CHAPTER 11

THEORY AND LITERATURE REVIEW

Castor oil is also known as

ly almas Christi, tangantangan oil

and Nealoid, which derived fr t Its exceptional chemical
and physical characteristic( ts uniquely high content of an unsaturated

hydroxy fatty acid, cis-9 - octadece F\; commonly known as

7 metl 4\ of ricinoleic acid that can be

prepared by the transesterifi€ati astor 0il with methanol under acid and basic

conditions.

2.1 Fatty acids compositi

ia

The composition 6f4a d i s analysis of the methyl

ester of castor oil fatty a with gas chromatographic method is given in Table 2.4
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The structure Vof the glycerides, of castor 011 has been ertamed with

sprosimely 8 50 S 4nd 2 2 il A &Jrﬂrﬁ&n wd 1%

ricinoleic ac1d [5]. The fatty acid compositions of castor oil were shown in Table 2.1.



Table 2.1 Fatty acid compositions of castor oil [4]

Fatty Acid Percentage

Palmitic acid 1.2
Stearic acid 1.2
Oleic acid 7 o 33
Linoleic acid o 3.7

e
o]
9,
[¢]
=
o
8
TR

)
5
g
a
'~<
»
o
u—
~

2.2 Characteristic of methy
Castor oil is a mate 7

It is unique not oﬁ fﬂ:ﬁlﬁa %rﬂ%@wgqﬂ “ild but in that this

acid is very spec1al one. Ricinoleic acidshas an 18-carbon backbone, with a hydroxyl

goupon 0 i i s et b Q&l&lﬂﬁ 54 10 whose

structure is shown in Figure 2.1.

w1th a diversity of uses sharec by no other natural fat.



d that can be prepared by

transesterification of castor @il, whi atalyzed by, acid (HaSO4 or dry HCI) or base
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The mechamsms are shown in Scheme II for acid catalyst and in Scheme III for

basic catalyst.



Scheme II. The mechanisms of transesterification of castor oil using acid catalyst.
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Scheme III. The mechanisms of transes .,.m. i astor oil using basic catalyst.
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Transestenﬁcatlon is an equilibrium reaction. To shift the equilibrium to the
right, it is necessary to use a large excess of alcohol whose ester we wish to make, or
else to remove one of the products from the reaction mixture. The second approach is

the better one when feasible, since in this way the reaction can be driven to

completion.



Table 2.2 Characteristics of methyl ricinoleate

Properties Value

Specific gravi;cy (25°C) 0.925
Refractive index nD*° 1.4628
Saponification value 7 N 173 t0 178
Iodine value 83 to 85
Hydroxyl value inimum 160

Viscosity (Stokees @ 25 °C 0.3 poise

Boiling point 245°C

. \
2.3 Chemical reaction ..".('1. ‘

The chemical reactio of fats and fatty ac1ds are 1m@ortant because they are

employed in the mﬂwqoﬁﬁm w Hs’%’lﬁﬁ acids are organic

chemicals and thus ﬂ’e subject to the numerous reactions available to,the synthetic
organic cheﬂqs“et:lﬁ ﬂ tﬁl Iﬁiml um,lglmsdla;]l aeEIInkages in
methyl ricinoleate provide similarly reaction sites for the preparation of many useful
derivatives as castor oil used. Chemical reactions commercially used to create

important castor oil derivatives are shown in Table 2.3 [9].



Table 2.3 Chemical reactions of methyl ricinoleate

Part of structure Nature of reaction Type of products
Ester linkage 8 Fatty acids , glycerol
2, Esters

ono and diglycerides,

onoglycols, etc.

