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REFINING OF CRUDE GLYCERINE RECOVERED FROM GLYCEROL RESIDUE BY SIMPLE VACUUM DISTILLATION
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REFINING OF CRUDE GLYCERINE
RECOVERED FROM GLYCEROL RESIDUE

BY SIMPLE VACUUM DISTILLATION

INTRODUCTION

Palm kernel oil methyl ester plants in Malaysia
generate large amounts of glycerol residue from
glycerol refining - about 1 t day-1 by a particular plant
alone.  It is classified as a waste under Schedule S181
of the Environmental Regulations in Malaysia, and
stored in drums and disposed off in landfills.

In a previous study (Yong et al., 2001), glycerol
residue was found to contain 20.2% glycerol, 6.6%
fatty acids (as soap) and 64.3% salt. A process to
recover the glycerine, fatty acids and salt has been
developed (Ooi et al., 2001). In this paper, refining
the crude glycerine recovered from glycerol residue
by a simple vacuum distillation and characterization
of the distilled glycerine are described.

MATERIALS AND METHODS

Materials

The crude glycerine was recovered from glycerol
residue from a local oleochemicals company
by chemical and physical treatment according to
the method of Ooi et al. (2001). All the reagents -
hydrochloric acid (37%), sulphuric acid (95% - 97%)
and ethylene glycol, and chemicals - sodium formate,
sodium hydroxide and sodium metaperiodate - used
were of analytical grade.

Glycerine Distillation

Three samples of the crude glycerine (CG1, CG2
and CG3) were vacuum distilled to produce distilled
glycerine (DG1, DG2 and DG3) and the residue
(distilled bottom) (DB1, DB2 and DB3).

A known amount (Table 1) of the crude glycerine
was placed in a three-neck round bottom flask
fitted with a vacuum release apparatus and
thermometer, and connected to a condenser. A
magnetic bar was used for stirring to reduce the
temperature difference between the top (glycerol
vapour) and bottom (silicon oil bath) of the flask.  A
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cold trap cooled by liquid nitrogen was placed
between a vacuum pump (Edward, Model: RV 12,
England) and a collecting flask connected to the
condenser.  The cold trap was kept a constant
temperature (<0oC) to avoid any variation in the
pressure. A silicone oil bath was used to heat the
crude glycerine to the required temperature
(Table 1). The heat generated by the oil bath was
conserved in the distillation equipment by covering
it with aluminum foil for insulation. The glycerine
distilled over at a top temperature of 120oC -126oC
(the bottom temperature was 165oC - 190oC) and
pressure of 4.0 x 10-1 - 4.0 x 10-2 mbar, and was
collected in a flask. The condenser was cooled to 8oC
in a cooler (Grant, Type: C1G, England) to condense
the glycerol vapour.  Some of the water from the
crude glycerine was retained in the liquid nitrogen
cold trap. The distilled bottom was collected from
the three-neck round bottom flask and weighed and
kept in containers.

Characterizing the Distilled Glycerine

The distilled glycerine was characterized by its
contents of glycerol, ash, MONG, water and soap.
Its pH and infra-red spectrum were also obtained.
The analyses were done in duplicate by the methods
below:

(a) Glycerol content. Standard method ISO 2879-
1975.

(b) Ash content.  Standard method ISO 2098-
1972.

(c) MONG.  Standard method ISO 2464-1973.

(d) Water content. Determined using a DL 37
coulometer (Mettler Toledo, Switzerland)
validated with a standard containing 0.1%
water (Hydranal, Riedel-de Haen, Germany).

(e) Soap content.  Distilled glycerine (1.0 g) was
dissolved in 50 ml distilled water and a few
drops of bromophenol blue indicator (0.04%
w/v H20) added. The solution was titrated
with 0.1N HCl until a permanent fluorescent
yellow. The soap content was calculated by:

normality of HCl x
volume of HCl x 15

Weight of sample

(f) pH.  A solution of 20.0 g distilled glycerine
in 100.0 ml distilled water was measured with
a pH meter (Mettler Toledo, MP220).

(g)  Infrared spectroscopic analysis. The infrared
spectrum of distilled glycerine was analysed

from a thin film on a potassium bromide
pellet using a Nicolet MAGNA IR 550
Spectrometer.

RESULTS AND DISCUSSION

Distillation

There are three possible reactions that may reduce
the yield of glycerol in the distilled glycerine:

(a) Polymerization of the glycerol at high pH (in
excess NaOH and high temperature, >200oC)
to form polyglycerol (Garti et al., 1981; Ikuya
et al., 1990; Lutz et al., 1998), which
concentrates in the distilled bottom.

