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ABSTRACT

Scale up is a very important activity in designimeyv industrial plants especially
in specialty or fine chemicals production. In thisrk, bench scale and pilot plant scale
up factors are examined in producing biodiesel frésropha oil. The production of
biodiesel in bench scale is compared to the pilabtpscale production. There are two
processes involved in this work i.e. esterificatppncess and transesterification process.
The esterification process used H2SO4 as a catalyi#® in transesterification process
used NaOH as a catalyst. The ratio between Jatroiplba methanol, the time reaction,
and the temperature are similar in both scalesmAtee result, it was found that for
bench scale and pilot plant scale, there are saffexeshces in the value of the final
yield. The difference value between the bench saatk pilot plant run was caused by

several factors such as handling, operating canditetc.
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ABSTRAK

Peningkatan skala merupakan kegiatan yang sanghg@ealalam perancangan
kilang industri baru terutama pengeluaran bahanakiyang khusus atau yang kecil.
Dalam kajian ini, skala makmal dan skala pilot plpeningkatan skala dikaji dalam
menghasilkan biodiesel dari minyak buah jarak. Bkragan biodiesel dalam skala
makmal dibandingkan dengan pengeluaran skala piéit. Dua proses yang terlibat
dalam eksperimen ini iaitu proses pengesteran dagt@nsesteran. Proses pengesteran
digunakan HSO, sebagai pemangkin sementara dalam proses peregtars
menggunakan NaOH sebagai pemangkin. Nisbah antargaknbuah jarak dengan
Metanol, masa, dan suhu adalah sama pada kedwskalaa Dari hasil tersebut, didapati
bahawa untuk skala makmal dan skala pilot plard, [BEberapa perbezaan dalam nilai
akhir pengeluaran. Perbezaan antara skala makmadkdde pilot plant disebabkan oleh

beberapa faktor seperti pengendalian, keadaansuiira
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CHAPTERII

INTRODUCTION

1.4 Introduction on scale up production

The starting point generally consists of laborat@sults that concern a chemical
transformation whose translation into economic ggipears viable. Process
development should serve to treat quantities ofmraaterials industrially, amounting to
tons or millions of tons, whereas only grams oodiams of these raw materials are
used in the laboratory. This is the precise fumctbchange of scale or scale up. The
problem is to reproduce the laboratory results arge scale: in other words, to achieve
the same conversions, yields and selectivity, anslpme cases, possibly improve the

results.

To go directly from the laboratory to the indudtseale is rarely feasible. As a
rule, one or more additional experiments are necgsSpecifically, the problem is to
define these additional steps in order to gatHehalinformation required at minimum
cost and as quickly as possible. It is here thamtlethodology of process development,

and hence of scale up, becomes decisive for trmesaof the operation.

In laboratory-type experiments, certain aspectb®@fprocess are investigated, by
handling relatively small amounts of raw materialgrder to reduce the material

constraints to the minimum. In Pilot-plant expemtse at a scale that varies within wide



proportions, but in which all the industrial comastits are taken into account: impurities
in raw materials, operation over long periods, malg equipment reliability, etc. It is

during pilot-plant experiments that scale up protdanust be dealt with. The pilot-plant
experiments alone cannot yield all the answersetkéulsolve the problem of scale up,

and that additional experiments are necessary.

1.5 Introduction on biodiesa

Bio-diesel or biodiesel refers to a diesel-equinglprocessed fuel derived from
biological sources. Biodiesel is the name for aergrof ester-based oxygenated fuel

from renewable biological sources. It can be madm fprocessed organic oils and fats.

Chemically, biodiesel is defined as the monoallsyees of long chain fatty acids
derived from renewable biolipids. Biodiesel is ggdly produced through the reaction of
a vegetable oil or animal fat with the methanogtiranol in the presence of a catalyst to
yield (m)ethyl esters (biodiesel) and glycerin (Ddoas,2002). Fatty acid (m)ethyl
esters or biodiesels are produced from naturabmitsfats. Generally, methanol is

preferred for transesterification, because it $s lexpensive than ethanol.

The general definition of biodiesel are Biodiesehidomestics, renewable fuel
for diesel engines derived from natural oils likgtsean oil, and which meets the
specifications of ASTM D 6751. Biodiesel is techalig defined by using ASTM D
6751. Biodiesel is a diesel engine fuel compriseti@noalkyl eters of long chain fatty
acids derived from vegetable oils or animal faesignated B100, and meeting the
requirements of ASTM D 6751.

Biodiesel, defined as the monoalkyl esters of fattigls derived from vegetable
oil or animal fat, in application as an extenderdombustion in CIEs (diesel), has

demonstrated a number of promising characteristicgjding reduction of exhaust



emissions. Chemically, biodiesel is referred toh@smonoalkyl-esters especially
(m)ethyl ester of long-chain-fatty acids derivednfrrenewable lipid sources via

transesterification process.

Vegetable oil has too high a viscosity for use wstrexisting diesel engines as a
straight replacement fuel oil. There are a numlb&vays to reduce vegetable oil’'s

viscosity which are dilution, microemusificatioryrplysis, and transesterification.

