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Abstract: The feasibility of giycerolysis of palm stearin
with crude glycerol derived from the production of
biodiesel was studied. Monoglyceride was obtained as a
major product in the process. Oplimum conditions of
glycerolysis process were investigated using 2 to 3 moles
of crude glycerols (containing NaOH catalyst about 2.8
percents) in relation to palm stearin, subjecting the
reaction mixture to a reaction temperature from 180 to
250°C for 15 to 90 minutes under reduced pressure. Up
io 65.4 wi% of monoglyceride can be reached under the
optimum conditions. Glycerolysis of crude glycerol wili
make the production of biodiesel more commerciaily
viable,
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1. INTRODUCTION
Cost has been a major factor slowing the
commercialization of bicdiesel. Their current role in the
market place is largely tied to environmental concerns
and the more stringent government standards {1).
Glycerol is the co-product of the production of biodiesel,

" If crude glycerol is utilized for production of derivatives
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of glycerol, such as mono- and diglycerides biodiesel
process will be more valuable. Glycerolysis is the
transesterification of triglyceride with glycerol to
monoglyceride (Equation 1).
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Glycerolysis reaction is reversible when it is carried
out homogeneously {or “near” homogeneously, as under
conditions of superemulsification), and is subject 10 the
Law of Mass Action. As a consequence of this, it is
obvious that the use of excess of glycerol over the 2
moles theoretically required results in the displacement

of the equilibrium to the right, and thus, higher total
monoglycerides [2].

One of the most important faciors in the
glycerolysis process is the solubility or the degree of
contact between the triglyceride and glycerol. The
catalyst is used to react with triglyceride to form soap,
which promotes the reaction, at least in part, acting as an
emulsifier for glycerol in the fat or oil phase. The most
common catalyst applied for glycerolysis is sodium
hydroxide (NaOH) [3]. Although catalyst must be used,
suine operating disadvantages accumulate through it use.
Catalyst cannot be !eft unneutralized or unremoved in
monoglyceride because it causes reversion. Furthermore,
it contributes, in the case of food emulsifier, to problems
of soap taste, color stability, and occasionally, when the
product is used at higher temperature, to foaming
problems [2]. The usual catalyst neutralization technique
is with phosphoric acid followed by adsorption of the
neutralization product with clays. However, there is an
attendant monoglyceride loss in any clay adsorption and
filtration treatment.

The increase in the temperature also aids in the
mass transfer of the triglyceride to the glycerol phase and
to a faster rate of reaction. Nevertheless, due to the
decomposition of some fatty acids at high temperatures,
an upper limit exits for the temperature. The practical
temperature limit for fat glycerolysis is 260°C. The
infiuence of air at any temperature above 200°C is
especially undesirable with development of color, and
increase in acid and peroxide values observed. Thus,
glycerolysis is blanketed with nitrogen gas (carbon
dioxide is avoided with alkaline catalysts), otherwise
oxidation affords taste and color problems.

There are many commercial applications for the
mixed mono- and diglycerides products. Mono- and
diglycerides are edible and find use as emulsifiers in
food and in the preparation of baked goods. A mixture of
mono-, di- and triglycerides is manufactured in large
quantities for use in superglycerinated shortenings.
Mono- and diglycerides are important modifying agents
in the manufacturing of alkyd resins, detergents and
other surface-active agents [1}. Beside bulk applications
in the food and dairy industry, monoglycerides are used
in the pharmaceutical and cosmetic industries {4].



Glycerolysis of pure glycerol has been extensively
studied while the information on the glycerolysis of
crude glycerol derived from the biodiesel is rare. In this
work the feasibility of the glycerolysis of palm stearin
with crude glycerol derived from the biodiesel process
was studied. The results were compared to the
glycerolysis with pure glycerol.

2. MATERIALS AND METHODS

2.1 Materials

Pure glycerol (95% purity) purchased from
Witayasom is a commercial grade. The crude glycerol
(70% purity) obtained from Department of Chemical
Engineering, Prince of Songkla University contains
about 3.7% monoglyceride and NaOH catalyst about
2.8% in the form of Na,O. Palm stearin (iodene value
38) provided by Choomporn Palm Oil Company
comprises 98.7% triglyceride and 1.3% diglyceride.
Molecular weight of palm stearin calculated from
sponification value is 834.

