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The kinetles of essterification reaction between oleic
avld and glyoerol has besn studied under various
conditiona. Pyridine was used ag co-solvent. Reactions
ware carried out at 180, 200, and 220°C, Experimsntal data
fitted the second-order rate eguation for the reaction at
180°C and third-order rate squation for the reactions at
200°C, and 220°C, whils for the rsactionsg without pyridins
the obtained data fitted the third-order rate sguation for
all temparatures. In addition to the kinetic
investigation. the product distribution at 180°C with and
without pyridine was situdied. It waz observed that
pyridine hasg an sifect on the formation of partial
glycerides.
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OLEIK ASID VE GLISEROL ARASINDAKI ESTERLESME
FEAKSIYONUNDA PIRIDIN ETRISI

Bu galigma da gliserin ile oleik asit arasaindaki
wagterlegms reaksivonu piridin ortak gOimiiclizi varlifinda
viriitilersk reaksivon kinetifi vénilinden incslemmigtir.
Avyni reaksivon., karglagtirma amaci ile gomlcisis olarak da
viritilmis ve elde edilen sonuclar karsailagtairilmigtar,

Gligerinin yval azitleri ils esterlegmesi prosesi
Yvaniden esterlesme" prosesi oclarak da belirtilmektedir.
Bunun nadeni. yvad asitleri kaynainain dofal yafllarla
vakslar olugu ve vald asitlerinin bu kaynaklardan hidroliz
yvolu ile slde edilmesidir. Homoirigliseridlerin lUrestiminds
aernt bhazit ve o nedenle en gok arzu edilen calisma yontemi.
direkt ssterlegme vOntemidir. HBuna kargilik belli
konfigirasyon ve homoien vapidakil mono— ve digliseridlerin
tretiminde direkt esterlesme yontemi uygun olmamaktadir.

Gligerinin vall azitlerivls esterlesmesi sonuounda
homotrigliserid olugumu en basit seklivls agafiidaki
denklemle gOsterilebilir:

Hat0H HatOOCR
} |

HTOH + 3HOOCR -+ HCOOCR +3Hy0

l |

HzCOH H2COOCR

Gergekte bu reaksivon,. baglangigta wmonogliserid
olugume, monogliseridin digliserid wvermek ilzers daha illeri
ezterlesgnesi ve digliserin de ftrigliserid vermek lzsre
apterlesmesl kademelerinden yvirimsktedir. Bunlara ilave
olarak bbévle bir ssterlegwe reaksiyvonu, aclil gruplarinin
gligerin molekiiliindeki bilr konuwmundan digsr Konuma
kaymalari nedeniyle daha gda karigaik olan bir mekanizma
izlemektedir. Bu bilgller de géd=z énine alindifinda



esterlegme reaksivonunun ilerleyvigl daha dodrv oclarak
agafidakl gibl gbsterileblilir.

200CKR CH200CR
HOH -~ CHOH

. EH H CH200CH
CHz OH 29 b », CH200CR
RCDGH*W;HOH T HOOCR
CHaOH. / CH00CR
RO cmom GH200CK
(}:}(ggcgw—v !T.HQOIE
£Ha OH CHyOH
1 ve S—anoglyCETid Diglyserid Triglyasriﬂ

1.2 ve 1,3

Gligerinid vanlaz bir hidroksil grubuna vetscek
miktarda vagd asitl 1le esterlesmesinden normal olarak
wonogliserid sldes odillmesil beklenidir. Ancak vygulama da sbdz
konusy kogullarda elde edilen lrlinde di~ ve trigliseridler
de monoglissrid 1le birlikte buvlunmaktadir. Urinde di- ve
tragliseridlerin bulummasinin nedeni, glizerin ve vag
agltlarinin birbiri igervisindekl gsinirl: ¢dzinirligine
dayanilarak aciklanabilir.

vai asitlerinin gli=zserindekl gdzinidriiiklerinin. gok
digldk oldudu ve vad asitlerinin wmonogliseridiski
gdzindrliklerinin gliserindeski gdziniirliiiklerinden daha
faxlae oldufu literatdrds belirtilmekiedir. Bu nedenls
reakzivonun baglamasindan sonra olusan monogliserid yvagd
azltleri ile daha llerl reaksivons glrecek di- ve
Ctrdgligerdd lirdnlerini olugturmaktadir, Bu disincenin )
temel oldudu ‘bazi galigwéalarda ssterlesme reaksiyvonuon da-
fenol ve Dowther gibi gézlcller ortak g¢bSzicld olarak
kEullanilmigtir.

