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ABSTRACT

Transesterification of cottonseed oil was carried out using methanol to
produce crude glycerol. Glycerol shall be converted to 1,3-propanediol
(1,3-PDO) by chemical aswell ashiological route. In chemical synthesis of
1,3-PDO high energy and expensive catalystslike Cr, Ir and Ag arerequired
whichleadsto high costs of 1,3-PDO production. The bioconversion route
for 1,3-PDO synthesisisaattractive alternative to the traditional chemical
synthesis. Enterobacter aerogen (E. aerogen) was utilized for bioconversion
of crude glycerol. The bioconversion was carried out at 25°C, 30°C, 35°C
and 40°C temperature and atmospheric pressure for 2, 4, 6, 8, 10, 12days
using tryptone soya broth medium. Best result was obtained at 30°C where
0.615mole of 1,3-PDO produced per mole of glycerol. The 1,3-PDO was
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analyzed by gas chromatography and FTIR.
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INTRODUCTION

A mgor by-product of biodiesdl industry isglycerol
whichiscommonly known asglycerini®. Glycerol isa
trihydric acohol, misciblewith water, ethyl acetateand
dioxanewhileimmisciblewith chloroform, benzeneand
ether. Itisacolorless, odorless, viscousand hygroscopic
liquidwithahigh boiling point. Pureglycerol isaversatile
product and readily compatible with other
substances??.

Glycerol foundsabroad diversity of gpplication as
itisusedinvariousindustriessuch aspants, automotive,
textile, pharmaceuticals, cosmetic, food, paper industries
duetothe unique combination of physica and chemica
properties®. Glycerol canadsobedtilized assarenewable

source for biodegradable products and aso find
applicationsingreenrefinery process®.

The glycerol is produced as a by-product in fat
processing, ethanolic fermentation of glucose and
biodiesel industry in aconstantly increasing amount.
Among which biodiesel industry have glut of crude
glycerol as by-product which results in a serious
environmenta and disposal problems. Approximately
12.2 million metric ton biodiesel isproduced which
generates 1.22 million metric ton crudeglycerol. The
massiveglycerol production asoforcesacollgpseinits
market price®. On the other side, demand of petrol
and diesel asafuel inworldisincreasing day by day
while the petroleum resources are decreases
continuoudly. Fuel crisshasbeen affected theworldwide
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economy!”. Inthe present scenario, biodiesd whichis
obtai ned from 100% renewabl eresources providesan
dternativefue optionfor future. Thebiodiesd isavery
important product for now and afutureaspect and use
of it helpful in protection of environment. The crude
glycerol frombiodiese processcan beutilized for further
synthesisor gpplication then biodiesd may availablein
economic price®1,

Glycerol can be converted to variety of products
suchas1,3-propanediol (1,3-PDO), 1,2-propanedial,
succinic acid, ethanol, butanol using chemica and
biological method. Asspecialy when desired product
is1,3-PDOQ, it can be produced chemicaly by hydration
of acrolein®4, But it consistshigh energy consumption,
toxicintermediatesand expensivecataystslikeAg, Ir
and Cr arerequired which leadsto high costs of 1,3-
PDO production!*>1€, The biologica routewascarried
out at or slightly above the room temperature and
atmospheric pressure. Bioconversion of crudeglycerol
into 1,3-PDO can be carried out using microorganisms
like Pseudomonas, Escherichia coli,
Clostridiumbutyricum and Citrobacterfreundiit**2,

Bioconverson of crudeglycerol providessubgrates
for the production of biodegradabl e polymerswhich
directly benefit to the environment. An interesting
example is a polytrimethylene terephthal ate (PTT)
productioninwhich 1,3-PDOisused asmonomer. PTT
hasuniguephysochemica propertiesinthefiber industry
and other applicationsin cosmetics, foods, lubricants
and medicines.Also 1, 3-PDO can beformulated into
laminates, composites, adhesives, powder coating and
asan anti-freeze agent. It can be used in manufacturing
of polyester, polyurethane and polyol -2,

Thereso, inthe present work transesterification of
cottonseed oil wascarried out with methanol to obtained
crudeglyceral. Thecrudeglycerol wasconvertedinto
1,3-PDOusing E. aerogen Srainintryptone soyabroth
medium at 25°C, 30°C, 35°C and 40°C temperature
for2,4,6,8, 10, 12days. 1, 3-PDO was characterized
by FTIR and gas chromatography (G.C.).

MATERIALSAND METHODS

Materials
Cottonseed ail, sodium hydroxideand nutrient broth
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medium, tryptone soyabroth medium were purchased
from SigmaAldrich whilesolventsviz. chloroformand
methanol were purchased from Merck IndiaPrivate
Ltd. Any other solvent were used of A.R grade.

Methods
Transesterification of cottonseed oil

Transesterification of cottonseed oil iscarried out
by methanol and sodium hydroxide (1% based on
cottonseed ail) at 65°C for 2.5hrs. During the process
methyl ester and crude glycerol wasproduced with 3:1
ratio. Thereaction masswas cooled and transfer into
separating funnel where it was allowed for layer
separation. Twolayersviz. lower layer richinglycerol
and upper layer richin methyl ester areformed for 1hr.
Lower layer is separated and neutralized by
concentrated HCI to obtain crude glycerol whilemethyl
ester isused for biodiesel gpplication.

