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ABSTRACT

This study investigated the synthesis and application of polyamides from three Nigerian
vegetable oils, castor, pdm kernel and pam oils obtained in Zaria, Kaduna State and Jos,

Plateau state.

Physca and chemica characterisation of the filtered oils yielded the following results, CO
= RV (1.380), RI (1.4712), %ffa(3.6), SV (179.3), IV (76.2), PKO = RV (1.068), RI
(1.4552), % ffa (0.75), SV (265.8), IV (17.75) and PO = RV (1.139), RI (1.4612), % ffa

(7.7), SV (228.0), IV (41.11).

The oils were akaline refined with appropriate strengths and amounts of lyes of NaOH

calculated from each oil's % ffa followed by earth bleaching.

Mixed fatty acids of the refined oils were obtained from the acid hydrolysis of their soaps.
Urea fractionation of the mixed fatty acids yidded unsaturated fatty acid fractions as

follows; CO (63.4 %), PKO (9.7 %), PO (36.9 %).

Reactions occuring at the double bonds of the unsaturated fatty acid fractions obtained, led
to the formation of fatty acid dimers. The progress of the dimerisation reactions with time
was monitored by variations in iodine values and relative viscosities. The average rates of
dimerisation calculated from plots of changes in iodine values were found to be; CO (110),

PO (8.0), PKO (2.3) g iodine/100g/l hr. Furthermore, measurements of shifts in band

Vi



intensities from IR spectra runs of the main functiond group, -CH= CH- with time of

dimerisation lad clams for the formation of saturated linkages from unsaturated centres.

Polycondensation reactions between the difunctional dimer acids and ethylenediamine

yidlded fatty acid polyamides. The progress of the reactions were followed by
measurements of variations of acid vaues with time at average rates in the order, PKO
(0.8), PO (0.2), CO (0.11) mg KOH/min.In addition, plots of the Carothers equation for a

non-catalysed polycondensation reaction yielded maximdly the following parameters;

PO = DP(3.5), Mn(2,058.00), p (71.42%) at t = 30 mins,
CO = DP(5.0), Mn(2,940.00), p (80.00 %) at t = 60 mins,
PKO = DP(7.8), M/7(4,752.29), p(87.14%) a t = 70 mins

Furthermore, intercept values from the plots of the Carothers relationship showed positive
deviations above unity for PO and CO, while calculated k values are in the order; CO > PO
>PKO.

Characterisation of the fatty acid compounds prepared, by IR spectroscopy and solubility

tests gave encouraging evidences of the formation of polyamides.

Finally, formulated spray-coat trials on leather surfaces showed good to excellent dry and

wet rubfastness ratings between 30 - 150 circles for PO and PKO coats compared to

standard coats used in the leather industry. However, CO coat appeared tacky.

viii
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CHAPTER ONE
1.0 INTRODUCTION
The three groups of naturally occurring organic compounds which are of fundamental
importance in both animal and vegetable worlds are oils/fats, carbohydrates and proteins
(Brian, 1977). These are termed essential nutrients without which life would have not been

possible (Hill, 1992).

Oils and fats belong to a large group of naturally occurring substances called lipids which
are a diverse group of compounds that have little in common except thﬁt'they are soluble in
organic solvents and insoluble in water and most are derivatives of fatty acids(Gunstone,
1967; Hill, 1992). The lipid family therefore has been conveniently classified according to
their hydrolysis products as follows (Gunstone, 1967): |

a). Glycerides

b). Waxes

c). Phosphoglycerides .

d). Glycoglycenids

e). Sphingomyelins

f). Spingolipids

g).  Plant phosphosphingolipids.

Groups (a - d) are essentially fatty acid esters of an alcohol, most commv.;nly glycerol, while
the groups (e - g) occur as fatty amides of long chain organic bases related to sphing-4-
enine (Hilditch, 1964). Appendix A further elaborates the various hydrolysis products of

the various lipid groups.
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For the purpose of claboration and understanding, discussions on the vaious classes of

lipids and their chemical nature would be made as tollows:

1.1 Triglycerides

Triglycenides are described as fats when solid and as oils when liquid at ordinary
temperatures, and are laid down by plants and animals mainly as energy reserves (Kirk-
Othmer, 1965; Bhati et. al., 1980).In nutritive terms, they supply about 9 3 kcal/g, over
twice that of proteins and carbohydrates (Cornelius, 1977; Hill, 1992). In addition, they
serve as source of energy as ingested and as stored in the body as well as carners for fat-
soluble vitamins A and D, and E, aiding their absorption from intestinal tract (Rackis,
1974). Morcover, they are the sources of poly-unsaturated and other cssential fatty acids
required for structural development of tissues and prevention of the fat-deficiency discase

which manifests itself in man as eczema(Dollear, 1978; [lamilton ct. al., 1980),

Furthermore, when triglycerides are hydrolysed, only mixtures of long-chain fatty acids and

glycerol are obtained (Hilditch, 1964, Gunstone, 1967).

'H,O0CR' R!COOH H,OH

hydroysis
"HOOCR? Acid/Enzymes R*COOH + IHOH ..... (1.1)
H,00CR* R'COOH H,OH

(triglycerides) (fatty acids) {(glycerol)

where R', R* and R* are long chain aliphatic hydrocarbon parts which may be the same or
different (Robert, 1974). However, natural oils/fats are always mixed triglycerides, each
molecule containing more than one type of fatty acid and usually contain small quantities of

a variety of combined fatty acids, although normally two or three predominate (Cornelius,
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1980). Furthermore, all oils/fats contain a proportion of combined unsaturated fatty acids
and saturated fatty acids, the degree of each varies with the source and type of oil or fat

(Morgan, 1982),

The liquid triglycerides (0¥s) are essentially and mainly obtained from vegetable sources,
and contain often always predominantly unsaturated fatty acids, while the solid fats are
mainly from the animal sources and contain often predominantly saturated fatty acids
(Gunstone, 1267. Hilditch, 1964; Cornelius, 1980). Generally, oils and fats are found
mainly in fruit-coats, seeds, nuts and to a lesser extent in leaves, barks and roots of plants;
in the animal kingdom they are found in the adipose tissues such as the heart, kidney, lungs,
liver and other subcutaneous layers (Dollear, 1978; Reid, 1978; Fasina, 1983). However,
.the concern in this research is with the vegetable oils, therefore, emphasis is laid in this
direction. Consequently, Appendix B shows the fatty acid composition of some vegetable

oils (Fasman, 1975).

Appendix B indicates that triglycerides are composed of both saturated and unsaturated
fatty acids in varying propo:.ions which can be further grouped as follows
Lauric/myrisiic acid groups

These are Crz and Ci4 saturated fatty acids respectively which occur mainly in coconut,
palm kernel oils and other nut oils (Hilditch, 1964; Fasina, 1983).

Palmitic acid group

This is a Cys saturated fatty acid which is present in practically every. fat/oil examined to
date (Hilditch, 1964). The chief sources include the vegetable fats/oils of Chinese tallow

(60 - 70%), palm oil (40%), cotton seed oil (22 -28%) (Gunstone, 1967, Paquart, 1979).



Stearic acid group
This is @ Ciy saturated fatty acid which occurs in most vegetable fats/oils but only a major
component in only few (Paquart, 1979). Two principal grades available are the commercial

or pressed acid and the distilled or solvent recrystallised acid (Cornelius, 1980).

On the other hand, the unsaturated fatty acid groups of vegetable origin include the Cyq
aliphatic acids such as oleic, linoleic, linolenic having one, two and three double bonds in
that order, and their derivatives (Hilditch, 1964; Appendix B). In this regard, these acids

have been convenicently grouped into three (Syed, 1976).

i) Those containing only one unsaturated centre such as oleic acid, its isomers and its
derivatives (Mohammad et. al., 1977, Simpson, 1977, Gupta, 1985), Such
derivatives include ricinoleic acid, a 12-hydroxy octadec-cis-9-enoic acid which is
the main acid of castor oil (Naughton, 1974). The hydroxy group on the chain
makes the acid to have low solubility in petroleum ether and increase solubility in
alcohol and organic polar solvents (Terill et. al., 1975).

i) Non-conjugéted poly unsaturated acids; these occur in both plants and animals as
well as in microorganisms (Hilditch, 1964; Gunstone, 1967) However, in plants
they are restricted to the ¢i1s members (Fasman, 1992), usually the unsaturation is
interrupted by methylene groups (Skipski, 1969). Some prominenlt members include
linoleic, linolenic acids and their derivatives (Rm'e, 1976, Robertson et. al., 1979;
Morgan, 1982). These acids are usually characterised by high iodine values and are
therefore high drying properties (Naughton, 1974; Kor, et. al., 1980).

~. / ;;l}.\\
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iii)  Conjugated poly unsaturated acids; these are the C\y poly unsaturated fatty acids
most of plant sources, of which some contain additional oxygenated tunctions
(hydroxy and keto compounas) attached to carbon adjacent to the unsaturatcd
system (Hilditch, 1964). Furthermore, the conjugated systems contain mainly two
or three unsaturated centres which start at carbon 2, 8, 9, 10, or 12 with the olefinic
groups both in cis and trans configuration (Fasman, 1992). However, the interest
here is on Cyy unsaturated tatty acids of oleic, linoleic, linolenic and ricinoleic. In
addition, brief discussion on the other classes of lipids would be made to bring out

the structural differences between them (Baum, 1970).

1.2 Waxes

| Waxes as classified here are esters of aliphatic acids with long chain monohydric a.lcohéls,
other than glycerol (Baum, 1970; Thorstensen, 1993). The acids and alcohols normally
found in waxes have chains of the order of 12 to 34 carbon atoms in length (Simpson,
1977) and are easily-melted sotids found in both plant and animal matter usually as
protective coatings (Baum, 1970). Examples include bees wax, wool wax, carnauba wax,
to mention a few. |

Cxﬂsl(i’i)03uﬂsl myricyl cerotate (plant wax)
D

Cu[“[n&Cw[‘l{.[ myricyl palmitate (bees wax) '
(in

CISH3I£0CI6H33 cetyl palmitate (animal wax)
(17



1.3 Phosphoglycerides
The term phosphoglyceride is used to describe all derivatives of glycerophosphoric acid

containing at least O-acyl or related group (Kates, 1970; Khor, 1980).

THLOH
HOH glveerophosphoric acid
11,0PO:l,
(1V)
This group of lipids occurs widely in both plants and animals and usually the two fiee
glycerol OH groups are acylated by long-chain fatty acids (Britchard, 1975). Furthermore,
the phosphoric acid moiety is usually attached to some o{her compounds such as amino

alcohol or inositol (VIII) (Gunstone , 1967).

Based on the above, they are identified as phosphotidic acids (V), phosphatidyl glycerols
(VI), phosphatidic esters (VII) and phosphatidic inositide (VIII). Details have been
documented

(Gunstone, 1967; Skipski, 1969, Kates, 1970, Baum, 1970, Fasman, 1992).

RCOOCH,
RC H
V)
H,O P-OH
H

RCOOCH; Hx("OH

RCOOCH HCOH (V1)

H;0 EO H;
i1



RCOQCH;
RCOQCH (VID) Z = -CH,CH,N'Me;OH (3-phosphatidy! choline)
= -CH,CH;NH,; (Ethanolamine)
H;0 y4 = «CH;CH(CO>H)NH; (serine)
H
RCOOCH,
RCOOCH H H (VIII)
H,0
H
- R’Q S OR®
OH
IfR* =R’ = H ————  Inositol-1-phosphate
R' = PO3H;, R® = H ——— Inositol-1,4-diphosphate

R

R’ = POH, ——, Inositoll4,5-triphosphate

1.4  Glycogiycerides
These are present in plants and some microorganisms and are essentially diglycerides
attached through primary hydroxyl group io a range of carbohydrate units (Baum, 1970,
Khor, 1980)

RCOOCH;

RCOOCH where Z- = galactose, glucose, etc
H,0Z |
(IX)
1.5  Sphingolipids
In contrast to the waxes, glycerides, and phosphbglyceﬁdes, in wh1;(:h fatty acids are
combined as esters, the sphingolipids are amides of fatty acids with long chain bases such as
sping-4-emine (sphingosine, (X), } in which the OH group is esterified with glucose or

galactose (Finar, 1967).



(‘H_;(Cll;)u(fH*CHé.‘ll "HCH,OH - (X)

H NH,

1.6 Phosphosphingolipids (sphinge myelins)

They are present in braih and nervous tissues alongside cerebrosides and phosphoglyceride

(sections 1.3 and 1.5). They are structurally represented as shown below (Baum, 1970)

CHi(CH;),, CH=CH CH, O——E OCH,CH,N Mes  (X1)
H NHCOR O

In summary, lipids can be grouped broadly into three main classes:

1. Simple lipids which include fats and oils and waxes

z Compound lipids which comprise phosphosphingolipids and glycosphingolipids

. Derived lipids which include the sterols and the steroids family (Gunstone, 1967)

1.7 Uses of vegetable oils

Vegetable oils, like most animal oils and fats have found useful applications in the industry
and commerce and as edible oils in several food preparations (Ekpenyong, 1989)
Industrially, they are uwed for example in foams, paint and other surface coatings,
lubrications, adhesives, plasticizers, textile dyes, pharmaceutical and cosmetic formulations

and many others (Terill et. al,, 1975, Burgess, 1994).

1.8  Objectives of the present research
1. To obtain or extract oils from palm and castor seeds, such oils as palm oil, palm

kernel oil and castor oil

=)

To determine the physical and chemical characteristics of the oils after vacuum

filtration
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To purify the oils by alkaline refining and earth bleaching
To produce mixed “atty acids through hydrolysis of the refined oils.
To isolate/separate the unsaturated fatty acids from the mixed fatty acids.
To synthesise fatty acid dimers from the unsaturated fatty aﬁids obtained in {5)
above
To synthesise fatty acid polyamides from the dimer acids obtained in (6) above
To characterise_the polyamides prepared in (7)
To attempt formalation of surface coating (lacquer) using the polyamides and any

other.



CHAPTER TWO
2.0 LITERATURE SURVLY
Onc of the fundamental issucs of development is economic development which according
to Meier (1976), is a process of cumulative change that results from positive forces that
raise productivity (Edozium, 1979). Accordingly, one of the development forces in
economic theory of production is availability/distribution of scarce raw materials for the
manufacturing industry (Wells, 1970). Generally, industrial raw materials whether organic

or inorganic have been grouped into the followiqg classes (Wells, 1970, Scott, 1985):

a) Agricultural sources
b) Fossil sources
c) Inorganic sources

Brief mention will be made of each class.

2.1 Agricultural sources of industrial raw materials
These are animal and vegetable (plant) matter, products and by-products such as meat,
hides/skins, milk from the animal matter and wool, gums, resins, tannins, fats/oils from

vegcetable matter to mention a few (Tedder et.al., 1975; Mohammad, 1981).

