | 52.03943 | 69.2087 | 20.5456 | 10.2457
50 50.1018 | 50.0743 22.3 50.0743 |.50.1018 || 17.6571 | 14.98483 | 42.51926 | 42.49592 | 69.9993 | 22.5161 7.4845
60 60.0258 | 40.0333 29.85 40.0333 | 60.0258. 23.6352 |-19.10775|.48.52754 | 32.36471 | 73.9775 | 21.2982 | 4.7243
65 65.0567 | 35.0387 354 35.0387 | 65.0567 | 28.0297 | 21.87682 | 50.77592 | 27.34726 | 76.3218 | 20.0811 3.5971
70 70.0207 30.018 42.4 30.018 70.0207 | 33.57232 | 25.12691 | 52.40638 | 22.46671 | 78.7311 | 18.6147 | 2.6541
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A15199 A.10 HANITNAADIVDITZUL MeOH (1) + FAME (2) + Palm oil (3) ﬁ’qmﬂ
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%FAME in | FAME | Palmoil | MeOH | Palmoil | FAME MeOH MeOH FAME | Palmoil | MeOH FAME | Palm oil
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%emass) | (%mole) | (%mole) | (%mole)
0 0.1 0 250 0.0925 0 197.95 99.9533 0 0.0467 99.9533 0 0.0467

10 0.6 10.0081 115 0.5547 10.0081 91.057 89.6056 9.8486 0.5459 89.6056 9.8486 0.5459
20 1 20.0231 100 0.9245 20.0231 79.18 79.0791 19.9976 0.9233 79.0791 19.9976 0.9233
30 2.5 30.0161 90 2.3113 30.0161 71.262 68.7928 28.976 2.2312 68.7928 28.976 2.2312
35 4.85 35.0193 80 4.4838 35.0193 63.344 61.5904_| 34.0499 4.3597 61.5904 | 34.0499 4.3597
40 6.75 40.1528 75 6.2404 40.1528 59.385 56.1411 | 37.9594 5.8995 56.1411 | 37.9594 5.8995
45 8.6 45.0184 70 7.9507 45.0184 55.426 51.1333 | 41.5318 7.3349 51.1333 | 41.5318 7.3349

50 10.8 50.019 60 9.9846 50.019 47.508 441887 “|. 46.5243 9.287 44.1887 | 46.5243 9.287

55 14.65 55.0168 55 13.5439 | 55.0168 43.549 38.845 49.0741 12.081 38.845 49.0741 12.081
60 16.5 60.008 50 15.2543 60.008 39.59 34.4704 52.248 13.2816 | 34.4704 52.248 13.2816
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GﬂiN“ﬁ A.11 NINANDIVDITEUY MeOH (1) + FAME (2) + Palm oil (3) NYUNHN 55 DIFMLFALTY T mmwmuumu"luiﬂﬁwamaumuﬂmumd ol

% FAME in | FAME | Palmoil | MeOH | Palm oil FAME MeOH MeOH FAME | Palmoil | MeOH FAME | Palm oil
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) | (%mass) | (%omass) | (%emass) | (%mole) | (%mole) | (%omole)
0 0 100.0158 12.8 100.0158 0 10.135 9.2011 0 90.7989 | 72.8828 0 27.1172
5 5.0007 95.0087 134 95.0087 5.0007 10.6101 9.5915 4.5206 85.8878 | 71.8886 3.8409 24.2705
10 10.0166 | 89.9989 16.05 89.9989 | 10.0166 | 12.7084 | 11.2739 8.886 79.8401 | 73.7269 6.5875 19.6856
20 20.0033 | 80.0258 18.05 80.0258 | 20.0033 14.292 12.5016_| 17.4975 | 70.0009 | 73.0047 | 11.5831 | 15.4122
30 30.0148 | 70.0074 20.5 70.0074 | 30.0148 [-16.2319...13.9624 | 25.8183 | 60.2193 72.874 15.2758 | 11.8501
40 40.0202 | 60.0315 23.65 60.0315 | 40.0202 | 18.7261 | 15.7656 | 33.6933 50.541 73.3602 | 17.7729 8.8668
50 50.002 50.0546 28.55 50.0546 50.002 22.6059 | 18.4293 | 40.7639 | 40.8068 | 74.9497 | 18.7932 6.257
60 59.9983 | 40.0395 37.95 40.0395 | 59.9983. | -30.0488 - 23.0991 | 46.1218 | 30.7791 | 78.3339 | 17.7307 3.9354
65 65.0046 | 37.5999 43.5 37.5999 | 65.0046 | 34.4433 | 25.1323 | 47.4321 | 27.4356 | 79.6746 | 17.0461 3.2793
70 70.028 30.001 58 30.001 70.028 45.9244 | 31.4651 | 47.9797 | 20.5552 83.508 14.4352 2.0568
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A1599 A.12 HANITNAADIVDITZUL MeOH (1) + FAME (2) + Palm oil (3) ﬁ’qmﬂ
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% FAME in | FAME | Palmoil | MeOH | Palmoil | FAME MeOH MeOH FAME | Palmoil | MeOH FAME | Palm oil
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) | (%mass) | (%mass) | (%mass) | (%mole) | (%mole) | (Y%mole)
0 0.1 0 250 0.0925 0 197.95 99.9533 0 0.0467 99.9982 0 0.0018