Transesterification (also called alcoholysis) is teaction of a fat or oil
triglyceride with an alcohol to form esters andoglsol. A catalyst is usually used to
improve the reaction rate and yield. Because thetian is reversible, excess alcohol is
used to shift the equilibrium to the products side.

The biodiesel reaction requires a catalyst sugodaim hydroxide to split the
oil molecules and an alcohol (methanol or ethattofombine with the separated esters.
The main byproduct is glycerin. The process redtivewiscosity of the end product.
Transesterification is widely used to reduce vegletail viscosity (Pinto et al., 2005).
Biodiesel is a renewable fuel source. It can belpeed from oil from plants or from

animal fats that are byproduct in meat processing.

One popular process for producing biodiesel froenfttis/oils is
transesterification of triglyceride by methanol (hranolysis) to make methyl esters of
the straight chain fatty acid. The purpose of thegesterification process is to lower the
viscosity of the oil. The transesterification reastproceeds well in the presence of
some homogeneous catalyst such as potassium hgldr@«©OH) and sodium hydroxide
(NaOH) and sulfuric acid, or heterogeneous catalysth as metal oxides or carbonates.
Sodium hydroxide is very well accepted and widedgdibecause of its low cost and
high product yield (Demirbas,2003a).



The mechanism of the acid-catalyzed transestetiicaf vegetable oils is
shown in Figure 1.1, for a monoglyceride. Howeueran be extended to di- and
triglycerides. The protonation of the carbonyl gvai the ester leads to the carbocation
Il which, after a nucleophilic attack of the alcghroduces the tetrahedral intermediate

1, which eliminates glycerol to form the new esb¢, and to regenerate the catalyst H

+

OH OH

0
-
E')L OR" R')[J\ orR" ~ R'J\ OR"

j{ R OH, y -H'/R'OH j’L
+ 0, = R—{-0 :
A O . . R~ “OR
D H DR“ R
0- | \Y
R"= EUH : glyceride
OH

R’ = carbon chain of the Bty ackl
R =alkyl group of the akcohol

Figure 1.1: Mechanism of acid catalyzed transesterificatiomegjetable oil.

Removal of this alcohol also removes the water &atnby the esterification
reaction and allows for a second step of estetifinaor proceeding directly to alkaline —
catalyzed transesterification. Note that the methamter mixture will also contain
some dissolve oil and FFAs that should be recovanebreprocessed. Figure 1 shows a
schematic diagram of the processes involved iniésall production from feedstock
containing low levels of free fatty acids (FFA) (@en, J.V., 2007).



ROH + B = = RO + BH'
R'COO—CHa S R'COO—CHa
R"COO—CH + OR = R"COO—CH OR

HaC OQR HoC—O—C—R™

O o

R'COO—CHe RCOO—CHz
R"COO—CH OR - - R"COO—CH + ROOCR™
HaC O (.‘.J R™ HoC—OF
O
R'COO—CHa R'COO—CH,
R"COO—CH + BH* =——— R"COO—CH + B
HoC—0O" Ho C—0OH

Figure 1.2: Mechanism of base — catalyzed transesterificatioregetable oils

The overall process is a sequence of three congea@utd reversible reactions which
di- and monoglycerides are formed as intermediddagycerides and monoglycerides
are converted by the same mechanism to a mixturallofi esters and glycerol.
Transesterification reactions are reversible anpicély require excess methanol
reactant to help push the equilibrium in the digectof the product biodiesel and

glycerol.

Oils and fats are primarily water-insoluble hydroplt substances of plant and
animal origin and are made up of three moles df fatids and are commonly referred
as triglycerides and one mole of glycerol. Fattylawary in carbon chain length and in
the number of unsaturated bonds (double bonds)fatheacids found in vegetable oils
are summarized in Table 1.1. Table 1.2 shows tyfatty acid composition of common

oil sources.

To obtain crude oil or fats, natural vegetable a@itel animal fats were extracted
using solvent or mechanical pressed. These ust@tifain free fatty acid phospholipids,
sterols, water, odorants and other impurities. Exedmed oils and fats contain small
amounts of free fatty acid and water. The freeyfaitid and water give significant

effects on the transesterification reaction of ghydes using alkaline or acid catalyst.



They also interfere with the separation of fattidaalkyl esters and glycerol because of
soap formation in product.

15.1 Composition of Biodiesel

Biodiesel is mixture of fatty acid alkyl estersniethanol is used as a reactant, it will
be mixture of fatty acid methyl ester (FAME). Basaul the feedstock, biodiesel has
different proportions of fatty acid methyl estdvost edibles oil and fats contain mainly
fatty acids ranging from lauric acid (dodecanoiato arachidic acid (eicosanoic acid).
Besides the linear saturated fatty acids, brandty facids, mono-unsaturated. Di-
unsaturated and higer unsaturated fatty acids ¢sm @ccur (frank david column
selection for the analysis of FAME). Table 1.3 shothie chemical composition of
common fatty acids and their methyl esters preisetiie biodiesel.

Table 1.1: Chemical properties of vegetable oil on the bakibeir fatty acid
composition, % by weight (Ma 1999).