2.2 Equipments

Batch glycerolysis was conducted in two layer-
stainless steel reactors (Fig. 1), an inner reactor (capacity
of 10 L) with top agitator is for reaction and an insulated
outer reactor is for cooling process. The inner reactor is a
pressure vessel, capable of withstanding full vacuum as
well as positive pressure, which is typically 75 psig, with
an inner diameter of 20 cm and a wall thickness of 4 mm.
A vacuum pump is used to reduce the pressure inside the
pressure vessel to below atmospheric pressure. The
condenser, which contains cooling water, is used to
condense glycerol and water vapors from the pressure
vessel to protect clogging in the vacuum pump. A
temperature sensor is attached to the inner reactor to
control a gas fire system which locates below the reactor.
Control valve of nitrogen gas is on the lid of the reactor.

Fig. 1. The system usedfor glycerolysis process.

2.3 Glycerolysis process

Glycerol and palm stearin (being solid at room
temperature) were firstly melted outside the reactor.
Melted glycerol was then charged 1o the reactor
following by melted palm stearin via vacuum pump. The
mixture was agitated at 200 rpm and heated to 120°C.
Then, nitrogen gas was fed to the reactor to protect the
reactants from oxidation problem. The mixture was
continued heated to desired temperature and that

temperature was maintained until desired time. The
operated pressure was at an absolute pressure of 26
cmHg. It is noted that there was no catalyst added for the
reaction with crude glycerol and for the reaction with
pure glycerol the amount of NaOH was also 2.8%.

2.4 Optimum conditions

The factors to be investigated were reaction
temperatures, reaction times, and molar ratios of glycerol
to palm stearin. The reaction temperatures were 180,
200, 230 and 250°C. The reaction times were 15, 20, 30,
60 and 90 minutes. The molar ratios of glycerol to palm
stearin were 2:1, 2.5:1 and 3:1.

2.5 Reverse reaction

Two sets of experiments were conducted to study
the effect of the reverse reaction of glycerolysis. For the
first set the reaction mixture from glycerolysis process
was rapidly cooled down by cooling water and for the
second set there was no cooling water used.

2.6 Analytical methods

The production compositions; monoglycerides
(MG), diglycerides (DG), triglycerides (TG), and fatty
acid (FA) were analyzed by thin layer chromatography
with flam ionization detection (TLC/FID) (latroscan
MKS5, Iatron Laboratories Inc., Tokyo) [5]. The retention
time for each composition is shown in Table 1. The DG
content was expressed as the sum of the wi% of it
regioisomers. The amount of glycerol was determined by
sodium periodate oxidation method.

Table 1. Retention time of production compositions
obtained by TLC/FID analysis.

Composition Retention time (min)
TG 0.24
FA 0.29
1,3 DG 0.40
1,2 DG 041
MG 0.45

2.7 Statistic analysis

Statistic analyses using analysis of variance
(ANOVA) were carried out by Microsoft Excel tool
package within 95% confidence interval.

3. RESULTS AND DISCUSSION
Monoglyceride was a major product obtained by

the giycerolysis process as shown in the chromatogram
of TLC/FID analysis (Fig. 2).
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Fig. 2. The chromarogram of TLC/FID analysis, MG =
monoglyceride, DG = diglycerides, TG = triglyceride,
and FA = fatty acid.
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3.1 Effect of temperature and time

The results of glycerolysis of crude glycerol show
that for the reaction times between 15 and 20 minutes the
greatest MG content in the production was obtained at
200°C (Fig. 3). When increasing the reaction times
longer than 20 minutes the highest MG content was
observed at 230°C. These results indicate that both
temperature and time have effect on the MG content and
there is interaction between them. Two-Factor ANOVA
was run to test differences between temperatures 200 and
230°C for each reaction time and it found that there was
no significant difference between temperature 200 and
230°C for each reaction time. In addition, to determine
the optimum temperature of glycerolysis process, not
only the maximum yield of MG was considered, but also
the heating time to reaction temperature and energy
consumption were taken into account. Heating time to
reaction temperature was certainly longer and energy
consumption was surely greater for higher reaction
temperature. Consequently, a faster reaction at a lower
temperature is desirable. From this economic point of
view, the optimum temperature for the glycerolysis of
crude glycerol was 200°C.

Feuge et al. [6] reported that the glycerolysis
reaction equilibrium was reached at about 200°C. At this
temperature the reaction mixture becomes homogeneous
resulting to increase the degree of contact between the
triglyceride and  glycerol. There were some
polymerization products formed at the temperature about
250°C. Therefore, Hui [3] also concluded that the most
optimum temperature for glycerolysis is about 200°C.
The optimum reaction time will be discussed further in
the following section.
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Fig. 3. Time courses of the MG content (wi%) in the
production with different temperatures. The molar ratio
of crude glycerol to palm stearin = 2:1 (the results were
average values from 3 replications).