Bu galigmada glissrin-olelik asit s=terlegsme
reaksiyonunda daha dnese de belirtlldigdl gibkl piridin ortak
ghziicl olarak kBullanilwastir. Pirvidin-gsu azsotropy
karigimdakil suyun ayrilmasi daha dnce geligtirilmisg bir
dansy diimenefl vardimivlia gergeklegtirilmigtirsr. Bu denoy
dilzenefiinde kati sodyum hidroksit =u tutan madde olarak
kullanmilmigtir. Pridin miktar: reaksiyon tempesratirdni
safdlayacak gekilde tespit edilmigtir. Reaksiyon 180°C. 200
CLove 220°C Y da viirdtilmistir., Reaksiyon karigaimindan
8nceden belirlensn mamen aralaklarinda alinan numunelerin
ghziiclilerd glderildikien eonra oleik a=silt miktarlari agit
dagerl tayinil yapilarak belirlenmigztir. Serbest a=zit
miktari, ortaimdan ayrilan sster suyw miktarina gbre
dilzeltilerek kinetik egitliklerde kullanilmigtir. Deneyseal
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sonvglarin oan iyl hangl hiz sgitligine wvyduklarainin
testblitinde en kilgik hareler ybdntewminl kullanan billglsavar
programi kullanilmistir. BHBu program lstenilen aralikta her
martebe lgin tarama vapmakta ve en uygun mertebeyl tegsbhilt
etmaektedir. Deneyeel sonuglarin bu gskilds
dederlendirilmegivls piridin kullanilan resksivonun 180°C
gda ikinci meritsbhbe. 200°C ve 220°C  larda iss lglncd mertehe
reaksiyona vydudu anlagilmigtir. Céziicisiz olarak
yvilridtilen reakasivonlarda slde edilen sonuglarin bu gekilds
dederlendirilmassivls piridin kulllanilan reaksivonun 180°C
da ikipnci mertebe. 200 wve Z20°C larda ise lglincl meritebs
reakgivona uydudy anlagilmigtir. O=icistiz olarak
viritilen reaksivonlarda slde edilen sonuglar yukarida
balirtilen U¢ temperatiirdes de dglinol mertebe reakslvon hizs
egtlitligine vwgunluk gbstermigtir.

Literatirde glizssrin-yvad asitl ssterlesme reaksivyvonu
gagitll katalisdrlerin kullanilmasivlia defilgik
temperatirlerde yiridtdlmistur, REeakgivonun lkincl mertebe
bulundugu gibil dgincd mertebs olarak da bulundudu rapor
edilmiztir.

Bu galigmada bulunan reaksivon hizs zablitlerd ve
aktivagyon snsrillseri Tablo 1 de verilwmistir.

TABLD 1. Reaksiyvon Hiz Sabitleri aktivasvyon Enerijilsrci.

it Hiz Sabiti, k(2 %) 2 (dak.})! Aktivasyone
180°¢ 200°C: z20°C: Enerii
K. calfmal
Firidin L10= 104 (m)  2.81=10°6 12.5= 106 27.46
| GostielstE g ag g0 6.40% 106 13,2 10°6 21.90

(a2) k nan bhirimi (=8 %)-1 (dak.)-1

Caligmada piridin ortak gozitici olarak reaksivon
Uridnlerinin dagilimina olan etkilisid 180° C da yiritilen
reakzivonda incelemmigtir. Bu amagla reaksivon
karigimindan belirli =aman araliklarinda alinan
numunelerin serhest asit. mono-. di-, ve trigliserid
miktarlariy tayvin sdilmigtir. Avni galigsma piridin
kullanilmayan reaksiyon igin de fekrarlammigtir. Gonuglar
tablolar & . 3 verilmigtir.
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TARLO 2 Olelk asit lle gliserol iln 180 °C de ki saterlegme

reaksiyonu sonuglara *

Zaman Agit Hidroksil  Monoglimerid Diglizerid  Triglizerid
Numune | (dak.) % defer % % %
i 667 89.08 37,90 12.32 0,000 00.00
] 21.83 71.43 64,96 15_.84?‘ 0.240 12.06
3 37.00 64,14 73.27 | .1&57' 0.234 7 19.06
4 5792 5380 70.85 5.08 n.607 40.51
& 77.75 50.50 53,94 7.56 0,334 - 41,61
6 $7.7% 47.03 51.18 6.26 0.3248 48.36
7 121.88 4268 40.61 6.91 0.20% 50.20
$ 157.67 38.06 3370 4.38 0.22Z0 87.34

TABLO 3 Piridinli ortamda oleik asit ile gliserol iln 180 °C
de ki esterlsgsme reaksivonu sonuglari *

Zumuan  Asit Hidroksil Monoglmerid Diglizerid  Triglerid

Mumme | {dek.] % dejer %

1 7.75 83357 25.40 7.30 0.0Z7 0.00
) 2 225{3 83.12 .47'419 ) 4.55 0193 7.14

3 3785 7430 %940 967 o321 iy | -

4 77.26 85921 £7.97 §.37 0.565 34.86

5 97.00 S44% 85581 6.4% 0.502 38533

£ 12780 4867 66.2%9 4.96 0.561 45 %1

7 18928 4338 RZ.47 6.62 0.461 50.46

* analizler gligerinsgiz numunelerle vapildz.,

Tablodan da gdrildigld gibl reaksivon sidrasince
hidrok=il deferlerindekil degisme wve buna bagfli olarak mono-
. di-, ve trigligeridlerin wiktarlarindakil dedigim pliridin
ve piliridinsiz reak=iyonda farkli olmaktadair. Bu =onug
piridin kullanilan reaksivonda reaktan oranlarinin
defjistirilmesiyle her hangi bir kisml gliseridce =mengiln
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drin slde sdlilebilecell geklindekil dneeki galigma sonuvcuny
da degrulamaktadir.
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CHAFTER 1. INTRODUCTION

Mono-and diglyoerides are the well known ester

n T

products of glycerol. These ester derivatives of fatty
i

contain, respsotively. one and two combinsd fastty

0

aclids, and have two and one hydroxyl groups in their

molacules .