Bioconversion of crudeglycerol to 1, 3-propanediol

E. aerogen strain was inoculated in previously
autoclaved nutrient broth medium (composition shown
in TABLE: 1) for 24hrs. The prepared pre-culture
medium wasthen utilized for bioconversion of crude
glycerol. The tryptone soya broth medium (30gm)
(composition shownin TABLE: 2) and crude (50gm)
glycerol was dissolved in 1liter distilled water. The
prepared mediumwasgterilizedinanautodaveat 121°C
at 15Ib/intfor 30minutes. Pre-culturemediumwasadded
ineach 250ml flasks containing 150ml medium. The
flask wasincubated at 200rpm at 25°C, 30°C, 35°C
and 40°C for 2, 4, 6, 8, 10, 12days.

TABLE 1: Nutrient broth medium composition

Sr. No. Composition Gmgd/liter
1. Peptone 10
2. Beef extract 10
3. Sodium chloride 05

TABLE 2: Tryptone soyabroth medium composition

Sr. No. Composition Gmgd/liter
1 Pancregtic digest of casein 17.0
2. Papaic digest of soyabean meal 3.0
3. Sodium chloride 5.0
4. Dipotassium hydrogen phosphate 2.50
5. Dextrose (glucose) 2.50
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TABLE 3: 1,3-PDO yield at different temperature
Yield(mol/mal)

Sr. No.

Days

Separation
The biomass was separated by centrifugation at

0 0, 0 0 .
26C 30C 35C 40C  3000rpm. Then 1,3-PDOwasisolated by chioroform
L 2 0062 02965 0158 008  asgplventin extraction process. Thechloroformwas
3. 6 0.198 0483 0.285 0.156 h h
4. 8§ 0278 0580 0362 o020 Caschromatography
5. 10 0361 0614 0412 0.220 Theresulting 1,3-PDO was characterized by Gas
6. 12 0361 0614 0412 0221  chromatograph (GC) using Perkin ElImer auto system
= Tf‘.ITI\T‘: ® i ‘
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Figurel

XL instrument using PE-FRFAPcolumn.
FTIR spectroscopy

The 1,3-PDO was characterised by FTIR
spectroscopy using Perkin Elmer spectrum GX
ingrument.

RESULT AND DISCUSSION

The crude glycerol obtained during
transesterification of cottonseed oil, containsimpurities
such asunreacted methanol and fatty acids. Generaly
excessmethanol wasused to drivethetransesterification
and if methanol wasnot recovered properly thenit may
presentinglycerol layer intraceamount dongwith fatty
acid. Thecrudeglycerol containsunreacted methanol
and sodium hydroxidein trace amount, do not affect

thebioconversion processeven highpH leve of it help
the process. So the cost of bioconversion processwas
decreased ascrude glycerol wasused directly without
refining process.

Bioconversonwascarried out with 50gnmv/L glycerol
concentration at 25°C, 30°C, 35°C and 40°Cfor 2, 4,
6, 8, 10, 12daysusing E. aerogen strain. Among various
temperatures, at 30°C, highest 1,3-PDO yield was
obtained asshown in TABLE 3. Optimumyield was
obtained during 10daysof bioconverson process, while
amost sameyield was noted infurther days. Glycerol
conversion wasfound maximum at 30°C temperature
whileat 35°C temperaturelower yield obtained. Asthe
bioconversion temperature wasraiseto 40°C, lowest
yield was obtained. Asthe bioconversion processtime
increasesyield of 1,3-PDO wasincreasesat certain.
After 10daysof bioconversion process, constant yield
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was observed.

So it was concluded that during 10days processat
30°C, crude glycerol gives best results which were
tabulated inTABLE 3.

Gaschromatography

The chromatograph is shown in Figure 1. The
bioconverson product andtheir quaity weredetermined
using Gas Chromatograph using aPE-FFA P column.
The sample was run into the GC instrument. At
9.706min, 1,3-PDO was observed which was 98.88%
pure. While at 10.265min impurity was observed
presentin sample.

FTIR spectroscopy

TheFTIR spectrum of 1,3-PDOisshowninFigure
2. The structure of the 1, 3-PDO contains primary
alcohol and alkane substitution. The strong band
observed between 2938.52 — 2885.54cm™.dueto C—
H streching frequency. The medium vibration observed
at 1653.94cmrtwhich confirmsthe present of C—C—
C streching. The —CH,— bending observed at
1474.84cm. Due to primary acohol strong O—H
bending vibration and strong C—O streching vibration
observed at 1062.29cm* and 1233.71cm™. So above
FTIR spectrum confirmsthe 1,3-PDO

CONCLUSION

Crudeglyceral obtained duringthetransesterification

of cottonseed oil, was converted tothe 1,3-PDO using
E. aerogen strain. Best resultswereobtained in 10days
processwith at 30°C temperature. This1,3-PDO can
be utilized in the manufacturing of polytrimethylene
terephthalate (PTT) whichisabiodegradable polymer.
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