10 1 10.0219 115 0.9245 10.0219 91.057 89.2686 9.8251 0.9063 98.7304 1.2318 0.0378

20 1.3 20.005 100 1.2019 20.005 79.18 78.8749 | 19.9279 1.1972 97.1616 2.7828 0.0556
30 3.9 29.9964 90 3.6056 29.9964 71.262 67.9566 | 28.6051 3.4383 95.2721 4.5461 0.1817

35 6.9 34.9948 80 6.3791 34.9948 63.344 604902 | 33.4182 6.0917 93.7713 5.8726 0.356
40 9.5 40.0062 75 8.7828 40.0062 59.385 54.8977 | 36.9832 8.1191 92.4261 7.0585 0.5154
45 13 45.0002 70 12.0185 }.45.0002 55.426 49.2918 | 40.0199 | 10.6884 | 90.8915 8.3655 0.7431
50 16.1 50.0109 60 14.8845 | 50.0109 47.508 42.2656|. 44.4924 13.242 88.4059 | 10.5498 1.0443

55 22.8 54.9814 55 21.0786 | 54.9814 43.549 36.4095 | 459676 | 17.6229 | 86.1052 | 12.3235 1.5713

60 28.7 59.9938 50 26.5332 | 59.9938 39.59 31.3915 47.57 21.0385 | 83.5384 | 14.3507 2.1109
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A15199 A.13 WANMINAADIVOITZUL FAME (1) + Palm oil (2) + Glycerol (3) ﬁqmw

=

N 35 DIl

QU

= A o 1 g o Jd %’ o = v
uifils| ‘1/]’0%51?(’31!1!1%1!‘1J1€13J@’E)UWZJHVI,UI@QMQGIN Jl|

%Palm oil in | Glycerol Glycerol Palm oil FAME FAME Palm oil Glycerol FAME Palm oil Glycerol

FAME (mL) (gram) (gram) (gram) (%omass) (%mass) (%mass) (%mole) (%mole) (%mole)
0 0.25 0.3153 0 200 0.9984 0 0.0016 99.5186 0 0.4814
10 0.15 0.1892 10.0769 90.0243 0.8976 0.1005 0.0019 95.8151 3.5671 0.6179
30 0.3 0.3783 29.981 69.9988 0.6975 0.2987 0.0038 86.2785 12.2905 1.4311
40 0.2 0.2522 40.0028 59.9989 0.5985 0.399 0.0025 80.9948 17.9603 1.0449
50 0.2 0.2522 50.0091 50.0324 0.4989 0.4986 0.0025 74.1891 24.6631 1.1478
60 0.25 0.3153 60.0052 40.006 0.3988 0.5981 0.0031 65.6582 32.7539 1.5879
70 0.4 0.5044 70.0597 29.9921 0.2983 0.6967 0.005 54.6888 42.4884 2.8228
80 0.35 0.4414 79.9999 20.6433 0.2042 0.7914 0.0044 42.4715 54.7417 2.7869
90 0.3 0.3783 90.0239 9.9939 0.0995 0.8967 0.0038 243184 72.8564 2.8252
100 0.65 0.8197 200 0 0 0.9959 0.0041 0 96.356 3.644