Vegg‘l"‘b'e 16:0 | 180 | 20:0 | 2220 | 24:0 | 181 | 2201 | 182 | 183

Corn 11.67] 185 024 0.00 0.0 25.16 0.00 60.60 80Q.4

0
Cottonseed 28.33| 0.89| 0.000 0.00 0.00 13.27 0.00 57|51 000
Cramble 207 070 2.09 0.8 1.12 1886 5851 9.00.85 6

Peanut 11.3§ 239 1.3 2.5 1.2 48|28 0/00 31.9%83 0

Soybean 11.75  3.15 0.0 0.0 23,26 00 5p.531

) D
p 2 3
Rapeseed 349 085 0.00 0.00 0.0 64.40 .00 22823
D 0 DO
)

Q

0
Sunflower | 6.08| 3.26] 0.00 0.0 0.00 16.93 0.p0 73.73.00
Jatropha 141 3.7 0.3 0.4 0400 343 0.0 29.0 D.3

Table 1.2: Typical fatty acid composition-common oil soufdéa, 1999)

I;itiij Soybean | Cottonseed | Palm Lard | Tallow | Coconut | Jatropha
Lauric 0.1 0.1 0.1 0.1 0.1 46.5 0.0
Myristic 0.1 0.7 1.0 14 0.8 19.2 0.1
Palmitic 0.2 20.1 42.8 23.6 23.3 9.8 14.1




Stearic 3.7 2.6 4.5 14.2 19.4 3.0 3.7
Oleic 22.8 19.2 40.5 44.2 42.4 6.9 34.3
Linoleic 53.7 55.2 10.1 10.7 2.9 2.2 29.0
Linolenic 8.6 0.6 0.2 0.4 0.9 0.0 0.3

Table 1.3: Chemical structures of common fatty acid and thegthyl esters.

Fatty acid / Formula Common Methyl ester / Formula
acronym
Palmitic acid / GgH1,0, Ci16:0 Methyl palmitate / GH3402
Stearic acid / ¢H3zc0, C18:0 Methyl stearate /16H3¢0,
Oleic acid / GgH340- C18:1 Methyl Oleate / {gH360,
Linoleic acid / GgH3,0, C18:2 Methyl linileate / ¢H34,0,
Linolenic acid / GgH300, C18:3 Methyl linolenate / gH240;

1.5.2 Mechanism of Esterification and Transesterification

Special treatment are required if the oil or fattains significant amounts of FFAs.
Used cooking oils typically contain 2-7% FFAs andnaal fats contain from 5-30%
FFAs. Some very low quality feedstock, such as tiegase, can approach 100% FFAs.
When an alkali catalyst is added to this feedsttiok, free fatty acids react with the

catalyst to form a soap and water as shown ingaetion below:

O o
HO-C-R + KOH —- K'O-C-R +HD
Fatty Acid Potassium Hydotex Potassium Soap  Water

Up to 5 % FFAs, the reaction can still be catalyreth an alkali catalyst but

additional catalyst must be added to compensatéhédriost to soap. The soap created



during the reaction is either removed with the ghpt or is washed out during the water
wash. When the FFA level is above 5%, the soapitshseparation of the glycerol from

the methyl esters and contributes to emulsion ftonaluring the water wash. For these
cases, an acid catalyst such as sulfuric acid eamsbd to esterify the FFAs to methyl

ester as shown in the following reaction:

0 0
H,SCs
I [
HO-C-R + CWH — CH-O-C-R + O

Fatty Acid Methanol Methyl ester Water

1.6 Objective of Study

To study on difference between lab scale productioa pilot plant production

of biodiesel production from Jatropha oil.



CHAPTER I

LITERATURE REVIEW

This chapter contains the literature cited in #tigly. Section 2.1 presents a brief
history of scale up study on chemical processesettion 2.2 is about the process of

biodiesel briefly and in section 2.3 is about tagapha crude oil.

2.1 Scale up on chemical processes

2.1.1 Scaleup

The term ‘scale up’ should not be understood omlghe sense of increasing the
dimensions while preserving similar systems. Oftha transposition of one system to
another offers a better solution to a problem €ample, a pilot plant operating in up
flow for an industrial unit operating in down flow)The development of an industrial
process is a creative activity, which is aimedradihg and coordinating all the
information and data required for the design, caresibn and start up of a new
industrial unit, in order to guarantee an econoftyigaofitable operation’ (Trambouze
et al. 1975).
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The typical activity of process development wonkains the pilot plant
experiment. This investigation is necessary for @nmore of the following reasons:

* The passage from laboratory apparatus to the induststallation raises scale-
up problems that are too complex to be solved witlam experiment performed
with components of intermediate size.

» The operating conditions must be investigatednepaesentative unit, in which
the influence of oil the parameters, such as tpe of feed, impurities, recycle,
etc., can be taken into account.

» The study of long-term effects, such as catalp&t dctivation, buildup of by-
products or impurities, corrosion mechanisms, etc.

» The need to show potential customers an operatioggbtant to convince them
of the value of the process and its operationatazttar. This applies especially if
the innovative character of the process is a spisature.

* The need to produce representative sample in grifiquantities for various
tests.

This list offers a glance at #ssential characteristics of a pilot plant,
and especially the requirements that a pilot phastto meet to perform its role: the pilot
plant must simultaneously be transposable or sleadatd representative. A pilot plant
must therefore be designed to account for thesed¢guirements, while minimizing its

complexity and size, which condition the cost efabnstruction.