\‘x uble soaps
(nsoluble soaps
atty acid halogens

.. —l . (o
Amiidation Amine salts

AT 'es
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Double bond

olymerized oils

Polymenzatlon
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3. Epoxydation Epoxidized,oils
JNUUATINLIRE
5. Addition reaction Polymerized oils

6. Sulfonation Sulfonated oils




Part of structure Nature of reaction Type of products
Hydroxyl group 1. Dehydration Dehydrate castor oils
2. Caustic fusion Sebacic acid
Copryl alcohol
, ’,//// Undecylenic acid
< =

eptaldehyde

\ ‘alogenated castor oils
Alkoxylated castor oils
\\. yl castor oils
12-amino oleate

| Sulfated castor oil

( Turkey red oil )

oers
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Hydrogenatlonq)f the ethylenic linkages in glyceride oils to preduce products,

which imp@emlﬁ&ﬂﬁom HMSIQM &L;ltﬁd&ll industry.

There are two reasons to hydrogenate oil. First, since the number of double bond is

reduced, the opportunity for oxidation is decreased, and thus the flavor stability is
increased. Second, the physical characteristics are changed such as the melting point
is raised. The reaction consists of the direct addition of hydrogen at double bond in

the fatty acid chain, according to the following Scheme IV.
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Scheme IV
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) / d_in commercial hydrogenation

- o
wunt of hydrogenation is
' O\ENQH a finely divided form,
o,
*‘u‘g\
\

i1, and the solid catalyst

The reaction requires a catal

H
invariably consists basicall i

carried out with catalysts /
prepared by special meth _

material, such as diatomacegous

orous, inert, refractory

In the hydrogenation

1”-)_':].-"

must be brought together at‘a suitable temperature. In ordinary practice it may be

®
e o

d in the oil, and the hydrogen-

EST IR
A

laden oil is then brought,}ﬁi.l_to contact with the cata!

assumed that the hydrogen is first gaﬁs_aii.t

ical mean. The rate

at which hydrogenation prﬁe' er tl ' ied above depends upon
‘ |

the temperature, the nature of ﬁokthe activity of &a}alyst, the concentration of catalyst,

and the rate at whinﬁ&.%og@dmﬂ%cﬁiﬂ%ﬂﬁ £} Qorlied together to

the active catalyst surface. ¢ = o/

When %Hg:]aﬁ glnxjmgalem;]tll] tﬂelli@rﬂ types of
reduction canvoccur. The first type is the reduction of carbon-carbon double bonds in
the fatty acid chains which results in the reduction of the iodine vélue (I.V.). In all
cases, isomerization accompanies the type of hydrogenation being considered,
therefore, any discussion of the mechanism must explain both. During reduction of

the 1.V., the color and odor of the triglycerides are improved, indicating that at least
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some of trace quantity materials are being hydrogenated. These materials contain
carbonyl, quinone-type, and etc. structures. The mechanism for this second type of
hydrogenation is not well understood, partly because of the large and probably
variable number of trace materials present in the oil or fat. The third type of
hydrogenation that is possible for oils or fats involves the production of fatty alcohols
and glycerin (This type of reduction is sometimes called hydrogenolysis).

7

2.5 Catalyst and catalysis [14‘1#]--_

2.5.1 Definition of catV 7

A catalyst, according 2

alters the rate of a chemi e energy factor of the

reaction or being consume ng, therefore, a catalyst

cannot initiate but can only erous instances, however,

including the hydrogenation of fats ‘eﬁﬁ‘ell's '@ioﬁ rate is so imperceptibly slow

in the absence ofa catal)ﬁt that tHe‘Tafte‘f mﬁs%

the reacting system. T i

ed}an essential element of

|

—

| S— ; :
The fact that a caﬂ]yst cannot initiate a reactlonQoes not mean that its

introduction into aﬁﬁﬁ%ﬂﬁﬁ Ej CTTPI)djon of the reaction

products or that different catalysts may Jot yield dlfferent products. In many cases,
reaction folavw ,'1@ \afﬂ %w gﬂj %ﬂ P’I} Q %}: gm,aoa Hf the final
products will depend on the relative rate of the various alternative reactions. Where a
number accelerate some of them to a far greater extent than others.