3.2 Effect of molar ratio of substrates and time

When the ratio 2:1 which is the stoichiometric
molar ratio of glycerol to triglyceride required for the
formation of MG was employed, the MG content was
found to be very low compared to the molar ratios 2.5:1
and 3:1 (Fig. 4). The maximum yield of MG obtained by
the ratio 2:1 was only 57.7% at 60 minutes. For the
reaction times betwecn 15 and 20 minutes the greatest
MG production was observed at the molar ratio 2.5:1
with the maximum yield of 65.4% at 20 minutes. When
rising the reaction time longer than 20 minutes the

highest MG content was observed by the ratio 3:1 with
the maximum yield of 66.3% at 30 minutes. These means
that when the molar ratios were 2:1, 2.5:1 and 3:1, the
reaction equilibriums were observed at 60, 20, and 30
minutes, respectively. Therefore, the equilibrium level
was reached in a shorter time at the molar ratio of 2.5:1.
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Fig. 4. Time courses of the MG content (wi%) in the
production with different molar ratios of crude glycerol
to palm stearin, the reaction temperature was 200 C (the
results were average values from 3 replications).

The compositions of reaction products at different
conditions of glycerolysis of crude glycerol are
summarized in Table 2. It can be calculated that the TG
conversions were 94.5, 96.5, and 97.8% for the molar
ratios of 2:1, 2.5:1, and 3:1, respectively. On the other
hand, the crude glycerol conversions were 71, 71.9, and
66.4% for the molar ratios of 2:1, 2.5:1, and 3:1,
respectively.

Table 2. Tke production compositions at different
conditions of glycerolysis of crude glycerol, CG = crude

glycerol and C = catalyst (the results were average

values from 3 replications).

Reaction Composition (wt%) of production
conditions [ TG | DG [ MG | FA | CG | C
Molarratio | 4.2 | 29 |57.7| 13 | 7.1 | 0.7
2:1 (60 min)

Molar ratio 25 |21.71654) 15 | 81 | 0.8
2.5:1

(20 min)

Molar ratio 1.5 | 18.1}663| 1.9 | 113} 0.9
3:1 (30 min)

One-Factor ANOVA was run to find out the
difference of MG contents obtained at the molar ratio
2.5:1 (20 minutes) and 3:1 (30 minutes) and there was no
significant difference between them. Therefore, the
optimum molar ratio of crude glycerol to palm stearin
was decided to be 2.5:1.

The optimum reaction time was further investigated
by doing glycerolysis at 200°C, the molar ratio of 2.5:1,
and the reaction times of 20, 25, and 30 minutes. It was
found that the greatest MG content in the reaction
mixture was still observed at the reaction time of 20
minutes (Fig. 5). Therefore, the optimum conditions for
glycerolysis of crude glycerol were the reaction
temperature of 200°C, the molar ratio of 2.5:1, and the




reaction time of 20 minutes. The finished product which
contained 65.4% MG, 21.7% DG, 2.5% TG, 1.5% FA,
8.1% CG, and 08% C obtained at the optimum
conditions in this study is quite satisfied as in the most
manufacturing plant the MG production is obtained only
35-50 % [3, 7, 8}.

Time (min)

Fig. 5. Effect of reaction time on %MG in the production.
The molar ratio of crude glycerol 1o paim stearin = 2.5:1
and the reaction temperature was 200%C (the results
were average values from 3 replications).

3.3 Glycerolysis of pure glycerol

Glycerolysis of pure glycerol were conducted at
200°C using 2 to 3 moles of glycerols for the reaction
times from 15 to 90 minutes. The optimum conditions to
obtain the maximum yield of MG were also at the molar
ratio of 2.5:1 and the reaction time of 20 minutes as
shown in Fig. 6.
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Fig. 6. Time courses of the MG content (wit%) in the
production with different molar ratios of pure glycerol 1o
palm stearin, the reaction temperature was 200C f(the
results were average values from 3 replications).

Furthermore, glycerolysis of pure glycerol at the
optimum condilions was run 1o compare with
glycerolysis of crude glycerol at the optimum conditions.
The results are presented in Table 3. Purity and yield of
MG obtained from glycerolysis of crude glycerol were a
bit lower than glycerolysis of pure glycerol. However, it
should be noted that for the experiments to find out the
optimum conditions of glycerolysis of crude glycerol,
higher MG production (65.4% yield) was obtained. This

due to the crude glycerol used in this experiment and the
experiments to find out the optimum conditions were
from the different batch of biodiesel resulting 1o different
initial composition of glycerol.

Table 3. Comparison of MG production from
glycerolysis of pure ghcerol and glycerolysis of crude
glycerol at 200°C, the molar ratio of glycerol to paim
stearin = 2.5:1 and reaction time of 20 minutes (the
results were average values from 3 replications).