2.2 Fossil sources of industrial raw materials

Fossils are the dead bodies of animals and plants that have been buried in the desert or

frozen ice or covered by and or mud in ponds or at the bottom of the seéi (Hatctu et. al,,

1977). Various chemical reactions take place for several years leading to the formation of
| petroleum, associated gas and coal from which various chemicals and petrochemicals are |

obtained to feed other industries (NNPC Pub, 1995). Details have been described in Etete,

1995 and NNPC Pub, 1995).

10



2.3 Inorganic sources of industrial raw materials

These are the mineral elements and their compounds obtained fiom the earth crust. They
also the gases from the atmosphere (Parker, 1978). The include, iron, copper, tin,
columbite, aluminum to mention a few while from the atmosphere such gases as CO., O,,

N, are obtained (Hill, 1992 ).

Generally, the agricultural and the fossil sources of raw materials provide the bulk of raw
materials for the process and manufacturing industries (Chang, 1975, Mounts et. al | 1978)

Thus the focus of this research on vegetable oils is justified.

2.4 World production of vegetable oils

Vegetable oils have traditionally been products of southern climates and have contributed
immensely to the growth of the economies of many developing nations (Southerland et. al.,
1986). While olive oil remains a factor in the agricultural economies of Greece, Spain and
Italy &S palm oil and castor oil in the domestic and export economies of West Affica,

Malaysia, Brazil and India (Terill, et. al., 1975, Oil palm news, Market Review, 1980).

{

Details have been documented (Sparnaw, 1980 and Appendices C and D). 4 6 9 9
r-——

2.5 The Oil-palm (Elaeis guineansis) 654 C

This tree was first grown in West Africa and is now one of the World’s n‘lain sources of 9‘_\_0
edible and soap-making oils, yielding more oil per year than any oil-bearing plants

(Sparnaaij, 1980). The oil-palm produces two types of oils namely, palm oil from the outer
mesocarp of the fruit and palm kernel oil from the inner hard nut (Khan et. ai, 1972; Khor

et. al,, 1980). Details of its morphology, cultivation, varicties and uses have been described

—_——

~ LisA
(Purseglore, 1972, Comelius, 1975, Birkill, 1985, Appendix C and Fig. 2.1). '/:.. Y ‘o
& W
&
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2.6 The Castor (Ricinus communis)
Castor oil, from the seed of the castor bean plant is widely distributed in tropical and semi-
tropical countries (Morgan, 1952, Appendix D). Essentially the castor plant is a native of

India (Naughton, 1974)

The oil obtained from the seeds cither by expression or solvent extraction has been known
since antiquity and was used by the Egyptians as a constituent of embalming fluid
(Ramannamuthy, 1975). Earlier, in Mesopotamia (in present day Iraq), the Sumenans of Ui
used the oil along with palm oil to produce a crude soap by boiling with alkali (Terill et al |
1975). Although, most widely known for its medicinal properties, such use accounts for
only a minute fraction of the total (Naughton, 1974). It has long been known as an article
of commerce and its industrial uses are many and varied, including protective coatings,
greases, fatliquors, soaps, to mention a few (Mraz et. al., 1972, Fram, 1972, Mohammad,

1981)

Castor oil 1s one of the few naturally occurring glycerides that approaches being a pure

compound as the fatty acid portion is about 90% ricinoleic acid with the chemical structure
CH(CH,)s ‘bl ICH,CH-CH(CH,);COOH
H

The oil is readily distinguishable from other oils by its high specific gravity, viscosity and
acetyl value (Appendix F, Deokar, 1977). In fact the presence of -OH group on the main
fatty acid, the double bon1 and -COOH group are the functional groups responsible for the
large number of reactions of industrial importance (Fig. 2.2, Naughton, 1974). Dehydration

occurs at the -OH group by the removal of the OH-group and an adjacent hydrogen atom at
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C-11 or C-13 in the ricinoleic portion of the triglyceride (Bennett, 1955, Morgan, 1982).

The reaction is represented as

CH3(CH;)s CHCH,CH=CH{CH,);COQH 250 - 300°C
H H350y, catalyst

CH;3(CH,)sHC=CHCH,CH=CH(CH,),COOH
9,12-octadedienoic acid(C-13 removed) (Non-conjugated preduct
+

CHy(CH,)sCH=CHCH=CH(CH,);COOH
9,1 l«octadecadicnoic acid (C-11 removed) (Conjugated product)

Dehydrated castor oil is excellent for protective coatings. It has been observed that the
catalytic dehydration of ricinoleic acid results in a side reaction in which the OH-groups
react with -COOH groups to torm estofides or polyricinolesies (Naughtdn, 1974; Burgess,
1994) represented as;

CH;(CH,)s CHCH,CH=CH(CH:);COOH
OfH

HO OC(CH,);CH=CHCH,CH( CH>);CH,

C{CHg);CH=CH-

- X H,0 - e (2:0)

v
CH3(CH;)s CHCH, CH=CH(CH,);COOH

(z(CHz)r CH=CH CH; CH(CH;):CH;
0 (CHz); CH=CH CH; CH(CHz)s---
H

Other important reactions are outlined in Fig. 2.2 above.

World production of castor beans js shown in Appendix D.
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2.7  Extraction of oils

The scparation of oils and fats from oil-bearing animais and vegetable materials constitutes
a distinct and specialised branch of fat technology (Hubbacd et. al., 1977). The widely
differing characteristics of fatty materials from diverse sources have given rise to the
extraction processes such as rendering, pressing and solvent extraction (Swem et. al.,
1964). All extraction processes, however, have certain objects in common which include,
obtaining the oil uninjured and free as much as possible from undesirable impurities;
secondly to obtain the oif in high yield consistent with the process economies and thirdly, to

produce an oil cake or residue of the greatest possible value (Hamilton et. al., 1980),

Vegetable materials, unlike animal materials, contain a large proportion of solid materials
associated with the oil. Therefore, careful reduction of the material followed by heat
treatment and application of heavy pressure is required to obtain an efficient separation of
the oil from the solids (Swern et. al., 1964). Even after the most efficient pressing, an il
cake will retain an appreciable amount of absorbed oil, usually amounting to 2.5 to 5% by
weight. However, low oil-bearing secds may contain about 15 to 20% oil in the cake

(Hubbard et. al., 1977).

For the processing of low-oil sceds, solvent extraction is particularly valuable since it will
reduce residual oil in the extracted seeds to less than 1% (Morgan, 1982). The chief
disadvantages of solvent extraction are the high cost of the equipment, integration of some
oil seeds under the influence of the solvent which consequently becomes difficult to handle
and the Rigks of fire and ~xplosion from volatile solvent among (:lh{é?s (Swermn et. al., 1964,

Robert, 1974). However, solvent extraction remains the efficient method for recovery of ol

\_\/
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from any oil-bearing materials in terms of yield and other qualitics (Hamilton ct. al., 980;
Hill, 1992). Some common solvents used are n-hexane, petroleum ether, chilorinated

hydrocarbons, to mention a few (Hubbard et. al., 1977),

Oils, whether obtained by mechanical expression or solvent extraction, the oil-bearing seed
is cleancd and freed as completely as possible from foreign matter and other seeds by
screening and winowing as the case may be before subjecting to the following operations;
crushing, heating, pressing, expelling or solvent extraction (Swern ct. al., 1964). Details

have been described (Swer. et. al., 1964; Hamilton et. al, 1980; Morgan, 1982).

2.8  Turification of vegetable oils

Crude fats and oils produced by rendering, expression or solvent extraction contain variable
amounts of non-glyceride impurities (Swern et. al., 1964). The impurities in high-grade
animal fats and some vegetable oils such as coconut and palm keinel oils consist principally
of free fatty acids which can easily undergo both oxidative and hydrolytic rancidity, giving
off-flavours, thus making the oils to have poor keeping qualities (Carter et. al., 1975,

Pritchard, 1975).

Triglyceride heat _, Glycerol + Free fatty acids (FFA)
(Hydrolvsis)
CH,OHCHOHCH,OH __ beat , CH,=CHCHO ... (2-1)
glycerol Acrolein
-CH=CH- + 0, > E,H ﬁH
..... (2-2)
Peroxide
-CH=CH- +2H;0y — * -CH- IEH— +Hy, —* —HVH + HO
.(2-3)
H Epoxide
Hydroperoxide
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Equation (2-1) gives rise to hydrolvtic rancidity while equations (2-2) and (2-3) give rise to
oxidative rancidity. The off-flavours are due largely to the aldehydes formed (equation 2-1)
as well as short chain saturated carboxylic acids, hydroperoxides (equation 2-3) while the

foaming in an oil is due to hydrolytic rancidity (equation 2-1) (Pritchard, 1975)

Most of the impurities are objectionable because tl_ley render the oil dark-coloured, cause it
to foam or smoke or are precipitated when the oil is heated in subsequent processing
operations (Selke et. al., 1977). According to Jamieson and Baughman, 1926, the following
impurities are in most oils/fats; raffinose, pentosans, resins, proteoses, peptones,
phosphates, inosites, chlorophyll, phytosterols, phosphotide, xanthophyll,.mucilugeneous
substances and free fatty acids among others (Kates, 1970). However, not all impurities in
oils are undesirable. For instance, the sterols are colourless and heat stable and inert while
the tocopherols protect the oil against oxidation (Burgess, 1970; Bastic, 1977). Therefore
the object of purification (refining) is to remove the objectionable impurities in the oil with
the least possible damage to the glycerides and the tocopherols and other desirable
impurities with the least possible loss of o1l (Moijboom et. al., 1979, Warner 19?8). In
refining, both physical and chemical methods have been employed. .The physical methods
include filtration, degumming, deodorisation and bleaching, which remove one tgpe of
imputity or the other while the chemical method is the alkaline refining (Swemn et. al., 1964
Morgan, 1980). However, both physical and chemical methods are used tbgether to obtain
the desired result. In a nutshell, the stages involved are shown below and described in

details in Swern et. al., 1964.
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Fig. 2.3 Crude oil refining stages

Crude oil storage

Impurities removed

‘

Degumming

Gums, resins, phosphates,
mucilageneous substances

Neutralisation

Free fatty acids, pigments,
carbohydrates, proteins, sterols

-
Water washing

L

Soap stocks

Drying Moisture, volatile matter
l Bleaching Pigments, chlorophyll, xanthrophyll
|
Filtration Spent bleaching other impurities

I

Bieached storage

i o
Deodorisation

|

Pigments, free fatty acids,
sphingolipids and other bases

v
Polishing

|
!

Cooling

!

Edible storage

Source: Halmilton et. al., 1980.
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One main physical method of refining is bleaching, especially carth-bleaching. This is an
adsorption process specifically physorption on certain surfaces (Swem ¢t. al., 1964,
Morgan, 1982). The most important adsorbents used in the blea_ching of fats and oils are
bleachning earhts or clays; one of which is the Fullers’ earth (Benett, 1955; Swern €t. al.,
1964). It comprises varﬁous earthgor clays consisting basically of hydrated aluminum
silicate which has suitable surfaces of appropriate energies for the adsorption of pigments
either disolved in the oil of present as colloidal dispersed particles (Swemn et. al., 1964,
Carter et. al., 1975).

\
Besides the clays, another adsorbent used to some extent on fats/oils is activated carbon.
I—Iéwever, because of its relatively high cost and high oil retention, it is Tarely used alone
(Carter et. al,, 1975). Most refiners use mixiure of clay and activated carbon in the ratio 20
1 in that order which is mor« effective than bleaching clay alone (Swern et. al., 1964)
Activtaed carbon is very cffective in removing “brown” caused by tracas of mineral il in
vegatable oils. The mineral oil may increase the apparent red colour of an oil cqnsiderably.
Activated carbon is also an adsorbent for traces of soap in alkalin; refined oil (Hamilton et.
al., 1980).
The amount of adsorbent required for any bleaching operation depends on the nature of
adsorbent, its activity, that is its efficiency, the variety of ail and the colour of the oil, and
{he colour requirements of the end-users (Hamilton et. al., 1980). For instance, palm oil is
intensely coloured deep-orange-red due to its high carotenoid pigments which are readily

adsorbed (Pritchard, 1975). Therefore, for palm oil and other highly coloured oils, about
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10% of the adsorbent is normally used while for other less coloured oils, about 3-5% are
used, percentages are based on the weight of the oil (Swern et. al., 1964; Hamilton et. al.,

1980).

Generally, for earth bleaching, bleaching times of about 30-60 minutes and temperatures of
80-90°C have been employed to effect colour removal at minimal refining losses (Cocks et.
al., 1973). Earth bleaching generally removes phosphates and other mucilagenous material

referred to as “gums”, “slimes”. ¢ + € {Swemn et. al., 1964).

Chemically, atkaline refining involves the use of alkalis to react with the free fatty acids in
the oil ordinarily called “neutralisaticn” (Fig 2.3). This effects the complete removal of free
fatty acids which are converted into oil-insoluble soaps (Hamilton et. al., 1980).

RCOOH + NaOH —— RCOONa + H;0 voernn(2-4)
free fatty acids alkali $0ap

Other acidic substances likewise combine with the alkali and there is complete removal of
impurities from the ail by adsorption on the soap formed. Furthermore, alt substances

which become insoluble upon hydration are also removed (Ekpa et. al., 1996). -

The alkali employed mostly is caustic soda because it is more effective in its decolourising
action than weaker alkalis such as soda ash, sodium bicarbonate and ethafiolamine (Epka et.
él,, 1996). However, caustic soda has the disadvantage of saponifying a small proportion of
the neutral oil in addition to the reaction with free fatty acids, leading to higher refining
losses (Cocks et. al., 1973). Qils, particularly those intended for use in paints are sometimes

“acid refined” by treatment with strong acids such as H,SQ,. Acid refining does not reduce
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the free fatty acids, but chars and precipitates pl‘msphatides and similar impurities (Thorpe,
1975). Cc;nscquently, for the purpose of this research, alkaline refining is employed using
caustic soda of appropriate lyes to minimise refining losses and to aveid sulphation/
sulphon ation reactions if HySQy is used (Swem et. al., 1964). However, the selection of |
appropnate strength of lye for refining is based on the % free fatty acids (Swern et. al.,

1964; Cocks et. al., [973).

The strengths of the lye solutions have been measured in terms of their specific gravity

expressed in degrees Baume as shown in Appendix E. Ordinarily, the refiner uses the lye

containing a sufficient amount of NaOH to produce the colour desired in the oil a.nd the
“strength of lye which will produce the lowest refining loss with the desired colour (Cocks

et. al., 1973).

