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Application of waste glycerol from biodiesel productionfor obtaining of modifiers for
reduced friction of different motor oils
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Glycerol mono oleate (GMO) was made from waste glycerol (WG) from biodiesel productions by condensation
with oleic acid in presence of titanium alcoholate as catalyst. The total acid number was obtained with titration of the
samples of GMO with alcohol solution of potassium hydroxide (ASKON). The neutralization of extra oleic acid was
made by alcohol solution of methyl amine or 25% amonia. The prepared sample from the obtained modifier was
analysed by standard method with four-ball method and the reduced friction was assessed.
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INTRODUCTION

In a number of publications was described the
obtaining of GMO started from 30th years of the
last century. It was known that this compound can
be obtain from:

e Glycerolize

e Hydrolyses of triglycerides

e Direct esterification of glycerol with oleic

acid

The third method was possible to be made with
or without catalysts. The first possibility was made
usually at high temperature or pressure. The applied
catalysts were acids [1,2] or basis [3,4]. Usually the
application of catalysts decreases the temperature
and the time. The application of solid catalysts
(oxides, zeflites and others)widely investigated and
it will not be described in this paper. The reaction
between oleic acid (OA) and ammonia or ammines
was well known, because -COOH was acidic, but
amines were bases. In [6] was described the
obtaining of amides from fatty acids and
methylamine. The same authors have another
article, published in 2013 year. The application of
enzymes was described in a lot of articles [7]. We
investigated the possibility for making of glycerol
mono oleate from waste glycerol obtained in
biodiesel production. The reaction was made in the
presence of a new titan tetra alcoholic containing
catalysts (TiAl) applied in syntheses of synthetic
oils [8]. Becausethey have some excess of oleic
acid, we decided to combine itwith methyl
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amine.The reaction between glycerol —OH groups
and oleic acid in the presence of TiAl was
investigated at two temperatures and the activation
energy (Eact) was determined.

EXPERIMENTAL

The compound WG was investigated by
elemental analysis (EA) with apparatus Euro EA
3000 (Euro Vector Sp A, ltaly). The carbon,
nitrogen and hydrogen content were measured in
the analyzed samples by burning of the material
with weight 0.5 — 1.5 mg at 980°C in oxygen
atmosphere. The obtained gas mixture passed
through chemical/absorption zone. Then COyN;
and HO were separated by gas chromatography. It
was known, that glycerol have no nitrogen in his
molecule, but in WG it was possible to have some
small amount of nitrogen from protein of the raw
oils applied in biodiesel production. The standard
curve was made through analyses of acetonilile
(CgHgNO) with computer product Calligus. From
the obtained results, the content of glycerol (G)was
calculated.The results from EA were compared by
data obtained with UV-VIS analyses, made by
apparatus Cary 100 Scan UV-VIS
spectrophotometer (Varian, Germany) by obtaining
the spectra of WG and pharmacopeiusG,99%
product of Chemapol Ltd, Dimitrovgrad, Bulgaria
and of G, p.a, product ofValerus Ltd, Sofia,
Bulgaria. From the obtained spectra of the second
company,the dependence concentration of G — C, /
absorption A was made and there were calculated
the equations of several maxima in the specter of G
with different values of accuracy of the obtained

118 © 2015 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



Z.Glavcheva-Laleva et al.: Application of waste glycerol from biodiesel productionfor obtaining of modifiers for ...

equations and experimental values(correlation
coefficient R?). With the equations at 222 n.m.and
A from spectrum of WG it was calculated the
glycerol content in the WG. The obtained value was
62%.The syntheses of GMO were made in 150°C
for 3 h in the presence of 0.43 ml TiAl, 0.5 mol.
standard OK, p.a., product of Valerus Ltd. and 0.6
mol. WG. The same synthesis was made with
standard OK and G, p.a.The obtained products
wereinvestigated by H NMR(by apparatus
BrukerAvance DRX250),UV-VIS and FTIR
spectroscopies (by apparatus Cary 100 Scan UV-
VIS and Varian FTIR). The investigation with UV-
VISwere made in 10 mm cuvettes. The
investigation with FTIR were made in thin layers of
the obtained materials. Thefriction properties of
GMO obtained from WG and from pure raw
materials were investigated by standard method like
additive of engine oil with four boll machine [9].

