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ABSTRACT

Biodiesdl is a fast emerging alternate fuel but with its own disadvantage of having limited oxidative stability. Fatty
acid methyl esters (FAMES) obtained from high acid value (46.41 mgKOHg™) rubber seed oil (RSO) was
characterized by GC-MS and *H-NMR. Fuel properties analysed were found to fit the required ASTM D6751
standard. Moreover, the possibility of monitoring the conversion efficiency of RSO to its corresponding methyl
esters using FT-IR and NIR techniques was also analysed. As an important specification of bio-fuel quality, the fuel
must have a minimum of three hours of oxidative stability (110°C) as per ASTM D6751 standard. Influence of metal
contaminants, air, moisture and light on oxidative stability was studied on biodiesel having high iodine value. Acid
value, peroxide value and induction period were recorded for samples under six different environments such as open
(light exposed), closed (light exposed), open (dark), closed (dark), open (metal contaminated) and closed with metal
contamination. Sgnificant impact was observed only when metals are present as contaminants. Extent of
degradation (oxidation) is higher when the samples are contaminated by metals, limiting the storage stability to
thirty days. Higher oxidative stability was achieved under dark in the closed environment but in the absence of any
metal contaminant.
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INTRODUCTION

Biodiesel (Fatty acid alkyl esters) an emergingl fidle4] has its main disadvantage because of itléquate
oxidative stability, besides its acceptable fuapanrties. The fatty acid profile plays the majolerm its stability

against oxidation. Extensive unsaturation, esplgcitle presence of bis-allylic carbons deteriorabésdiesel

besides other factors such as light, heat, oxygehnaetal contaminants [5, 6]. Number of studieascemerged
based on different sources including both edibkk raon-edible oil has revealed that unsaturatioggoéan important
role in assessing the fuel quality since it inggathe formation of free radicals and consequédntiroperoxides and
organic compounds, such as aldehydes, ketonessids f5-10]. Also, dimerization and oligomerizatican be

initiated, from peroxides formed from the reactiafgree radicals through autoxidation [11-15] whidegrades the
fuel adversely resulting in the formation of induk products causing problems within the fuel systespecially in
the fuel injection pump [16].

Both edible as well as non-edible sources have bsed as sources for bio-fuel production. But ia lkight of
possible strains in food production while usingbéglisources, especially in developing countrieq-edible
sources have advanced for efficient fuel productionthis way,Hevea Brasiliensis (Natural Rubber) a cheap
feedstock from a very popular plantation in theegkpental locality is attempted as an alternatédoarce.

53



Nivetha Set al J. Chem. Pharm. Res., 2013, 5(2):53-60

Fatty acid methyl esters (FAMESs) from rubber se8dRSO) is found to have high degree of unsatonawith
iodine value 121 gll0?g™ and it is important to study its oxidative stailior long term use. The mechanism for
the autoxidation of FAMEs has been well establisimeldt of studies [6, 17]. In the present studgrage stability
of the FAMEs is established and, the influenceaohe of the important parameters over the oxidattability such
as light, air and metal contamination has beeniatiubly monitoring the acid value, peroxide value @amduction
period. Also the analytical possibility of moniitay the reaction progress in order to claim maxinefficiency for
transesterification of rubber seed oil has esthbtls

EXPERIMENTAL SECTION

FAMESs used for the study was produced from rubleedsil of high acid value 46.41mgKORigy adopting the
two step protocol — transesterificatigim acid esterification because of its high acid v4R8] (Acid value — 46.41
mgKOHg"). All the chemicals used were of analytical gratlee reaction was monitored Bii-NMR also using
Brucker FT AC-200 and MSL 300 MHz instruments, afie GC-MS technique and further characterizatas
done by GC-MS hyphenated technique usiigmadzu, QP-201(Possibility of monitoring the transesterification
for producing FAMEs from RSO, by FT-IR (Thermo Niep Avatar 370) and NIR (Elico SL 153) techniquess
also analysed. Fuel properties were also testg@dSTM standard to meet ASTM standard D6751. Aeillie,
peroxide value and induction period (29 were recorded at regular intervals for samplesntained in six
different environmentsiz. light (open), light (closed), dark (open), dacko6ed), metal container (open-dark) and
metal container (closed-dark). Transition metallysis was performed by Inductively Coupled Plasnfaptical
Emission Spectroscopy (ICP-OES) using Perkin Ekr@ptima 2100 DV. Induction period (120) was measured
by following IP 306 method explained by Mittelbaahd Gangl [24], storing the FAMEs samples &1C30