However, this work can only be reasonably undernaka sufficiently
clear idea has first been derived of the futureigtidal technology. As we pointed out,
the success of a scale up depends on this firsppobive phase. Based on the
information obtained from laboratory experimentd &nom the literature, one can
imagine an industrial unit whose size would coroegpto the presumed need of the

market. This means working out the details on pageas to compare different
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technological alternatives, to identify constraiotsmpossibilities, and finally to select

the most interesting industrial flow sheet from tbehnical economic standpoints.

It is at this level that the type of reactor miostchosen, essentially
based on the chemical reactions to be carriedlmeifphases present, and the industrially
feasible technologies. In difficult situations,gfwhoice may not be very clear, so that
many possible technologies must be consideredr&gy)d shows the essential steps in
process development for scale up.

Basic Data

l

Process analysis technology
Choice process modeling

/ool N

Laboratory Pilot plant Mock-up

(N

Validation of Model
Scale-Up

l

Industrial Unit

Figure 2.1: Essential steps in process development for sgale u

2.1.2 Raw material

The source of the raw material is an importantoiad he composition

and, especially, the types of impurity and themeantrations depend on the source of
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the raw material. It is therefore important for thev material intended for the pilot plant
to be perfectly representative of the materialeaibed industrially.

In this respect, the use of model molecules, whrehuseful in
conducting kinetic studies or constructing cheminatlels, is only acceptable if the
model molecule is mixed within a representativelfélehis makes it possible to

investigate the inhibiting or catalytic effect o§aven chemical species.

2.1.3 Utilities

Utilities generally include:
* Water (cooling water, de-ionized water)
» Steam at different pressures
» Electricity
» Service air (all-purpose compressed air)
* Instrument air
* Heat transfer fluids
* Inert gases

» Gases, liquid and solid fuels

For a pilot plant, the choice of a given form ¢fity is based

essentially on ease of use, keeping in mind theesgtatives of the pilot plant.

Thus, for example, electricity is usually useghiaference to steam or
fuel to heat furnaces, reactors and various vesBeésrecovery of the heat or cold is
usually ignored, unless it is necessary to exanmagroblem in itself, in order to
determine the transfer coefficients or fouling sate
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2.2 Biodiesd Process

The process for making fuel from biomass feedstasd in the 1800s is
basically the same as that used today. Biodiesel fregetable oils is not a new process.
Conversion of vegetable oils or animal fats tortit@oalkyl esters or biodiesel is called
as transesterification. Transesterification of getable was conducted as early as 1853,
by scientists E. Duffy and J. Patrick, many yea®te the first diesel engine became
functional. Life for the diesel engine began in 38&hen the famous German inventor
Dr. Rudolf Diesel published a paper entitled ‘Thedry and construction of a rational

heat engine’.

2.2.1 Catalytic Transesterification

The catalyst is dissolved into methanol by vigorstiging in reactor. The oll
transferred into the biodiesel reactor, and thka,datalyst/alcohol mixture is pumped
into the oil. The final mixture is stirred vigordydor 2h at 340 K in ambient pressure.
A successful transesterification reaction produtves liquid phases; ester and crude
glycerin. Crude glycerin, the heavier liquid, wabbllect at the bottom after several hours

of settling. Figure 2.2 shows the schematic ofdesterification process.
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H 0 ||| (4]
I [
H-C-0-C-R H-C-0H CH;O-C-R,

0 | |
H-C-0-C-R; +3CH;0H H-C-0OH + CH;0-C-R»>
0 | 0
i o
H-C-0-C-Ry H-C-OH CH;0-C-R4
|
H H
Far/Qii + Methanol Glveerol + Fatty Acid

(Triglveeride) Methyl Esters

Figure 2.2: Schematic of transesterification process

2.2.2 Background of catalyst in biodiesel production

2.2.2.1 Base catalyst.

Transesterification can be catalyzed by acids, as@nzymes. Among them, base
catalysis is the most popular way and most ofteedusommercially for biodiesel
production owing to the high catalytic activity. s8I, base catalysts are less corrosive
than acidic compounds avoiding the necessity ofergiye stainless steel as
construction material (Zhang, Y., et al., 2003)nib@meneous base-catalyzed triglyceride
transesterification has been thoroughly studied tlom laboratory scale. The most
common homogeneous basic catalysts used for ligidghanolysis include alkaline
metal compounds, such as NaOH and KOH, CH3ONa ad80K, Na2CO3 and
K2CO3. Alkaline metal alcoxides are the most effect catalysts for the
transesterification reaction (Boocock, D. G. B.aét 1996 and Freedman, B. et al.,
1984). As low as 0.5 wt% of catalyst (by the weighibil) can allow more than 98%
biodiesel yielded in very short times. Howeverpmactice, alkaline hydroxides (NaOH
and KOH) are more favored because of their cheppee and easier handling with

respect to alkaline alcoxides.
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Nevertheless, the use of hydroxides can be prolliermansidering the formation of
water in the initial step of reaction as shows ig E.3 (Schuchardt, U. et al., 1998).
Water then hydrolyzes esters to FFAs and conselyuesiises saponification which in
turn translates to catalyst deactivation and prodiy loss. Alkaline carbonates can be
an alternative choice in order to reduce saporifoa(Schuchardt, U. et al., 1998) but

their use is limited by the weaker base strength.