Indugtirial mono-and diglycerides prepared by direct
sgterification of glyveercl are mixtures of mono-, di-, and
triglycerides depsnding on the molar ratios applied in the
reaction. Fres glyeerol is also present in final product.
Thase products represent an lmportant class of food
smulaiiisers and as such are uwsed in ice cream and psanuvt
butter. PFartial glveerides are also widely used in the
manufacture of oill-based binders such as alkyd resing and
lirethans olils. For thesss resasons studies on this special
subiect i going on sven nowadays although it began long
time ago. The first comprehensive classical study of
ssterification of glyecerol was carried out by Barthelot
{13, who aystematically preparsd mono-, di-, and
triglyeerides from praciically all fatty acids kEnown at
that time. Such esteriiication was conducted by heating a
mixture oi glyrcerol and fatty acids in & ssaled tube.
Bocavse ssterification is an eguilibriuvie reaction,
sgterification by use oif heat alons without spscial
provigions for removal of one of the productsz of the
reaction glves poor resulis both with reapsct to the rate
and axtent of essterification. Ones practical way of
inocreasing the vield of esaterification reaction iz to

remove the water az it 1s formed. various methods have



been applied bhoth in the laboratory and in industry to
accomplish the removal of ester water. In esterifing high
molecular welght alcoholé angd acids which digscolve little
water, the water formed during the reaction separates in a
layer. Therefore the removal of water can be accomplished
eazgily. Wwhen glycerol and a high molecular weight acid
{e.qg.. stearic acid, oleic acvid) are esterified under
reduced pressure the water can be removed by bubbling an
inert gas through the wmixture. Konen et al. [2] suggested
the use of steam, iner; gas, or splfur dioxide to promote
agitétion and carry ofif the water formed in the
esterification of fatty acids with polvhydroxy alcochols at
230 °C., Desicants such as calcium carbide [3] and
activated bauxite [4]1 have been suggested for removal of

water during esterification.

Although Temoval of the water from reaction wedium had
positive effect on the reaction eguilibriuvm, actvally they
counld not provide the formation of a determined partial
glyceride. Conseguently the end product of the reaction is
always a mixture of wmono-, di-, and triglycerideas. This is
becavse of the limited zolubilility of glvearol in fatty
acida [5].

In order to ilncreass the yvield of a detsrmined partial
glyeerides, the use of co-golventse has been proposed by
several workers [6, 7. &, 2]. According teo Hilditch and
Rigg [10] the yield of monoesters can be increased by the
uge of solvents in which the glycol and acid are mutually
goluble, Hilditeh and Rigg [10]1 uwsed phenol as mutual
aolvent for esterification, and Eckey and Richardson [11]
uged dioxane as a mutual solvent for glycerolysis. Mattil
and Sims [12] used pyridine as a solvent in the
.glyreroclyals reaction. In the reaction of fat with 50 %
by weight of glycerol in 4 parts of pyridine, uwsing sodium
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methoxide as a rcatalyst at zgteam bath temperature, maximim
conversions of monoglyeeride of appraximately 6% % were

observed.

In a previous study, pyridine was used as a co-solvent
in the direct esterification of glveerocol with oleic acid
{5]1. In the present study sifect of pyridine on sams
reaction was investigatsd 1in respsct of the kinetics and
product distribution by uvsing the zams st up for water
removal. The obtained results were compared with those of

the reaction carriesd out without pyridine.



CHAPTEE 2. LITERATURE SURVEY

Esterification can be defined as the condensation of
an acid and an alcohol to give an ester and watsr: the

raverss rsaction is hydrolyedls.

RCOOH + ROH ~—— RCOCR + HOH

The esters of organic and inorganic acids are {ormed
by reasctlion Dbetween the lonizabls hydrogen of the acid
(RCOD M) and the hydroxyl of the alcohol (R-CH) to form
water: sxperimsntal svidence indicated that in ths
szterification reaction the alcohol vields the hydrogen and

the acid the hydroxyl to form wabter.

The velocity constant for the forward reaction

{esterification) may be written as
v o= k {RQ&?H;}{R’C%H
the rate law for the reversse Trsaction may be axprassed as
viomk [ ROCGR) [HOH]
and at the aguililbrivw, the {ollowing sguation holds
K= ko= ROGOERE] [HOHI-[RCCOH] [KOHD .
Az the ratio of the velooity constants k and kK iz a

constant, it may be repressnted by K which iz called as the

equilibrivm constant. The magnitvde of K indlieates which
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subgtante will predominate when egollibriom is rsached. If
E is large. the product [RCOOR] [HOH)] will be largs
compared with [RCOOOCH] [ROH] and. if K is zmall the reverss
will bs true. If K has a medium valus, comparable
concentrations of all four reactants will coexist. The
eguilibrivm constant, applies only when all the reacting
substance coexist in bomogeneowvus solution. If one rsacitant
or reaction product escapes,. or is removed Ifrom the
reaction sone, the sguilibrive ls readiusted according to

Le Chaltalier principal.