(b) Dehydration of the glycerol at low pH
(Hedtke, 1996; Monick, 1960) to form acrolein
(bp. 52oC), which is then lost in the cold trap.

(c) Moderate oxidation of the glycerol to form
glycerose, a mixture of glyceraldehyde and
dihydroxyacetone (Jungermann, 1991;
Monick, 1960).

However, by proper control of the pH of the crude
glycerine, and the temperature and pressure of
distillation, these unwanted reactions can be
minimized. Vacuum distillation was used so that the
glycerine distilled over at a lower temperature and
pressure than would otherwise have been necessary.

Table 1 shows the fractions obtained from the
crude glycerine distilled.  On average, 41.8%
glycerine was recovered. This was a reasonable
amount from the glycerol content of 50.4% in the
crude glycerine (Table 2) as some of the glycerol was
lost in the side reactions described or remained in
the distilled bottom

The distilled bottom, a dark brown solid,
constituted 41.8% of the crude glycerine. This large
amount was due to the high contents of salt (17.0%
w/w) and MONG (24.0% w/w) (polyglycerol, sugar
components, free fatty acids and partial glycerides)
in the crude glycerine (Table 2) which did not distill
over.

About 16.5% of the crude glycerine was lost, most
of it water (8.6%). Dehydration of the glycerol to form
acrolein in the acidic distillation condition would
also have contributed to the loss because acrolein
(bp. 52oC) is a volatile chemical.

Infrared Spectrum of the Distilled Glycerine

A typical infrared spectrum of the distilled
glycerine is shown in Figure 1. The spectrum was
almost similar to that of pure glycerol but with a
broader absorption band at 3379 cm-1.  This was
probably due to the hydroxyl groups from water and

Soap content   =
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the glycerol molecules as the distilled glycerine still
contained about 1% water.  The presence of some
impurities (2.4%) was shown by the absorption peak
at 1649 cm-1 (C=O group), corresponding to the
oxidation products of glycerol (e.g. glyceraldehyde,
dihydroxyacetone) and/or free fatty acids.

Characterization of the Distilled Glycerine

Glycerol content. The average glycerol content of the
distilled glycerine was 96.6% (Table 3). Thus, the
crude glycerine with 50.4% glycerol was successfully
refined to a considerably higher purity by the simple
vacuum distillation.

Ash content. The average ash content of the distilled
glycerine was 0.03%, markedly lower than the 17.0%
in the crude glycerine (Tables 2 and 3).  Salts, such as
sodium chloride and sodium sulphate, mainly
constituted the ash, and the distillation had
effectively removed them.  Salts are inorganic
chemicals with strong ionic bonding, and hence high
boiling points.  They are not easily distilled over and
therefore remained mostly in the distilled bottom.

pH.  The distillation was done at pH 4 to 5. Foaming
was the main problem at >pH 5. Initially, CG1 (pH
5.4) and CG2 (pH 7.0) were distilled at their own
pHs but foamed easily with their pHs rising to 6.9

TABLE 2. CHARACTERISTICS OF THE CRUDE GLYCERINE USED

    Glycerinea                                       Parameters of characterization

Glycerol Ash Water MONG pH
(%) (%) (%) (%)

CG1  55.7 15.3  8.4 20.7 5.4
CG2 47.1 19.8 11.2 21.9 7.0
CG3 48.5 16.0 6.1 29.4 4.6
Average 50.4 17.0 8.6 24.0 -

Source:  aOoi et al. (2001).

Figure 1. Typical infrared spectrum of  distilled glycerine (DG2) obtained from high
vacuum distillation of crude glycerine (CG2).

Wavenumbers (cm-1)

70

60

50

40

30

20

10

4000           3500               3000               2500              2000               1500              1000                 500

Tr
an

sm
itt

an
ce

 (
%

)

100

90

80

2887.26

2940.76

3379.43 1648.99

1459.96

1417.17

1331.57

1224.58 852.14

991.23

923.47

1041.16

1112.49

*BP1-37D/DG1/FT-IR
Tue Dec 14 23:48:24 1999



43

REFINING OF CRUDE GLYCERINE RECOVERED FROM GLYCEROL RESIDUE BY SIMPLE VACUUM DISTILLATION

(CG1) and 8.1 (CG2). They were then acidified to pH
5.0 (CG1) and 4.5 (CG2), and re-distilled without
foaming.  CG3 (pH 4.6) was distilled throughout
without foaming.

