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Abstract. Biodiesel production from vegetable o1l produces glycerol as by-preduct with the amount of
about 10 wt% of its product. This excessive amount of glycerol needs to be converted into the lugher
valuable product. One of the prospective glycerol’s dervatives 1s tmacetin, a good bio-additive as anti-
knocking agent. In this work the synthesis of tnacetin from glycerol and acetic acid using sulfuric acid
catalyst has been performed in batch reactor and reactive distillation continuous process. Tracetin was
synthesized using batch reactor to give 96.30% of glycerol conversion. Reactive distillation can be used as a
pIﬂCE O[ reaction ﬂlld P'Lll1l‘lcati011 prociucts ill one P].RCE. R.eacﬂve distmahon can Separa'fe water ﬂl'ld ﬂCEtiC
acid to the reaction of distillate pl‘oduct around 75% of the mamn prncluct of bottom results. The
production using continuous reactive distillation resulted in glycerol conversion of 98.51%.
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1. Introduction

As the demand and prce of diesel fuel has been increasing rapidly over the past tew years, the use of
bIOdIESE‘I as an altenmlive I.'EIIEWHIJIE fL'I.E]. JI.S I.'ECE!I.Vll.Ilg !'nt.'re:lsec! ﬁ.ttelltioll. BiDdiESEl JI.S g\EI‘.Lera.Ily Pl'DCILICEd via
the transesterification reaction, m which the trigl}*cezicfes mn vegetﬁble o1l react with alcohol converﬁng into
esters of fatty acids (biodiesel) and plycerol in the presence of either alkali or acid catalysts. Biodiesel can be
made from a vanety of plants such as palm ol [1], soybean el [2, 3] and mucroalgae [4]. Glycerel 15 a
byproduct of the biodiesel production and a very promuismg low-cost feedstock for producing a wide
vanety of value-added specinl and bine chemueals. _-\t:et}'laﬂon of gl)'cerol can be a good alternative to utilize
the glycerol produced by biodiesel process. Crude glycerol from biodiesel industry contains glycerol, alcohol
and water. Cl'l.'l.de g'ycerol need Pll.ﬂi.ﬁcﬂ.tiﬂll before JI.S used jl.'l ﬂCEt}'lﬂtJ‘.Dll process. T‘lle lel‘iﬁEalion use two
column, the first column 1s used to separate aleohol then the second column 15 used to separate alechol [3].
The products of glycerol acetylation are monoacetn, diacetin and tnacetin (Fig. 1). They have great
industrial applications. Tnacetin 1s widely applied for phammaceutical, cosmetics and tuel additive, while
IHDIIOHCEEII ﬂlld diacetin |1m.re IJEE['.I. :Lpplied ll.ll CLYDgEH.iC jl]dllstl."‘l? fll.'ld aAs raw Inﬂ.tel'iﬂj i"Dl' biodegmdal:lle
pelyesters manutacture [6-9].

Biodiesel that uses triacetin as additive, which 15 a cetane improver, has resulted m a lower NO
emussions to a reasonable extent. Usage of this additive can decrease the engine exhaust smoke because of
the reduction of carbon molecules i fuel mrcture. Tnacetin (CoH1O6) 15 a good anti-knocking additive and
it iS easily SOILIb].E il'.l. biodiesel. Tﬂl.ﬂCEtllIl 'EllSD has beneﬂt to Suppress eng"lne kllDEkil]g, ilTlPl'DVe I'J'.I.E
performance and reduce taill pipe emissions. Combmation of biodiesel with 10% triacetin leads to the
improvement of the engine performance in all aspects [10]. However, this great amount of glyeerol can be
utilized as raw matenal to produce several lugh value chemicals such as monoacetin, diacetin and tnacetin
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Fig. 1. Acetylation of Glycerol reaction mechanism.
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1.1. Baich Reactor