Leyss [137 has pointed ouwut that thers ls no universal
manner in which all ssterification reaction can be {oroed
to completion, but frowm the point of visw of industrial
oparation they can be divided into three broad classes,

depending vpon the volatillity of the esters.

Class 1. With ssters of high volatility., such as
sthyl and methyl formate and methyl acetate, the boiling
point of the ester is lower than the corresponding alceohol,
and the sster can therseiocre be raadilly removed Irom the

reaction mixturs.

Cla g %.  Esters oi mediom volatility are capable of
removing the watar Iurmad by digtillatinu m.g., pfapyl,
butyl. and amyl formatsg: propyl, butvl, and amyl acetates:

and the meithyvl and =2thyl ezters of proplonioc, butyric, and

valeric acid. In some cases, ternary mixtures of aleohol,
sster. and water are formed. This group can be further

gubdivided, =.g9.. with sthyl acetate. all of the sster is
removed as a vapor mixture with alceohol and part of the
water, while the balance of the water accumulsates in the
gystem: wilth butyl acetate all of the water formed ls
removed nverhsad with part of the sster and alcoohol, and

the balance of the ester accumuvlates in the syatem.
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Clams 3. With ssters of low volatility saveral
posaibilities exist. In the case of the esters of buityl
and amyl alcohols, the water is removed a2 a binary mixture
with the alcohol., e.g.. in the production of dibutyl
phithalats . In the case of esters of ths lower aloohols
(methyl, ethyl, and propvl) it may bs necessary o add a
hydrocarbon swuch as benzene or tolvens to increase the
amount of water distilled over. with ceertain high-boiling
aloohols (benzvl. furfurvl. and f-phenyl ethvyl) an
accezsory liguid iz alwayas regulred to eliminate water by

distillation.

There are variety of methods that have bsen employed
for direct preparation of ssters:
1-Eesaction of an alecohol and an acid with elimination of
water:
Z-Reaction of an alcohol and an acid anbhydrids to form an
ezter and an asidg)

an acid chloride with

T
=
o

F-Raactlion of an alcohol
elimination of HCL:
d-Reaction of an alkyl halide and a& mestal salt of an

organic acid with elimination of the metal halide.

:Qf the diraét methods, the only process of ﬁéchniaal
importance involves direct formation of the ezgter from
aloohel and acid, becauss 1t iz the siwmplest, cheapsst, and
the only pracvtical method for large-scale industrial
production of aster. Since in the present study the direct
sgterlification was conducted, indirsct methods for ester
formatlion involving alecholysis, trangsesteriflcation, and
acidolysis will not be considered. Generally, fatty aclds
can be ssterlified with low molecular welght monohydric
aleohols, with highsrt monohydric alceobols, and with
polvhydrie alephols to produes esters, since this study

esterification reaction betwesen olelce acld and glycerol was



investigatsed. ssterification with polvhydric aleohols will
be explained, but some information will be glven on

esgterification with monohydric alcohols as well.

2.1. Estorg of low molecular weight monohydric

aleohols

The ssterification of fatty acids with lower molscular
welght wmonohydric alcohols is normally carrisd out, using &
large excess of the alcohol in the presence of an acid
catalyst. For preparatiaﬁ of methyl and ethyl esters,
fatty acids are commonly refluxed for ssveral hours in the
preagsence of 1 to 3 % of sulfuric acid or dry hydrogen
chloride. Uging suoch excesses of methyl aleohol (1% to 35
moles per mole of fatty acid). ester vields of 25 % or
higher are obtalnsd. For analytical work it has been
suggested that wethyl ssters can be formed by rsaction of

goaps with an excess of dimethyl suliate in the presence of

potaszsiuvm carbonate [141. This reaction is convenlent for
gquantitative studies. Vacuum distillation is used to

soparate the methyl ssters into fractions of varying
boiling points and molecular sizs. In the esterification
of lower alcohols, removal of water is difficult becauvsse of
'thé'clésanéaa bf bailing point of water and the  lowsr
aleohols. Azsotroplc procedurss likewlse are not
applicable bescauge of the mutual solubility of aleohol-rich
water-aloohol mixtures with normal azeotrope solventas. It
ig necessary to resort to other means to eliminate the
water, for axample, sxtraction with a water-insolubls
golvent sueh as benzene or carbon tetrachloride, dryving

with potassiuvm carbonate, or salting out.

Levaesgue and Crailg [15%] have studied the kinetics of
the esterification oif butaneol and oleic acid with & phenol-

formaldehyde-sulfonlie acid resin. The reaction is
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sggentially second order after an inltial slow period
The velozity conztant iz directly proporiional to the

gurface area of the catalyst per wnilt welght of reactants.