The foaming was caused by the formation of soap
in the high temperature of distillation.  The glycerol
residue contained 6.6% crude fatty acids, mainly the
short and medium chain acids - C6:0 4.2%, C8:0
30.3%, C10:0 9.4% and C12:0 40.8% - as they were
highly soluble in glycerol and water. During the
recovery of crude glycerine from the glycerol residue,
trace amounts of the short and medium chain fatty
acids were retained in the crude glycerine.

At the high temperature, the free sodium
hydroxide reacted with the fatty acids to form short
and medium chain soaps which foamed easily. A
higher pH obviously indicates more sodium
hydroxide and more formation of soap. The sodium
hydroxide also accelerated the polymerization of
glycerol to polyglycerol as it is a catalyst for
polymerization (Garti et al., 1981). Thus, the best pH
for distilling the crude glycerine was below 5, at
which all the soap was converted to free fatty acids,
obviating foaming.

Soap content. The distilled glycerine was free of soap
(Table 3). This was expected as the distillation was
done at pH 4.5 to 5 in which any soap present would
have been hydrolysed. In addition, the distilled
glycerine had an even lower pH of 3.2 to 3.9  (Table 3).

Water content. The average water content in the
distilled glycerine was 1.0%, considerably less than
in the crude glycerine (8.6%) (Tables 2 and 3). The
low water content was due to the high vacuum used
vaporizing the water, which then condensed in the
liquid nitrogen cold trap. Thus, the vacuum and cold
trap  also functioned  as a dessicant for the distilled
glycerine.

Matter Organic Non-glycerol (MONG)

The average MONG in the distilled glycerine was
2.4%, much reduced from the 24% in the crude
glycerine. MONG in the crude glycerine comprised
mainly partial glycerides, free fatty acids, oxidation
products and the polymerized compounds of
glycerol.  These impurities mostly remained in the
residue although some distilled over, especially at

TABLE 3. CHARACTERISTICS OF THE DISTILLED GLYCERINE RECOVERED

Parameters of characterization
  Distilled
 glycerine Glycerol Ash Water MONG Soap pH

(%)  (%) (%) (%) (%)

    DG1 97.3 0.04  0.7 2.0 nil 3.2
    DG2 95.0 0.04 1.8 3.2 nil 3.3
    DG3 97.5 0.02 0.4  2.1 nil 3.9
 Average 96.6 0.03 1.0 2.4 nil 3.5

TABLE 4. AMOUNTS OF CRUDE GLYCERINE, DISTILLED GLYCERINE AND DISTILLED BOTTOM
RECOVERED FROM 1 kg OF GLYCEROL RESIDUE

Sample        Crude                           Distilled glycerine                                    Distilled bottom
                   glycerinea

                        (g) Distilled Distilled Distilled Distilled
glycerineb glycerinec bottomd bottome

(wt. %) (g) (wt. %) (g)

   CG1          350.9 44.8 157.2 34.8 122.1
   CG2          366.7 38.4 140.8 49.7 182.2
   CG3          302.4 42.1 127.3 40.8 123.4
 Average      340.0 41.8 141.8  41.8 142.6

Notes:
aWeight of crude glycerine recovered from 1 kg glycerol residue (Ooi et al., 2001).
bWeight percentage of glycerine recovered from crude glycerine.
cEstimated by multiplying the weight of recovered crude glycerine by the weight percentage of distilled glycerine.
dWeight percentage of distilled bottom from crude glycerine.
eEstimated by multiplying the weight of recovered crude glycerine by the weight percentage of distilled bottom.
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>126oC. The probable components of MONG in the
distilled glycerine were short and medium chain
fatty acids and the oxidation products of glycerol,
e.g. dihydroxyacetone, glyceraldehyde, hydroxy
pyruvic aldehyde and tatronic dialdehyde.  The
MONG content in the distilled glycerine can be
further reduced by purification, e.g. ion exchange,
deodorization and bleaching. However, no
purification was carried out in this study.

CONCLUSION

Vacuum distillation is a simple and efficient
process to recover glycerol from crude glycerine with
high contents of salt and MONG. On average,
141.8 g glycerine were recovered from 1 kg glycerol
residue, leaving 142.6 g distilled bottom. The distilled
bottom comprised mainly salt, high boiling MONG
and some glycerol.  The crude glycerine was distilled
at 120oC - 126oC and 4.0 x 10-1 - 4.0 x 10-2 mbar pressure
to produce 96.6% glycerine. The optimum pH for
the distillation was <5 in which foaming was
obviated.
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