Kamanusz u ne¢pmexumus, 2015, Ne 24

87

UDC 662.756+547.264+66.095.134

©2015

Influence of free fatty acids and water on alkaline
transesterification of rapeseed oil by n-butanol

S.0. Zubenko, L.K. Patrylak

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine,
1, Murmanska str., 02660 Kyiv, Ukraine, Tel./Fax: (044) 559-98-00

The influence of free fatty acids and water on the process of alkaline transesterification of rapeseed
oil by n-butyl alcohol was studied. It was shown that neutralization of free acids by additional
amount of alkaline with formation of soap has not affect on the yield of main products. On the con-
trary, free water strongly decreasing the yield of main products and therefore it must be completely

removed.

Today methyl and ethyl alcohols became traditional
ones for transesterification of natural oils whereas a number
of works dedicated to search of new raw alcohol for bio-
diesel fuel preparation. Now n-butyl alcohol is considered
as the most perspective among developing bioalcohols.

However, the problems of alkali synthesis become more
obvious with carbon chain in alcohol increasing because of
easier saponification [1]. It is well-known that heating leads
to very low yields of main products [2]. Therefore, the re-
searchers refuse from alkali synthesis to more expensive,
corrosive and power-consuming acid synthesis [3]. All these
aspects turn away of the attention of biodiesel fuel producers
from biodiesel manufactured from n-butanol. But, were
shown obtained butyl esters of rapeseed oil with middle yield
at room temperature process [4]. This aspect intensifies inter-
est to n-butanol as raw material for biodiesel production.

The optimal temperature for rapeseed oil transesterifica-
tion by n-butyl alcohol is below 20 °C, molar ratio alco-
hol/oil is 7,5/1, acid value is 2,2 g KOH/ 100 g oil.

The aim of work was to identify the influence of free
fatty acids and water presence in natural oils on tranesterifi-
cation by n-butanol. For abovementioned purpose
realization both admixtures have been added to reaction
medium and the process has been carried out at the same
conditions.

Transesterification has been realized at ambient tem-
perature (20 °C) and at slightly decreased temperature

(10 °C) for minimization of saponification.

The preparation of free fatty acids from rapeseed oil was
carried out according to described method [5]. The synthe-
sized dried fatty acids were added to reaction medium at
amounts of 1-3 wt. % of oil, that corresponding to the acid
value of 200600 mg KOH/100 g oil. The process has been
carried out for 4 h at alcohol/oil molar ratio 7,5/1 and was
2,2 wt. % KOH content.

Table 1 shown that the yield of butyl esters decrease on
12,6 % from 80,6 to 68,0 % at 10 °C and on 19,1 % from
74,4 t0 55,3 % at 20 °C with increase of content of free fatty
acids.

Decrease of yield of butyl esters can be caused by de-
crease of catalyst (KOH) content, which partially involved
in saponification of free fatty acids (equation 1). A number
of experiments with additional amount of KOH in reaction
media shown results close to results without adding fatty
acids (Table 2).

RCOOH + KOH «> RCOOK + H,0O Q)]

According to the results obtained (Fig. 1), formed soaps
practically have not influence on process of alkaline trans-
esterification of oil by n-butyl alcohol.

It is well-known that water presence in ethanol cause
problems with esters and glycerin dividing after transesteri-
fication reaction. Therefore, dehydrated ethanol must be
used for transesterification [6].

With aim to clarify the influence of admixtures of water

Table 1. The influence of free fatty acid content on yield of main products of butyl transesterification of rapeseed oil

The number of experi- | Content of free fatty | Concentration of KOH, wt. % | Yield of esters, Temperature,
ment acids, g/100g of oil to oil % °C
1 0 22 80,6 10
2 3 22 68,0 10
3 0 22 74.4 20
4 1 22 68,8 20
5 2 22 64,2 20
6 3 22 553 20
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Table 2. The influence of free fatty acid on yield of main products of butyl transesterification of rapeseed oil with compensa-

tion of alkaline
The number Content of free fatty Concentration of KOH, Yield of esters, Temperature,
of experiment acids, g/100g of oil wt. % to oil % °C
1 0 22 80,6 10
7 1 24 80,3 10
8 2 2,6 78,8 10
9 3 2.8 81,3 10
3 0 22 74,4 20
10 1 24 72,2 20
11 2 2,6 73,5 20
12 3 28 69,5 20

in the oil on the reaction flowing, the additional amounts of
water were added to reaction medium (Fig. 2). It was de-
tected high negative effect of free water on the main proc-
ess realization. The yield of main products decreases on
30,6 % to 43,8 % from 74,4 % at 2 wt. % of water content
and to 20,2 % at 1 wt. % water.