Catalysts increase the reaction rate through their influence on the activation
energy. A catalyst breaks the reaction up into two successive steps: the combination

of catalyst and reactants to form an unstable intermediate compound, and the
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breakdown of this compound to yield a new product and the free catalyst. This has the
effect of permitting the energy barrier to be surmounted in two small steps, rather than
one large one (Figure 2.2). In other words, two reactions with relatively low activation

energies are substituted for a single reaction with high activation energy.

Figure 2.2 Graphical repreﬁx yﬁctor in (a) uncatalyzed

and (b) catalyzed reaction

ﬂumwamwmm
oumriaaaam ngndy, .

The numerous catalysts known today can be
criteria: structure, composition, area of application, or state of aggregation. Here the
catalysts shall be classified according to the state of aggregation in which they act.
There are two large groups: heterogeneous catalysts (solid-state catalysts) and

homogeneous catalysts. There are also intermediate forms such as homogeneous
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catalysts attached to solids (supported catalysts), also known as immobilized catalyst.
The well-known biocatalysts (enzymes) also belong to this class.

In supported catalysts the catalytically active substance is applied to a support
material that has a large surface area and is usually porous. By far the important
catalysts are the heterogeneous catalysts.

Whereas for heterogeneous catalysis, phase boundaries are always present
u%/ous catalysis, catalyst, starting

mmogeneous catalysts have a

material, and products are prem same
| — -

between the catalyst and the reac
higher degree of dispersi
individual atom can be catal .8 us catalysts only the surface

atom are active.

LA L)

proceed to chemical equﬂbrium. “The rate may be expressed in any of several ways.
| § ;

niil term of a space-time

: 3
yield (STY), which is the qllJantity of product formed per ungtime per unit volume of

== Ui IngningIns
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The type of catalysis that operates the fat hydrogenation is the heterogeneous
catalysis. By definition, a heterogeneous system is one in which catalyst and the
reactant exist in different physical states. Heterogeneous catalysis is to be somewhat
sharply distinguished from homogeneous catalysis, in which the catalyst and the

reactants comprise a single phase. In homogeneous catalysis the catalyst functions in
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the form of individual molecules, which uniformly distributed through the reaction
system. Thus the question of catalyst structure or of surface phenomena does not
enter. On the other hand, in heterogeneous catalysis it is the question surface, which
performs the catalytic function; hence the nature of the surface is of extreme
importance. A catalyst operating in a homogeneous system is defined sirﬁply in terms
of its chemical constitution and its concentration in the system. With all other factors

controlled, the effect of a homo eneo'}é\, / efinite composition is exactly

predictable upon the basic of 1tmmratxgl Iﬂéﬂxst is the solid, however, its

behavior will depend on nW /th ature W of its surface. The fact

that the submicroscopic chasact de_te%he&the characteristics of a

solid catalyst renders the s tr;}_f_ ' lysts \llsry difficult. Apparently
(X 4 \
similar catalysts may differ ly irf théir activ d specific action.
dorddn [ ety
In the catalytic heterogeneo reapypng% ere is a reaction occurring

between fluid and porous soli

T el
c’iﬁéﬁgs 'If@ for the reaction to occur, the
reactants in the fluid musﬁ first be t'f'an§ﬁort'éd ‘%l?face of solid, and they

must diffuse through th site. At least one of

—

| |
the reactant species musFJusually be chemisorbed onto ﬁ'l% surface of the solid.

Subsequently, the ﬁcﬂl ém%" %ﬂwﬁﬁﬁ ﬁaﬁsﬂtﬁen a chemisorbed

species and another%l)ecies that is eitherphysically ad‘si)rbed or that ceslides with the
chemisorbe&;iﬁgs.]c@c\ﬂ' mﬁ tmqu m;]: ai%ﬂe;};tal, %’oducts are
desorbed an(;l diffused out through the pores via various steps, which respond in a
different way to experimental variable such as pressure, temperature. For bulk-fluid
velocity, and the chemical and physical structures of the catalyst, it is convenient to

classify them as follows:
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1. External mass transfer of reactants from the bulk fluid to the external surface
of the catalyst particle.