2.2. Ezters of Highsr Monohydric Alcohols

Egterification of higher alcohols from hexyl upward
can be carrisd out conveniently. using stoilchiometric
guantitiss of alocohol and fatty acld under azsotropic
conditions with benzene, toluvens, or wxylene az a solvent.
Direct ssterification of higher fatty slcohols is practical
by using a stream of inert gas such as carbon dioxids.
ndltrogen, or even gheam to Swesp ovt the libesrated water.
or alternatively a partial vacoum may be uasd to ramove
water while retaining the acid and aleohol. Higher fatty
aleohol esters of saturated aclds ares waxy =solids.
Bammister [16] recommasnds the following procedurs for
making diethyl phthalate and other high-bolling ssters.

tme sguivalent of phithalic anhydride and 2.5 sguivalents of

by

athyl aloohol are refluxed for 2 hours in the presence of 1

% oof concentrated sulfuvric acid (based on ths acid

anhydride). To producge the monoester, the sxceess of
aloohol iz distilled oiff at a temwmpsraturs bslow 100°C, For

the diester, a wixture of 67 % benzens and 37 % aleohol is
introducad continuously below the surface of the raaction
mixture and the resulting of alcohol-water-benzens L[ernary
is di=tilled oii and condensed. A yield of diester of over
99 % ig obtained by passing 3.4 to 7 eguivalents of alcohol
throwgh the mixture in 4.% to 7 hours. Esters of stearic,
benmole, gltric, waproic, malonie, suvecinie, cinnamice,
tartaric, salleylic, malle, and fumaric acid may be made in

this manner [17].



2.3. Egters of polyvhydric alocohols

The most common polyhydric alcohol esters are the
natural fats, or the glvoerol ssters of the higher fatty
acida, but the ssters of a number of other polyhydric
alceohols have attained indugstrial ilmportance and all are of
scientific interest. The polvhydric aleohols that have
been esterifled with various fatty acidse include the diols,
triols., tetrols, pentitols, and hexitols. The closely
related polyhydric sthers that have besn reacted with fatty
acide include the polyalkylene glycels. polvglyveerols,
polywerlzed pentasrythritols. hydroxvallkyl ethers or
polyhydric aleohols, as wsell as the siwmpler
carbohydratess {(mono-, di-, and trisaccharides) [18]1. Two
cvlagses of polyhydric alcohol esters wmay be distinguished,
namsly. (a) thoss in which &ll the alecohbolic hydroxyl
groups have besen ssterifisd, and () thoss which ars
incompletely esterified. The ester formed by partial as
well as by complete esterification of polvhydric alcohols

are far mors important than the monohydric essters.

Like wonohydric aleohols, the esteriification of
polyhydric aleohols is affected by catalysitis, tewmparature,
agitaﬁibn,lahd faﬁo@al'df water praduﬁed dﬁring the - h
reaction. Howevear, 1n the casge of monohydric aloohols Lt
iz possible to was a large exoess of the ssteriiing
alcohol, removing it after the completion of the reaction.
with polyvhydric aleohols this iz impossible. Because wilith
an sxcegs of polyol the fatty acid residuss are distributed
randomly, leaving some free hydroxyl grouvps and giving a
product containing &1l possible mono-—, di-, tri-. ete.,
agzters together with the fully esterifiied polyol. In order
to carry sgterification to cowpletion 1t is necessary o

uge only the theoretical amount or a slight excess of the
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aleohol, uvging resaction conditions under which water is

eificiently remowad. Ths ways of water ramoval ares:

1. Azwotroplc ssterification. The theoretical amounts
of polyol and fatty acid are hsated in the pressnce of
refiluxing xyvlienes which carries away the water formed during
the reaction. For laboratory preparvations a simple trap
such as the dean-stark is used for collectlion of water.
Moasursment of the water distilled during reaction offers a
csonvenlilsnt method for following the course of the rsaction.
The temperature of azeotroplic esteriiicetion cvan be closely
regulated by control of solvent guantlty [12].

Commercially assotrople esterification la uvsed,
particularly for alkyd resin production. Phthalie
anhydride sublimes readily at esterification temperature.
and the azsobroplc solvent (usually xylens) tends to
digaclve and {lush the sublimate back to the reaction

kettle [207.

2. Esterification usging an inert gas spargs. Rate and
degres of ssterification with polyols iz lwproved by
blowing an inert gaz, sueh as carbon dioxide or nitrogen,
through the reaction mixture [21]. Water is carried ofi by
'thé'gag stream, but losses of both polyol and fatty acid

may ocour {201 .

. Vacwum sgterification. Esterification under

reduced pressure offisrs the most eiflcient and practical

b

.

method for ssterification with polyvhydrie alcohols [2
a

2371. A moderately rapid reaction ls maintained ai lower
temperature than for the othesr processes with good
preservation of color. Glyecerol, which 1s probably the

mozt important polyvoel vsed for essterification, is
moderately volatile at vacvum ssterificetion temperatures.

Partial condengers help minimize glycerol losses.
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A vombination of vacuum asterification and sparging with

Loz or even steam glves the wmost practical reaction from

the standpeintz of rate, completensss,. and product color
207 .