2.2.25Acid catalysis

Strong liquid mineral acids, such as sulfuric agldpsphoric acid, hydrochloric
acid, and others, are effective for the esterifocabf FF's with alcohol. They have also
been used to catalyze transesterification of TGzaoouce biodiesel. However, because
of their much lower activity (by 3 orders of magule) (Freedman, B. et al. 1986) and
much stronger corrosiveness than the base catdBmtng, Y. et al. 2003), the acid
catalysts have never enjoyed the same popularity biodiesel synthesis as its
counterpart in both the academic and industriatosec Only recently, given the
versatility of acid catalysis to deal with FFAs,shds use been proposed as an
economically viable alternative to base catalysiskiodiesel formation form low cost
feedstock (Zhang, Y. et al. 2003).

2.2.2.3 Esterification of FFAS

As the most common way to synthesize organic esbérenormous practical
importance, esterification of carboxylic acids wdltohols, indeed, represents a well-
known category of liquid-phase reactions of considk industrial interest. Simple
Brgnsted acid catalysts such as H2SO4, HCI, H3Rr@4&egylsulfonic acid, are generally

known to be effective for the direct esterificatioRecently, given their non-
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corrosiveness and reusability, acidic ionic liquate proposed as catalysts to offer a
new and environmental benign approach for alkygresynthesis. lonic liquids have the
potential as dual solvent-catalyst in organic sgsih And enormous variety of
precursors is available to further tune their vidisamaking them more adapted to a

specific reaction.

In most cases, related studies focus on the imgdictsaction parameters on the
final free acidity of lipid feedstock without paginmuch attention to the reaction
kinetics. Mainly using H2SO4 as catalyst, the pstesfication of different lipid
feedstocks with high FFA contents have been ingattd. In accordance, oils with
initial FFA contents up to 19% can be easily redute 1% or lower using 1-step
reaction at 6% after short reaction time, regardless the origih®ils. The specific
efficiency of a process is adjustable by varyingragion parameters. For instance, the
use of larger amounts of catalysts speeds up #sttion rate therefore substantially
shortening the necessitated reaction time. Alsghdr catalyst concentration appears to
favor a deeper FFA conversion before a reactiotigota reaches (Ganeshpure, P. A. et
al., 2007). However, excessive amounts of acid wereerved to darken the ester
products by inducing side reactions (Ramadhas, .Aet&l., 2005). Furthermore, the
expedient range of H2SO4 can be interfered witheltlyer the initial FFA content
(Sendzikiene, E. et al., 2004) or methanol-to-odlan ratio (Veljkovic, V. B. et al.,
2006). Typically, catalyst concentration rangedwsein 1 and 2 wt% (with respect to

oil) in academic studies using sulfuric acid.

2.2.2.4 Transesterification of Triglycerides

In contrast to the base-catalyzed biodiesel syighesuch fewer studies have
dealt with the use of acid catalysts in transefstation of lipid feedstock. The slow
reaction rate has mainly been why it has fallen olisfavor. Indeed, the homogeneous

acid-catalyzed transesterification follows a simil@echanistic route as the acid-
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catalyzed esterification, whereby the catalytimawer is initiated by the activation of
carbonyl carbon followed by nucleophilic attack alcohol to form a tetrahedral
intermediate (Lotero, E. et al., 2005, Schuchdddtet al., 1998). Disproportionate of
this intermediate complex yields the alkyl monoesied diglyceride. This sequence is
repeated twice to transform a triglyceride moledoléhree alkyl monoesters and one
glycerol as ultimate products. Lotero et al. [1hgmared this acid-catalyzed mechanism
to the base-catalyzed and pointed out that theee gsucial difference lying between
them in the reaction initiation steps which maidigcriminate the catalytic efficiency:
the formation of a weak and lump electrophilic seedin acid catalysis) vs. that of a

strong and small nucleophile (in base catalysis).

2.3 Jatropha curcasL . seed oil for biodiesel production.

Jatropha curcas is a drought resistant shrub em lrelonging to the family
Euphorbiaceae, as well a family of carrot and te@igsirisomboon, P. et al., 2007).
Classification oflatropha curcass shown below:

Division : Spermatopyta

Subdivision : Angiospermae

Class : Dicotyledonae
Ordo : Euphorbiales
Family : Euphorbieaceae
Genus : Jatropha

Species Jatropha curcad.inn.

Jatropha cucrads well adapted to arid and semi-arid conditiond &as low
fertility and moisture demand. It can also growneoderately sodic and saline, degraded
and eroded soil (Sirisomboon, P. et al., 2007). fidke of J. curcasas a substitute for
diesel is very remarkable. Table 2.1, shows thenw@ymposition fatty acid afatropha

curcas L.seed oil. It is non-edible oil being singled oot farge-scale of plantation on
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wastelandsJ. curcasplant can thrive under adverse condition. It resglivery little
irrigation and grows in all type of soils (from atknes to hill slopes) (Deepak A., et al.,
2007). Fig. 2.3 shows a typicdlcurcasgrowing on rocks in mountain regions. The
production of J.curcas seeds is about 0.8kg per square meter per yedf. (R.
Henning,Fighting) The oil content ofl.curcasseed ranges from 30% to 40% by weight
and the kernel itself ranges from 45% to 60% (Knfmaik, 2003 and J. B Kandpal, et al.
1995) FreshJ.curcasis slow drying, odorless and colorless oil, buhtuyellow after
aging(K.Pramanik, 2003).