2. Internal diffusion of reactants to active sites within the particle.

3. Adsorption of reactants on active sites.

4. Surface reaction.

5. Desorption of products.

6. Internal diffusion of produ@{z&u#/ icle.
7. External mass trans@cts@ bu .

g

Pore

S N\ \ y
ARTNAFRNRT1INLIR Y

Figure 2.3 Individual steps of a heterogeneously catalyzed gas-phase reaction.
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2.5.5 Preparation of heterogeneous catalysts [14,18]

Preparation of the catalyst is a very important step in the study of heterogeneous
catalysts. Heterogeneous catalysts are necessary to keep the properties of high
reactivity, stability, and prevention of side reactions. These properties depend on the
preparation technique. In the past, preparé{tion of catalyst was an art. Properties of the

catalyst may not be the same in each batch of preparation even if the same technique

is used. It is according to the diffic / f the reaction condition. Testing

has some selectivity on t st popular technique is
impregnation..

Impregnation is the gﬁi’l e hnique. A support, such as
alumina, was added into met ) f"'. ; . h itrate salt. After dispersion of the

metal salt in order to equilibri

surface of support to mc:ﬂ oxidelii =
\

l
Impregnation can belne by two techniques.

- wemomig | 7101915 Y 87 S

The support was added into an excess amount of metal salt solutlon The amount

of meta o 54 Gl FEU AL B o

before and after the impregnation process. This process is too complicated and

inconvenient to carry out in the laboratory.



17

2. Dry Impregnation
This is the most convenient technique for laboratory scale work. In this
technique, it is necessary to prepare the solution, which the amount of metal salt is

equal to the surface of support.

Dry impregnated catalysts became commercially available for use in the

ance characteristics (i.e., good

hydrogenation reaction. Their combinati U@l
activity, excellent selectivityﬁiorjlte@pared with impregnation
_‘-—I""" ' ‘\\“{hey currently constitute

catalysts) made them attractive
ldwide in the edible oil

essentially 100% of co

L LY
are of major econoﬂcﬁpﬂaﬁ},ﬁw 1ﬁ§'ew2}e€}xﬂ>§§ and the chemical

industry. Supportedyatalysts are heterogeneous catalgts in which s 1 amounts of

syl ot i ool b mmaaf porous,

mostly inert solld the so-called supports. The supports can have special forms such

as pellets, rings, extrudates, and granules.
The main function of the catalyst support is to increase the surface area of the
active component. Catalytic activity generally increases with increasing catalyst

surface area, but a linear relationship cannot be expected since the reaction rate is
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often strongly dependent on the structure of the catalyst surface. However, in many
reactions, the selectivity decreases when the catalytic surface is enlarged. The choice
of the appropriate catalyst support for a particular active component is important
because in many reactions the support can significantly influence the reaction rate and
the course of the reaction. The nature of the reaction system largely determines the

type of catalyst support. Typical catalyst supports are porous solids such as alumina

oxides, silica gel, MgO, TiO,, Zr

ceramics. é

—
The term alumina is u( arious hydrated and anhydrous aluminum
oxides. Most commercially | inas are prepared from the mineral bauxite

(a mixture of hydrated al ities) and are available

at > 99% purity. Therm s of alumina can be

prepared, with acidic or basi d as acid or base catalysts or
supports for other catalytic materlals-;_—_ L
= | |-|_..l",..l'*:l-' FEs =i ‘s

Alumina (ALO3), ﬁe acidic componéil?,v d Ingtion catalyst, exists in

several distinct forms: depending on the method

of preparation and subse uent treatment. Activated inas are amphoteric,

containing either aﬂ %Eﬂsr}ﬁ ﬂwﬁ W%} %ﬁﬁ) in Figure 2.4, if

y-alumina is heated above 800 K, thegresidual water is driven off to generate a
catalyttcallﬂnﬁv:]talmnmlu m at:lmﬂnl] a (&Ln used as

supports, where they provide a large surface area on which catalysts (metal) can be

highly dispersed.



19

+H0

Fi 2.4 Acidicrand basi
igure 01

!