RESULTS AND DISSCUSION

The characteristics of WG were investigated with
elemental  analyses, UV-VIS and FTIR
spectroscopes. The spectra of G, product of
Chemapol Ltd, Dimitrovgrad, Bulgaria were made
with UV-VIS spectroscopy but they have not
maxima in the area 200 — 400 nm(fig. 1).
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Fig. 1. UV-VIS spectra of G, product of Chemapol
Ltd, Dimitrovgrad

The spectra of glycerol published in the
literature have several maxima in this area. This is
the reason to make the same investigations with G,
p.a., product of Valerus Ltd, Sofia, Bulgaria. The
obtained spectra are presented in fig.2
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Fig. 2. UV-VIS spectra of G, product of Valerus Ltd,
Sofia, Bulgaria

From the obtained spectra were made equations
concentration C, % / absorption A.for maxima at

285, 225, 222 and 218 nm. It was known, that the
equations are true if R2 > 0.99. This is the reason to
make calculations only with equation at 222 nm.
From this equation and from the data for WG given
in fig. 3 the concentration of G in WG was
calculated, namely 62%.
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Fig. 3. UV-VIS spectra of water solutions of WG

[In *H NMR spectrum of WG have maxima for
protons in —-CH- , -CH u -OH groups.
Thesegroupswerewithbands, shownin FTIR
spectrum of WG. Forexample —OH was with band
at 3354.45 sm?, Because WG was very reactive,
was made spectrum in thin layer on the plate from
CaF, with apparatus ThermoScietificNicolet 6700

GMO, obtained from WG and standard OA ,
like product, made only from standard G and OA
were investigated with'H NMR, UV-VIS and FTIR
spectroscopes. Data for *H NMR of GMO, made
from WG was analogical of data for this compound,
published in[10].In fig. 4 was given UV-VIS
spectrum of GMO from WG and standard OA. The
place oftwo maxima for 1% -en alcoholsolution of
GMO was under of 300 n.m

Abs

5
4
3 10%
2
1
o]

I T T )
200 300 400 500 600
Wavelength (nm)

Fig. 4. UV-VIS spectra of alcoholsolutions of GMO,
made from WG with TiA.

FTIR spectrum of GMO, obtained with the same
catalyst from WG and standard OA was shown in
fig. 5. The bands for—-OH group was at 3382.660
cm?, for-CH- and CH:groups were at 2926.058,
2853.929, 1463.020, 1410.009 and 723.009 cm'and
for —-CO was at 1711.729 cm?. The values of some
bands were at the same position, like in row
glycerol, but in some bands were in a new places,
because were for a new compound.In FTIR
spectrum of GMO, obtained at the same catalyst
from stanfard row materials, shown in fig. 7 had the
same bands. The differences in the values of some
bands were so small, that were after decimal point.
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In the spectra of GMO after neutralization of the
remained  acidswith  alcohol  solution  of
methylamine ore with 25% water solution of
ammonia, shown in figures 7 and 8 had analogical
bands.

The activation energyEact. of the esterification of
—OH groups in GMO with OA was obtained in the
investigation of the reactionin two temperatures —
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room at 80°C. From the values of the velocities W1
= 0.052 mg KOH/g.h. andW, = 0.7515 mg.

KOH/g.h. was obtained the value of activation
energy Eac=9.15kJ/mol.The values of acid
numbers (AN) were obtained with alcohol solution
of KOH by standard method, described in[11]. The
obtained values were in table 1.
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Fig 5 FTIR spectrum of GMO, obtained from WG and standard OA withTiAl
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Fig. 6. FTIR spectrum of GMO, obtained from standards G and OA withTiAl.