Type of glycerol | Purity of MG % | Yield of MG (%)
Pure 58.9 57.8
Crude 53.5 51.3

3.4 Effect of reverse reaction

The effect of the reverse reaction of glycerolysis
was studied. Table 4 shows the compositions of reaction
mixture at different conditions of cooling down. When
rapidly cooling down the reaction mixture from 200 to
75°C with cooling water, %MG reduced from 72.4 to
71.2 which is only 1.2 %MG reduction while when
cooling down the reaction mixture from 200 to 75°C
without cooling water, %MG reduced from 72.4 to 54.0
which is 18.4 %MG reduction (Table 4 and Fig.7). In
addition, the amount of diglyceride and triglyceride
increased with 11.9 and 3.8%, respectively {in the case
of no cooling water). These results indicated that
significant reversion was obtained when cooling down
the reaction mixture without cooling water. Sonntag [2}
stated that the reversion of glycerolysis can occur to the
extent of about 3G%. Thus, the mixture reaction should
be rapidly cooled to a temperature at which the reversion
velocity is nil (below 75°C from this study)

Table 4. The compositions of reaction mixture at
different conditions of cooling down, the initial reaction
mixture was from glycerolysis at the optimum conditions
(the results represented were average values from 3
replications).

Cooling down Composition of reaction mixture
conditions {% from TLC/FID)

TG DG MG FA
Initial reaction 27 23.0 724 19
mixture
Using cooling 3.6 238 | 712 1.4
water for 5 minutes
No cooling water 3.7 249 69.5 1.9

| for 60 minutes

No cooling water 5.3 334 57.3 4.0
for 120 minutes
No cooling water 5.8 343 56.0 39
for 180 minutes
No cooling water 6.5 348 54.0 4.7
for 210 minutes

4. CONCLUSIONS
Crudn glycerol derived from the biodiesel process
can be used as 1 substrate in glycerolysis reaction to
produce monoglyceride. The optimum conditions for
glycerolysis of crude glycerol were the reaction
temperature of 200°C, the molar ratio of crude glycerol




to palm stearin 2.5:1, and the reaction time of 20
minutes. The optimum conditions for glycerolysis of
pure glycerol were the same. The monoglyceride
production, both in terms of % purity and % yieid,
obtained by glycerolysis of crude glycerol at the
optimum conditions in this study was satisfied as
compared to glycerolysis of pure glycerol in this study
and the most manufacturing plant. Therefore, the
glycerolysis of crude glycerol will make two major
benefits; firstly, it will make the production of biodiesel
more competitive with the existing diesel fuel market
and secondly, it will produce monoglyceride which is the
most important emulsifier used in food industry with
lower cost compared to the conventional process as the
crude glycerol can be obtained as a by product from the
biodiese! process.
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Fig.7 % modification of the compositions of reaction
mixture at different conditions of cooling down. CW. =
cooling down by using cooling water and NCW. =
cooling down without cooling water (the resulls
represented were average values from 3 replications).

5. ACKNOWLEDGEMENTS
This research was financially supposted by Prince
of Songkla University (budget year 2003). The Graduate
School at Prince of Songkla University provided partial

funding for the student. The Department of Chemical
Engineering and the Faculty of Engineering, Prince of
Songkla University are gratefully acknowledged for
other supports.

6. REFERENCES
(3 P.R . Muniyappa, S.C.Brammer, H.Noureddini,
“Improved conversion of plant oils and animal fats into
biodiesel and co-product”, Bioresource Technology,
Vol.56 1996, pp.19-24.
[2} N.O.V.Sonntag, “Glycerolysis of Fais and Methyi
Esters-Status, Review and Critique”, Joumal of the
American Oil Chemists’ Society, Vol.59 No.l10
October.1982, pp.795A-802A.
f3] Y.H.Hui, “Bailey’s industrial oil and fat products”,
fifth Edition Volume 4 Edible Qil and Fat Products:
Processing Technology, John Wiley & Sons, Inc, 1996.
[4] U.T.Bomscheuer, “Lipase-catalyzed syntheses of
monoacylglycerols”, Enzyme and Microbial Technology,
Vol 17 July.1995, pp.578-586.
{5) R.Rosu, Y.Vozaki, Y.lwasaki, T.Yamane, “Repeated
use of immobilized lipase for monoacylglycerol
production by solid-phase glycerolysis of olive oil”
Journal of the American Qil Chemists’ Society, Vol.74
No.4, 1997, pp-445-450.
[6] R.O.Feuge, E.A Kraemer, A.E.Bailey, “Modification
of Vegetable Oils, 1V. Reesterification of Fatty Acids
with Glycerol” Qil and Soap, Vol22, No.3, 1945,
pp-202-207.
[7) G.P.McNeil, S.Shimizu, T.Yamane, “High-yield
enzymatic glycerolysis of fats and oils” Journal of the
American Oil Chemists’ Society, Vol.68 No.l, 1991,
pp-1-5.
[8] G.P.McNeil, T.Yamane, “Further improvements in
the yield of monoglycerides during enzymatic
glycerolysis of fats and oils™ Journal of the American Oil
Chemists’ Society, Vol.68 No.1, 1991, pp.6-10.