2.9  Physical characterisation of vegetable oils

Physical constants of oils have been employed in the quality analysis and identification of
individual oils, amongst which are colour, specific gravity, refractive index, viscosity, slip
point, flash point among others (Cocks et. al., 1973). However, specific gravity, refractive
index and relative viscosity are discussed below:

2,9.1 Specific gravity

This is the ratio of the weight of a specified volume of il relative to the weight of an equal
volume of water at the same temperature (Morgan, 1982}, using a graviiy bottle and given

by the formula below;

W, - W
Specific gravity = _-IT:/——W& .......... (2-5)
1

a

W, = weight of empty, dry gravity bottle
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W, = weight of bottle lilled with water

W, = weight of botte filled with oil | '
2.9.2 Relvactive index
The refractive index of an oil or fat is the ratio of the sine of an angle of incidence to the
s;ine of the angle of refraction when a ray of wavelength of $89.3 mp (the mean of D lines
of sodium) passes from air into the oil and is represented as )y, where t = ll;ll'lpcl'illl-ll'c
(Cornelius, [975). Thus a reliactive index is a function of temperatuce and (or vegelable
oils, refractive index increases with unsaturation and decreascs with the IllOlc;JUlal‘ weiglit

of the fatty acids (Cocks et. al., 1973).

2.9.3 Viscosity of oils
All liquids flow when a force is applied, lowever, some liquids flow more readily than
others, for instance, thin limpid liquids like water or white spirit are sad to posscss a low

viscosity whilst high viscosity is a characteristic of stand (polymerised ) oifs (Moigan,

1982). Hence, viscosity can be simply defined as the resistance o flow,

Generally water 11a§ been used as the standard as it has a viscosily of 0.01005 poise or
1,005 centipoises (unit named afler Poiseuit) at 20°C (Gallagher et. al., 1977). Howcever, in
common use is the relative viscosity, which bas no unit- as described in Bodor, 1991, There
are four methods in use for the measurement of viscosity of oils by which they can be
compared either directly or indirectly with distilled water; these apparatuses/methods
include; Ostwald (U-tube) viscometer, falling sphere viscometer, bubble tube and efflux
(Ubbelohde) viscometer (Fig. 3.1). Amongst these, the Ubbelohde viscometer is the most

employed (Collins et. al., 1973). The etflux viscometer measurcs the relutive viscosity wlich
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is a ratio of the viscosity of the solution to that of solvent and is related to their efflux times

by the expression below(Collins et. al., 1973);

R (2-6)
U8 f,

Nz = viscosity of solution

m = viscosity of solvent

t; = efflux time of solution

efMux time of solvent

ty

The above expression is valid for laminar flow of newtonian fluid if measurements are made
at the same temperature (Bodor, 1991) assuming that the densities of the two liquids are

practically equal (Collins et. al., 1973).

2.10 Chemical characteristics of vegetable oils

2.10.3 Acid value

This measures the [ree fatty acids content of oils and fats (Pritchard, 1975). The acid value
of an oil or fat is defined as the aumber of milligrams (mg) of potassiur; hydroxide required
to neutralise 1 g of the oil/fat (Cocks et. al., 1973, Koslowky, 1975). The Dutch Standard
(1961) specifies a solvent mixture of two parts benzene and one part ethanol and a 0.1 M
ethanolic KOH and 3 g of oil/fat in the determination (Cocks et. al., 1973).

In commercial and industrial practice, the acid value of an oil/fat is a quality control

parameter (Pritchard, 1975), which measures the degree of hydrclytic rancidity in the

24




oil/fat, Usually this value is expressed in percentage lree falty acid (section 3.3 1) based on

oleic acid (Cocks et al., 1973).

2.10.2 Saponilication value

The saponilication value of an oil/fat denotes the weight of potassium hydroxide expressed
_in milligrams required to saponifiy completely the free and conibined (esters, lactones)atty
acids in 1 g of oil/tat (Cocks et. al., 1973). The saponiﬁcalion value relates wadirectly to the

molecular weight of the fact or oil (Pritchard, 1975).

2.10.3 lodine value

This is a measure of the level of unsaturation in an oil or fat and is the numbcer of halogen
expressed in terms of iodine which combines with 100 g of oil or fat under the conditions of
the determination at 20°C (Koslowsky, 1975). The determination of olefinic unsaturation
was devcloped primarily for the analysis of animal and vegetable fats and oils which are
expressed by iodine number or bromine number (Koslowsky, 1975).

Several methods have been developed for the measurement of olefinic unsaturation in
oils/fats, however, thic Hanus and Wjis methods are the most cmployed (1ilditeh, 1904),
The Hanus method employs iodine monobromide and chloroform as the mailn reageil and
solvent respectively while the Wjis method utilizes iodinetrichloride and carbon
tetrachloride as the principal reagent and solvent in that order. llowcver,. both methods use
sodium thiosulphate solution as the titrant (Vogel, 1971).

Gencrally, the principle of iodine value determination is that the Manus or Wjis rcagents

generate sufficient iodine to react with the double bonds of the oil and the excess of this
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iodine is back titrated with sodium thiosulphaic solution as shown below (Vogel, 1971;
Bastic, 1977; Appendix F).

-CH=Cli- + 41 —— -ﬁi--l—QH— + 1
1
Iz + 2N32820; _ NazS4O{, + ZNﬂl

2.11  Hydrolysis of oils and Tats

Much have been reported on the hydrolysis of fats and oils into fatty acids and glycerol
{equation 1-1 ,E}?enyong, 1989). Some of of the methods discussed range from steam
treatment Lo catalytic stripping, acid and alkaline hydrolysis (Hubbard, 1977). Furthermore,
a number of reported studies have identified such catalysts as paratoluene sulphonic acid in
methanol; Pd/ALQ;,; PdCly/alkali chlorides; SnCly/NaClYCH:COOH; to mention a few
(Ekpenyong, 1989). Details of stripping of vegetable oils/fats have been described in
Thorpe, 1975; Pritchard, 1975; List et. al., 1978). However, alkaline hydrolysis 1s discussed

in details beiow.

2.11.1 Alkaline saponiflication: preparation of water-insoluble fatty acids

Alkaline hydrolysis is essentially saponification where an oil or fat is treated with a solution
of a base or alkali in the preparation of soaps (section 2.10.2). The soaps of the individual
oils or fats are preparcd from their saponification values and subsequently acidulated with
concentrated hydrochloric acid to give the fatty acids (Cocks et. al., 1973, Olayiwola,

1994),
RCOOCH; ) H,OH

RCOOCH + 3NaOH —— 3RCOONa HOH
(base or alkali) (soap) i

RCOOCH; H,OH

(fat/oil) ’ glycerol
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cyclization and esterification at the double bonds (Paulose et. al., 1978). Thus, xﬁnlécular
distillation is employed in the isolation of some highly unsaturated fatty acids 2nd is
particularly valuable in polymer studies to separate monomeric, dimeric and polymeric
materials (Sclke et. al., 1977). |

2.12.2 Crystallisation

Crystallisation is another classical procedure used to separate fatty acids. In general,
solubility decreases with increasing chain length and increases with increasing unsaturation
(Hilditch, 1964). Furthermore, solubility is affected by the position of double bonds and by
their configuration, trans-acids are less soluble than cis-isomers and those with conjugated
unsaturation are less soluble than their isomers with non-conjugated unsaturation (Hilditch,
1964). Most unsaturated acids are liquids or low-melting solids with high solubility in most
solvents at ordinary temperatures which makes it easy for them to be separated by
crystallisation at subnormal temperatures or after conversion to some less soluble derivative
from which the unsaturated acids are easily generated (Hilditch, 1964; Gunstone, 1967)

These treatments include: .

i) Crystallisation of lead salts

This provides a satisfactory method of separating saturated and uﬁsamréted acids when
only Cys and C;5 members are present (Simpson, 1975). In one standard procedure, a
mixture of fatty acids and 'ead acetate is crystallized from 95% ethanol containing a litile
acetic acid (1.5%), the crystalline lead salts are almost solely saturated a;ld the mother
liquor consists almost §olely of salts of unsaturated acids, both of which can be regenerated
from the salts by reacting with mineral acids (Simpson et. al., 1977). A reasonable amount

of each group of acids is separated in this way.
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u) Crystallisation of lithium salis

When mixtures of fatty acids and lithium hydroxide in 95% acetone are crystallised, the
salts of saturated and monoethenoid acids separate and the salts of polyethenoid acids
remain in solution (Hilditch, 1964; Gunstone, 1967). This method is used mainly to
separate highly unsaturated oils such as fish oils rich in poly-unsaturated acids (Ackman,

1974).

jii) Low temperature crystallisation

This method was develaped by 1.B. Brown in 1935 and has been used since then in
laboratories and industries (Hilditch, 1964). The method employed temperatures as low as
-70°C which makes it possible 1o crystallise very soluble acids which niéy be liquid at room
temperature (Hilditch, 1964; Simpson et. al, 1577). This method has several advantages
because it is a non-chemical procedure, effected at low temperatures, which can be appliéd
safely to the highly unsaturated acids which oxidize and polymerise so easil).( (Simpson et.
al., 1977). In addition, given a suitable refrigerant such as solid carbon dioxide, the
procedure is simple, direct and readily adaptable, for by suitable modification of solvent and
temperature, any number of fractions can be collected, especially as saturated,

monoethencid and ployethenotd acids (Hilditch, 1964; Gunstone, 1967).

However, the efficiency of separation is subject to three limiting factors and separation is

not always complete, as dissolved acids act as excellent solvents for thos; which should
crystallise, cooled solutions come to equilibrium very slowly and must be held at the

crystallising temperature for several hours, complete separation of mother liquor from

crystals is incomplete even after thorough washing with cold solvent (Gunstone, 1967).
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This method has been widely employed and is still used in industry with such solvents as
methenol, ether, petroleum ether and acetone, usually at a dilution of 10 cm” »f solvent per
gram of acids. Separation of saturated and monoethenoid acids from one another and from
polyethenoid acids is good, separation of polythenoid acids from one another is less

satisfactory (Hilditch, 1964; Gunstone, 1967).

2.12.3 Urea fractionation

Pure urea normally crystallizes in tetragonal form, but in the presence of certain aliphatic
compounds, it forms hexagonal prisms containing some of the aliphatic
compounds(Simpson et. al., 1975) These crystals are built up from urea as six molecules
forming a unit cell of 11.1 A° long and 8.2 A” in diameter and contain a channel in which an
aliphatic molecule may be found so long as it fulfils certain dimensional qualifications, it
must not be too short or it will not be held within the channel, and it must not be too wide
if it is to fit into the free space, variously estimated at between 4.0 and 6 A” (Simpson et.
al., 1977). Many straight chain fatty acids and their derivatives satisfy these conditions and
thus readily form complexes or inclusion compounds with urea (Gunstone, 1967, Simpson

et. al., 1977).

Accordingly, saturated fatty acids form soluble complexes more readily than the
unsaturated acids and oleic acid enters into these inclusion compounds more readily than do
the poly unsaturated acids (Gunstone, 1967). In practice, mixed fatty a(;":ds or esters are
dissolved in methanol and treated with varying amounts of urea and subsequently cooled to
room temperature or below. However, the amount of urea consumed is three times the
weight of the farty acids treated (Hilditch, 1964). The complexes formed are readily

decomposed on addition of warm water to regenerate the fatty acids. Thus by this method,
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separation of saturated fatty acids, followed by monoethenoid acids and lastly polyethenoid
acids are achieved in that order, just as in the case of low-temperature crystallisation of
fatty acids or their lead and lithium salts (Hilditch, 1964, Gunstone, 1967, Simpson et. al.,
1977).

2.12.4 Chromatographic methods

The most important advances in separation procédure are concerned ﬁrith chromatographic
methods which can be classified according to whether adsorption or partition is the major
factor in separation; whether separation is effected in a columnn, thin film or layer or on the
adsorbents and solvents used (Stahl, 1990). Most of those procedures extensively used to
separate faity acids and their simple derivatives include partition chromatography on
columns, paper chromatography, thin layer chromatography, gas liquid chromatography

which have been described (Pecsok et. al., 1976; Meiboom et. al., 1979, Stahl, 1990).

Having mentioned the various methods of separating individual fatty acids either pure or as
their derivatives, the determination of their chemical nature, that is knowing the number

and position of functional groups becomes expedient,

2.13 Methods of structure determination

Before a fatty acid of unknown structure can be identified, it must be isolated in pure siate
or at least in highly concentrated form, by one or other of methods jus.t dpscribed above
(Stahl, 1990). Gas liquid chromatography will almost certainly be used ir; conjunction with
other isolation procedures and the carbon number one or more stationary phases will
provide useful structural in®ormation. It may be possible to discover the chain length, the

extent of unsaturation, the relative position of double bonds and the bresence and nature of

additional functional groups, but new fatty acids cannot usually be identified by gas liquid
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chromatography alone. Other physical and chemical evidence is required {Jack et. al., 1975,

Kemp, 1991),

In comimon with other groups of natural products, physical methods of'structural
identification have become increasingly important, as chemical investigations are relatively
becoming less important (Pecsok et. al., 1976; Raie, 1976). These physical methods
include: infra-red spectroscopy, nuclear magnetic resonance spectroscopy, X-ray
crystallography, mass specstroscopy, ultra-violet spectroscopy among others (Kemp,
1991). Some of these are described below especially those that are concerned with fatty

acids.

2.13.1 Infra-red spectt oscopy

Infra-red spectroscopy is of particular value in the recognition of usual functional groups
and in the study of fatty acids with trans double bonds (Hamilton et. al., 1980). This
method has been used to recognise certain functional groups in most oils containing usual
mixtures of saturated and unsaturated acids (Seyd, 1976). Such functional groups as O, -

COOH, NH,, CONH; et certra, absorption characteristics are shown in Appendices I and J.

Appendices I and J indicate absorption frequencies of some functional groups found in faity
acids and their derivatives. However these frequencies are not absolute as they are affected
by other parameters such as H-bonding, neighbouring groups, vibrational couplings,
molecular associations, comjugation of multiple bonds, and the solvents in which these
samples are dissolved (Richardson et. al., 1974). For instance, H-bonding and other

molecular association, conjugation tend to lower vibrational frequencies especially for
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alcohols, carboxylic acids and diene, triene conjugated acids in that order (Pecsok et. al.,

1976).

2.13.2 Nuclear magnetic resonance spectroscopy (NMR)

This is one of the most versatile methods of structural determination that distinguishes
hydrogen atoms in different environments, both qualitatively and quantitatively (Hamilton
et. al., 1980). For instance, the spectrum of methyl stearate (C;7HysCOQCH;) shows four
peaks corresponding to hydrogen nuclei in the end methyl group, the ester methyl group
and the methylene group adjacent 1o the carbonyl and all other methylene groups (Medsen,
1976). Further details are descnibed in Pecsok et. al., 1976; Robertson et. al., 1979, in
which other methods such as mass spectroscopy, electron spin resonance are discussed.
Furthermore, any method so chosen depends on the information required and the accuracy,
sensitivity and precision of the procedure for the determination (Selke et, al., 1977).