RESULTSAND DISCUSSION

Some of the fuel properties of the FAMEs testedfanad to be in the acceptable limit specified by TM D6751

(Table 1). The relevant signals used for monitotimg reaction progress are those of methoxy grouhe methyl
esters (-COOC}H at 3.7 ppm as a sharp singlet and ofdfwarbonyl methylene group (-GHCOOCH;) present in
all fatty ester derivatives at 2.3 ppm (Fig.1). Abse of any signal at 4.1-4.3 ppm indicates thermt®s of mono-,
di- and tri glyceride protons [18], which confirntBe completion of transesterification reaction. TBE-MS

analysis reveals the normal fatty acid profile :2188:1, 18:0, 16:0 and 18:3 (Fig.2). The fattidgarofile (Table
2) proves its high extent of unsaturation, withthl double bonds in polyunsaturated fatty esteented in bis-
allylic position. For 18:2 fatty ester double borate situated in C-9 and C-12 having one bisallgéichon at C-11
and for the 18:3 fatty ester the double bonds itmated in C-9, C-12 and C-15 exhibiting two bisAad carbons at
C-11 and C-14.

Table 1. Fuel characteristics of FAM Esobtained from RSO

Property ASTM D6751Limit FAMEsfrom Rubber Seed Qil

Acid number [mgKOH/g] 0.5 max 0.10
lodine Value [g§/100g] - 121
Peroxide value [meqwikg] - 0.60
Flash PointC] 130 min 179
Kinematic Viscosity, 4°C [mn?/s] 1.9-6.C 5.4t
Moisture and Sediments [wt. %] 0.03 max 0.022
Sulphated ash [wt. %] 0.020 max 0.013
Free Glycerin [wt% 0.020 ma 0.00¢
Total Glycerin [wt%)] 0.24 max 0.129
Oxidative Stability Index, 11C [h] 3 min 6.10

Table 2. Fatty acid profile of FAMEs obtained from Rubber seed ail

Fatty acid %
Linoleic acid 46.26
Oleic acid 23.20
Palmitic acid 10.35
Stearic acid 10.80
Linolenic acic ~ 9.4(
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Figure 1. *H-NMR spectrum of FAMEs from rubber seed oil.
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Figure 2. Gas chromatogram obtained for FAM Esfrom RSO.

For FAMEs obtained from RSO, it is not suitablentonitor the progress of transesterification reactly F1-IR
and NIR spectral techniques since the differencggak position are not clear as observed fronfritpare 3 & 4
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Figure 3. FT-IR spectrum of a) RSO b) FAMEs obtained from RSO.
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Figure4. NIR spectrum for a) RSO b) FAMEsfrom RSO.
3.1. Acid value

All the FAMEs samples kept open and closed, exfsigih of deterioration due to hydrolytic cleavaddatty estel
bonds, evidenced by the relatively rapid formatibacid content, after ninety days of storage @i
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Figure5. Influence of acid value of FAMEs on storage stability.
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Table 3. Metal contamination in FAMEs stored in metal container

Concentration [ppm]
Metal (Open) Metal (Closed)

Transition metals

Chromium 1.590 1.595
Coppe 3.93¢ 3.93¢

Iron 4.803 4811
Zinc 5.593 5.590

Significant impact is observed only for FAMEs stbii@ metal container. The samples stored in meiatainers
(open), exhibit higher degradation, with relativeigher acid formation. The samples analysed by GES using
Perkin Elmer — Optima 2100 DV reveals the presarfdeansition metals (leached from the contain&rfomium,
copper, iron and zinc in smaller concentrationsh(@a). Transition metals are reported to haveimetntal effect
(except zinc which exhibit antioxidant nature) eorage stability of FAMEs [8]. Their presence iades, is enough
to accelerate the acid formation in presence oktum and oxygen to a greater extent due to thaytiatinfluence
(Cu > Cr > FeJ19]. Further, the antioxidant nature of zinc [A@fesent along with the other metals) is also
suppressed due to the strong catalytic effect ppeg chromium and iron.