The results obtained show significant influence of free
water. The last can be an admixture in natural oil or arise
during in situ preparation of alkali catalyst (potassium bu-
toxide) in transesterification process [7]. This reaction water
(equation 2) could not been ignored. It’s theoretical
amounts is about 0,7 %, could cause significant decrease of
yield of butyl esters of fatty acids as the main products.

C4HyOH + KOH < C4H,OK + H,0O 2)

With the purpose to remove reaction water after KOH
and butanol mixing the previous distillation using Dean-
Stark trap has been carried out. As against to ethanol in
butanol case the water removing could be achieved easily
by distillation because of butyl alcohol and water azeotrope
consists more water than butanol-water solution, and as
result condensate divides in two phases. The needed
amount of butyl alcohol for compensation of distilled alco-
hol was added to residua (dehydrated solution of KOH in
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Figure 1. Dependence of yield of rapeseed oil butyl esters on
concentration of added fatty acids. ¢ — With compensation (10 °C);
- #& -— Without compensation (10 °C); A — With compensation
(20 °C); - ®— Without compensation (20 °C)

butanol). Further, transesterification reaction was carried
out at 20 °C with the same conditions as described in previ-
Ous cases.

In result, as we expected the increase of the main prod-
ucts yields (to 87,2 wt. %), have been obtained.

Conclusions

Low free fatty acids content (acid value < 600 mg
KOH/100 g) does not cause significant contribution in
decrease of yields of rapeseed oil butyl esters. Additional
catalyst amount can be used for compensation of catalyst
lost on neutralization of acids.

Although, free water causes significant contribution to
yield of main products and it must be removed completely
from reaction media. As against ethanol, #-butanol dehy-
dratation can be realized by simple distillation without de-
hydrated components using,
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Figure 2. Dependence of yield of rapeseed oil butyl esters
on amount of water
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BuiMB BiJIbHUX sKHPHUX KUCJIOT Ta BOAM HA
JIY;KHY nepeectepugikaiiro pimakoBoi oJ1ii #-0yTaH0JI0M
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BiHadeHo BIUIMB BUTHHHX JKMPHUX KHCIIOT Ta BOIM Ha TPOLIEC JIYXKHOI IepeecTeprdikaii pira-
KOBOI or1ii H-OyTriToBrM criptoM. [1okasaHo, 110 npy HelTpasi3alii BUILHOI KUCIOTH 32 JOTTOMO-
TOI0 JIOZIATKOBOI KUTBKOCTI JIYTY, YTBOPEHI MIUIa HE BIUIMBAIOTH HA BUXiJI IIUTLOBHX IPOIYKTIB.
BinpHa Bozia, HaBIAKy, CHIIGHO 3MEHIITYE BHXI[] HJIbOBUX TPOXYKTIB 1 MMOTpEOye TTOBHOTO BHIA-

JICHHA.

Biausinre ¢BOOOIHBIX JKUPHBIX KUCJIOT M BOAbI
HA IIEJIOYHYIO Nepe3Tepu(pPpKAIUI0 PATICOBOr0 MACJjIa
H-0yTaHOJIOM

C.A. 3ybenxo, JLK. Ilampunsax

Unemumym 6uoopeanuueckoii xumuu u vegpmexumuu HAH Ykpaunwi,
Yrpauna, 02660 Kuee 94, yn. Mypmanckas, I, men./ghaxc: (044) 559-98-00

OrnipeziesieHo BIMSIHAE CBOOOHBIX YKUPHBIX KHUCIIOT M BOZIBI HA MPOLIECC IIEJIOUHOM IepeaTepH-
(bYKaIMy paricoBoro Macsa H-0yTrinoBsM criptoM. [1okasaHo, 4To rpu HelfTpanms3aim cBoOOs-
HOH KWCJIOTHI TIPW ITOMOIIM JIOTIONTHUTEIFHOTO KOJMYECTBA IIEIOYH, IOMYYEHHBIC MbUIA HE
BIIVSIFOT Ha BBIXO]] LIEJIEBBIX MPOAYKTOB. CBOOOIHAS BOKA, HA0OOPOT, CHIIBHO YMEHBIIAET BBIXO/

HCJICBBIX IPOAYKTOB U ’Ip€6y€T TIOJIHOI'O YAQJICHUS.