2.6 Reactors [20]

.lgl n'
There are two main typei, of reactor used for carrymg out continuous reactions
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Tubular reactors consist, as the name implies, of a tube, or tubes, through which

the reactions mix tures flows. Usually, provision is made for the addition or removal

of heat transfer medium circulating round the tubes.



21

Stirred flow reactors consist of a vessel with an agitator and provision for
continuously adding reactants and removing products. Heat transfer may be provided
for by a variety of means, e.g. by a jacket, or by coils immersed in the reaction mix

turns.

2.7 Literature reviews

The product from the hydrog ”yynyl ricinoleate is methyl 12-

hydroxystearate. Only a few 2 thigfea@ in the literature. Most of

Daopiset, S[21] studied®thesydiogenation of iyl ricinoleate under varying
reaction condition using ni alyst. The suitable | ng condition was found to

be; temperature 150 °C, hydrogen pressure 150 psig, agitation speed 800 rpm,
S ey |
concentratic nof catal ).07 % w/w (catalyst /oil).

The resulting methyl ester wax had ar e value of 2.72, a hydroxyl value of

hydrogenation time 2 hours and

163.12, an acid value oﬂ}éﬂ,ﬁﬂd meltin

I !1’1
Vangmanerat, B[ZZ]Qudied hydrogenation of castor 0il under various reaction

o LY
conditions using nﬁﬁtﬂs{}lw% ‘%nwm ﬂﬁto be; temperature

140 °C, hydrogen p%ssure 150 psig, concentration gcatalyst 0.2 ‘@w/w (catalyst

o, s S b ) 2 o

had an iodine value of 4.68, a hydroxyl value of 139.11, an acid value of 0.99, and

melting point at 84 °C.
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Paquot and Richet [23] found that the preferred conditions for total
hydrogenation of castor oil without dehydroxylation were hydrogen pressure at
100-150 psig and 100-110 °C or at 50 psig and 150 °C. However, at 230-240 °C the
dehydroxylation occurred. Gupta and Aggarwal [24] found that in the process of
hydrogenation of castor oil with 2 % Rufert nickel catalyst, at low temperature

(150-160 °C) and high pressure (200 Ib/sq.in.) the reduction of the OH group was

retarded, but at high temperature @ essure (70-75 Ib/sq.in.) almost

complete dehydroxylation occx%

—

Srivasan et al[25] studi

at atmospheric pressure usi _- % dry-reduced nickel catalyst,
which was prepared by pre
(Celite), in amounts of 0.1 an

products with low hydroxyl value sbtained at ‘higher temperature, where as at

JJ-;J

low temperature sunple’nhydrogenaﬁéﬁ of ri leicvacid ;molecule took place.

They obtained products #i¢h in hydroxyl gr 1on of castor oil in the

i !I'L
presence of a solvent (eUJ alcohol), at room temperatureand hydrogen pressure

o EAUHANYNTNYINS

Van Loon [26?'|usmg 3 % reduced.nickel from ickel kelselgul&Jcatalyst and

round o150 s il ‘lﬁﬂ%%&l»’lﬁo&l’c all the

unsaturation of castor oil and only 15-20 % of the hydroxyl groups were removed.

Above 200 °C, the rate of hydroxyl reduction was increased.
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Hladik and Zajic [27] studied the hydrogenation of castor oil at atmospheric
pressure and low temperature (120-180 °C) in the presence of nickel catalysts and
found that the c;ptimal hydrogenation was achieved with 0.5 % nickel catalyst at
150 °C.

Kaczanowski and Jakabowski [28] investigated the hydrogenation of the castor

oil at 1.2 atm., 150 °C, and using ni

of 2 1/min, the product had iod séon value 184.8, acid value

2.28, hydroxyl value 13.3

Hector [29] studied u nation of castor oil using

nickel on alumina suppo \ pheres and temperature

between 150-180 °C. The essure were 175 °C and

100 atmospheres respectively. roducts was lowered from 84 to
less than 4 and the hydroxyl valué had remaine ed 5.
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