Production of Monoglyceride by Glycerolysis of Crude Glycerol from Biodiesel

Process and Palm Stearin

Pakamas Chetpattananondh®, Jeerapong Rukprasoot, Charun Bunyakan, Chakrit Tongurai

Department of Chemical Engineering, Faculty of Engineering, Prince of Songkla University
* pakamas.p@psu.ac.th

ABSTRACT

The feasibility of glycerolysis of crude glycerol derived from biodiesel process and palm stearin was studied.

Monoglyceride was obtained as a major product in the process. Optimum conditions of glycerolysis process were

investigated using 2 to 3 moles of crude glycerols in relation to palm stearin, subjecting the reaction mixture to a

reaction temperature frcm 180 to 250°C for 15 10 90 minutes under reduced pressure. The optimum conditions for

glycerolysis of crude glycerol were the reaction temperature of 200°C, the molar ratio of 2.5:1, and the reaction time
of 20 minutes. The yield of monoglyceride obtained from glycerolysis of crude glycerol under the optimum conditions
was satisfied as eor_npared to glycerolysis of pure glycerol in this study and the most manufacturing plant.
Moncglyceride was purified by crystallization and up to 99% purity could be obtained. Therefore, glycerolysis of

crude glycerol will make the production of biodiesel more commercially viable.

Keywords: Monoglyceride, Glycerolysis, Glycerol, Paim stearin, Biodiesel

1. INTRODUCTION

According to the crisis of oil price, biodiesel (methyl
ester) is expected to be an altemative diesel fuel. In
the production of biodiesel, large amounts of crude
glycerol are generated. With the demand for biodiesel
predicted to increase greatly, the amount of crude
glycerol generated will also rise. Therefore, it would be
advantageous if crude glycerol is utilized for production
of more valuable products, such as monoglycerides,
instead of dumped in landfills.

The interest in monoglycerides resides in their
structure comprising an aliphatic lipophilic chain and
two hydroxyl groups in the hydrophilic part. This
structure causes surfactant action, which stabilizes
emulsions (Eychenne and Mouloungui, 1999). Their
abiliies to form stable emulsions make the
monoglycerides suitable as internal and exiernal
lubricants in fibre and textile technologies (Awang et
al., 2004). In addition, monoglycerides are important

emulsifiers used in food, pharmaceutical and cosmetic
industries. In the USA, about 100 million kg are used
annually {Bimbaum, 1981). The most common method
for production of monoglycerides is glycerolysis
{Campbell Timperman e! al., 1996). Glycerolysis is the
transestenification of triglyceride with glycerol to
monoglyceride (Muniyappa et al., 1996). The finished
product generally containg 35-50% monoglycerides
{Hui, 1996). The rest of it consists mostly of
diglycerides, some umreacted triglycerides (10%),
residual glycerol (3-4%) and free fatty acid {(1-3%).
Conventional batch-type glycerolysis generally
involve (a) optimal use of heal and agitation to
maximize solubility of glycerol in the fatty phases, (b)
use of excess glycerol over theoretical 2 moles
required, and removal of excess at the end of the
glycerolysis reaction, (cj use of catalyst/emulsifier
system without purposeful addition of soap as-is, and

(0} catalyst neutralization after completion of
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glycerolysis and before glycerol excess removal and
cooling (Sonntag, 1982).

Glycerolysis of pure glycerol has been extensively
studied while the information on the glycerolysis of
crude glycerol derived from the biodiesel is rare. In this
work the feasibility of the glycerolysis of crude glycerol
derived from the biodiesel process was studied. The
results were compared to the glycerolysis of pure
glycerol. In addition, the purification processes of

monoglycendes were investigated.