01
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%Palm oil in | Glycerol Glycerol Palm oil FAME FAME Palm oil Glycerol FAME Palm oil Glycerol

FAME (mL) (gram) (gram) (gram) (%omass) (%mass) (%mass) (%mole) (%mole) (%mole)
0 0.25 0.3153 0 200.02 99.8426 0 0.1574 99.5186 0 0.4814
10 0.15 0.1892 10.0693 90.0351 89.7716 10.0398 0.1886 95.8181 3.5641 0.6178
30 0.2 0.2522 30.0752 70.0824 69.7964 29.9525 0.2512 86.6722 12.3706 0.9573
40 0.25 0.3153 40.0379 60.005 59.7909 39.895 0.3141 80.7726 17.925 1.3024
50 0.2 0.2522 49.9975 50.0343 49.8926 49.8559 0.2515 74.1941 24.6581 1.1478
60 0.2 0.2522 59.9942 39.9999 39.9016 59.8468 0.2516 65.8679 32.8575 1.2746
70 0.35 0.4414 70.0138 30.1501 29.9687 69.5926 0.4387 55.0279 42.4999 2.4722
80 0.2 0.2522 80.0239 20.091 20.0175 79.7312 0.2513 42.3144 56.0553 1.6302
90 0.2 0.2522 90.019 9.9924 9.9661 89.7823 0.2515 24.5478 73.5507 1.9015
100 0.7 0.8827 200.03 0 0 99.5607 0.4393 0 96.0872 3.9128
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%Palm oil in | Glycerol Glycerol Palm oil FAME FAME Palm oil Glycerol FAME Palm oil Glycerol

FAME (mL) (gram) (gram) (gram) (%omass) (%mass) (%mass) (%mole) (%mole) (%mole)
0 0.2 0.2522 0 200 99.8741 0 0.1259 99.6145 0 0.3855
10 0.2 0.2522 10.005 90.0163 89.7708 9.9777 0.2515 95.6421 3.5355 0.8224
30 0.15 0.1892 30.0003 69.9906 69.8648 29.9464 0.1888 86.892 12.3873 0.7207
40 0.2 0.2522 40.048 60.0928 59.8576 39.8912 0.2512 81.0024 17.9542 1.0434
50 0.2 0.2522 50.0497 50.0025 49.8508 49.8978 0.2514 74.1628 24.6891 1.148
60 0.2 0.2522 60.0084 40.0001 39.8961 59.8524 0.2515 65.8629 32.8626 1.2745
70 0.15 0.1892 69.9958 30.016 29.9558 69.8554 0.1888 55.7126 43.2099 1.0775
80 0.15 0.1892 79.9925 19.9962 19.9607 79.8505 0.1888 42.3815 56.3881 1.2304
90 0.2 0.2522 90.0084 10.0029 9.9766 89.7719 0.2515 24.5694 73.5294 1.9012
100 0.7 0.8827 200 0 0 99.5606 0.4394 0 96.0866 3.9134
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A4 IEWFeNINMAYBIIZUY FAME + MeOH + Glycerol

M13197 .16 1 UFENINN1AYD933 1Y FAME + MeOH + Glycerol 1gait

a

QU

=)

AU 35 45 1 55 a3y

feed composition

FAME-rich phase

Glycerol-rich phase

Tie Line FAME MeOH Glycerol FAME MeOH Glycerol FAME MeOH Glycerol

No. (%mole) (%mole) (%mole) (%mole) (%mole) (%mole) (%mole) (%mole) (%mole)
QAN 35 DarnialTYd

1 5.672745 82.6818 11.64545 48:73501 51.24825 0.016742 0.498024 86.59666 12.90532

2 6.32672 74.17165 19.50163 60.82669 39:15328 0.020033 0.229906 78.41429 21.3558

3 7.244358 63.43938 29.31626 65.59779 34.33821 0.064002 0.220346 66.90394 32.87571
QAN 45 DarnIaITYd

1 3.613399 79.74333 16.64327 20.03505 79.94708 0.017865 1.284959 79.79643 18.91861