2.14 Cheinical reactions of fatty acids _

Fatty acids like their parent triglycerides undergo chemical reactions through their basic
functional groups; -COOH, -C=C- and OH groups where present (Naughton, 1974). The
products of these reactions have useful application in the industry fBurgess, 1994). One of
the very important reactions of fatty acids is polymerisation through the oleﬁnic double
bonds to form dimers, trimers, tetramers and 5o on depending on the reaction conditions

(Nelson et. al., 1975).
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2.14.1 Polymerisation (dimerisation) of fafty acids

The treatment of fatty acids or oils ¢specially the ones containing high degree of
unsaturation with a catalyst at 220°C gives dimer and trimer acids (Nelson et. al., 1975).
The catalysts usually employed are clay catalysts such as bentonite and BF; and certain
organo-metallic compounds (Pryme, 1975; Ault, 1975). o

The dimer acid is a cyclic dicarboxylic acid having a total of 36 carbon atoms if the reaction
1s with the C.¢ unsaturated fatty acids, while the trimer acid is a tricarboxylic acid having a

total of 54 carbon atoms (Peerman, [969; Terill et. al,, 1975).

Various theories and mechanisms have been put forward for the formation of these acids
among which are the following;

i) The acids my be formed by isomeﬁsalion of two double bonds i}‘l linoleic acid to a
conjugated system followed by a Diels-Alder addition to an isolated double bond of a
second fatty acid molecule to produce a tetra-substituted cyclohexene (dimer) (Cowan,

1962; Nelson et. al., 1975; Bellamy, 1974).

CH:;(CHZ).gCHxCHCHZCH=CH(CH2)7COOH

Isomcnsatlon

CHs(CH:)st iH(CHz)?COOH

(conjugated system)
1 Diels-Alder addition

CH.(CH,),CH~CHCH,CH=CH(CH,),COOH

H tH———Cy
CH,(CHy)s bﬁ(CH;),coon

CH3(CH.J; H_—-C\CHgCH%H(CHZﬁQOOH

dimer acid
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ii) These dimers can also be formed by union of two radicals to give non-cyclic dimer
(Cowan, 1962; Gunstone, 1967).
. R GHR'
RCHR® + RCHR —™ | .. (2-10)
R CHR/ :
i) They can also be formed by addition of a free radical to a double bond to give a dimeric
radical which stabilises itself by hydrogen abstraction from another molecule or by
disproportionation (Nelson et. al., 1975). Furthermore, intramolecular gvclization can
presumably occur by the operation of the second (ii) or third (iii) process (Gunstone, 1967,

Bellamy, 1974). : .

A _ ' J
RCHR' + RCH=CHR R{CHR

HR'

Other products + R
RCHCH:R  ........(2-11)

R’ = Part that conta.ns -COOH group

R = Hydrocarbon part of the fatty acid chain.
iv) The polar reaction in which such catalysts as BF; and HF héve Ibeen employed
(Kohlhase et. al., 1977). The reaction presumably proceeds via carbonium ion intermediate
to the products (equation 2-12, Gunstone, 1967). According to current theory, the
carbonium ion would probably undergo prototropic change so that the lin;kage in the (a)
part of the molecule below would not be restricted in C-9 and C-10 in the case of oleic rich

oil (Gunstone, 1967) as shown in equation (2-12) below.

-
L4 .
\\"‘}(
Ry
. 'T_,Ia
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RCH=CHR' __H' , RCHﬁmf - —— » RCH,CHR/

- /REH HE'
RCH,CHR (a) |
RCH=CR' (b)

In considering these reactions, one has to distingufsh those polymerisations which occur
through the agency of heat alone, those in which air is present and oxidation plays a
dominant role and those which occur under.the influence of radical or po}ar catalysts
(Gunstone, 1967). In addition, certain clays such as bentonite can also introduce the above
reactions (2-9) - (2-12) as it acts both as a dehydrogenating and isomerisation catalyst,

however, the exact mechanism has not been established (Gunstone, 1967; Pryme, 1975).

Generally, these reactions occur with increases in vis;cosity until a clear thick liquid is
formed (Cowan, 1962). This readily observable change is accomj:a.nied by a decrease in
iodine value and increases in density, reffactive index, average molecular weighf, and more
often, for poly unsaturated fatty acids reactions as in equation (2-9), there is an increase in
the content of conjugation (Ault, 1975; Turill et. al., 1975). Thus such parameters as iodine
value, viscosity, refractive index can be used to monitor these reéctions, since polymerised
fatty acids or oils are used in variety of applications such as surface coating formulations,

lubricants among others (Ricliardson et. al., 1974).
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2.15  Polymerisation mechanisms
There are basically three mechanisms through which polymers are synthesised. These
include the fol'lowing. polycondensation, addition polymerisation and co-ordination

polymerisation (Cowie, 1973, Billmeyer, 1984)

2.15.1 Condensation polymerisation

This became established by the works of the Carother brothers in 1929, in which polymers
are prepared by step-wise condensation reactions of monomers (Dyson, 1992, Hill, 1092)
The resulting molecular formula of the repeat unit of the polymer lacks certain atoms
present in the monomers from which it was formed (Dyson, 1992, Hill, 1992). For instance,
the formation of a polyester from a glycol and dicarboxylic acid and a polyamide formed
from a reaction ol a diamine and dicarboxylic acid are cases in point (Collins et. al , 1973).
However, there are certain condensation reactions in which no simple molecule is released,
for instance, the urethane reaction (Billmeyer, 1984).

sHOROI + xHOOCR COOH
glycol l dicarboxylic acid

H()—E—-U M——(E-H + (2x -1 ) H,0 (water) . .(2-13)

§

x Cl (b()'('l L) CCl f x NH(CH,)sNiH,
Sebacyl chloride hexamethylenediamine
(dicarboxylic acid derivative)

B
Cl4~———CH; )¢ -N—¢CH;)s H + (2x - 1)HCl .. .(2-14)

n
polyamide (Nylon 6,10)
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where x and n are integers. In the above two examples, water and HC! are eliminated tfrom
the reaction mixture, typically in polyamide and polyester formation (Bodor, 1991).

2.15.2 Addition polymerisation

In this mechanism, the loss of a small molecule does not take place. The most important
group of addition polymers are those derived from unsaturated vinyl monomers (Cowie,
1973). For instance, poly(ethylene), poly(vinyl) chloride and so on which are polymers

formed from different mechanisms fron polycondensation (Cowie, 1973).

The mechanisms of addition polymerisations include; free radical, ionic and co-ordination
polymerisation which have been discussed in details by Cowie, 1973, Collins et. al., 1973,
Rabeks, 1980, Billmeyer, 1984, Bodor, 1991. Furthermore, all the modes of polymerisation
mechanisms have different reaction kinetics, however, the stages of initiation, propagation
and termination are the san ¢ (Dyson, 1992). In this regard, kinetics of polycondensation is

discussed below for the concern of this research,

2.16 Kinetics of polycondensation
The kinetics of polycondensation reactions follow the same general scheme but differ
sharply from the kinetics of free radical polymerisation in which the propagation stage

proceeds by a chain reaction mechanism initiated by a single active radical or ion

(Billmeyer, 1984). The treatment of kinetics of polycondensation is the same as those of the
simpie condensation reactions of simple organic molecules (Cowie, 1973; Billmeyer, 1984).
Furthermore, a condensation becomes a polycondensation when the functionality (the

average number of functional groups per molecule of the reactants equals or exceeds two).

38



For instance, the functionality of the reaction of'a diacid/dimer and a diamine (equations 2-
13 and 2-14) 1s given by equation (2-15) (Cowie, 1973).
13(2) + 2 (2)

Functionality = — 7 =

2 05(2) + 052) 2
T -1

l

Where (0.5) represents the number of moles of reactants and (2) represents the functional
groups on the comers and (1) is the total number of moles (0.5 + 0.5) in the system

{Cowie, 1973). Therefore the functionality 1s 2.

The kinetics of polycondensation became established by the work ofCarother brothers in
whicli the concept of functional group reactivity is considered independent of the molecular
weight (Collins et. al,, 1973; Cowie, 1973). Thus the formation of polyesters, polyamides,
polyurethanes may be taken as examples. Accordingly, considering an A-A and B-B
systems for diacid and diamine respectively (equations 2-13; 2-14). where the two
polyfunctional monomers taking part in the reaction each possessing only one distiinct type

of functional groups, the model below is used (Cowie, 1973; Bodor, 1991).
A-A 4+ BB — AE&—B—%B + small molecules ......(2-16)

Let us consider the Carothers equation which relates the number average chain length (Xn)

(or the degrec of polymerisation (Dp)) to the extent of reaction (p). Let N, be the number
of molecules {functional groups) originally present in the system. Therefore considering an
A-B system, let N’ be the number of functional groups remaining after time t. The

difference N, -N' equals to the total number of functional groups that have reacted
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after time t (Cowie, 1973, Rabeks, 1980). Thus the extent of reaction (p) or percentage

conversion is given by

J\ . ;\. : g
p N and N No(1 - p) (2-17)
It then follows that
Xn(DP i ' 2-]
An(y) (2-18)
N (1-p)
L M, _
Similarly, Mn M, DP (2-19)
1-P '
where p Extent of reaction or percentage conversion
N, = Number of molecules (functional groups) originally present)
N number of molecules (functional groups remaiming after time t)

Xn(DP) — Degree of polymerisation or number average chain length
Mn — Number average molar mass

M, - Mass of repeatl unit

The reaction between a diacid and diamine or diol is catalysed by acids (Cowie, 1973). In
the absence of added strong acid, a second molecule of the acid acts as a catalyst (Cowie,
1973). Accordingly, in the non-catalysed system, the rate of condensation equals to the rate
of disappearance of carboxyl functional groups which can be monitored titrimetrically as a
function of time t (Cowie, 1973, Collins et. al., 1973). Hence a rate law 1s proposed as
follows,

d|COOH !

k[COOH]'[NH,] e (2-20)
dt
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k rale constant

Generally, stepwise polymerisation typically involves equilibrium reaction of the type

(Billmeyer, 1984)

Ky
At B = C + D {(2-21)
ks

where rates of the forward and reverse reactions are kJA][B] and K [C][D] respectively
(Billmeyer, 1984). At equilibrium, these rates are equal,

A, 1CD]
Kk, 14ll5]

where K .(2-22

I the system 1s far from equilibrium as in the initial stages of polymerisation, the reverse
reaction is neglgibly slow and changes in the concentrations of the reactants may be
considered to result from the forward reaction alone as in equation (2-20) above (Cowie,
1973). Since the reaction is stoichiometric, the concentrations of carboxyl and anino
groups are equal, (Cowie, 1973), hence equation (2-20) becomes

&Koo _ ‘
P k( _ i concentration (2-23)
i

Thus integrating equation (2-23) becomes

c?
ki | - i il 2 23b)
hence
| 1 .
2kt = — {2--23¢)
[ S o
where C = concentration at tinie t

Co initial concentration
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Theretore, introducing the extent of reaction (p) from equation (2-17) into equation (2
23¢), noting that,
N N ¢ -
PP : (2-24)
N {'

and
N No(l-p) = C = Co(l-p) (2-24b)

hence, substituting C from equation (2-24b) into equation (2-23¢) and rearranging

becones

; I
2C,kt i (2-25)
(1-7)
Rearranging,
S N
2C, & + 1 (2-26)
(-p° B
A plot of o vs f gives a straight line graph with intercept | and slope = 2Ck
{ P)

Lquation (2-20) 1s the Carother's equation for a non-catalysed polycondensation (Cowie,

1973, Collins et. al, 1973 Billmeyer, 1984).)

I only bifunctional reactants are present and no side reactions occur, the number of
unreacted carboxyl groups equals the tota! number of molecules N in the system (Billmeyes
1984) Il acid or amino groups separately (not in pairs), are defined as structural units, the

initial number of carboxyl groups present is equal to the total number Ny of structural units




iv) Emulsion polymerisation; the system include water emulsifier initiator, buffer and
monomer. Mild is agitation is needed and the latex formed is spray-dried to give the
polymer (Bodor, 1991). The initiator must be soluble in water and the buffer serves
to control the pH of the emulsion formed (Bodor, 1991). The polymer formed are
ultimate powder sizes (McQafery, 1970, Bodor, 1991).

In all, polymer punty is in the order Bulk > Suspension > Solution > Emulsion (Cowie,

1973). In any . case, most polycondensation reactions employ the bulk technique

especially for such polymers as polyamides and polyesters (Collins et. al., 1973)

2.18 Fatty acid polyamides
Fatty acid polyamides are condensation products of di- or polyfunctional amines and di- or
polybasic acids by the polymerisation of unsaturated vegetable oil fatty acids or their esters
(Billmeyer, 1984). Unlike the nylons which are prepared from well characterised chemical
entities (equation 2-14), the fatty acid polyamides start with a prepolymerisation of the
unsaturated fatty acids to produce what are termed “dimers” (section 2.14.1; equations 2-9
- 2-12; Richardson et. al., 1974). These polybasic acids or “dimers” are actually mixtures of
materials, mainly dibasic acids (dimers) and other mono and poly-basic fractions (Perman,
1969). The fatty acid polyamides derived their distinctive physical properties from the
dimer acids used in their production (Perman, 1969, Richardson et. al., 1974)

HOOG—D—COOH +  NH,(CH,);NH,

diamine
dimer acid

B ,
Hom—"—(&)-———[} g--L H +  H0 eeen(2-28)
—

e

I

D = Hydrocarbon chain residue of the dimer acid
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Their reactions with ethylenediamine gives low-molecular weight, film forming
thermoplastics which are inateria's that form high-gloss, flexible films with good adhesion,

weatherability and impact strength (Billmeyer, 1984),

In addition to the simple polyamides from the condensation of the polymerised vegetable oil
fatty acids and simple di or polyamines, many copolymers are possible (Richardson et. al ,
1974). The properties 6f the polyamides are modified by adding other dibasic or mono-
basic acids to the dimer acids {(Sumrell et. al., 1978). Similarly, diamines, polyamines and
aming-alcohols are used to modify the character of the polyamides (Sumrell, 1978). The
amide copolymers thus produced are not easily represented structurally, however, the dimer
acid is represented as, HOOC -D- COOH, the -D- between the carboxylic groups

represents a C34 divalent radical or there about (Peerman, 1969).