Synthesis of tnacetin 1n the absence of catalyst was carned out m a stirred reactor at a pressure of 1070 kPa,
290 tpm of stinng speed, temperatures of 393 and 433 I< [11]. Synthesis of tnacetin has been previously
conducted using vamous  types of heterogeneous sold catalysts, such as aminosulphonate [12],
phosphotungstic, mesoporous silica with sulfomie aad groups [13], p-toluensulfone [14], Amberlyst-15 or
SAC-13 (Nation-5102) [15] and 504 2/ ZrO*TiO; [16], Ambedist-15, K-10, Niobic aad, HZMS-5 and
HUSY [17], Amberlyst-35 [18], ZeOy, TiO> ZrOz, WOx/Ti0:-Zr0: and MeOx/Ti0:—ZrO: [19].

Others matenials were studied as heterogeneous catalyst 1s niobic aad supported tungstophosphore
acid (TPA) [20], and dodecatungstophosphonie acid (PW) supported on activated catbon [21], CeOx—M and
504> /CeCa-M (M = ZirO2 and Al:O5) [22], Ambedyst-15 [23], 1on exchange resin [24] and MoO,/TiO2—
Zr0; [21]. In addition to the solid catalyst, sulfunc acid as a homogeneous catalyst has also been applied by
some researchers [25-28]. It was revealed that this catalyst has functionalized as the best one among several
types of hqud eatalysts [29].

1.2. Continuous Process

Continuous process for tnacetin production had been studied [27]. They made triacetin using Amberlyst-15
catalytic column. The dunension of the column s 1.5 em n diameter and 44 em m length. In ths study, the
ratio of glycerol to acetic acid was 2:9 and tlow rate was 0.3 em®/munute. The acetic aad conversion
Obtﬂilled )] tllls process was 50%. ﬂle SYllﬂIESiS Clt‘ IfiﬂCEti.ll Was dl]llE usil‘lg CD]'ll]lll'llD'llS process by a l‘lefI
bed reactor at the temperature of 323 K with Amberlyst catalyst. The best result was obtained on ratio of
acetic acd to glycerol of 3:1 [30].

The present paper aims at evaluating and companng of two process technologes for acetylation of
glycerol in bateh and continuous reactive distillation column. The effect of temperature i batch reactor,
height of packing and mole ratio acetic acid to glycerol for reactive distillation column towards conversion
and product concentration are evaluated.

2. Materials and Methods

2.1. Reagents

Tracetin 15 made from 93 % glycerol (production of P & G Chemucals) and 98 % acetic aaid (production of
Petrochemical Chang Cun) using sulfunc acid as catalyst (Merck Index No. 016-020-00-8).

2.2. Experimental Methods

2.2.1. Batch reactor

The reaction take place in a three-neck tlask equipped with heating mantle, coeling system, mercury stirrer,
thermometer and sampling equipment (Fig. 2). Reaction was mnnmng at mueang tume until 30 minutes and
speed of stirrer 235 rpm. The reaction was carnied out with the followmng vanables: molar ratio of catalyst

to glycerol and temperature. Samples were taken every 5 munutes and were analyzed using gas
chromatography (GC) and GCMS.
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Fig. 2. Batch reactor.
2.2.2. Reactive distillation

Reactive distillation can be used as a p|ace of reaction and pur'.flcat'mn proc]m:ts n one plsu:e. Reactive
distillation column has been used dimensions of height 1.20 m, diameter of 4.5 mm and thickness of 2 mm.
The column was insulated to reduce heat loss and equipped with total condenser and partial reboiler. Figure
3 shows the schematic of a reactive distillaton for tnacetin production. Acetic acid and glycerol feed to Fz
and F1. The column 1s operated at atmosphene pressure, the tempermture of acetic acid feed streams 1s 391

K and gl}rcerol feed streams 1s 373 I{.