2 6.308941 74.32814 19.36292 79.5974 20.37746 0.025141 0.101995 78.67031 21.2277

3 7.189245 63.37647 29.43429 90.00252 9.969505 0.027973 0.032977 67.23087 32.73615
QAN 55 oarialTYd

1 5.656031 82.11993 12.22403 49.45196 50.5311 0.016937 0.450266 85.97727 13.57246

2 6.40643 74.33311 19.26046 49.0516 50.93157 0.016828 0.420034 77.4632 22.11677

3 7.145366 63.66346 29.19117 59.57077 40.40954 0.019691 0.097054 67.47425 32.42869
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M13197 7.17 1 uFeNInN1AYE932 1Y MeOH + FAME + Palm Oil Ngaiv

1@ wFeNINNAVEITZUY MeOH + FAME + Palm Oil

a

NV 35 45 uag 55 3Lyl

QU

~ T J " o o
uitial Wu')ﬂlﬂaﬁlgﬁugljﬂﬂu'IWUﬂ

feed composition MeOH-rich phase Palm Oil-rich phase
Tie Line
No MeOH FAME Palm Oil MeOH FAME Palm Oil MeOH FAME Palm Oil
' (%mass) (%mass) (Yomass) (Yomass) (%mass) (Yomass) (Yomass) (Y%omass) (Y%omass)
QN 35 oariralTYd
1 39.98 39.989 20.031 69:656 30.104 0.24 23.243 45478 31.179
2 39.98 29.997 30.023 90.004 9596 0:399 10.404 42.623 46.973
Qv 45 IR UTAITYE
1 39.996 39.991 20.013 81915 17.917 0.167 15.77 53.462 30.768
2 39.79 29.839 30.371 82.615 16.949 0.437 14.291 38.406 47.303
3 39.992 20.041 39.966 94.538 5.097 0.365 7.597 29.877 62.526
gUvAN 55 oarialye
1 40.86 39.581 19.559 76.896 22.254 0.849 17.748 51.292 30.96
2 39.564 29.689 30.747 96.236 2.992 0.772 4.752 47.389 47.859
3 39.659 20.233 40.108 93.089 6.444 0.467 6.52 31.067 62.414
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A 4 o A ~ ' s 2
AT NN A.18 Lguk%ﬂﬂﬂgﬂWﬂﬂJﬂﬂﬁSUU MeOH + FAME + Palm Oil V]Qm‘ﬁﬂll 35 45 1 55 DI ALY ﬂuﬁﬂlﬂﬂﬁl%uﬁjﬂﬂimﬁ

QU

feed composition MeOH-rich phase Palm Oil-rich phase
Tie Line
No MeOH FAME Palm Oil MeOH FAME Palm Oil MeOH FAME Palm Oil
' (%mass) (%mass) (Y%omass) (Yomass) (%mass) (Yomass) (Yomass) (Yomass) (Y%mass)
QN 35 oariralTYd
1 88.3176 10.0141 1.6683 95.3177 4.6699 0.0124 78.5927 17.4324 3.9749
2 89.8175 7.6394 2.543 98:7895 1.194 0.0165 61.1754 28411 10.4136
QUMY 45 DUy aITYe
1 88.3226 10.0111 1.6663 97.5732 2.4193 0.0075 68.5933 26.3609 5.0457
2 89.7836 7.6326 2.5838 97.7081 2.2724 0.0195 69.9571 21.3125 8.7304
3 91.367 5.1904 3.4426 99.3781 0.6074 0.0145 56.9434 25.3866 17.67
UMY 55 DIy aYe
1 88.6634 9.7364 1.6002 96.7845 3.1752 0.0403 71.7676 23.5123 4.7201
2 89.737 7.6337 2.6294 99.6188 0.3511 0.0301 39.8373 45.0357 15.127
3 91.2439 5.277 3.4791 99.2028 0.7785 0.0188 52.6019 28.4131 18.985

LO1



d‘ 1 . . d‘ 9 w Y 1 a o 1 g [} = [ = =)
$137197 9.19 A1 interaction parameters ﬂﬁ&’ﬁTElL"U"lﬂullﬂ‘UNﬁ’Ju @THLLN‘L!QN Qﬂ?ﬂ) §$W'JW\‘1‘L.!'13J‘L!U1‘1JT®@L“I$Z1 (1) puNaLEdIN (3)

v o d o o a Jdo
NNANUFUNUTUBUDUTIR0dNUTEaNTAY

v

UUe UNIQUAC tta NRTL.