Furthermore, compared with the conventional nylons, the fatty polyamides are more soluble
in Jower alcohols, are lower in melting point, non-structural and have lower average
molecular weights, as well as a greater compatibilty with other chemicals, resing and other
modifiers and greater flexibility (Chang et. al., 1975). It has been observed through X-ray
spectroscopic data that fatty acid polyamides have very low order of crystallinity compared
with the nylons (Simpson et.al., 1975). This can be explained on the basis of their
structures, the nylons are linear condensation polymers which can easily pack into their.
crystal lattices, while the conformation of the fatty acid dimers does not favour easy
packing s the cis-formation is dominant (Taylor et. al., 1973). Thus the nylons are drawn

into fibres while the {atty acid polyamides are essentially resinous.
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The progress of the polyamide formation can be monitored by the measurenent of acid or
ainine numbers, changes in viscosity, refractive index and the amount of water clinminated
(cquation 2-28; Mccafery, 1970). From these changes, other parameters such as extent of

reaction and degree of polymerisation can be determined (cquations 2-24 - 2-27),

The low molecular weights of these polymers favour their applications in areas in which
low wiscosity, high solubility and easy application, such as hot-.melts are required, singe
viscosity rather molecular weight is the more useful criterion in adhesives, coatings and
other applications, it is more of practical significance than molecular weight (Peerman,

1969).

2,19 Uses of lattly acid polyamides

As mentioned above, these polymers are used in the formulation of surlace coatings, such
as lacquers, vanishes, thixotrophic paints in addition to their thermoplastic, lubricant and
adhesive uses (Billmeyer, 1984; George, 1984). However, the lower molccular weight
products which are liquids at room temperature serve as curing agents for epoxy resins

~(Billmeyer, 1984).

Coating or impregnation of surfaces serve to cover surface imperfections, aesthetic appeal,
durability of the article, thercby adding value and beauty to the material (Sarkar, 1991).
Thus, such formulations as lacquers, varnishes, latex system and paints aI.UOIIg others scrve
these functions (Morgan, 1980). Furthermore, a coating formulation must certainly have
the following basic propert. 's; adhesion, film forming properties, flexibility and durability

{Thorstensen, 1993).
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Adhesion of a coat onto a surface of a substrate is dependent upon the condition of the
substrate such that when a coat is applied it should stick; for this reason the substrate
surface must be “w;ettable” (Thorstenten, 1993). Similarly, the coat so applied nst be
flexible to withstand flexing, as coats that do not have good adhesion and flexibility will
peel and crack (George, 1984). Therefore the choice of resins and other materials is
dependent to a great extent on the intended use of the substrate (Billmeyer, 1984;

Sharphouse, 1989; Eckhart, 1993).

Substrates may be exposed to extreme environmental conditions such as temperature, heat
and so on, hence the film must have a wide range of temperature over which it 1s soft and
pliable and it must also be hard enough to maintain the high gloss which js required
(Thorstensen, 1993). Furthermore, the polyamide resins has self plasticizing effects with
good water proofness properties in addition to making the substrate to stand up to a
reasonable amount of beth wet and dry abrasion (Eckhart, 1993; Burgess, 1994).

Consequently, some of these coating systems are discussed in briet below.

2.19.1 Lacquer systems

The formation of & film in a lacquer system is based on the evaporation of the solvent

containing a film forming material (George, 1984). For instance dissoliﬁng a fatty acid

polyamide in alcohol or spirit and applying this to a surface either by spraying or brushing,
~ as the solvent evaporates, a thin film is formed on the substrate surface gﬁving high gloss

and beauty (George, 1984; Bilimeyer, 1984) Other lacquer systems include shellac,

nitrocellulose, et certra (Sharphouse, 1989).

2.19.2 Drying oil system (varnishes)
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Natural drying oils such as linseed and tung oils and any material, which undergoes
polymerisation upon drying to form films are called vamishes (Thorstensen, 1993) A
varnish is therefore different from a lacquer system in that setting up (curing) of the film is
not simply a deposition of high molecular weight matenal, rather it is a chemical reaction
taking place between the dissolved film forming materials and atmospheric oxygen
(Morgan, 1982). Other film forming materials include condensation and latex system

(Sarkar, 1991; Eckhart, 1993).

2.19.3 Review of reported work

A number of work on the synthesis of vegetable oil polyamides from dimer acids as curing
agents for liquid epoxy resins and fo. protective coatings have been reported (Richardson

et. al., 1974). Another type of fatty acid dimer acid has been described that depends upon

cationic copolymerisation of a conjugated fatty esters with styrene which may be used for

producing polyamide resins (Nelson et.al., 1975).

Several publications describe the analyses of polymerised fatty acids in which dimer acids

and mone-acids ratios are determined by GLC and mass spectrometry (Hase et. al., 1974).
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CHAFPTER THREE
3.0 MATERIALS AND METHODS
3.1  Sample collection
1) Palm oil:- This was purchased at Kwararafa market in Jos, Plateau State
i) Palm kernel oil:- This was purchased at Katako market in Jos, Plateau State
i) Castor oil:- The seeds were purchased from Korai and Tundun Sarki villages of
Jama’a District, near Samaru-Zaria. The seeds were ground and extracted with n-

hexane to give an oil yield of about 45%,

3.2 Physical characterisation of the oils
The oils were vacuum filtered at 35 °C after which their specific gravities, refractive indiccs

were determined respectively using the expressions:

W =W g
W - W, sin r

sin §

where W; = weight of density bottle filled with oil
Wi = weight of density bottle filled with water
W, = weight of empty dvy density bottle

! = incidence angle

..t
Il

angle of refraction

3.2.1 Relative viscosities of the oils
The Ubbelohde viscometer was employed in this measurement (Fig. 3.1) which was done in
a water bath at 30 °C. Toluene was employed as the solvent and the procedure of Collins

et. al., 1973 was used.
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Fig 3-1 UBBELOHDE VISCOMETER
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3.3  Chemical characterisation of the oils
The acid values, saponification and iodine values were determined according to the

methods of Cocks et. al, 1973,

3..3.1 Acid values of the oils

Method: About 3.0 g of the oil in each case was weighed into a 250 cm’ conical flask and
40 cm’ of mixed solvent (2 parts benzene and 1 part ethanol vol/vol) was added. This was
warned on a water bath to dissolve. It was cooled and titrated rapidly with 0.1 M ethanolic
KOH to phenclphthalein end point. Similarly, a blank titration (without oil sample) was
concurrently run. The acid values were calculated from the expression;

561 x Ma—b)
W

Acid value =

From the above expression, the free fatty acid percentage (%o ffa) were determined by

561 x M(a-b)M, x 100

Y ffa =

W x 1000
where a = volume of KOH (in cm’) for blank
b = volume of KOH (in cm’) for test
= molarity of KOH
W = weizht of oil sample (g) | / A4 %,
M, = NG

2.82, factor based on oleic acid. \.,\
- f"r -

3.3.2 Saponification values of the oils
Method:- About 4.0 g of the oil in each case was weighed into a conical flask and 50 co’
of 0.5 M ethanolic KOH was added and 4 drops (2 cm®) of phenolphthalein indicator were

added. The mixture was refluxed for about 40 minutes after which it was titrated rapidly
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with 0.5 M HC] to a colourless end point. A blank titration was also concurrently run. The
saponification values were calculated by the following expression;

561 x M(¥, - I’
W

Saponification value =

where W = weight of oil sample (g)
Vi = volume (cm’) HCl used in test
V, = volume (cm) HC! used in blank

M = molanty of HCI

3.3.3. lodine values of the oils

Reagents

Hanus reagent:- This was prepared by dissolving 13 g of iodine and 8 g of bromine with
glacial acetic acid in a 1-litre volumetric flask, making it to the mark. The solution was
stored in an amber ¢oloured bottle. 10% K1 solution was preparcd by dissolving 10 g of Kl
with distilled water and making up to the mark in a 100 ¢’ volumetric flask. 0.1 M
N28,0:.5H,0 solution was prepared by dissolving 24 808 g of the thiosulphate with
distilled water in a |-litre volunietric flask and making it to the mark and stored in an amber
coloured bottle. 2% (W/V) starch solution was prepared by dissolving 2 g of starch in 100

cm’ solution. Chloroform:- Analytical grade reagent.

Oil quantities; Oil sample quantities were weighed according to their reported iodine values

from literature (Cocks et. al,, 1973; Appendix F). Accordingly, 0.4 g of castor oil, 0.8 g

palm cil and 0.8 g of palm kernel oil were weighed.
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Megthod:- To a weighed sample of an oil in a stoppered flask was added 10 cm® of
chloroform with shaking to dissolve the oil. Next 25 cm’ of Hanus reagent prepared was
then added from a burette. A blank {without oil sample) was concurrently prepared. Both
the test and the blank were allowed to stand in the dark (cupboard) for at least 1 hour .to
allow conmiplete reaction between the double bonds of the oil and the liberated iodine
(Cocks et. al., 1973, section 2.10.3) The excess of the hiberated 10dine was then titrated as
follows; to the mixture w.re added 15 cm’ of 10% aqueous KI solution and 50 cm® of
distilled waier. This was then titrated with 0.1 M Na;$;0; 5H:0 solution to a pale yellow
colour and at this point, a few drops of 2% starch indicator solution was added.
Meanwhile, the thiosulphate solution was added dropwise until the blue colour that
developed on addition of indicator disappeared. The same treatment was given to the blank.
The iodine values of the oils were calculated using the expression;

1269 x Ma-5) x 100
W x 1000

Todine value =

where 126.9 = molar mass of iodine
= molarity of thiosulohate

volume (cm’?) of thiosulphate used for blank

Il

a
b = volume {cm’) of thiosulphate used for the test

100/1000 = multiplication factor as defined for iodine value

3.4  Purification of the oils (Swern et. al., 1964) ;
3.4.1 Alkaline refining
From the acid values of the oils calculated in section 3.3.1 and presented in Table 4.1,

appropriate volume of lyes of sodium hydroxide were calculated using the expression;



, Acid val,
Volume of lye required in cm’ for 100 g of oil = £ T x 10
NaOH (g)

Based on the abcve formula and using the acid values of the oils (Table'4.1), the following
lyes were selected whose strength are expressed in terms of their specific gravity in degrees
Baume at 15 °C.

18 “Baume (12.68% W/V NaOH) for palm oil

12 “Baume {8 0% W/V NaQH) for castor oil

10 “Baume (6.56% W/V NaOH) for palm kernel oil
Thus, 24.1 em’, 17.5 em® and 4.3 cma. of the respective lyes we;'e used for palm oil, castor

oil and palm kernel o1l in that order,

Method:- To 100 g of oil was added dropwise from a burette the appropria_te volume of lye
with constant agitation with one drop (0.5 cm’) in excess to ensure complete removal of
free fatty acids. This was subsequently boiled on a water bath for about 30 minutes with
stirring It was then allowed to stand overnight in the cold. The following day, it was
observed that the soaps formed had settled at the bottom of the comainer and the
supernatant {oil) was carefully decanted and washed several times with warm di‘stilled water
in a separating funnel, each time the aqueous layer was run off. This was done until all the
traces of soap were completely removed to foamless aqueous layer. The oil layer was
allowed to stand for about 6 hours to allow all traces of residual water to drain to the
bottom. The water was drained off after decanting the oil. The oil recovered was weighed
and the %o loss in oil due to refining was calculated using the formula;

100 ~ yield in % of neutralised oil
% ffa of crude oil

% loss in ¢il due to refining =
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3.4.2 Earth bleaching

Method:- A mixture of Fuller’s earth and activated carbon in the ratio of 20 : | W/W was
thorcughly mixed for the bleaching operatiors. Activated carbon is employed here because
it is a better adsorbent than Fuller’s earth, however, it introduces acidity to the neutral oil

hence a limited amount is required (Cocks et. al., 1964).

Based on the initial colours of the oils, the following quantities of the bleaching mix were
used.

palm oil, 10 % W/W of bleaching mix

castor oil, 5% W/W of bleaching mix

palm kernel oil, 5% W/W of bleaching mix

To 500 g of the alkaline refined oil was added an appropriate quantity of the bleaching mix
and warmed over water bath with constant agitation for about 30 minutes. Thereafter, it
was removed and allowed to cool sufficiently and filtered under vacuum through a sintered

glass.

3.5  Alkaline saponification (hydrolysis) of the oils

3.5.1 Preparation of soaps of the oils

In order to strip the mixed fatty acids from the oils(triglycerides) (Appendix H), the soaps
of the oils were prepared using 50% W/V NaOH solution. The quantity of NaOH solution

added was obtained using the formula,
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Volume (¢cm’) of NaOH solution required for 100 g of oil =

Saponification value of oil .
Weight (g)of NaOH in solution e

Method: - To 500 g of oil was added the calculated amount of the 50% W/V NaOH
solution dropwise from a burette with constant agitation. An excess of a drop (0.5 em’)
was added to ensure complete saponification. Furthermore, the soap solution formed was
warmed over a steam bath with stirring for about 30 minutes and thereafter kept overnight

in cold to solidify and subsequently dried in the open.

3.6 Preparation of water-insoluble mixed fatty acids from the soaps

To 100 g of the soap prepared above was added 100 cm® of warm distilled water and the
resulting solution was heated over water baih with constant stirring for 30 minutes. Then
20 em’ of concentrated HCI acid (density 1.18 g/cm’) was added gradually and stepwisely
with stirring until it gave an acidic pH (yellow colour) with universal indicator paper. There
was instant fatty acid layer on top and the aqueous layer at the bottom (section 2.11.1)

The aqueous layer contains glycerol and sodium salt (section 2,11.1).

The two layers were shakened in a separating funnel and allowed to stand after which the
aqueous layer was drained off. Thereafter, warm distilled water was used to wash the fatty
acid layer several times, each time the resulting aqueous layer was drained off, until it
tested foamless and neutral to pH paper. The fatty acid layer was then allowed to stand for
about 3 hours to ensure complete removal of residual water which was subsequently
drained off. The pure fatty acid was recovered. The acid nunbers (values) of the pure fatty
acids were determined as before (section 3.3.1), from which the degrees of hydrolysis or

stripping or conversions of soaps to fatty acids were calculated by the expression,
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) ; - . _ Acid value of mixed fatty acids
Degree of conversion of soap to fatty acids = ——————————— x 100
Sapontification value of the oil

3.7 Urea fractionation of mixed fatty acids
Commercial urea fertilizer purchased in Zaria was determined for its elemental composition

and purity by the Institute of Agriculture Research Samaru-Zaria. Elemental analysis

indicates,
Nitrogen (N) = 46%
Carbon (C) = 19.7%
Oxygen (O) - 26.3%
Hydrogen (H) = 6.0%
Total = 98.6%

The difference may be due to water and other impurities. To this end, the urea was dried in
an oven at 102 + 2 °C and weighed at intervals of | hour to a constant weight to remove

volatile matter and other impurities.