Many researchers have studied its potential forasseeat oil, as transesterified
oil (biodiesel), or as a blend with diesel. Theoddic value and cetane number of
Jatrophaoil are comparable to diesel, but the density ghhiAs the density of oil is
high, on the whole, a significant improvement cf #ngine performance, emissions and
combustion parameters can be achieved by prop@tiynizing the injector opening
pressure, injection timing, injection rate and erdiag the swirl level when a diesel

engine is operated with nehturcasoil (Narayan, R.J.et al., 2006).

Table 2.1: Fatty acid composition of cruddatropha curcagH.J Berchmans et al.

2007)

Fatty acid Formula Systematic name Structure wit%

Myristic C4H250, Tetradecanoic 14:0 0-0.1

Palmitic GeH3z20, Hexadecanoic 16:0 14.1-15.3

Palmitoleic  GgH300> cis-9-Hexadecanoic 16:1 0-1.3

Stearic GsH3502 Octadecanoic 18:0 3.7-9.8

Oleic GgH3z40, cis9-Octadecenoic 18.1 34.3-45.8

Linoleic CigH3,0- cis9, cis-12- 18:2 29.0-44.2
Octadecedianoic

Linolenic CigH300> Cis, cis9-cis-12 18:3 0-0.3
Octadecatrienoic

Arachidic GoH400- Eicosanoic 20:0 0-0.3

Behenic GoH440, Docosanoic 22:0 0-0.2
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Figure 2.3: Jatropha curcasL. seed oil plant on rocky substrate

Oil that is produce fromJ. curcasplant has a very high potential of being
processes in alternative fuel. As a comparisorsdlitiel is a hydrocarbon containing 8-
10 atom carbon per molecule. Whil&, curcasoil contains 16-18 atom carbon per
molecule of hydrocarbon which means the viscodity. @urcasoil is much higher and
the energy needed to burn as fuel is quite .IGwansesterification frond. curcasoil
requires methanol (about 30% by volume of the \agetoil methanol mixture) for

making the methyl ester of vegetable oil.

The production of fatty-acid methyl ester from viedpes oils and their use as
diesel fuel have been well tested and evaluatexsbueral European countries such as,
Austria, France and lItaly. Basically, standard k@edl parameters are density, flash
point, cetane number, kinematics viscosity, sulpthash, iodine number and carbon
residue. Table 2.2 shown below is the problemssm of Jatropha oil as fuel in diesel
engine. Forson et al. us@dcurcasoil and diesel blends in compression ignition aegi
and found its performance and emissions charatitesisilar to tat of mineral diesel at
low concentration of jatropha oil in blends. Prarkatried to reduce viscosity of
jatropha oil by heating it and also blending ittwihineral diesel. Table 2.3 shows the

fuel properties of Jatropha oil and its biodiesel.
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Table2.2: Theproblems in use of Jatropha Oil as fuel in DiesajiBe

PROBLEMS CAUSES
Coking if injectors on High viscosity of raw oil, incomplete combustion of fuel.
pistan and head of engine Poor combustion at part load with raw oil.

Carbyon deposits on piston

. High viscosity of cil, incomplete combustion of fuel.
and head of engine

High viscosity of raw oil, incomplete combustion of fuel.

Excessive engine wear L= . o ) .
g Diluticn of engine lubricating oil due to blow-by of raw oil.

Table 2.3: Fuel Properties of Jatropha Oil and its biodiesel

; _ Jatropha -
Properties Jatropha Qil Biodiesel Diesel
Density, g/mi 0.920 0.865 0.841
Viscosity@40 C, 15 59 45
Cst
Calorific Value,
MJ/kg 397 392 420
Flash F_’oint: 240 175 50
Celcius
Cloud Point,
Celcius . = =

2.3.1 The multi-uses of Jatropha curca$lant

All parts ofJ. curcascan be used for a wide range of purpose. Expioitaif J.
curcasis described by Openshaw, K., 200e tree itself has been used for erosion
control, fire wood, as hedge plant and for plamt@ction. The bark is rich in tannin and
also yields a dark blue dye. Leaves have been fase@aring of silkworm, in dyeing,
medicine, and as an anti-inflammatory substancéex_has medicinal, pesticide and
mollusk control properties. It has been used foumebhealing as protease has medicinal
use. The flowers attract bees and thus the plaah@otential use in honey production.

Seed have been used as insecticide, food/foddert(xic varieties or when detoxified),
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seed oil for soap production, fuel, lubricant, cig®de, medicine and when mixed with
iron oxide, they can be used in varnish. Seed takeseful as fertilizer or in biogas
production. Briquettes can be used as a fuel, cetrtecals, or, after further processing,
as fodder (non-toxic varieties or when detoxifieat)d seed shell are combustible. Fruits
hulls are combustible, contain tannin and can lexl s green manure and in biogas

production. Lastly, the roots contain yellow oiltkvstrong antihelminthic properties.