Catalysts can be uged for spesding wp esterification
reaction, the cholce of the proper catalyst ls depsndent
upon geveral factors and will wary with the system under
consideration. Strong wmineral acids are generally used in
eaterification, particularly hydrochloric and sulfuric
acids, although other substances suvceh as salts, silica gel

(2471, and cation-sxchangs rasinsg [{1%] have been esmployed.

In the laborastory. hydrogen chloride ls the most widely
vasad catalyst, but for indusivial operations suvlivrle acid

iz prefsrred, pringipally becausse of the corrosiveness of

the formsr acid.

Food agitation during large scale egtervification is
great importance. Paddles agitators are not normally

gatigfactory, but propellsr or turbine types are needsd Lo
draw the heavy. fatty acid lwmiszeible polyol from the
pottom of the reaction vessel. This iz practicularly
Amportant in order to avold charring with high melting

pnlyoiu, such as péntaerythritml {25}.

The simplest polvhydric aleohols which can be
sgterifisd with the higher fatty aclds to form polvesters
ara glycolsz.  The glveols have a conslderable variety of
ugaes, =.9.. in antifresse solutions, and hydraulice fluids,
ag zmolvents and humectants, and as intermediates in the
preparation of other compounds [esters,. ethers, acetals,
ketals, ete.). The structure of the glycols conasists of
hydrocarbon chain with two hydroxyl groups attached o two

of the carbon atoms, they can be deaignated by the gesneral



formula Cp Hzn (OH)Yz. The lowest meamber of the series iz

ethylene glyocol, HOCH2OHZOH [267.

The glyecols form two seriles of ssters, namely. wmono-
and dieaters, depending upon whether one or both hyvdroxyl
groups are esterified. In the cage of the syvmmetrical
glyeols, only one monosster can resulit from essterification
and only one diester 1z possibles irrespective oi the
glmilarity or disgsimilarity of the acidic groups. The
gimple glyeols, as well as polvglyeols, may be szteriiiled
with fatty‘acids to produce mono-and dissters. Both
wlagses of glyocols may be directly esteriiled with fatty
acids in the same mannsr as the monohydric alcohols. For
complete direct esterification an excess of fatty acvid is
regquired, whereas for the preparation of monossters an
excess of glyeol is used. The resactlon wvelocity is
ingreagaed by high tempsraturs. ths addition of catalysts,

agitation, and removal ol wmolisture.

Ruttan and Rosbueck [27] and Hows [28] hawve described
procgedures for the preaparation of mono-and dissters of
athylesne glyeol, HOCH2CH20H, by direct esterification with
palmi;ic, heptadecancic (margaric), and stearic acids. The
?iald of wonoesters can be Ilncrsassd by uaingnmutﬁl‘ »

aolwvents in whioch the glyoonl and acid are soluble.

Kailan and Schachner [2%] investligated the weloclty of
szterification of the acid-catalvszed reaction of sthylens
glyoeol with walsrio, caproic, and heptanoioe acids angd foundg
that with hydrogen chloride as catalvst, the reaction
velowity was approximately the same az with butvric acid
under the sams conditions; also that the retarding sfiect

of watser was much less.



Bubin [30] calculated rate congtants for the
esterification of fatty acld with polyvhydriz spoxy resins,
both self-catalyzed and catalyzed with acids or salts. He
found no difference in rate betwsen litharge and lead
naphthenate:. but f-toluvens sulifonic acid was Ifound to be
about 30 % faster. Calciuvm naphthenats was about %0 %
zlower and its rate only a little faster than that oi the

galf-catalyzed reaction.

Feuge, Kramer, and Balley [311 compared the
effsctivensss of a variety of catalyests for the
sgterification of fatty acids with glyoerol. They found
zine or tin chlorides ars the most effsctive and practical

catalyasts.

Dunlap and Heckles [32] have ilnvestigated the
catalyzed ssterification of ethylene glycol and oleic acid,
they found that the rates of esterification using divalent
metal salts are not as great as for strong acids.  Howewver,
it iz probable that the mechaniswm iz similar and that the

metal salte act as acids in thse general sense.

Continuows wmethods of esteriiiving glyecols and other
polyhydric aleohols with fatt? acids at elevated |
temparature have been desgoribed in a series of patents
[331. The polvhydric aleohol and the fatty acld are
reacted in vaporized or mist form through spray nozzles
which introducse thewm into a reactlon chamber. The sster,
owing to 1t@ high boiling point. readily condenges and 1=
collected. The reaction may be carvisd ovt in spscial
reactor designed to allow the mixturs to pase through at

varving speed or tempsrature.

The esters of glveerocl ares no doubt the most important

derivatives of the polyalechols. Glycerol, CHa0HCHOHCH20H,



containg thres hydroxyl groups, the hydrogens of which may
b»» replaced by acyl groups to form fatity acid esters. all
of the natural fats consisgt of mixtures of the esters of
glycerol; many synthetic resins are polymerized ssters of
glyceerol: and various other synthetic glyvoeerides, e.g..
mono-—-and diglyeerides, find a wide smployment in the
manuiacture ol numerous food and Industrial products.  All
but a small proportion of the known organis aclds can be
saterified or otherwisse reacted with glyveerol to form
szters; hencs the theoretically poszible number of such
products ig ewtremsly large. This number ig increased
becavae the formation of pogition isomsrs is possible. and
becauvsse homogenous and heterogensous acyl substitution is

pozsible in the vaso of the di-and triglycerides.