Candenser
E
o
F,
——
Rebailer
B

Fig. 3. Continuous reactive distillanon column.
2.3. Analysis Instrument

The mnstrumentations used for analysis was gas chromatography GC Agilent 6890N MSD 5975B, HP-5ms
column 5 % Phenyl methyl siclohexane, Model Number: Aglent 190915-433, the iyector temperature of
548 K, the temperature at the detector: MS Quad 523 K injection volume of 1 mucro liter, injector pressure
of 3.27 psi. The data obtamed was terpreted to obtan the reaction rate constants. The muxture of
compounds that contamns glycercl, acetic acid, monoacetin, diacetin and tnacetin can be separated easily n
gas chromatography so all compounds were identified with GC [31]. The analyzed result can be seen in Fig.
4.
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Fig. 4. Cromatogram of mixture ot acetic acid, glycerol, monoacetn, diacetin and tnacetin,
3. Results and Discussion
3.1. Batch Reactor

The reaction of the tnacetin synthesis was carned on the mole ratio of sulfune acid as catalyst to glycerol at
2.5. The effect of temperature on the acetylaton of glycerol with acetic acid was studied from 373-393 KK
Higher reaction temperature mereases the conversion of the glycerol at temperature of 373-393 I, It was
due to the fact that at the temperature below 388 K, all reactants and products (except water) were m the
liquud phase. When the temperature was lugher than 391 K, some acetic aad began to evaporate. It
consequently reduced the conversion of the glycerel (Fig. 5).

96.5

95.5

Conversion, %

F39IK

) 10 15 20 25 30
Time, min

Fig. 5. Conversion of gh.rcel:ol as function of tme.

Figure 6 shows the effect of mcreasing temperature on glycerol and acetic acid reaction, Effect of
increasmg temperature resulted m mcreased monoaceﬁu, diacetin and tnacetin seleclivity. Iucrensing
temperature 5 K will ncrease tniacetin selectivity of 1.96 %. The highest selectivity of tnacetun 1s 13.69 % at
temperature 388 K. After the temperature, selectivity of tnacetin will decrease as 12.93 %. It 1s effect of
some acetic acid began to evaporate.
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Fig. 6. Selectivity of produc as function of temperature.
3.2. Reactive Distillation

Synthesis of tmacetin from glycerol was done in 2 stages, reaction stage and punfication stage. Both of
stages can be simpﬁﬂed m reactive distillaton column. Reactive distillation was used to separate the water
which has the lowest boiling pomnt for disullate products.

3.2.1. Effect of |1eight of packing

Contact between glycerol and acetic acid in reactive distllaten column oceurs along the column that will be
affected by the height of packing. The higher packing matenals cause contact between the two reactants
better than before. The effeet of higher packing matenals on the glyecerel conversion 1s shown in Fig. 7.
Effect of lugher packing materals resulted in an increase concentration of tmacetin as product. Trnacetin
conversion will increase by 0.0077% at 19.5 cm mterval of stutfing matenals. Maximum conversion of

glycerol mn the process s 97.49663%.

97.5 p
£ o749 *
E
2 9748
=
k=]
£ 9747
4
S 9746

97.45

19.5 39 58.5

Height of packing, ¢m

Fig. 7. Conversion of glycerol as function of height of packing.

The eftect of the packing height to the concentration of all the compounds of the reaction mixture 1s

depicted on Fig. 8.
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Fig. 8. Concentration of reactans and products as hunction of height of packing.

The effect of the packing height to the selectivity monoacetin, diacetin and trnacetin can be seen in Fig.
9. It was shown that the increase of the height of packing will mncrease selectivity of the diacetin and
tnacetin but selectivity of monoacetin will decrease. This condition 1s caused by the fact that the lugher
pm:king |1eig|1t, the greater contact time of reactants.

=
w
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BDiacetin
DOTriacetin

Selectivity, %
f=1
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=
—

19.5

Height of packing, cm

Fig. 9. Selectivity monoacetn, diacetn and tnacetin as function of height of packing.