CHAPTER |1

METHODOLOGY

3.0 Introduction

Scale up experiment was running on lab scale dotigdant scale. The
difference between lab scale and pilot plant sisallee value of capacity and production
of biodiesel.

Two steps-catalyzed processes were adopted torprépadiesel from J.curcas
seed oil. Two step-catalyzed which the first stepacid catalyzed to esterifies FFA
followed by alkali catalyzed to complete the reactivas chosen over other reaction due
to several reason, among them are;

» It requires low temperature and pressure reaction

* The reaction times short and low cost comparedheranethod.

» Acid catalyzed process, which requires extra stegphvert FFA to methyl ester,
thus avoiding soap.

» Alkali catalyzed is a direct biodiesel conversi@acgtion with no formation of
intermediate compounds.

* The high FFA content (>1% w/w) will happen soapration and the separation
of products will be exceedingly difficult, and asresult, it has low yield of
biodiesel product. The acid-catalyzed esterificatod the oil is an alternative,

but it is much slower than the base catalyzed &stesification reaction.
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3.1 Experimental methodology

Figure 3.1 shows the flow chartethodology of biodiesel production in scaling
up. The process started with small scale or benale sfollowed by large scale or pilot

plant scale and analyze by GC analysis and yiefgtaduction.

Small scale
process
Large scale
process

GC analysis and
yield analysis

Figure 3.1: Flow chart methodology of biodiesel production @aléng up
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Figure 3.2: The overall process of the production biodiesel

3.1.1Lab Scale

Esterification process.

50g of J.curcas oil was poured in the round bottask equipped with reflux
condenser and heated af65The solution of concentration,$10; acid (1.0% based on
the oil weight) in methanol was heated af@%nd then added into the reaction flask
once the oil achieve the desired temperature. dhdien was heated and stirred to 2
hours reaction in 6%C.
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Base catalyzed transesterification

Firstly, the oil product that has been treated frtbin first step was poured into
the reaction flask and heated af®5The solution of KOH and methanol were heated to
65°C prior to addition and then added to the heatedlbe reaction mixture was heated

and stirred again at 85 for 2h.

Recovery process

The solution was recovered by using rotary evapordthe temperature was set
on maximum which is below than 180. The methanol and the water can be removed
from the solution. The solution was formed in 2diesywhich on the top is biodiesel and

on the bottom is glycerol.

3.1.2 Pilot plant scale

Esterification process

15L of J.curcas oil was prepared and added intoreaetor by using vacuum
pump. The cooling water has to open, to operatevéflteium pump. J.curcas oil was
heated in the reactor until 66. The temperature was controlled on the reactkeja
temperature. 34L of Methanol and 1.5% of H2SO4 wwmepared. When J.curcas oil
was achieved 68C, the methanol and H2SO4 were added into the aedst using
vacuum pump to mix up with J.curcas oil. The stisas switched on to mix up well.
The reaction was taking about 2 hours and the teatyre 65°C was controlled of the

reactor jacket temperature.
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Transesterification process

The first solution was heated until 6&. 34L of Methanol and 1.5% of
Potassium hydroxide (KOH) were prepared. The mixtuas added into the reactor by
using vacuum pump. The stirrer was switched on thedsolution was stirred until 2
hours in 65°C. After 2 hours reaction, the stirrer was stopped the temperature of

jacket reactor was stopped after 30mins to setitencthe solution by gravity.

Recovery process

The solution was entered into the recovery readibe temperature was set at
100°C to separate the Methanol and water from theAdier the process, there was 2

layers formed, on the top is biodiesel while onltbdom is glycerol.

3.2 Product analysis

3.2.1 Gas chromatography (GC/FI D)

GC/FID was used to analyze the production of bselien batch scale and in
pilot plant scale product. A 30m x 250mm x (uBbDB-Wax column was used for
analyzing FAME in the product. Methyl palmitate améthyl stearate were used as the
standard. 0.004g, 0.008g, 0.012g, 0.016g, and Odd28very standard and 10mL of
Hexane were prepared for the standard. 0.015ganfidsel production of every scale
and 10mL of Hexane were prepared for analyzingtbduct. The oven of GC was held
at the initial temperature 80 for 1min then ramped to the final temperatur8@¥C at
a rate of 1%C/min to 180C held for 1 min, ZTT/min to 236C held for Omin, 18C/min
to 370C held for 5 min, with total run time is of 35.84mm
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Fig. 1 Gas Chromatography (GC/FID)

3.2.2Yidd calculation

Yield calculation was determined by analyze ther&glilt. To find the conversion is:

Conversion = XA — Aei) x { (C2x V) x 100} x [£ m x 100]
Aei m >V

A = Area total (Pa.s)

Aei = Area sample (Pa.s)

{ (C2x V) x 100} = sample
Mass

[X mx 100] = standard
Vv



CHAPTER IV

Results and Discussion

4.1 Introduction

This chapter presents the results of the produdtiobench scale and in pilot
plant scale. The production of biodiesel was areyhy using GC/FID analysis and
also by calculating the yield. The parameters inchescale process and in pilot plant
scale process were same. The temperaturéC6Sthe pressure latm, the ratio of
methanol and oil is 2:1. From here, the differehetveen bench scale production and

pilot plant scale production can be seen on thatefrmed.