The polyhydrilc natvrse of glycerol necessitates that

™

the positions of the hydrowyl groups be designated in order

that the point of attachment of an acyl or other
substituent may be specifically indicated. The glyoervl

radical ls preferably represented by the skeleton:

H2C - 1{a)
|

- HC 21 B - -
!

HZO - 3 {a ary)

It iz obviocus that 1§ acyl groups are attached at
differsnt pogitions of the glyceryl skaleton several
igomeric structures will result. If the aocyl groups are of
the same species two mono—and two diglyceride, but only one
tri-glyeceride is pomsible. Ii only ons species of acyl
groul 18 pregent the product may be designated as a
homoglyesride;: 1 ftwo or three apeciss are present the

product may be designated as a heteroglyceride [347.



- 5

The preparation of pure esters of kKnown structure is
far more difficult than the simplicity of.these compounds
would indicate. The warliest method, and the one still
most widely used. involves the direct esterification of
glyeerol with an acid in the presence of an appropriate
catalyst. The method, however, isg limited to the
preparation of homotriglycerides and to mixtures of
isomeric mono—and diglyeerides. The inability to prapare
purs monoglycerides by direct esterification is due to the
fart that Z-acyl groups tend to migrate o the l-position

[357.

In 1844, approximately twenty years after Chevrsul
(151%) esstablished the constituition of natuvral fats,
Palouze and Gelis [26] synthesized tri-butyrin by direct
gsteriiication of glycerol and butyric acld in the prsssncs
of sulfuric acid asz a catalyst. Ten ysars later Berthelot
{11 began his systematic synthesis of the glyoerides in the
covrsge of which he prepared the mono-, di-, and
triglyrerides of practically all of thse then available

fatty acids.

Cgmpletaraﬂt&xificstimn. Ugually refers to reaction
conditions in which e speelfic fatty aclid was present in
the rsaction mixture in the theorstical amount or slight
excesz. Investigations of ssterlilication of glyesrol with
mixtures of fatty acide have besn leszs numerous than thoss
amplcying a specific acld. The egterification of glycerol
with mixtures of fatty acids iz the reverse of the
gaponliicatlion of fats and should procesd to the sams
aguilibrivw under the same conditlons {(time, tempsraturs,

catalyst, ete. ).

Bhattacharga and Hilditch [37]1 preparsd wvariows
triglyeerides by heating a wmixture of fatty acids
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(about 110 g )} with 80 to %0 % of the theorstical guantity
of glycerol and 0.5 % of naphthalene-f-zulfionic acid at =
temperature of 135°-145%C., For % to 6 hours under a vaouum
of 1 mwm Hyg. Esgterification under thesses conditions was
preasumsd to be essentially completse and no mono-or

diglyeerides was present in the final product.

Tagsuchiyn and Akiyama [38] esterified an equimolar
mixture of stearic and oleic acids with the theoretical
amount of glyeerocl o provide for complete ssterification.
The product should be a mixture of six triglveerides,
namely,. tristearin, triolein. two distearomononleins, and
two diolsomonostearins.  aAnalysis of the product indicated

that it contalined 20% tristesarin.

Incomplets Esterlflcatlion. when glycerol iz reacted
wlth a fatty acid in an amount suvfficlent to easterify only
one hydroxyl group, the product doss not consist
axclusively of a monoacyliglyceride. but rather a mixture of
mono-, di- and triglyesrides, the relative proportions of

which depend upon the conditlons of esterification.

- Baellueed [22] noted that when one mole of glyesrol was
reacted with one mole éfwbalﬁific,'étﬁaric,‘ar wleic acid
at 215°-220°C under a pregaurs of 30-40 mm. of meroury. the
Bulk of the fatty acids disappeared in about two hours., but
an excass of glycerol remained. He obssrved that
monoglyeeridess formed initially, but after the first 1.2
heouwr diglyreeridesz predominated. when the reaction was
continued aiter all of the fatty acids had reacted, the
amount of monoglycerides increaged and the wnreacted
glycerol was consumsd. Thesse observatlons indicats that
diglvcarides are an intesrmediate product in the formation

of monoglycerides.
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Hilditech and Rigg [10]) found that at 160°-180°C and in
the pressnce of naphthalene-f-sulionic acid as catalvat.
50-70 % of the fatty acide was ssterifled in about 4 hours.
Depending on the ratlo of glyesrol (1 to 10 moles) to fatty
acld (1 wmole) the primary product was diglyceride and only
32-46 % of the total esters formed consisted of
monoglycerides. This predominance of diglveerides was
explained by Hilditeh and Rigg on thes basis of the
comparative immlscibllity of glyoerol and the higher fatty
avidgs or their glycerol ssters; conseguently the
monoglycerides which are first formed pass mainly into the
fatty acid phase where they undergo reaction to form di-and

svan triglveerides .