Method .- A mixing ratio of 3:3:1.1 proposed by Hilditch, 1964, of urea, water, methanol
and mixed fatty acids in that order was employed as follows, 100 g of mixed fatty acids was
dissolved in 100 cm’ of methanol. WNext, 300 g of urea was dissolved in 300 cm’ of distilled
water and warmed over water bath until a clear solution resulted which was filtered
through a filter paper to 1emove any particulates present. The fatty acid solution prepared
was then mixed with the urea solution and warmed over water bath with stirring for about

30 minutes to ensure compleie solubilisation of the mixture.



The mixture was removed and allowed to cool and later cooled under running water. [t was
subsequently transferred carefully into a one-litre separating funnel and corked. The body
of the funnel was cooled under running water and later ice-block to aid crystalisation of
urea (section 2.12.3). The funnel under this condition was allowed to stand for about 3
hours after which two distinct layers were observed with one more intense and cloudy. The

two layers were run off seaprately into two different containers.

Accordingly, each of the layers was transferred to a 250 cm’ separating funnel. They were
then individually shakened with warm distilled water several times, each time, the aqueous
layer was drained off to remove urea from the urea-fatty acid complex (section 2.12.3). The
resulting fatty acid layers were left in the funnels for at least 30 minutes to 1 hour to drain
off the residual water traces which were subsequently run off. The fatty acid layers were
then transferred through the mouths of the funnels into two separate preweighed bottles
- and their weights determined by difference. The above process was repeated to get large

quantity of each fraction.

From section 2.12.3, the lower layer of urez fraction composed of complexes of urea with
saturated fatty acids while the upper layer contained the unsaturated fatty acid complexes
fra:ction. The infra red spectral analysis of both the unsaturated fraction and the whole
(mixed) fatty acids were done to ascertain the level of separation. Furthermlore, the iodine

values of the unsaturated fractions were determined as before (section 3.3.3),

3.8  preparation of fatty acid dimers
The principle and theory are stated in section 2.14.1, Unsaturated fatty acids were obtained

from the urea fractionation of mixed fatty acids (section 3.6).
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Mcthod - 200 g of e ansacated faty acids was changed inlo areaction vessel coupledd
with a mechanical agitator, thermometer and condenser as shown in Fig. 3.2 above. 2 g of
bentonite powdered clay (BDH chemical) catalyst was added and stirred properly. The
resin kettle was then mounted over an oil-bath heated at a temperature of 220 - 230 “C. For
effective cooling of the reflux system, the condenser was connected to a Churchill

circulator that utilised glycerol as cooiant.

The progress ol the reaction was monitored right [rom the beguminmg by withdrawing

aliquots at time intervals and determining the following characteristics:

i) Rclative viscosities
ii) lodine values
i} Infra-red spectral analysis

The reaction conlinued for about 4 hours and the above physical and chemical
characteristics were determined just as in the case of the oils. The above sieps were carried

out on all samples of the unsaturated fatty acids of the three oils and the results recorded.

3.9 Preparation of fatty acid polyamides
Method: - Polycondensction threugh the bulk technique was employed (section 2.17) on the

liguid dimer acids in section 3.8 and liquid sonomer cthylencdiamine (AR grade).

250 g of [fatty acid dimers (0.5 mole, calculated based on the molecular weight of oleic
dicarboxylic acid) was charged into a resin kettle equipped with accessories just as shown
in Fig. 3.2, except that the position of the condenser was replaced with a graduated

distillation trap (Fig. 3.3). ITowever, the condenser this time topped the trap and connected
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as described in section 3.8. The system was heated to a temperature of 200 °C with stirring
for 5 minutes. Next, 33.5 cm’ of ethylenediamines of density 0.902 g/cm’ equivalent to 30

g (0.5 mole} was added through a dropping funnel and immediately a timer was started.

The progress of the reaction was monitored by the amount of water eliminated into the
distillation trap (Fig. 3.3) and measurement of acid values as a function of time (sections
2.15, 2.18). About 2.0 g from aliquots withdrawn at time intervals of 10 minutes were
dissolved in 10 cm’ of chloroform and titrated with 0.8 M methanolic KOH to

phenolphthalein end poini, The reaction can be represented as

HOOE—D—COOH + NHy(CHp);NH, _200°C
ethylenediamine

H
HOOG~D—CO N (CH;);NH, + H0
amide water
l* KOH
H

KOOE—B—CO N (CHy),NH, + H,0O

where D = fatty acid chain residuc.

3.10 Characterisation of fatty acid compounds prepared in 3.9

3.10.1 Infra-red spectral studies

Samples of the fatty acid compounds were run neat on a Fourier Transform infra-red
spectrophotometer. and such functional groups as OH, C=0, CONH; were correlated with

those reported from literature (Apperdices [ and J).
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3.10.2 Solubility tests

Solubility tests were carried out on the samples in such solvents as loluene, methanol,

ethanol, water, benzene, chloroform, carbon tetrachloride, acetone and 1,1,1-

trichloroethane at room temperature. The purpose of these tests is to ascertain the

following;

1) [f the fatty compounds were polymers, dissolution would occur in three stages;,
absorption ol solvent molecules, swelling oceurs and IThally solution results if there
are favourable solvent-polymer interactions {Olabisi ct. al., 1979).

i) Suitability, availability , cost mmplications or otherwise of these liquids as solvents

for these fatty compounds in commercial and industrial applications.

3.10.3 Melting range

This was determined on a melting point appacatus,

3.1 Formulation of spray coats
To 10 g of polyamide sample was added 10 cm’ of kerosene (0 dissolve This was followed
by 90 cm’ of chioroform with vigorous agitation for complete dissolution. The resulting

solution was filtered through a nylon cloth to remove suspended particles

3.12  Spray-ceat trials on wood and leather surfaces

3.12.1 Preparation of surfaces

Plywood samples were cut into 4 x 4 cm of 3 cm thick. Their surfaces were sandpapered to
give smooth grains. Similarly, leather samples (chrome retan shoe uppers) were cut into 4 x

4 ¢m of 1.6 mim thick and their grain surface smoothened on a hot-plating machine at 50°C.

63



3.12.2 Method of spraying formulated coats

The prepared grain surfaces of the wood and leather samples were sprayed with the
formulated coats by a means of a spray-gun utilising compressed air. Three each of leather
and wood samples were sprayed with each of the three polyamide types. The samples were

then allowed to dry in a spray-cabinet after which the grains surfaces were smoothened on

a hot~plating machine at 50 °C.

3.13  Dry and wet rubfastness testing
Both the leather and wood samples spray-coated were tested for rubfastness both in wet
and dry conditions using “SATRA” rubfastness tester, a machine that simulates the flexing

actions of materials and other treatment conditions in use {(Sharphouse, 1989).

Method:- A sample in each case was introduced into the rubfastness tester and clamped at
both ends. A wet felt (in the case of dry rubfastness test) and a dry felt (in the case of wet
rubfastness test) was plugged into the finger of the tester. The tester was then set 1o give to
and fro motion of 30 circlesafter which observations on change in shade of sample and
staining of felt were made and assessed on standard Gray Scales. The to and fro motions
were then increased to 50, (00 and 150 circles at different parts of the sample with different
felts and changes in shades of sample and staining of the different felts were assessed as

hefore.

Similar tests were carried out on leather samples, Samples sprayed with standard coats

utilized in the leather industry and assessments and comparisons were made with test
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samples. The changes in shade and staining of felts were assessed on standard Gray scales

(JSLT, IUP/20, 1996) as follows;

I = Very poor finish
2 = Poor finish

3 = Good finish

4 - Very good finish
5 = Excellent finish



CHAPTER FOUR
4.0  RESULTS AND DISCUSSIONS
4.1 Physical and chemical characteristics of the oils
Specific gravities, refractive indices and relative viscosities of the oils are in the order;
castor oil > palm oil > palm kernel oil, These results arise from the differences in the
thickness of the oils, chain lengths of their constituent fatty acids (Appendices B, F, G, H,
Fasman, 19753). Furthermore, the results of specific gravities and refractive indices (Table

4.1) agree 1ppreciably with what are reported Y« literature (Appendices B and G),

Chemical characteristics of the oils show that their % ffa are in the order; palm oil > castor
oil > palm kernel oif (Table 4.1), indicative of the level of hydrelytic rancidity in the oils
(section 2.8) and therefore relative stabilities which are in the reversed order (Cocks et. al.,
1973). According to Cocks et. al,, 1973, the hydrolytic emzymes and level of stabilisers
{tocopherols) in an oil determines its relative stability against rancidity. Tocopherols which
are fat soluble vitamin I© are essential natural stabilisers in vegetable oils (Burger, 1970},
Generally for edible oils, % tfa of 2.5% and below is acceptable and any value above 2.5%
" is unacceptable (Pritchard, 1975). Thus from the results in Table 4.1 only palm kernel ol

has % fTa value below 2.5,

The saponification values are in the order, palm kemel oil > palm o0il > -~astor oil which
agree appreciably with literature (Appendix F). However, saponiﬁcatian values above 200
give good quality soaps while those below form soft soaps; that is, soft to touch (Khan et.
al., 1972). Oils containing high levels of short chain (C12 and C14) saturated fatty acids
have high saponification vaiues compared to those having high levels of C18 saturated or

unsaturated fatty acids (Appendices F, H, Cocks et. al,, 1973).
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The degrees of unsaturation measured by iodine values are in the order; castor oil > palm
oil > palm kernel oil. However, all the values fall below 100, hence these oils are
categorised under non-dry'ng oils (Morgan, 1982) Generally, oils having iodine values
below 100, are non-drying; those having values between 100 and 130 are semi-drying,
while those having values above 130 are termed “drying oils” (Gunstone, 1967, Morgan,

1982, Appendix F)

Table 4.1: Some physical and chemical characteristics of the oils

O1l type Specific  Refiactive Relative  Acid Y%  free Saponification lodine

gravity  index viscosity  values fatty acid ~ values valucs
Castor o1l 0.960 14712 1.380 14.03 —» 3.60 179.3 76.20
Palm o1l 0.924 1.4612 1.139 3050 — 77 228.0 41.11
Palm kernel o1l 0.866 1.4552 1.068 296 — 075 2658 17.75
Key

Specific gravity (25°C), Relractive index (29°C), Relative viscosity in toluene (30°C), Acid
values (mg KOH/g oil); % ffa calculated from acid values;, Saponification values (mg KOH

/g oil), lodine values (g iodine/ 100 g oil)

4.2 AlKaline refining and earth bleaching
Alkaline refining apart from removing the free fatty acid contents of the oils also lightens
their colours. This results from the adsorption of pigments and other surface active agents

in the oils on the surfaces of the soap-stocks formed (section 3.4.1, List et. al., 1978).



Similarly, earth bleaching further removes pigments, phosphatides and other “impurities” in
the oils (Fig 2.3; Burger, 1970). Refining losses calculated for the oils indicate a higher %
loss for palm kernel oil du. to partial saponification of the neutral triglyceride by the lye

used (Table 4.2).

Table 4.2:- Results of alkaline refining aud earth bleaching

Parameter/oil type _ Palm kernel oil Cé.stor oil Palm oil
Degrees Baume at 15 °C 10° 12° 18°

% W/V NaCGH content 6.57 8.0 12.68
Actual Vol (cm’) of NaOH used/100g oil 45 17.5 24.1

% refining loss 29.1 3.6 3.1

4.3  Alkaline saponification (hydrolysis) of the oils

The soaps of the oils prepared (section 3.5.1) show hardness to touch in the order; palm
kernel oil > palm oil > castor oil. This is in line with the differences in their saponification
values (section 4.1). The exact volume (cm’) of 50% W/V NaOH solution required for

saponification of each oil is determined by the expression stated in section 3.5.1,

Table 4.3:- Results of alkaline saponification (hydrolysis) of the oils

Qil type Saponification Value in (g} Volume (cm’) of 59% Remark
NaOH/109¢ oil W/V NaOH/100g o{l
Palm kernel oil 26,6 532 Hard soap
Palm oil 228 45.6 Hard soap
Castor oil 17.9 359 Soft, creamy soap
ro




4.4 Preparation of water-insoluble mixed fatty acids

The degrees of acid hydrolysis for all the soaps are less than 100% due to alkaline refining,
earth bleaching which remo. e the free fatty acid content and other non-triglycerides in the
parent oil (section 3 4.1). Furthermore, comparing the acid values of the mixed fatty acids
(table 4.4) to those of the crude oils (Table 4.1) confirms the presence of more -COOH

groups in the mixed fatty acids (Cocks et. al.. 1973)

RCOONa + HC! ————— RCOOH + Na(l
soap acid fatty acid salt

Table 4.4:- Results of water-insoluble mixed fatty acids

Weight of Vol(cm®) of  Vol(ecm®)  Acid value  Saponification % degree of

soap(g) distilled of conc  for mixed oil value hydrolysis soaps
water HCI

100g soap 100 20 224 4 2658 84.5

from PKO

100g soap 100 20 170.6 228.0 74.8
from PO

100g soap 100 20 144 .6 1793 80.7
from CO

PKO = palm kemnel gil, PO = palmoll;, CO = castor oil

4.5 Urea fractionation of mixed fatty acids

The results of urea fractionation of mixed fatty acids in Table 4.5 indicate that % yields of
the unsaturated fatiy acid fractions are in the order; castor oil > palm oil > palm kernel oil
which is in line with literature (Appendix H). However, the values obtained are
correspondingly lower than those from literature. The reasons may be explained as follows;
1) handling losses

i) ineffective temperature contrel under the existing laboratery conditions
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i) some ol the unsaturated fatty acids especially oleic acid miight have entered the
incluston complex of the urea unit cell together with the saturated faity acids or

immediately atter ther (Simpson, et. al,, 1975).

Generally, the modes of entry into the unit cell of urea are in order; saturated fatty acids;
mono-unsaturated fatty acids; then poly-unsaturated fatty acids (2.12.3; Simpson, e¢t. al,,
1977). 1t therefore follows that palm kernel oil mixed fatty acid entered the complex easily,
followed by palm oil mixed fatty acids and lastly those of castor oil (section 2.12.3;
Appendix H). Furthermore, iodinc value determinations and infra-red spectral studies of
both the mixed and unsaturated fatty acid fractions provide evidences that urea

fractionation is efficient { Appendices K and 1 - 12). :

Table 4.5:- Results of urea fractionation of mixed fatty acids

Mixed fatty Wt of mixed % unsaturated fatty % saturated fatty % loss due to
acid type fatty acid (g) acid fraction A acid fraction B handling 100-(A+B)

C.0. mixed 100 63.37 2474 11.89
fatty acids (g)

P.O. mixed 100 36.89 37.65 ; 25.46
fatty acids (g)
PK.O. mixed 100 8.65 09.52 20.83

fatty acids

4.6 Dimerisation reactions
The progress of each dimerisation reaction was monitored by measurements of the
following parameters as a function of time (hr),

i) changes in iodine values
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ii) changes in relative viscosities

i) infra-red spectral studies (section 2.14.1)

The results of changes in iodine values and relative viscosities indicate decreases and
increases in these values respectively as a function of time (Appendix K). Plots of iodine
values with fime show slight but smooth decreases in iodine values with time of
dimerisation (Fig. 4.1). From the slopes of the plots of iodine values in Fig. 4.1, the average
rates of dimerisation zlLre in the order; castor oil unsaturated acids > palm oil unsaturated
acids > palm kernel oil unsuturated acids (Fig. 4.1). The observed diﬁ'er_eaces in average
rates of dimerisation may be due to the relative level of unsaturation in the parent oils

(Appendix H).