GMO + ...
80—

70~
60—

50~ -
3666.048

%Transmittance

0 3372.459 /
3282.601

3005.9!
20—
2924.182
10~

e
3500 3000

2534.058

854.380
1224.746

2168.585

| \1403.505
64.808

1555.448

|
] '2853.365

P T T T S TR |
2500 2000 1500 1000 500

Waweniimher

Fig. 7. FTIR spectrum of GMO, obtained from WG with catalystTiAl and after neutralization of the remained acids

with alcohol solution of methylamine.
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Fig. 8. FTIR spectrum of GMO obtained from WG with catalystTiAl and after neutralization of the remained acids

with water solution of 25% ammonia

Table 1. Data for A.N. of GMO and its mixtures with methilamine (MA)(1 -11.02, 2 — 19.02, 3 — 02.04)in room

AN..3,mg KOH*/ g

temperature
N Probe (ml/ml) AN.1,mg KOH*/ g AN. 2,mg KOH*/ g
1 GMO from WG 101.15 80.53
2 GMO: MA=5:1 71.34 51.78
3 GMO: MA=5:3 61.97 alkaline
4 GMO: MA=5:5 42.28 alkaline

alkaline
alkaline

Table 2. Dependences between average diameter of wearing of the balls (deva) and of anti wearing index

(AWI),from the quantity, % and the kind of investigated modifiersin mineral motor oil M10Dy/E;

Ne  Quantity,% and the kind of modifier , devaOf Wearing,mm AWI, N
1 0 0.60 243

2 2, Znsucsinide 0.36 346

3 0.5, Zn sucsinide 0.39 329

4 0.5, Cuoleate 0.45 -

5 GMO obtained from WG 0.43 302

6 GMO obtained from standard materials 0.42 324

Table3. Dependences between average diameter of wearing of the balls (day), % , Afrom the quantity, % and the

kind of investigated modifiersin motor 0ilSN 500

Quantity,% and the kind of modifier ,

davof wearing, mm., %, A

0, Mineral motor oil SN 500,
1, anilidoleate

0.5, anilidoleate

1, Cu oleate

0.5, Cu oleate

2, Complex polyester

1, Complex polyester

2, GO obtained from WG

© N UTAWNR|Z
[I=]

9 1, GO obtained from WG

10 0,5, GO obtained from WG

11 2, GO obtained from standard materials
12 1, GO obtained from standard materials
13 0,5, GO obtained from standard materials

0.70, 100, 0
0.57,81.43, 18.57
0.62, 88.57, 11,43
0.65, 92.86, 7.14
0.60, 85.71, 14.29
0.63, 90, 10

0.63, 90, 10

0.60, 85,71, 14.29

0,56, 80, 20
0,56, 80, 20
0.60, 85.71, 14.29
0,55, 78.57, 21.13
0,55, 78.57, 21.13
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Table 4. Dependences between average diameter of wearing of the balls (dav), %, Afrom the quantity, % and the
kind of investigated modifiersin synthetic motor 0il5W40 according SAESL/CF mo API

Ne  Quantity,% and the kind of modifier ,

davof wearing, mm., %, A

0, syntetic motor oil 5W40

1, anilidoleate

0.5, anilidoleate

1, Cu oleate

0.5, Cu oleate

2, Complex polyester

1, Complex polyester

0,5, Complex polyester

2, GO obtained from WG

1, GO obtained from WG

10 0,5, GO obtained from WG

11 2, GO obtained from standard materials
12 1, GO obtained from standard materials
13 0,5, GO obtained from standard materials
14 1, Znoleate

15 0,5, Zn oleate

16 1, Titanium oleate

17 0,5, Titanium oleate

O©oooo~NOoOOThWwWN B

0.59, 100, 0

0.53, 89.83, 10.17
0.54,91.53, 8.47
0.50, 84.75, 15.24
0.55,93.22,6.78
0.47,79.66, 20.34
0.50, 84.75, 15.24
0,55,93.22,6.78
0.55,93.22,6.78
0,55, 93.22,6.78
0,54, 91.53, 8.47
0.52, 88.14, 11.86
0,52, 88.14, 11.86
0,54, 91.53, 8.47
0,55, 93.22,6.78
0,55,93.22,6.78
0,52, 88.14, 11.86
0.55,93.22,6.78

Data for AN of GMO, obtained at 80°C were
analogical. .MA was 33% solution of the
gazeCHsNH.in pure ethanol. If the sample was
alkalinewas no possible the determination of AN.
Maybe the esterification of GMO and OA
prolonged, because in the molecule of Ghave3 OH
groups, capable to react with — COOH groups of
OA.In the presence of MA this possibility increased
(probes NN 3 and 4).

