Chemleeh

’A x International Journal of ChemTech Research
RESEARCH CODEN( USA): IICRGG ISSN : 0974-4290
www.sphinxsai.com Vol.6, No.1, pp 481-486, Jan-March 2014

Microwave-assisted Polymerization of Waste Cooking oil
(WCO) with Maleic anhydride

Saeesh R. Chandelkar, V.Y.Karadbhajne*

Department of Oil Technology, Laxminarayan Institute of Technology,
Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur-440033, India.

*Corres.author: chandelkarsaeesh@gmail.com

Abstract: The aim of the study is to synthesize malenizedavesoking oil and applying different microwave
energies, temperature and time intervals and imgadst the effects of these parameters on the percen
conversion of the polymers. Waste cooking oil (W®@$ highly variable and uncontrolled quality. Agomith
flavor development, the oil undergoes chemical tteas such as Hydrolysis, Auto-oxidation, Oxidative
Polymerization and Thermal Polymerization. All bétabove chemical reactions alter the chemicattstre of
the oil molecules. Whilst keeping excellent contseér molecular weights and molecular weight distfions.
The present work is aimed at studying the micronwawehesis of polymers based on Vegetable oil aalgim
anhydride. Various reaction temperatures, microwaga@er and time of reaction were studied. The idea
develop a polymer with higher acid value and witlod) surfactant characteristics. It is also plaocdmpare the
results of microwave synthesis with conventionaitgsis in terms of quality as well as the physihemical
characteristics of the products. The overall conégpo promote green chemistry by using waste wwpkil
for making environment free from pollution to someent. This article is aiming at utilization ofighwaste
cooking oil for synthesis of malenized oil baseelosthemicals.

Keywords: waste cooking oil (WCO), malenization of WCO, miea/e heating, auto-oxidation, oxidative and
thermal polymerization.

Introduction

The cooking oil is subjected to higimperatures during frying for relatively long joeis of time,
which cause®xidation of fatty acids and their subsequent fiamnsations may cause unpleasant flavors and
odors.Many researchers have pointed out that the theyrdalieriorated oil leads to toxicity and can pasedf
hygiene problems. They have also pointed out theth ®il exerts harmful influences upon the nutetuality
and the digestibility of the fried foodgvaste frying oil from household, restaurants arduistrial application
are regularly poured down the drains. Lack of infation makes the consumer directly discard thisl wsleto
sinks, toilet or even in rivers and soil.
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There are some end uses of this waste cookinguoh as production of soap, energy by anaerobic
digestion, thermal cracking and more recently petidan of biodiesel because this highly oxidizeds fatay
have carcinogenic properties.

In the present work, experimentaiditbons have been worked out for getting a nowymer based
mainly on waste cooking oil and maleic anhydrideasté cooking oil is collected from local restausatter
day and per capital production of waste cookingsodalculated. Fatty acid profile and acid valsiealculated.
The results indicate that oils and fats experiera@us degrees of increase in saturation durirdgiog/frying
use, with the magnitude of these changes varyimg sample to sample, i.e., a high degree of randemof
composition is found in used frying oil samplesoparties of the samples that were investigated \aere
value and viscosity which consistently increaseith wise®.

Modification of this waste cookingl @ done to provide many desirable propertiesttoThese
properties are result of high molecular weight. wimber of methods have been suggested for impra¥ieg
properties of waste cooking oil. One of the methisdsdding unsaturated compound to the unsatupstedf
the oil molecule, thus increasing its complexityd dreat reactivity. Maleic anhydride is used as turated
compound for modification and the modified oil 1sdkvn as Maleic treated or malenized oil. Sincertiadeic
is added near the unsaturation section of the &ty radical it retards oxidation slightly so thadleic treated
oils do not show greatly increased air-drying prtips. Maleic anhydride is a dibasic acid whichcteawith
both conjugated and isolated double bonds. Theiljesshemical reactions are addition reaction ofiéia
anhydridé®. Conjugated acid reacts with maleic anhydride bsiDAlder reaction. The other reaction is direct
addition of maleic anhydride at active methyleneugr. All the reaction is expected to give a useittive
material for detergents. The high acid value copelss have been neutralized with KOH to get wataride
composition with high surfactant activity

Microwave heating is a modern andeljdised method for food preparation. Changestsf fa
and oils have been intensively studied as the testyoe of fat and oils can substantially increaseng) the
operation. The temperature of the fat phase inestgice as fast during the microwave heatigrowave
heating occurs somewhat differently from converdloheating. The reaction vessel must be substgntial
transparent to the passage of microwaves. Heatitfgeaeaction mixture does not proceed from théase of
the vessel; the vessel wall is almost always awael temperature than the reaction mixture. Forowave
heating to occur, there must be some componenthefréaction mixture that absorbs the penetrating
microwaves. Microwaves will penetrate the reactinixture, and if they are absorbed, the energy ball
converted into heat. Just as with conventional ihgaimixing of the reaction mixture may occur thgbu
convection, or mechanical means (stirring) can i@leyed to homogeneously distribute the reactants a
temperature throughout the reaction vessel.

Experimental Work
Raw materials and their propertie

Used soybean oil is collected from local resdat. Analysis of this waste cooking oil shows high acid
value and low moisture content. WCO mainly contaiieic acid in final products. Raw materials used f
malenization are used soybean oil and maleic aidg/dFhe analysis of waste soybean oil and comipositf
malenized oil are shown below.