The progressive increases and decreases in relative viscosities and jodine values
respectively with time of dimerisation for each unsaturated fatty acid type are in the order;
castor > palm oil > palm kernel oil (Fig. 4.1; Appendix K). This suggests that dimerisation

reactions occur at the double bonds as follows; (section 2.14.1; Simpson et. al., 1977).

catalyst .
a) RCH=R ———+ RCHR' (free radical)
A

» L
b) RCHR' + RCHR ——— RCHR
(dimer)

R CHR'
. .
¢) RCHR + RCH=CHR' ___ , R IHR’ ___...RjHR" + other products

b t f
"HCHR HCH,R

(dimcr radical)
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Fig. 4.1. Graph of variations of jodine values with time of dimernisation(a) = castor oil
unsaturated fatty acids, (b) = palm oil unsaturated fatty acids, (c) = palm kernel
oil unsaturated fatty acids. Slopes at point A (a) = 11, (b) = 85, (¢) = 2.3,



The above reactions lead to decreases i iodine values and corresponding increases in
relative viscosities and theretore shifts in absorbances of -C=C- infra-red bands with time of
dimerisation in the series; py, = P, -» Py > Py, C, = C; » C; » Csand PK, — PK; >
PKj — PK; (Gunstones, 1967; Pecsok et. al., 1976} as defined in Table 4.6; Appendices | -
12 and the spectra in Appendices Py — Py, C; — Cy; PK; > PK,. The absorbances are
calculated from Beer-Lambert law which relates absorbance to concentration and

transmittance (Pecsok et. al,, [976).

A summary of the shifts in absorbances of the IR spectral bands of the main functional
groups involved are sho'vn in Table 4.6 which allows for comparisons of the dimerisation
reactions with time as the unsaturated centres are being consumed leading to the formation
of saturated units (equations a - ¢ above, Gunstone, 1967), However, contrasting the
results in Table 4.6 for each series, indicate the effects of dimerisation reaction on band
intensities (absorbances) as well as time dependence of dimerisation on the band intensities
of the main functional group; -CH=CH-. Details of the spectral analyses are presented in

Appendices | -12.

4.6,1 Contrasting P, and P;

Contrasting P and P; in Table 4.6 indicates that there is increase in band intensity
(absorbance) from P; — P for the -CH=CH- group. This confirms that there is separation
of unsaturated fatty acids from the palm oil whole fatty acids by"' urea fractionation

(Hilditch, 1964; section 2.12.3; Table 4.5).
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4.6.2 Contrasting P; and P.: effects of dimerisation on band inteusity (absorbance)

There i1s decrease in band intensity from P; — Ps;, suggestive that unsaturated centres -
CH=CH- are being consumed. This indicates the effect of dimerisation on band intensity
which decreases at P; as the concentration of the unsaturated céntres_ is being reduced

(Simpson et. al., 1977).

Furthermore, C-H(V) band intensities at P; are largely below 3000 cm™ and greater than at
P,, suggestive of the formation of saturated units from unsaturated centres (section 4.6;

Szymaski, 1964).

4.6.3 Contrasting P4 and P time dependence of dimerisation on band iptensity

Band intensity further decreases drastically from P; — P4 confirming the time dependence
of dimerisation reaction (Ault, 1975). Furthermore, C-H(V) band intensities {absorbances)
above 3000 cm’ (frequency) decreaselfrom P; — Py and at the same time P, C-H(V) bands
fall largely below 3000 cm™. The above statements suggest the formation of saturated units

from unsaturated ones (Appendix I; Pecsok et. al., 1976).

4.6.4 Contrasting C; and C;

The -CH=CH- band intensities remain the same at C, and C.. This indicates the nearly 98%

/

unsaturation in castor oil (triglycerides); Appeadices I and J. _ ~

'
.
' ~

4.6.5 Contrasting C; and Cz. effects of dimerisation on band intensity Gy, -
. e
Here band intensity for -CH=CH- group decreases from C; — C; suggestive that reaction\ /

occurs at the double bands (section 4.6.2). Similarly, band intensities below 3000 cm™
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frequency increase from C, —» Cs indicating formation of saturated units (Pecsok et. al.,

1976).

4.6.6 Contrasting C; and Cy: time dependence of dimerisation on band intensity

The -CH=CH- band intensity slightly increases from C; — C,. This may be attributed to the
isomerisation of two double bonds in linoleic acid to a conjugated system followed by a
Diels-Alder addition to an isolated double bond of a second fatty acid molecule to produce

a cyclic dimer (Cowan, 1962; Nelson et. al , 1975; Bellamy, 1974) as follows;

CH3(CH;)CH=CHCH,CH=CH(CH,);COOH (linoleic acid)
‘[ isomerisation '
CH CH
CHi(CH,)sCH CH(CH,);COOH (conjugated system)
+ Diels-Alder addition

CH;3(CH2)y CH=CHCH,CH=CH(CH,);COOH

CH3(CH; H (CH;);COOH (cyclic dimer)

ll——-——’——({ :
CH;{CH; 4 CH:CH=CH(CH2)7COOH

The above reaction would have led to an increase in iodine value or iodine value remaining

constant from C; — C;. However, this route was not dictated by measurements of iodine

values (Fig. 4.1), instead iodine value decreases from C; — C4 (Appendix K). Moreover,

C-H(V) bands fall below 3000 cm™ frequency at Cy indicating formation of saturated units

as mentioned in section 4.6.2
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4.6.7 Contrasting PK, and PK,
The -CH=CH- band intensity increases from PK; — PK; indicating presence of higher level

of unsaturated unit as in section 4.6.1.

4.6.8 Contrasting PK; and PK;: effects of dimerisation on band intensity
There is a drastic drop in band intensity from PK; — PK; as explained in section 4.6.2, with
C-H(V) bands largely below 3000 cm™ indicating formation of saturated units (Appendix

I).

4.6.9 Contrasting PK,; and PK;: time dependence of dimerisation on band intensity
The -CH=CH- band intensity slightly increases from PK; — PK4 suggesting dimerisation
reaction occurring by Diels-Alder route mentioned in section 4.6.8, however similar
observations were made. In any case C-H(V) bands occur largely below 3000 cm’

frequency suggesting formation of saturated units (Appendix I).

In summary, considering the results of urea fractionation (Table 4.5), variations of iodine

values and relative viscosities with time of dimerisation (Appendix K) and the infra-red

spectral analyses in terms of shiits in band intensities (Table 4.6), the following claims can

be made.

i) Urea fractionation of mixed (whole) fatty acids has been achieved'appreciably;

ii) dimerisation reactions through the double bonds of the unsatmal;d fatty acids has
been achieved through mode (i) - (iv) discussed in sections 2.14.1 and 4.6, since

the  Diels-Alder addition route via isomerisation has little or no possibility because the

linoleic acid requirea occurs very little in the oils considered (Appendix H).
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Furthermore, evidences from infra-red spectral analyses measured by shifts in absorbances
of main functional groups (Table 4.6; Appendices 1 - 12) lay claims to dimerisation

reactions occurring at the unsaturated centres (Gunstone, 1967; Syed, 1976).

4.7 Synthesis of fatty acid polyamides

The resuits indicate that condensation polymerisation is characterised by stepwise
conversion of monomer {dimer acid ) with two reactive end groups to higher molecular
weight homologues which themselves retain two reactive ends (Mccafery, 1970). End-
group analysis by titrimetry has been used to characterise polymers by measurement of
molecular weight, monitoring the stoichiometry of two difunctional monomers in

condensation polymerisation and in routine control of molecular weights in industrial and

research polymerisation processes (Billmeyer, 1984).

Taking slopes between points C and A of the plots of variations of acid numbers with time
of polymerisation (Fig. 4.2 below) give average rates of 0.80, 0.20 and 0.11 mg
KOH/g/min for palm kernel, palm and castor oil dimer acids in that order. The differences
in the average rates indicate the differences in the initial acid numbers at zero time
(Appendices 13 - 15). Furthermore, a general survey of the progress of the reactions
indicates that at 10 minutes of the reaction time, about half of the dimer acid concentrations
have reacted (Appendices 13 - 15). Thereafter, the reactions procw;l slower with time.
This phenomenon agrees with the principle of step-growth polyme;'isatiopn in which
monomer disappears early in the reaction and at degree of polymerisation ten, less than 1%

monomer remains (Cowie, 1973; Sunmonu; 1994).
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Acid number (mg KOH/g acid)
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Fig. 4.2° Graph of variation of acid numbers with time of polymerisation: (a) = palm oil
dimer; (b) = castor oil dimer; (¢) = palm kemnel oil dimer. Slopes at point A:
(a) = 02,(b) =0.11, (c) =0.8.
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The initial low acid number for castor oil dimer acid compared to those of palm oil and
lpalm kernel oil, 1s due to a reaction between the OH-group on C-12 of ricinoleic with the -
COOH group of adjacent ricinoleic molecule to form estolide (Naughton, 1974; equation 2-
0} during the dimerisation reaction (section 2.14.1). Furthermore, the stcady rclease of
water by castor oil dimer acid reaction up to the 75th minute can be attributed to the above

reaction (Appendix 14).

A survey of the data on Appendices 13 - 15, indicate that polymerisation reactions
terminate at 30, 60 and 70 minutes for palm, castor and palm kernel oils in that order.
Factors (hat may be responsible for these diffecences are; initial differences in acid
numbers, the presence of mono-unsaturated and saturated fatty acids as “impuritics”

(Nelson ¢t. al., 1975; Sclke et. al., 1977).

Furthermore, a Kinetic treatment of the data in Appendices 13 - 15 using the Carothers
equation (scction 2.16) give paraneters such as percentage conversion (p), degree of
polymerisation and number average molecular weight (Mn) (Appendix 16). From Appendix
16, a maximum %P, DP and Mn are in the order;
i) Palm keinel oil dimer acid at 70 minutes; p = 87.14%, DP = 7.77,

Mn = 4,752.29
ii) Castor oil dimer acid at 60 minutes; p = 80.00%, DP = 5.00, Mn = 2,940.00

iii) Paim oil dimer acid at 30 minutes;, p = 71.43%, DP = 3.5, Mn = 2,058.00.

The Mn values fall short of what have been reported in the region of 6000 - 9000 for this
group of polyamides as low molecular weight film forming thermoplastics (Billmeyer,

1984). The reason for this observation may be attributed to the presence of mono-
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Fig. 4.3: Vanation of {_—l—’—.)' with time of polymerisation (Carothers equation)

(a) = palmoil; (b, = castor oil, (c) = palm kernel oil. Intercepts (a) = 4.0,
(b) = 5.0, (c) 1.0. Slopes at point A (a) = 0.23; (b) = 0.15; (c) = 0.43.
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unsaturated and saturated acids as “impurities” in the dimer acids (Nelson et al., 1975;

Raie, 1976) which limit the chain-lengths of the polymers (Junkins, 1972). Furthermore,

' 1
plots of (-l—_};)2 against time from the Carothers equation (Fig. 4.3) yield the following

data on Table 4.7

1
Table 4.7:- Data from the Carothers egnation; (l_;_))? = 2C Kkt + 1

Dimer type  C, = AV,,  2C,° = 2(AV.)'  latercept  Slope  Rate constant(k) = slope/2C,"

mgKOH/g oil (mgKOH/g oil/min) x 10°°
PK.O 94.248 17765.37 10 - 043 24204
PO 62.832 7895.72 4.0 023 29129
C.0 33.660 2265.99 5.0 0.15 6.6196

C, = AV,, = Initial acid number at time zero

From the intercept of the plots of the Carothers equation (Fig. 4.3), it is only palm kernel
oil dimer acid that fits the relationship (Table 4.7), while castor oil and palm oil dimer acids
show positive deviations above unity. The reason(s) may be anchored on what has been
explained (sec page 79). However, the higher intercept and k value (Table 4.7) for castor
oil dimer acid may be due to the reaction of the OH group on C12 of ricineleic acid with
the NI, group of the diamine in addition to the reaction of -COOH grou;) of the dimer acid
with the NH; group of the diamine (Naughton, 1974) ordinarily as reactions of alcohols and

primary amines (Vogel, 1971).
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-CH-  + NHy(CH;):NH, 200°C -CH- + H,0
OH ' A " N (CH;:NH,
(on ricinoleic H
parl of dimer acid}
H

-COOH + NHy(CH;LNH; 200°C -CO N (CHz);NIT, + H;O
(from dimer acid) A '

From the above, castor oil dimer acid has three functional groups, however, assumption of
difunctional dimer acid is inade and that it is only dimer acids with two -COOH groups

were present in the reaction mix.

Generally, in addition to the requirements of high conversion and equimolarity of functional
groups, successful polycondensation demands that reactants be extremely pure as minute
amount of mono-functional “impurities” will limit drastically the molecular weight of the
polymer by producing chains which are incapable of further growth (Jenkins, 1972). In any
case, in industrial practice, most resins (as in this case), the basic polymerisation is taken 1o
low conversion at which gelation does not occur and therefore the resin is workable
(Cowie, 1973, Bolker, 1974). Furthermore, most reactions used in  condensation
polymerisation are in equilibria and in order to obtain high conversion, it is essential to
provide some means of removing the small molecules such s H;O, CO,, HCI, eliminated
during the reactions (Fig. 3.3; Jenkins, 1972), The fatty acid dimers in this case contain

mono-acid “impurities” which limit high molecular weights, however, they are workable as

resins (Billmeyer, 1984),
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4.8  Characterisation of the polymer prepared

4.8.1 Results of infra-red spectral analyses

Thie results indicate the formation of Amide I and Amide I bands (Appendix J) in which
the character of the C=0O band is highly modified (Pecsok et. al., 1976). Detail analyses

presented ir: Tables 4.8, 4.8.1 and 4.8.2 below lay claims to the formation of polyamides

4.8.2 Solubility tests

The results indicate that all the polymers are soluble in the following solvents; acetone,
toluene, kerosene, chloroform, carbon tetrachloride, 1,1 1-trichloroethane and insoluble in
ethanol, methanol and water. This shows the fatty acid-based property of the polymers

which make them soluble in non-polar solvents and insoluble in polar, organic solvents

(Peerman, 1969, Olabisi et. al., 1979).