Temperature UNIQUAC' UNIQUAC” NRTL
T T a, a,, a, a,, 258, 2:17E33
§®) (K) (K) (K) (K) (K) (J/gmole) (J/gmole)
35 308.15 521.45 -157.378 771.382 -141.151 14,145 18,283
45 318.15 528.309 -184.527 760.585 -166.513 16,674 12,256
55 328.15 505.68 -167.675 755602 -154.278 19,192 12,885
A15797 7,20 1 interaction parameters iduiFongnin ssutvouiuisluTeRism (1) + muea’) + ndweiu (3)
nnaNuFuRLT VDT aeadlsEANS fuiiud UNIQUAC Liag NRTEAHD interaction parameters iudasziugaingd
UNIQUAC' UNIQUAC” NRTL
a, a, a, ay a, a, ay a, 218 217 8n 2:,78n 27783
(K) (K) (K) (K) (K) (K) (K) (K) (J/gmole) (J/gmole) (J/gmole) | (J/gmole)
2,068 | 537.2 | 394.3 3,365.90 2,641 | 2645 | 8516 3,612.20 -1,062 10,012 4,992 20,008

WUBIME : 1 ¥U8H9 UNIQUAC il 4 r az q NA1190191n UNIFAC-Dortmund

3 4, o W Y o =
2 “HﬂJWEJﬁQ UNIQUAC Lﬁ@i%}r 1Uag q NAIUININ UNIFAC-Dortmund dmsumueanaziiniuluTefwa

wazlde riaz q veenate3u Iae Jonsdottir and Klein (1997)
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Abstract-Biodiesel, one of cleaner fuels, is produced fi@mewable resources, such as

Keyword: Biodiesel, LLE; Phase Equilibrium, NRTL; UNIQUAC

products are FAME and glycerol. The ternary ligliegsid equilibrium (LLE) data for the
ternary system of FAME + methanol + glycerol indhgl tie lines and binodial wdre
investigated at temperature ranging-from 35 °C3356. The experimental results showed|that
the the binodial change insignificantly with temgteire. The LLE data for mutual solubility
were also correlated with ‘NRTL and UNIQUAC modelhe current work on activity
coefficient models for correlating the tie lineg @erforming and will be reported subsequently.

1. Introduction
Biodiesel is renewable, bio-degradable,
and environmentally benign. Biodiesel reduces
the emission of toxic gases, such a$,S0D,,
and hydrocarbons[1]. Triglyceride (TG) in oil
pr fat reacts with methanol (MeOH) to produce
biodiesel and fatty acid methyl ester (FAME)
and releases glycerol

catalyst
TG +3methanol — 3FAME+ glycerol

The most widely used vegetable oils for
the production of biodiesel are taken from rape
seeds, sunflowers, and soybeans [3]. In
Thailand, the most available feedstock is palm
pil.

The main route for biodiesel production
nvolves the reaction of triglycerides with
excess methanol (generally at a molar ratio of
1:6). This process is also sometimes called
methanolysis. Higher temperatures give higher
reaction rates, but at atmospheric pressure, the
reaction temperature is limited by the boiling
point of the alcohol [2].

Knowledge about the phase equilibrium
n these systems is essential for better

understanding of the process and improvement
of .the ‘reaction rate, the selectivity of [the
desired product, and the separation process for
the product mixture [2].Moreover, simulatipns
for developing new processes for such systems
require an activity coefficient model that can
adequately describe these multiphase systems.
Some authors have used UNIFAC (for
describing similar systems.
This research shows a phase behavior of
liquid-liquid equilibrium, which has also not
been investigated in kinetic studies, developing
new processes by used an activity coeffigient
model. In this paper, only the experimental
results on the phase behavior in the FAME +
MeOH + Glycerol system will be presen
The researchers have used UNIQUAC (with
the combinatorial parametersand ¢ estimated
by UNIFAC-Dortmund) and the interaction
parameter, g obtained from mutual solubility
data.