2. MATERIALS AND METHODS
2.1 Materials

Pure glycerol (95% purity) purchased from
Wilayasom is a commercial grade. The crude glycerol
(70% purity) obtained from Department of Chemical
Engineering, Prince of Songkia University contains
about 3.7% monoglyceride and NaOH catalyst about
2.8% in the form of Na,0. Palm stearin (iodene value
38) provided by Choompom Palm Oii Company
comprises 98.7% trigiyceride and 1.3% diglyceride.
Molecular weight of palm stearin calculated from
sponification value is 834,

2.2 Equipments

Batch glyoefblysis was conducted in two layer-
stainless steel reactors, an inner reactor (capacity of
10 L) with top agitator is for reaction and an insulated
outer reactor is for cooling process. The inner reactor
is a pressure vessel, capable of withstanding full
vacuum as well as positive pressure, which is typically
75 psig, with an inner diameter of 20 cm and a wall
thickness of 4 mm,

A vacuum pump is used to reduce the pressure
inside the pressure vessel to below atmospheric
pressure. The condenser, which contains cooling
t;water, is used to condense glycerol and water vapors
Efrom the pressure vessel to protect clogging in the
évacuum pump. A temperature sensor is attached to
Elhe inner reactor to control a gas fire system -wvhich
E:locates below the reactor. Control valve of nitrogen

Eigas is on the lid of the reactor.

2.3 Glycerolysis process

Glycerol and palm stearin (being solid a! room
temperature) were firstly melted outside the reactor.
Melted glycerof was then charged to the reactor
following by melted palm stearin via vacuum pump.
The mixture was agitated at 200 rpm and heated to
120°C. Then, nitrogen gas was fed io the reactor to
protect the reactants from oxidation problem. The
mixture was continued heated to desired temperature
and that temperature was maintained until desired
time. The operated pressure was at an absolute
pressure of 26 cmHg. It is noted that there was no
catalyst added for the reaction with crude glycerol and
for the reaction with pure glycerol the amount of NaOH
was also 2.6%.
2.4 Optimum conditions

The factors to be investigated were reaction
temperatures, reaction times, and molar ratios of
glycerol to palm stearin. The reaction temperatures
were 180, 200, 230 and 250°C. The reaction times
were 15, 20, 30, 60 and 90 minutes. The molar ratios
of glycerol to paim stearin were 2:1, 2.5:1 and 3:1.
2.5 Reverse reaction

Two sets of experiments were conducted to study
the effect of the reverse reaction of glycerolysis. For
me first set the reaction mixiure from glycerolysis
process was rapidly cooled down by cooling water and
for the second set there was no cooling water used.
2.6 Purification methods

Residual glycerol was removed from the reaction
mixture by three separate methods: {1) adding water,
heating to 90°C and stirring; {2) washing with droplet
of hot water; and (3) adding 1 ml of 35% hydrochioric
acid (HCi) following by hot water washing. After that
isooctane was added to the reaction mixture in the
ratio of 20 g of reaction mixture per 100 mil of
isuoctane and monoglycerides were further pursified by
crystallization.
2.7 Analytical methods

The production compositions; monoglycerides

(MG). digtycerides (DG). triglycerides (TG), and fatty
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acid (FA) were analyzed by thin layer chromatography
with flam ionization detection (TLC/FID) (latroscan
MKS5, latron Laboratories Inc., Tokyo). The MG and
DG contents were expressed as the sum of the wi% of
their regioisomers. The amount of glycerol was
determined by sodium periodate oxidation method.
28 Stéﬂsﬁc analysis

Stalistic analyses using analysis of varance
(ANOVA) were carried out by Microsoft Excel tool
package within 95% confidence interval.

3. RESULTS AND DISCUSSION
3.1 Effect of temperature and time

The results of glycerolysis of crude glycero! show
that for the reaction times between 15 and 30 minutes
the greatest MG content in the production was

obtained at 20 minutes at 200°C (Figure 1). When
increasing the reaction times longer than 30 minutes
the highest MG content was observed at 60 minutes at
230°C. These results indicate that both temperature
and time have effect on the MG content and there is
interaction between them. Two-Factor ANOVA was run

to test differences between temperatures 200 and

230°C for each. reaction time and it found that there
was no significant difference baetween temperature 200
and 230°C for each reaction time. In addition, to
determine the optimum temperature of glycerolysis
process, not only the maximum yiekd of MG was
considered, but also the heating time to reaction
temperature and energy consumption were taken into
account. Heating time to reaction temperature was
certainly longer and energy consumption was surely
greater for higher reaction temperature. Consequently,
a faster reaction at a lower temperature is desirable,
From this point of view, the optimum temperature for
the glycerolysis of crude glycerol was 200°C.-

Feuge et al. (1945) reported that the glycerolysis
reaclion equilibrium was reached at about 200°C. At
this temperature the reaction mixture becomes

homogeneous resulting fo increase the degree of

contact between the triglyceride and glycerol. Hui
(1996) also concluded that the most optimum

temperature for glycerolysis is about 200°C.
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Figure 1. Time courses of the MG content in the
production with different temperatures. The molar ratio
of crude glycerol to palm stearin = 2.5:1 (the resuits

were average values from 3 repflications).