Table no. 1 Analysis for waste soybean oll

Sr. no. property value
1 Acid value 81.35
2 Moisture content 0.02%
3 Colour Blackish green
4 consistency Thick
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Table no. 2 Composition of malenized waste soybeaii

Material Weight (gm) Weight %
Used soybean oil 110 86.36
Maleic anhydride 15 13.64

Malenization of waste soybean oi®

Normally 5 — 15% maleic anhydride is added chelyi¢a various vegetable oils to give a modified
product with a higher acid value of 70 — 138. Betkmow that due to frying the free fatty acid comtef used
oil is much higher than unused vegetable oil. Tloeesthe process carried out for malenization oftera
soybean oil is as follows.

1. Asshown in table no. 1, waste soybean oil contai@2 % moisture, it is first heated at 70@0or 10
min to reduce moisture.

2. When the temperature of waste soybean oil reach£8-80C, maleic anhydride is slowly added to oil
as per the composition shown in table no. 2.

3. Continuous stirring is required for better mixing.

4. Temperature is maintained at 788ahroughout the mixing.

5. Stirring is continued till we get bright yellow @vkd thick homogeneous mixture. Acid value androthe
properties are checked.

6. This malenized waste soybean oil is then introddoedicrowave heating.

Table no. 3 Analysis of malenized waste cooking oil

Sr. no. Property Value
1 Acid value 246.53
2 Colour Bright yellow
3 Consistency Viscous

Microwave heating of maleic treated waste soybearilo

The CEM Focused Microwave™ Synthesis Systdiadel Discover, is used for microwave heating in
present study. It is designed to enhance the yabaliperform chemical reactions under controlleddions on
a laboratory scale. Microwave energy is appliethtovessel contents (reactants, catalysts, salterds and/or
solid supports) to accelerate the chemical reacfithe microwave absorption properties of some dgamnd
solid materials, due to their polar and ionic chtgastics, have the capability to significantlyhence chemical
reactions relative to traditional energy applicati@eating) techniques. Microwave heating is cdroet in
open vessel.

In microwave heating, the temperatured@areenough to eliminate thermal degradation. Micaige can
transfer energy directly to the reactive species;aled “molecular heating”.
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Figure no. 1 : The CEM Focused Microwave™ SynthesiSystem, Model Discover

Discover System - Front View

The steps involving in microwave heating of matesated waste cooking oil are given beldw

1
2.

3.

. About 20-25 gm of maleic treated waste cookingsoibken in 100 ml conical flask.

Then it is introduced to the microwave reactor #meh temperature, microwave power and time are
adjusted as shown in table no. 4.

The mixture is heated for various temperature, paamel time period in microwave reactor by setting
the time and temperature of reactor.

After certain time period, reactor is stopped awtboally. After cooling, reaction mixture is takent

of the reactor.

Acid value of this microwave heated malenized ®ttalculated. Data is presented in Table no. 4.

Table no. 4 Microwave synthesis of maleic treatedaste soybean oil

Sr. no. Temperature Microwave Time Acid value
c) power (watt) (min)

1 100 75 5 86.07
2 100 100 5 75.45
3 125 100 4 65.84
4 125 125 5 74.33
5 160 150 3 79.38
6 180 160 3 78.54
7 140 130 5 67.04
8 160 160 5 65.076
9 200 180 2.40 77.14
10 200 180 3.40 63.11
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Results and Discussion

Analysis of waste soybean oil before aftdramalenization is given in table no. 1 and tah®3
respectively. Composition of maleic treated wastghean oil is shown in table no. 2. Microwave swsth of
malenized waste soybean oil is also shown in tablet.

Analysis shows that waste cooking oikatty has high acid value due to frying and higleecgntage of
free fatty acids but when it is treated with maleichydride, acid value of malenized product incgsas
tremendously about three tinig%

The Malenized oils are clear, bright yellow colarlighly viscous and brilliant product which caa b
used in specialty electro deposition coatings, wakenable coatings, agueous emulsion paints, diqui
detergents, creams and lotions. As these Malerodeldave a higher acid value they can be neutrakizh
various alkalis to get water thinable compositioRelymeric surfactants are an exciting new additmihe
existing product range of surfactants.

Present work of modification of wast@kimg oil by microwave heating enhances its usghbili can be
better alternative for vegetable oil in above agilbns.

Conclusion
The following conclusions stand confifnmm the above research work which is explainetbbsws.

1. The Following standard conditions can be recommeéidieMalenization of waste soybean oil.
« Temperature -12&, Microwave power -100 watt, Time-4 min
« Temperature-16C, Microwave power-160 watt, Time-5 min
« Temperature-20C, Microwave power-180 watt, Time-3.40 min

2. Synthesis of Malenized waste cooking oil will irase the usability of the used vegetable origitood
very vast extent, the reason for this is,

a) Reaction is simpler.
b) Modification requires lesser temperature comghémethe alkyd formation from vegetable oils.
¢ ) Molecular weight of the vegetable oil increas®ea very desirable range.

3. There is tremendous time saving in microwave sysi$h& he time of reaction is reduced from hourgisb
few minutes. Thus the same reaction can be casteth a small reactor with little manpower andris

4. The space required for microwave reactor is venalsrand man power required can be reduced
considerably.

5. We conclude that commercial production and usé®Malenized waste cooking oil can solve the proble
of environment pollution caused by petroleum prasland a Varity of modified oil can be made avdédab
for industrial products.

6. The novel findings of this research show good dseaste vegetable or oil into useful products legdhe
research work towards green chemistry.
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