4.2 GC/FID Analysis

4.2.1 Methyl Stearate analysis

In Methyl Stearate analysis, the concentrationfiefstandard are 0.0004mg/mL,
0.0008mg/ml, 0.0012mg/ml, 0.0016mg/ml, and 0.002@mhgThe concentration of the
sample is 0.0015mg/mL. From the peak of GC restlle Methyl stearate is
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around 11.3mins. From the sample result, we cagrmh@te the amount of every sample
in methyl stearate standard. Table 4.1a showsdheentration of the standard and the
area from GC analysis. Table 4.1b shows the arddiare retention for every sample

from GC result. Figure 4.1 shows the area of tlaaddard and the sample versus the

concentration of the standard graph.

Concentration M5 (g/mL) |Area (%)
0.0001 0.041388
0.000E 0.12427
00012 0.20023
0.0016 0.2307
0.002 0.31056

Table4.1a: Value of concentration and Area of Methyl Stearat

Area of sample (%) |Time of sample (min)

0.0112| 0.01208 11.328 11.343
0.02047| 0.02445 11.335 11.333
0.01961 0.02589 11.327 11.852

Table 4.1b: Value of Area and Time Retention for every sample

Area (%) vs Concentration (g/mL)
oyee )
03 2

0.25 /

' —4—5tandard MS
v // =@—Lab

0.15 / Pilot

0.1

0.05 /

[ e S—

0 T T T T 1 Conc {g/m L]
0 0.0005 0.001 0.0015 0.002 0.0025

Figure4.1: Area (%) vs Concentration (g/mL) graph
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4.2.2 Methyl Palmitate analysis

In Methyl Palmitate analysis,the concentrations of the standard are
0.0004mg/mL, 0.0008mg/ml, 0.0012mg/ml, 0.0016mg/mhd 0.0020mg/ml. The
concentration of the sample is 0.0015mg/mL. Froenghak of GC result, the retention
time of Methyl palmitate is around 8mins. From thample result, we can compare
between the standard results. Table 4.2a showsdheentration of methyl palmitate
and the area of the standard from the GC resultleT4.2b shows the area and the
retention time for every sample in bench scaleglud plant scale. Figure 4.2 shows the
area of the standard and the sample from the G@t nesrsus the concentration of the

standard graph.

00004 0.1236
0.0008| 0.29433
0.0012| 0.25977
0.0016| 0.21311

0.0020 0.32046

Table 4.2a: Value of Concentration and Area of Methyl Paln@tat

0.03047 0.0243 3.038 3.052
0.03369 007126 3.042 3.045
003792 000902 &3.042 &.044

Table4.2b: Value of Area and Retention time for every sample
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Area {%)] vs Concentration {g/mL)
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Figure4.2: Area (%) vs Concentration (g/mL) graph.

4.3Yidd analysis

Yield analysis is to determine the conversion & ample. To determine the
yield, it is also from the GC analysis. From GCutesve can determine the conversion
by using:

Conversion = YA — Aei) X { (C2x V) x 100} x [E mx 100] (eq4.1)
Aei m XV

A = Area total (Pa.s)

Aei = Area sample (Pa.s)

{ (C2x V) x 100} = sample
Mass

[X mx 100] = standard
Vv
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From this equation, the yield for the lab and pptdant can be determined. Table 4.3
shows the yield value of the production in lab scahd pilot plant scale. Figure 4.3

shows the graph of lab versus pilot yield.

Lab yield |Pilot yield
44 .04 38.39
17.78 14.34
19.34 9.25

Table4.3: Yield value of the production

Lab yield vs pilot yield

Lab yield (%)
50

I o
35 /
30 /

25
/ —¢—Lab yield vs pilot yied!
20 V
15
10
T T T T | . ]
0 10 20 30 40 50 Pilot yield (%)

Figure4.3: Lab scale yield (%) vs Pilot plant scale yield @tph



CHAPTER YV

Conclusions and Recommendations

5.0 Introduction

The conclusions and recommendations are basece@xfgeriment and the
study. The conclusions are based on the objectitleegroject. The
recommendations are to improve the conversioneptbduct and also to improve

the process.

5.1 Conclusions

There are difference between lab scale produetmhpilot plant scale
production and yield production because of theed#iice of the condition. In the lab
scale the condition of temperature and reactionbeacontrolled but in the pilot
plant scale, the temperature of the reaction rawmbntrol. In the pilot plant scale,
there are piping, vacuum pump, and valve to opehateeaction. In lab scale, there
are no piping, vacuum pump and valve to operatedaetion. There are difference

because of the condition in lab scale and pilottdaale.
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5.2 Recommendations

In scale up study should be more research, itrig imeportant to commercial the
chemical production. There are a lot of things tieate to study such as the

dimension, the design, the conversion of produaticscale up, and others.

More detailed study should be carried out. The @ge®f producing biodiesel in
pilot plant should in continuous process, the cosioa of the product will be high

than the production in batch process.

Other alternative processes should be explored asishipercritical process. The
supercritical methanol process is non-catalytimpser purification, has a lower
reaction time and lower energy use. Thereforestipercritical methanol method
should be more effective and efficient than the wmmn commercial process
(Kusdiana and Saka,2004).
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