3.2 Effect of molar ratio of substrates and time

When the ratio 2:1 which is the stoichiometric
molar ratio of glycerol to triglyceride was employed,
the MG yield was found tc be very low compared to
tne molar ratios 2.5:1 and 3:1 (Figure 2). For the
reaction times between 15 and 20 minutes the
greatest MG yield was observed at the molar ratio
2.5:1 with the maximum yield of 64.1% at 20 minutes.
When raising the reaction time longer than 20 minutes
the highest MG yield was observed by the ratio 3:1
with the maximum yield of 64.1% at 30 minutes. This
means that the equilibrium leve! was reached in a
shorter time at the molar ratio of 2.5:1. In addition,
Two-Factor ANOVA was run to find out the differences
between the molar ratios 2.5:1 and 3:1 and there was
no significant difference between them. Therefore, the
oplimum molar ratio of crude glycerol 10 palm stearin
was decided to be 2.5:1.

To be summarized, the optimum conditions for

glycerolysis of crude glycerol were the reaclion

temperature of 200°C, the molar ratio of 2.5:1, and the
reaction time of 20 minutes. The finished product
which contained 65.4% MG, 217% DG, 2.5% TG,
1.5% FA, 8.1% crude glycerol, and 0.8% catalyst




- - - - . £ Jd
rnw'::'gu:nnmnmnnumuua:muﬂv:quunnh:z ml!nmn.m 15

obtained at the optimum conditions in this study is
quite satisfied as in the most manufacturing plant the
MG production is obtained only 35-50 % (Hui, 1996).
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Figure 2. Time courses of the MG yield in the
production with different molar ratios of crude glycerol
to palm stearin, the reaction temperature was 200°C

(the results were average values from 3 replications).

3.3 Glycerolysis of pure glycerol
Glycerolysis of pure glycerol were conducted at

200°C using 2 to 3 moles of glycerols per mole of
palm stearin subjecting to the reaction times from 15
io 90 minutes. The optimum conditions to obtain the
maximum yield of MG were also at the molar ratio of
2.5:1 and the reaction time of 20 minutes as shown in
Figure 3.
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Figure 3. Time courses of the MG content in the
production with different molar ratios ot pure glycerol
o palm stearin, the reaction temperature was 200°C

{the results were average values from 3 replications).

Furthermore, glycerolysis of pure glycerol at the
optimum conditions was rn o compare with
glycerolysis of crude glycerol at the oplimum
conditions. The results are presented in Table 1. Purity
and yield of MG obtained from glycerolysis of crude
glycerol were a bit lower than glycerolysis of pure
glycerol. However, it should be noted that for the
experiments to find out the optimum conditions of
glycerolysis of crude glycerol, higher MG production
yield was obtained. This due to the crude glycerol
used in this experiment and the experiments to find
cut the optimum conditions were from the different
batch of biodiesel resulting to different initial
composition of glycerol.

Table 1. Comparison of MG production from
glycerolysis of pure glycerol and glycerolysis of crude
glycerol at 200°C, the molar ratio of glycerol to palm
stearin = 2.5:1 and reaction time of 20 minutes (the

results were average values from 3 replications).

Type of giycerol | Purity of MG % | Yield of MG (%)
Pure 58.9 57.8
Crude 53.5 513

3.4 Effect of reverse reaction

The effect of the reverse reaction of glycerolysis
was studied. Table 2 shows the compositions of
reaction mixture at different conditions of cooling
down. When rapidly cooling down the reaction mixture
from 200 to 75°C with cooling water, %MG reduced
from 72.4 to 71.2 which is only 1.2 %MG reduction

while cooling down the reaction mixture from 200 to

75°C without cooling water, %MG reduced from 72.4
to 54.0 which is 18.4 %MG reduction. In addition, the
amount of diglyceride and triglyceride increased with
11.9 and 3.8%, respectively in the case of no cooling
water. These resulls indicated that significant reversion
was obtained when cooling down the reaction mixture
without cooling waler. Sonntag (1982) stated that the
reversion of glycerolysis can occur to the extent of

about 30%. Thus, the mixture reaction shouid be
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rapidly cooled to a temperature at which the reversion

velocity is nil, which was below 75°C from this study.

Table 2. The compositions of reaction mixture at
different conditions of cooling down, the initial reaction
mixture was from glycerolysis at the optimum
conditions (the results represented were average

values from 3 replications).

