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László Kótai,1 Ágnes Gömöry,1 István Gács,1 late Sándor Holly,1 István E. Sajó,1
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Transesterification of fatty acid containing used or nonfood
type vegetable oils with methanol in the presence of partially
hydrated calcium oxide has been performed. The calcium soaps
formed are treated with sulfuric acid without separation from the
ester phase, and the free acids formed are immediately converted
to ester with the excess of methanol and the sulfuric acid (as
catalyst).

Biodiesel fuels based on vegetable oils have an increasing
importance to satisfy the demand for renewable energy or sour-
ces.1 However, their production from nonfood quality vegetable
oils with high fatty acid contents (up to 15wt%) is not econom-
ical. This is due to the high alkaline catalyst (KOH and NaOMe)
consumption and to the formation of surface active soaps inter-
fering with the catalyst removal by aqueous washing.2

In the process presented here, CaO has been used for the
neutralization of the fatty acids as well for catalysing the trans-
esterification process at reflux temperature. CaO is a cheap in-
dustrial alkaline chemical, and its soaps are insoluble in water
and are not surface active agents. The calcium soaps formed
are dispersed/dissolved in the ester phase containing the residual
methanol from the transesterification. They react with the sulfu-
ric acid then the fatty acids formed are transformed to esters in a
H2SO4-catalysed reaction.

Ca(OOC{R)2 þ H2SO4 ¼ CaSO4 þ 2R{COOH ð1Þ

R{COOHþMeOH ¼ R{COOMeþ H2O ð2Þ
The efficiency of the transesterification process strongly depends
on the amount of the CaO and H2O used. The results are given in
Table 1.

As it can be seen from Table 1, partial slaking and methanol
excess have increased the conversion. The optimal yield was ob-
served at CaO:H2O = 1:1 molar ratio because of Ca(OH)2 for-
mation. The increased amount of CaO is needed to retain the free
fatty acids in Ca soap form. The sequence of the reagent addition
can also affect the conversion because of the dissolution rate of
the solid CaO catalyst precursor. The amount of the dissolved
calcium soaps varied between 1–3% (expressed as CaO).5 In or-
der to decrease the ash content of the ester phase and transform
the fatty acid content into esters, a slight excess of the concen-
trated sulfuric acid toward the used CaO was added and the mix-
ture was refluxed for 3 h. The sulfuric acid has multiple roles in
this system: 1) it forms calcium sulphate and releases fatty acids,
2) catalyzes the reaction between the fatty acid formed and the
residual methanol from the transesterification step, 3) destroys
the thermally and chemically sensitive polyunsaturated com-
pounds which could cause deposits in the engine.6

Since the optimal transesterifications were performed at
twofold excess of methanol, the residual methanol content en-
sures a large methanol excess in the esterification reaction of
the liberated fatty acids.

Anhydrous CaSO4 formed in reaction (1) promotes the es-
terification reaction with binding of the H2O formed in reaction
(2) and shifts the esterification equilibrium. Calcium sulphate
has two hydrated forms, calcium sulfate hemihydrate (CaSO4

.
0.5H2O) and dihydrate (CaSO4

.2H2O). Instead of the presence
of 2 equiv water formed, the IR spectrum of the hydrated
calcium sulphate isolated from the reaction mixture (Figure 1)
shows only one OH deformation band (�d ¼ 1605 cm�1), and
the intensity area (2:1) of the symmetric and asymmetric O–H
stretchings (�as and �s ¼ 3600 and 3550 cm�1, resp.) shows
the presence of the hemihydrate exclusively.7 CaSO4

.2H2O

Table 1. Degree of transesterification (HPLC-MS)3 with par-
tially slaked calcium oxide4

CaOa H2O
a MeOHa t/h MEb TGb DGb

1.4 1.4 20 1 17 56 27
1.4 1.4 30 1 42 46 12
2.1 0.7 20 1 90 9 1
2.1 1.4 20 1 55 34 11
2.1 2.1 20 1 19 59 22
4.2 1.4 40 1 100 — —

aStarting material is 100 g vegetable oil (6.7% free acid
content), the amount of solid CaO, H2O, and MeOH are given
in grams. bME, TG, and DG means the amount of methyl
ester, triglycerides, and diglycerides in wt%, respectively.
Monoglycerides could not be detected.

Figure 1. IR spectrum of hydrated calcium sulphate hemihy-
drate formed in the calcium soaps–methanol-concentrated sul-
phuric acid system.
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which could bind all of the water formed in reaction (2) was not
formed at all. Although water binding of the calcium sulphate
hemihydrate is a well-known process (plaster of paris), organic
materials can affect its setting.8 In our case they can completely
inhibit the setting process. The solid CaSO4

.0.5H2O formed can
be used as a sulfur fertilizer for high sulfur-demanding oily
plants. The sulfur uptake of oily plants is extremely high, e.g.
this value for rape is 100–200 kg of SO3/ha/year.

9 Since the
most efficient sulfur fertilization form is the sulphate ion, the
sparingly soluble CaSO4

.2H2O formed in the soil via hydration
(solubility is 0.200 g/100mL of water8) becomes an appropriate
sulfur source (SO3 content of CaSO4

.0.5H2O is 55%). In this
way the only incombustible residue of the present technology
could be turned into a useful materal. The calcium soaps separat-
ed from the glycerol phase can be recycled to the ester phase be-
fore adding the sulfuric acid. Destroying the thermally and

chemically sensitive polyunsaturated compounds with sulfuric
acid, however, leads to the formation of some acidic by-products
(acid number is 3.18mgKOH/g oil).6

It is essential to remove these acids from the ester phase.
As a common way, filtering the ester phase through carbonate
type mineral granulates such as calcium carbonate (calcite) or
iron carbonate (siderite) proved to be only slightly efficient;
however, the ash content increased in the case of calcium
carbonate (Table 2). It can be attributed to the formation of some
soluble oleophilic calcium compounds. Using Varion ADA
resin11 column or vacuum fractional distillation (15Hgmm) pro-
vided acceptable quality of the products. The main parameters
are given in Table 3. The lack of ash content (Table 3) shows
the complete elimination of the calcium-based catalyst with
this method. Table 3 shows that the product obtained meets
with the requirements of the national standards and can be mixed
as blend components to various commercial diesel fuels.
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Table 2. Deacidification of biodiesel products with MCO3

(M ¼ Fe and Ca) powders

Deaciding agent
and amount in g10

Time
/h

Acid number
mgKOH/g

Ash content
/wt%

— 3.18 0
Ca 1 1 2.97 0
Ca 1 2 2.95 0
Ca 2 1 2.95 0.36
Ca 3 1 2.77 0.39
Ca 4 1 2.70 0.48
Fe 1 1 3.06 0
Fe 2 2 2.95 0
Fe 2 1 3.03 0
Fe 2 2 2.86 0

Table 3. Main parameters of biodiesel fuels formed in a com-
bined ion-exchange and vacuum distillation process

Parameter IEa VDa

Ester content/% (v/v) >99 >99

Carboxylic acid/carboxylate <1 <1

Glycerides NDa NDa

Ash content NDa NDa

Acid number 1.25 1.24
Boiling point/�C

Starting 327 327
End 353 352

Conradson number 0.39 0.30
Density (15 �C)/kg dm�3 0.885 0.8852
Viscosity (20 �C)/mm2 s�1 6.81 6.61
Viscosity (40 �C)/mm2 s�1 4.37 4.41
Sulfur content/mg kg�1 110 43
Cetan index 47.0 47.3
Cold filter plugging point/�C �5 �8

aIE: ion exchange, VD: vacuum distillation; ND: not detect-
able.
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