The properties of the obtained compounds like
friction modifier of different motor oils were
determined with four ball machine by standard
method. For comparison were made investigations
with standard friction modifiers. The investigations
were made in acridities laboratory for oil products
of” “Prista Oil” Ltd. In120°C for1lh — table 2 and in
laboratories of university of Russe
“AngelKanchev”, given in tables 3, and 4.

From the results, shown in table 2 was evident, that
anti wearing properties of the oil with frictions
modifiers (deea mm and AWI) increased with
friction modifier Zn sucsinidewith 30%. With the
decreasing of the concentration of the modifier
those % was decreased from deva= 0,36mm for 2%
to 0,39 mmfor 0,5%, but was enough for anti
wearing properties of motor oil. With anti wearing
modifier Cu oleate were obtained the bed results,
compared with results of friction modifier GMO,
obtained with catalyst TiAl. From the data in table
2 was evident, that the modifier GMO, made from
WG and OA were similar with the anti wearing
properties of GMO, obtained from standard
materials. The increasing was about 25%. From the
results, shown in tables 3 and 4 were evident, that
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the obtaining materials were the good frictions
modifiers

CONCLUSION

The results for decreasing of the quantity of
different friction modifiers, given in tables 2, 3 and
4 in mineral and synthetic motor oils were no every
time in connection with theory of friction
modifiers, but the results, obtained with
investigated materials from WG were comparable
or better with data, obtained with known friction
modifiers.
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I[MPUJIOXXEHUE HA OTITAZABYEH I'NIMIEPOJI OT ITPON3BOACTBOTO HA BUOIU3EJL
3A TIOJIVHABAHE HA MOJIN®UKATOP HA TPUEHE HA PA3JIMYHU MOTOPHU
MACIJIA

3. I'maBuesa-Jlanesa?, JI. Bapagunosa?, Ct. Kepekos®, /1. ITasnos?, Us. 'napues?

YUnemumym no Opzanuuna xumus, Bvneapeka akademus na naykama, Axao. ,,I'.Bonues”, czp. 9,1113 Cogpus,
bvreapus,
2Vuueepcumem no xumuuna mexmono2usn u memanypaus, Copus, Bvreapus,
3ﬂupel<mop W HUTHAT” 00/, Coghua, bvreapus,
4Ynusepcumem na Pyce, ,,A.Kvuues”, Pyce, Bvizapus

Tlocteromna Ha 11 aBrycr, 2014 r., kopurupana Ha 8 ampmu, 2015 .

(Pesrome)

I'nunepon mouo ogneat ('MO) Gerre nmosyueH ot otnaabyer riaunepo (OI') oT mpoU3BOACTBOTO HA OHOIU3ET IPU
KOHJICH3aIIHs C OJICMHOBA KMCEIHMHA C KaTaJIM3aToOp TUTAHOB aqkoxosaT. OOLIOTO KUCEIMHHO YUCIIO Oelle MOIydeHo C
tutpyBaHe Ha npodbu ot MO c¢ ankoxosneH pa3rBop Ha kanueBa ocHoBa (APKOH). Heyrpanusanusra Ha u3nuiiHara
0JIEMHOBA KHCEJIMHA OelIe HAallPaBeHO C alIKOXOJICH Pa3TBOP HA METHIaMUH WK 25% aMOHSK IIpH CTaifHa TeMIeparypa.
[Moxyuennre mpobu oT MoUdUKaTOpa HA TPHEHE OsXa N3CIEABAHN ChC CTAHAAPTEH METOJ C YeTHpHUCAaUMsIHA MallHHa
U TIPOMSHATa Ha TPHEHETO Oelle OleHeHa.
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