3 (b)
Figure 4. Removal of residual glycerol by (a) adding
water, heating to 90°C and stiming and (b) washing

with droplet of hot water at 90°C.

Table 3. The amount of monoglycerides and residual
giycerol before and after washing with droplet of hot
water at 90°C (the results represented were average

values from 3 replications).

Conditions Monoglycerides Residual
(% TLCIFID) glycerol (%)
Initial reaction 62.7 11.2
mixture
Top layer 58.2 9.6
Bottom layer 70.7 n.a.

Cooling down Composition of reaction mixture
conditions (% TLC/FID)

TG DG MG FA
Initial reaction 27 23.0 72.4 19
mixture
Using cooling 3.6 23.8 71.2 14
water for 5 minutes
No cooling water 3.7 249 69.5 19
for 60 minutes
No cooling water 5.3 334 57.3 4.0
for 120 minutes
No cooling water 58 34.3 56.0 39
for 180 minutes
No cooling water 6.5 34.8 54.0 47
for 210 minutes.

3.5 Purification methods

With the first method for removal of residual
glycerol by adding water, heating to 90°C and stirring,
the reaction mixture became homogeneous and
difficult to be separated (Figure 4a). For the second
method by heating the reaction mixture to 90°C and

washing with droplet of hot water at QOOC, the reaction
mixture was separated into two layers (Figure 4b). The
top layer was expected to contain the higher purity of
monoglycerides while the residual glycerol was
expected to be in the washing water resided in the
bottom layer. However, the results show that only 14%
of the residual glycerol was removed from the reaction
mixture and about 7% of monoglycerides were washed

out to the bottom layer as shown in Table 3.

n.a. = not analyze

With the third method by adding 1 ml of 35% HCI
fallowing by hot water washing, most of the residual
glycerol was removed from the reaction mixture and
only 3.9% of monoglycerides were lost in the washing

step (Table 4).

Table 4. The amount of monoglycerides and residual
glycerol before and after adding 1 ml of 35% HCI
following by hot water washing (the results

represented were average values from 3 replications).

Conditions Monoglycerides Residual
(% TLC/FID) glycerol (%)
Initial reaction 61.5 11.2
mixture
Top layer 59.1 0.1
Bottom layer 100 n.a.

n.a. = not analyze
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The reaction mixture after removal of residual
glycerol (20 g) was dissolved into 100 mi of isooctane,
heated to 70°C and crystallized at different
temperature. The highest yield and purity of
monoglycerides were obtained at 36°C as shown in
Table 5. That sample was further crystallized and up
to 99% purity of monoglycerides was obtained. With
GC-MS it was found that the crystals contained about
96% methyl palmitate and 4% methyl stearate.

Table 5. The resuits of crystallization process.

Phase | Temperature | Weight | % by %
(°c) {g) weight | TLC/FID
Crystal 37 1.54 7.70 76
36 2.04 16.20 85
5 1.38 6.90 74
34 1.33 6.65 77
33 1.01 5.05 59
32 1.23 6.15 60
31 0.79 3.95 62
30 0.30 1.50 72
29 0.43 2.15 74
28 0.36 1.80 70
Liquid 28 5.1 25.55 44
Lost L. 4.51 22.40 -
4. CONCLUSIONS

Crude glycerol derived from the biodiesel process
can be used as a substrate in glycerolysis reaction to
produce monoglycerides. The optimum conditions for
glycerolysis of crude glycerol were the reaction
temperature of 200°C. the molar ratio of crude
glycerol to palm stearin 2.5:1, and the reaction time of
20 minutes. The optimum conditions for glycerolysis of
pure glycerof were the same. The monoglyceride
production, both in terms of % purity and % vyield,
oblained by glycerolysis of crude glycerol at the
optimum conditions in this study was satisfied as
compared to glycerolysis of pure glycerol in this study

and the most manufacturing plant.

Residual glycersl could be removed from the
reaction mixture by adding 1 mi of 35% HCI following
by hot water washing. After that 99% high purity of
monoglycerides was obtained by crystallization with

using isoocatane as a solvent for two times.
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Abstract

Monoglycerides produced from glycerolysis of crude glycerol
defived from biodiesel process and palm stearin were 60-65
percent purity. This research was to improve the quality of
monoglycerides by two-step process: removal of residual
giycerol and increase of monoglyceride purity. Removal of
residual glycerol was done by adding hydrochloric acid
following by water washing while increase of monoglyceride
purity was done by crystallization with isooctane solvent
Moneoglycerides obtained from crystallization for two limes
were 99 percent purity, which are high purity monoglycerides
in commerce,
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