3.2.2. Effect of mole ratio acetic acid to gl}'cerol

One comumon way to merease the reaction rate 1s using the excess amount of one of the reactants. Based on
the stoicluiometne calculation, 3 moles of acetic acid requires one mole glycerol to produce one mole
tracetn. In these expenments, the molar ratio of acetic acid to glycerol was 3, 4, 5 and 6. The effect of
mole ratio on the glycerol conversion 1s shown m Fig. 10. Effect of mole ratio resulted in an mcrease
glycerol conversion. Glycerol conversion will merease by 0.2941% at added 1 mol acetic acid. Masamum
conversion ol glycerol i the process 15 98.5043%,

ENGINEERING JOURNAL Volume 18 Issue 2, ISSN 0125-8281 (http://www engj.omg/) 35




DOL10.4186/¢).2014.18.229

99
£
= 98.5 i L 4
g
= +*
T 98
3
5 @
£975
O

97

3 4 5 [

Ratio mol acetic acid to mol glycerol

Fig. 10. Conversion of glycerol as function of ratio mol acetic acid to mol glycerol.

Eftfects of mole ratio of the reactants to products concentratien m reboiler 1s demeonstrated Figs.ll
and 12.

0.8
+*
= 06 *
= 8
£ X * i
E 04 ®
B # Acetic Acid ®
g ® Glycerol
& 4 Monoacetin
0.2 | «Diacetin
¢ Triacetin
® Water X
o & e
3 4 5 6

Ratio mol acetic acid to mol glycerol

Fig. 11. Concentration of reactans and products as function of Rato mol acetic acid to mol glycerol.

Figure 12 shows the eftect of influence mole ratio of acetic acid to glycerol. Increasing mole ratio acetic
acid to glycerol will increase of diacetin and tnacetin selectivity but decrease the selectivity of monoacetn.
Due to more concentration of acetic acid at lugher acetic acid to glycerol molar ratios, the selectivity
towards di- and triacetin are hagh and vice-versa.
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Fig. 12. Selectivity moneo, di and tonacetin as function of Ratio mol acetic aaid to mel glycerol.
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Table 1 shows the companson conversion of glycerol and selectiity to monoacetin, diacetin and
triacetin for batch reactor and continuous process of reactive distillation. It proves that the s]mlllesis of
tnacetin mn reactive distillation produce higher glycerol conversion than that resulted by batch reactor. On
the other hand selecti\rity of monoacetin and tracetin decrease, while se]ect'n'ity of diacetin increases.

Table 1. Conversion of glycerol and selectivity of produect.

Selectivity, %

: [y
Redcior el Monoacetin Diacetin Triacetin
Batch 96.30 60.49 25.81 13.69
Reactive disullation 98.51 41.67 49.35 8.98

The conversion of the process wlich was conducted using reactive distillation 1s greater than batch
process because of the continuous removal of a product (water) which has the lowest boiling point as the
distillate produet. The continuous removal of one product will shift the equlibnum to the right. On the
Otl'lel' l'lﬂl'ld, tl'IﬂCE't‘llll ‘SE‘IECt‘Il'V’i[}"' iS IOW'EI.' lJ’ECﬂ'LlSE ﬂl& 1'n.'|}:1'|11g Li] l'EﬂCt‘llVE distﬂlaﬁnn iS IESS t‘a\'orable ﬂ'li'lﬂ a
batch reactor. Reactive distillation can separate water and acetic acid to the reaction of distillate product
around 75% of the mam product of bottom results,

The next paper will learn about reactive distillaton simulation with expand the range of vanables i.e.
height of packing and mole ratio of acetic acid to glycerol based on the results of expenments that have
been done. The aim of simulation 1s to get the maximum selectivity of triacetin.

4. Conclusions

This paper takes comparative study of acetylation of glycerol by two processes of batch reactor and
continuous reactive column. It seen from the results that acetylation by reactive column can be used to
inerease the conversion of glyeerol. Synthesis acetylation of glyeersl using reactive distillaion make
equlibrium reaction tends to shuft in formation of products. It can be seen in the increasing of diacetin and
triacetu. Increasiug of mole ratio of acetic acd to g}}'cero] and inc‘reasing of lleigllt of packing cause
increase of tnacetin selectivity.
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