As for the influence of air, the samples which kept open (light or dark) also reveal a higher téatty ester
hydrolysis (aided by moisture in air) against theunterparts under closed condition. Apart frontaise light is
also found to accelerate the fatty ester hydro)ys@igce the extent of acid formation is greaterdamples exposed
to light even under closed condition compared ts¢hsamples which are stored in dark (closed).

3.2 Peroxide value

The FAMEs samples kept in different environments faund to undergo sharp degradation due to diftdevels

of peroxide formation. As expected, light exposasngles (closed and open) show relatively highepxide

formation due to photo-oxidation of unsaturatetlyfasters, compared to other samples. But aftediad and five
days of storage, FAMEs stored in metal containgpoged to air (kept in dark) show a tremendouseia®e in the
rate of peroxide formation (Fig.6). The rapid risgeroxide content is due to the fact that mdedshed from the
container (Cu, Cr and Fe) tend to catalyse oxidatiofatty acids to peroxides in the presence gigex, apart from
accelerating oxidation of unsaturated fatty estéth bis-allylic carbons (easily prone to oxidatjdé]. The fatty

acids formed on storage contribute for peroxidenfation in the presence of oxygen due to the catabffect of

metal contaminants, but in the absence of oxygemptes stored in metal containers (kept closedaik)dexert no
significant increase in the rate of peroxide foriorat
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Figure 6. Influence of peroxide value of FAM Es on stor age stability
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3.3 Induction period

Induction period which is generally influenced b trate of formation of acids as well as peroxiegsibits linear
relationship, except for the FAMEs samples in metahtainer kept closed. Quite surprisingly, botle thetal
contaminated samples kept open and closed indicdtedst the same extent of degradation (Fig.7%esa higher
peroxide value is expected for the FAMESs in theropentainers. The controversy is due to the extenaihite
coloured insoluble depositions observed for thepgasicontaminated with metals kept closed. Moreawer colour
also gets darkened for metal contaminated samglesto the catalytic polymerization of unsaturafistty esters
[21] which are present in higher amount (78.86%gre¢by reducing the induction period similar to d@gen
counterpart. It has been reported that Cu or Crscdostantially reduce IP at concentrations& ppm, while the
less active metal — iron requires concentratiomsatiO ppm to significantly affect the inductiorripd of biodiesel
[19].

& Light - Open
—&— Light - Closed|
Dark - Open
44 —#—Dark - Closed
Metal - Open
—&— Metal -Closed

Induction Period, h
[\N)
1

T T —— T
0 20 40 60 80 100 120
Period, days

Figure 7. Influence of induction period of FAMEson storage stability

In general, metal contaminants are found to detaeahe fatty acid methyl esters in a faster daie to acceleration
of hydrolysis, oxidation and polymerization, linnigj the storage stability to approximately one mo8tmples kept
protected against air, light and metal contaminaxisibit maximum storage stability. Even in suclotpcted

condition, the storage stability is restricted tdyadwo months. The fatty acid profile restrictg tstorage stability of
the FAMEs, because of its high degree of unsaturagspecially polyunsaturation (55.66%) with &k tdouble

bonds oriented in bis-allylic position. These méthg interrupted carbons in 18:2 and 18:3 fattgrsstender more
activated sites for autoxidation, since bis-allyiarbons are easily prone to oxidation. The redatiates of

autoxidation of purified esters of oleic acid (Cl)8inoleic acid (C18:2):linolenic acid (C18:3) rebeen reported
to be 1:41:98 through oxygen absorption measuresrig@]. Consequently, the oxidative stability isited to just

two months (2h at 120 = 3.15h at 11%C vide. Fig.5), beyond which the oxidative stability indeould not sustain
the specifications of ASTM D6751.

CONCLUSION

Fuel properties of the FAME is found to be withicceptable limits specified by ASTM standard. Morniitg the
reaction progress can be made with the help of &@el as'H-NMR whereas FT-IR and NIR techniques proves to
be inefficient. The high extent of unsaturationhnliis-allylic carbons has considerably limited gerage stability

of FAMEs to a maximum of just two months, after ahit requires addition of antioxidants for longntestorage
which makes it otherwise unsuitable for long steragurther, greater degradative effect is obsefeedmetal
contaminants over storage stability of FAMEs. Thawsl formation and peroxide formation induced byateein the
presence of air have contributed to higher degiadlain general, influence of air is greater foiddformation, since
moisture tends to cleave the ester functions &jleeh rate.
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