4.8.3 Melting ranges

The three types of polymers show melting ranges between 70 and 100 °C as,
Palm kernel oil polymer = 80 - 100°C
Palm oil polymer = 80 - 100;'C

Castor oil polymer = 70 - 80°C

From the above analyses and especially from IR spectra of the compounds synthesised
(section 4.7), and analyses presented in Tables 4.8, 4.8.1, 4.8.2 below, it can be concluded

that these polymers are polyamides.
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4.9  Spray-coat trials on wood and leather surfaces

The results of both dry and wet rubfastness ratings for palm oil and palm kernel oil
polyamide coats indictae good ratings on leather surfaces as they comipare favourably with
the ratings for standard polyurethane coats (Table 4.9 below; Sharphouse, 1989; Sarkar,
1991). However, all the trial coats show very poor rating on wood surfaces as a result of
poor adhesion (Sarkar, 1991). Furthermore, the comparable good adhesioﬁ for palm oil and
palm kernel oil polyanﬁde coats suggests favourable interactions and compartibilities of the
resin groups with the leather groups (Collagen groups) (Olabisi et. al., 1979, that is, the -
COOH, -CONH, -NH; groups of the polyamides do interact with -CONH,, -COOH, -NH;:.

groups of collagen (Olabisi et. al., 1979; Sharphouse, 1989).

On the other hand, castor oil polyamide coat appears tacky and non-film forning perhaps
as a result of the peculiarities of the main fatty acid mentioned in section 4.7 (Naughton,

-4,

1974).
In summary, the wet rubfastness rat'ngs of palm oil and palm kernel oil polyamide coats
show higher values compared to those of corresponding dry rubfastness as a result of high

water repellency of the 1esins (Peerman, 1969).
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Table 4.9:- Results of dry and wet rubfastness

a) Dry rubfastness tests

Polyamide Surface Mo.of stain Changeinshade  Stainon  Change in shade
type circles on felt of sample std. felt of std. sample
Paimoil  Leather 30 4 5 5 5
* 50 4/5 4 4 4
“ 100 3 3/4 3 3
¢ 150 1/2 2 32 2
Palm Leather 30 4 5 5 5
kernel oil
50 4/5 4 4 4
100 3 3 3 3
150 1/2 2 2/3 2
Palm oil Wood 30 1 1
* 50 - -
Palm Wood 30 1 1
kernel oil
« 50 - -
]
b) Wet rubfastness
Polyamide Surface No.of stain  Change inshade Stainon Change in shade
type cacles  onfelt  of sample std. felt  of std. sample
‘Palmoil  Leather 30 5 S 5 5
“ 50 5 5 5 5
" 100 5 5 5 5
“ 150 4 4, 4/5 4/5
Palm Leather n 5 5 5 S
kernel oil
“ 50 5 3 5 5
“ 100 5 5 5 -
“ 150 4 4 4/s 4/5
- Palm oil Wood 30 1 1
“ 50 - -
Palm Wood 30 1 1
kernel oil
* 50 - -
i
1 = very poor finish = poor finish 3 = good finish
4 = very good fiuish = excellent finish '
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CHAPTER FIVE
50  CONCLUSION AND RECOMMENDATIONS
Polyamides from castor, palm and pa'm kernel oils serve several purposes including coating
applications, This follows from the hydrolysis of the puritied oils to obtain nixed faily acids

in yields up to 90%.

Urea fractionations of the mixed tatty acids give, 65.37%, 36.89% and 9.65% castor, palm
and palm kernel oil unsaturatced fatty acids respectively as against the reported 94 - 98%,

52% and 18% in that order.

Furthcrmore, results of dimerisation reactions show that the double bonds of the
unsaturated fatty acids are involved as indicated by decreases in iodine values with
corresponding increases in relative viscosities. These are supported by infra-red spectral
analyses of the neat samples which show progressive shifis in absorbances of the double

bond (-C=C-) functional group as, P, & P3 = Py, C2 —» C; — C4 and PK; — PK; — PK,.

Condensation of the dimer acids with ethylenediamine follow the general principle and

kinetics of non-catalysed polycondensation reactions. In addition, kinetics treatment of the

1
data shows appreciable agreement with the Carothers relationship, (1—_;)2 = 2C%kt + 1,

for a non-catalysed polycondensation. However castor and palm oil dimér acids show
intercept values of 5.0 and 4.0 respectively as against unity for palm kernel o1l dimer acid.
The positive deviation above unity is suggestive of the presence of mono-acid “impurities”
in the dimer acids. Similarly, k values calculated from the slopes of the plots indicate; PK <

PO << CO for palm kernel, palm and castor oil dimer acids respectively.
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Characterisation of the polyamides by infra-red analysis, solubility tests and melting range

give encouraging results.

Finally, spray-coat trials on wood and leather sample surfaces shoﬁv good results on leather
surfaces for palm kerne! and palm oil polyamide coats as measured by dry and wet
rubfastness ratings. Castor oil polyamide coat appears tacky and therefore not useful for
this purpose. However, further work is necessary to improve on the properties of raw
materials, process and equipment design in order to optimise products and therefore better

results.

5.1  Recommendations for further work o

1). Further work should be carried out to determine the ratio of dimer acids to mono
acids

2).  Blending of the polyamides in appropriate concentrations and their synergisms or
otherwise should be studied. ;

3). Blending of the various dimer acids and copolymerisation of tiﬁ: unsaturated fatty

acid types hefore polycondensation should be carried out and their svnergisims or
otherwise studied. |

4), Other catalyst systems other than bentonite, such as BF;, HF, Al;0s, Al/Pd, be used
to see their effects on the rates of dimerisation reactions.

5). These polyamides should be tried as lubricants/release agents; stl;ibilisers and
plasticisers in plastic processing and the behaviours studied.

6). Oils (vegetable) of higher iodine values (>>100) should be employed in the synthesis

of the polyamides.
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Appendix 13: Variations of acid values of palm oil dimer acid with time of polymerisation

Time (min)
0

5

40
45
50
55

60

Vol(cm') of water released

Vol (cm’) 0 8 M KOH

116

2.80

1.10

0.90

0 80

0.80

0.80

0.80

Acid values mg KOH/g
acid dimer
62.83

24.68

18.00

18.00

18.00

18.00



Appendix 14: Variations of acid values of castor oil dimer acid with time of polymerisation

Time (min)  Vol(em®) of water refeased ~ Vol(em®) 0.8 M KOH  Acid values mg KOH/g

acid dimer

0 0 1.50 33.660
5 040

10 0.40 0.6 13.464
15 0.50

20 060 0.55 12.342
25 0.70

30 1 .00 0.52 1122
35 110

40 1.20 0.50 8976
45 1.25

50 1.30 0.40 6.7632
55 1.30

60 1.30 0.30 6.732
65 1.30

70 1.40 030 6.732
75 1.50

80 1.50 0.30 6.732
85 1.50

90 1.50 0.30 6.732

117



Appendix 15; Variations of acid values of palm kernel oil dimer acid with time of polymerisation

Time (min)  Vol(cm') of water released ~ Vol(em®) 0.8 M KOH Acid values mg KOH/g
acid dime

0 0 4.2 04 248
5 018
10 0.36 214 48 022
15 0.54
20 0.72 | 61 36 128
25 .89
30 .07 [.28 " 28 050
35 1.25
40 1.43 1.07 24.011
45 161
50 1.79 0.89 19.972
55 1.97
60 2.14 072 16157
65 2.32
70 2.32 0 54 12118
75 232
80 2.32 054 12 118
85 2.32
20 2.32 0 54 12 118

11¥
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Appendix C:

S/No

(]

States
Anambra/Enugu
Ldo/Delta
Benue
Cross River/Akwa Ibom
Adamawa/Taraba
Imo/Abia
Kaduna
Kwara/Kogi
[agos
Niger
Ogun
Ondo/EKiti
Oyo/Osun
Plateau
Rivers/Bayelsa

Total

N/A = Data not availabl.

Governnent

1977.50
9100.90
444,40
14423 43
73.50
6015.70
N/A
231.40
6134.00
1152140
139.00
N/A
5089 32
5605180

Source. Nigerian Palm Produce Board, 1982.
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Private
8064.00
14252.33

285.85

31610.01
50.00
20657.80
N/A
111.77
59.00

599.70

1847.51

290.40

N/A
6851.70
82280.13

Established oil- yalm plantations (hectares) in Nigeria (Pre-1980 era)

Total
10641 81
23354 23

730.25
406033 44

123.50
28673 .50

N/A

111.77

231.40

59.00
6733.70
13308.91

42940

N/A
12841.02
141331.93



Appendix D: World production of castor beans in tonnes

C°”‘“W¥’w 1950-54  1954-59 1959 1960 1961 1962
Brazil 187414 185977  1600GO 248000 200000 210000
India 120960 127008 125440 118720 99680 113120
Thailand 11280 29665 37530 47350 36120 41335
Ecuador 7182 17431 19500 21800 22815 24250
Rumania 2226 12434 18300 29000 22375
USA 13449 9293 12165 15635 19000
Tanzania 9985 14746 15898 20560 12039 22000
Ethiopia 10730 15650 17000 19000 11000
Argeuntina 3229 4785 9500 12870 8000
World total 366455 544785 557590 668410 583815 G09ISS

Source: Terill et, al,, 1975, in Encyclopedia of Cheimical Technology Vol. 4 pp 529 - 533.

Note: Figures for 1962 for some countries are not indicated.
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Appendix E: Lyes for alkaline refining

Degree Baume' at 15°C % NaOH W/V content
10° 6.57
12° 8.00
14° 11.06
16" 12.68
18" "14.36
207 16 09
22° 17.87
24° 19.70
28° 21.58
36° 23.50

Source - Swern et al, (1964}, Bailey,s Industrial Oil and Fat Products, 3rd edition, pp 735 - 739
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Appendix F: Some physical and chemical characteristics of some vegetable oils

Namg

Castor o1l
Cocoa butter
Cot'onsced oil
Linsced oil
Olive o1l
Palm o1l
Palm kernel oil
Rapeseed oil
Soyabcan o1l
Sperm oil

Tung o

Specific gravity
15/15°C
0960 - 0.967
0.764 - 0,974
0917 -0918
(.930 - 0.938
0VI4-0918
0.924
0.866 - 0.874
0913-0917
0.924 - 0.927
(878 - 0884

(1939 - 0.949

Solidification
point "C
-1710-18

11210-13
-9 to0-27
+2 10 -5

355042

=10
-0 -16
15.5

Below 17

Acid valuc mg/g

0.12-08

036-1.0

L1-19
0.6-09
1-35
03-10
10

03-18
13.2

3]

Saponification
mg/g
175 - 183
192.8 - 195
194 - 196
188 - 195
185 - 196
200 - 205
243 - 255
168 - 179
189 - 193
120 - 137

190 - 197

lodine value
g/1u0g
54
28-42
103-111.3
175 - 202
79 - 88
49.2 - 58.9
10.5-17.5
94 - 105
122 - 134
80 - 84

163 - 171

Source - Dollear (1978) Encyclopedia of Science and Technology Vol. 10 pp 199 - 203.
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Appendix H: Fatty acid composition of castor, palm and palm kernel oils
Fatty acid % composition  Number of double bonds % total unsaturation

1} Castor oil fatty acids

Lauric acid 24 Nil

Myristic acid 24 Nil

Palmitic acid 2.4 Nil

Stearic acid 2.4 Nil

Oleic acid 7.4 one = 98
Linoleic acid 3.1 two

Ricinoleic acid . 89-90 one

i) Palm oil fatty acids

Myristic acid 1.4 Nil

Palmitic acid 40.1 Nil

Stearic acid 5.5 Nil

Oleic acid 42.7 one ~ 53
Linoleic acid 16.3 two

Palm kernel oil fatty acids

Lauric acid 46.9 Nil

Myristic acid 141 - Nil

Palmitic acid 3.8 Nil

Stearic acid 1.3-20 Nil

Capric acid 7.0 Nil

Oleic acid 18.5 one = 19
Linoleic acid 0.7 two

Source: Gerald, D. Fasman, 1975,

b JOR°:



Appendix I: Absorption characteristics of carboxylic acid, alkanes and alkenes (cm™)

(a)  Carboxylic acid

Type V(OH) free V{OH) bonded
3560 - 3500 3000 - 2500

R c'-}-)ou
{(b) Alkanes

Type V(CH)
Group .
Methine -C-H 2890
Methylene -CH, . 2853 - 2926
Methyl -CH; 2872 - 2962
(c)  Alkenes
Group Structure V(CH)

Vit H\ —' /H 3085

Vinylidene 152
= 3080
R/ \\H
!

cis-disubstituted i I '
i\C'=l'_‘.< 3020
R~ R’
trans-disubstituted i
=C/} 3020
FE \R"

Trisubstituted R C)l
| - >c= : 3030
R/ \H
Tetrasubsituted C/l’r
R! - \{.w )

Source: Pecsok et. al., 1976, pp 201-213,
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V(C=0) V(C-0)
1740 - 1650 1320 - 1210
5(CH)
1340
1465
1365
V(C=C) S(CH)
1642 1415
1652 1415
1657 1300
1672 - 1410
1670 1345

1670 -



Appendix J: Absorption characteristics of amines and amides (cm™)

~Type V(N-H) 3(N-H WC=0)
Group —~ '
1" amine RNH, 3500 - 3400 1600 -
2° amine R,;NH 3350 1600 -
1 amide -CONH, 3500 1600 1690

2° amide -CONH- 3450 ' 1600 1680

Notes: Amides I and 11 bands are not pure C=0(V) and N-H(8) respectively. Amide I may be as
high as 80% -C=0(V) in character, but Amide 1l is strongly coupled interaction between -N-H(5)
and C-N(V) (Pecsok et. al.,, 1976). Amides readily condense as do carboxylic acids, but in amides,
the situation is additionally ~omplicated by considerable double bond character ofthe O C N
and secondly the degree of vibrational couplings that take place, for instance N-H(V) may couple
with N-H(5) and moreover, N-H(8) couples .strongly with C=0(V) (Cowie, 1973). Therefore self
association, cis-, trans- isomerisin and vibrational couplings are some of the factors that influence
absorption bands of amides (Kemp, 1991). Furthermore, H-bonding is Iess in amides and amines
since nitrogen is less electronegative than oxygen, the consequent of is this that in amides, the
positive inductive effects ¢f NH, produce lengthening (weakening) of the C=0 b..nd leading to
lower frequeitcy compared tc the corresponding ketone (Pecsok et. al., 1976). In addition, the
negative inductive effects of nitrogen atom is being dominated by the positive mesomeric effects

of the pair of electrons on the nitrogen (Kemp, 1991)

o /8,?;\
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