2. Methods
Phase Diagram of FAME+Methanol + Glyceral.
The phase boundary was determined by
turbidimetric analysis using the titration
method under isothermal conditions. A water
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bath equipped with a temperature controller
with in a fluctuation of £ 0.1 C. Measurement
procedure includes the following:

P.1. Glycerol-rich phase

Titrating FAME with a microburet into
mixtures of glycerol and methanol while
stirring with a mechanical agitator. The point,
when the mixture changed from transparent to
turbid, was considered to be the saturation
point of FAME in glycerol + methanol
solution.With the volume of FAME used, the
amount of FAME solved in the glycerol +
methanol solution was calculated. The: solubility
of FAME was measured in differentinitial
compositions of the glycerol # methanol
solution.The density of FAME is 0.88 g.Gm

P.2. FAME-rich phase

Titrating glycerol into mixtures of
FAME + methanol as in.procedure 2.1. The
solubility of glycerol in the FAME +methanol
solutions with different <compositionswas
pbtained.

Thermodynamic Correlations
The LLE calculation is basically defined
by eq 1.

Vi % 1)

Fw, = F'w,' + F"w,"

! )
 and x represent the activity coefficient and
mole fraction of component i present in both
phases | and Il.The NRTL and the UNIQUAC
models [4] were then applied in the present
study to correlate the LLE data with the
material balance shown in eq 2, and F
represent the total feed mass fraction of
component i and the total mass feed. The
binary interaction parameters of the NRTL and
UNIQUAC models were calculated by using
honlinear regression analysis. The objective
function used for correlating of experimental
data was in the following form by eq 3.

Z Z (Xik,cal - Xik ,exp)2 (3)

N
k=1 i=1
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Where X and X, are the calculated a
experimental mole fractions and the subsqg
i and k are the component and the phase
Il respectively.

3. Resultsand Discussion
The experimental results are prese

ND

nd
ripts
| and

nted

in ternary diagrams (concentrations given in

weight percent in the Fig.1). Below the (¢

ots

for each temperature, two liquid phases coe¢xist,

while only one liquid phase occurs above
dots. FAME and methanol and glycerol
methanol, are completely mutually soluble,

the

and

but

glycerol and FAME are partially soluble in epch
other. The solubility of FAME in the glycefol
phase is slightly greater than that of glycerpl in

the FAME phase (Fig. 1). .the solubility in

the

ternary mixture changes insignificantly with
temperature in the range from 35 °C to 5% °C

(Fig. 2).
The volume (r) and surface area

(a)

parameters of the NRTL and UNIQUAC

models for each component are listed in T
1. The r and g found from the UNIFA

able
C-

Dortmund [5]. The optimal values of model
parameters-were determined by minimization
from eq 2.The interaction parameters of m{itual
solubility-of the NRTL and UNIQUAC modgls

at 35, 45 and 55 °C shown in Table 2.

10 ® 35 Celcius degree
© 45 Celcius degree
v 55 Celcius degree

Fig. 1: Phase equilibrium of FAME(1) + MeOH

+ Glycerol(3) system based on mass fraction.
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® 35 Celcius degree
© 45 Celcius degree
v 55 Celcius degree

Lg ¥ 0
FAME © 0 20 30 40 50 60 70 8 9 100  Glycerol

Fig. 2: Phase equilibrium of FAME(1)+MeOH(2)
+Glycerol(3) system based on mloe fraction

Table 1. Parametersabd ¢ for the mutual

solubility.
compound ir (o}
FAME (1) 11.3629 13.3311
Glycerol (3) 5.5881 4.4497

Table 2. The interaction parameters of mutual

solubility.
T/°C UNIQUAC NRTL
Qi3 81 O13-011 G103
K K J/igmole J/gmole

35 521.45 | -157.38 14,145 18,283

45 528.31 | -184.53 16,674 12,256

55 505.68 | -167.68 19,192 12,885

n the future, the interaction parameters of
mutual solubility from Table 2 will be studied
to correlated data for the tie line obtained from
the experimental data

November 10-11, 2011 at Hatyai, Songkhla THAILA
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4. Conclusions

The ternary mixture of FAME, metha
and glycerol shows that the solubility cul
change insignificantly with temperature in
range from 35°C to 55°C. The current work
an activity coefficient model, for examy
UNIQUAC, are going on to correlate the tie
obtained from the experimental data.
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