It wag obzmerved that, in general, the greater the
ratic of glycerol to fatty acild. the higher the vield of
monoglyocerids . An incrsass in the concentration of
catalyst, temperaturs, or duration of the reaction
increasad the total amount of glyeeridss produced but
reduced the proportion of monoglyceride. Similar behavior
was ohs8srved when sthyvlens glycol resplaced glvoersl in the

ezterification reactlion {[3%].

Biswas {4G3Hiﬁvégtigateﬁ the eéte?ifi&étiﬁn cf'bdra
stearic, palmitic, wyriastic, oleic, lauris, and linoleic
acids with glvosrol at 1280°C by uasing KzC0a (0.1 % on wi-of
acid ) az a catalvat. Samples taken in 40, 60, 120, 180,
and 25 minutes were analyzed for l1- and Z-monoglyeeride
and the results tabulated. Significant amount of 2-

glyeceridse were found in most cases.

In 1962 Choudhury [411 studied the direct
saterification of varilouva saturated and vnsaturated fatty
acide by uveing an exceess concentration of glyocercl (for

maximum monoglyceride production) at 180°%C reaction
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temparature and in preasence and absence of alkaline

catalyvet. The regsults showsd that the mastimom
monoglyeeride formed was in the range of 55-60 % of the
fatty product at eqguilibriuvm stage of the reaction. The

alkaline catalyst substantially incrsase the initial rate
of reaction without appreciably lowsring the time regulred
for reaching the eguilibriuvm concentration oi monoglyceride
in the resulting reaction mixtura. The catalyst helps in

depressing diglyceride formation.

Bailey [42] studied the inhibition of esterification
by addition of pyridine. inder the experimental conditions
smployed an ssterification of 3.1 % in 6 houwra, in ths
abgence of any negative catalyst, was reduced o about 1.7
% by addition of about 70 parts of CsHsM per willion: but
further addition (up to 800 parts per million) only reduced
ssterification to 1.37 %. when the sffective surface was
ingreassd by the insertion of glass tubes, the total
surface area of which was approximate the sams as that of
the vesgel, esterification, in the absence of CsHsN.
reachad 4.7 % by the addition of about 300 parts of CsHsN
par million, the essterification was again readuced to 1.7,
the additign of further CsHalM having comparatively little

wiffect.

The kinetice of the direct egsterification of glvesrol
have Db2en studied by several workers., Psuge et al. [31]
gtudised the esterificatlon of glyeerol and psanvt-oll fat
aclids under reduesd pressure with and without the
agzistancs of various metal chlorides and oxlides as
catalyste. They found the uncatalvsed resaction is
bilmonlecular in character but procesd in two suceessslive
stages of which the later has the lower velooclty constant.
velocity constants have been determined for the initial

and final gtages oif the rsaction at intsrvalszs betwesen 16467
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and 241°C. The caloculatsd hsat of activation for the
initial and final stapnes of the reaction ars respecitively.
12.3% and 106.8 keal. per mole. The concentration of ires
fatty acid corresponding to the termination of the first
stage decrsases progressively as ths tewmperaturs of the

reaction is incrsasesed.

Hartman [43]1 investigated the esteriiication rate of
@ight commonly fatty acids at 180°C using sguivalesnt and
aguimolar amounts of glyoeerol, with and withouvt co-solvent.
The esterification with eguivalent amounfs of glyéeroi
without co-solwent iollowsd second order kinetles and
proceedad at a gimilar rate for all acids sxamined.
Esterifications with sguimolar amounts of glyeerol wers
kKinetically complex and their spesed dependsd on the
golubility of glyecerol in individual fatty acids.
Esterification with glveerol in a eo-golvent (Dowtherm A)
alasp progesded at a similar veloocity for all of the acids.
The reaction slowsed down appreciably or stopped after 48
hours, which may have resulted from the influence of water
producsd in the reaction. Ths velocity constants for the
agterification of the individual acids with eguivalent
amounts of glycerol were calculated as shown in Table 2.1,
ésgumiﬂg”that the reééiign was bilmolecular aﬁd:fﬁlldéaé o
sacond order kinstios. In agressmsnt with the results of
Feuge ot al [311 it was found that ths velooclity constants
walre greatsr at the inditial stage of the reaction than

towards lts snd.
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TABLE: 2.1. Velocity Constants of REsaction bestween
Eguivalent Froportions of Fatty Acid and Glyecerol

at 180°C [437.

Valosity constantz® after reantion fos
Anid i hour 5 huones
Caprylic 0,178 0.120
Ciapric 0.1%0 0,131
Lauric 0,191 0.130
Myristic 0.180 0,129
Palmitic G.17¢ {.143
Btearic 0.171 0.120
Oleic 0,178 0.121
Linoleic 0.181 0.120

* Bupressed azs g. mols ~1 hours—d

ication of

H
ot
@
n
ot
o
)
Pt

Makman [447] =studied the kineticozm of i
goap stock fatity acids with glvosrol., pesntaseryvihritol, and
glvool by following ths acid numbsr of the reacti
mixturs, The reaction iz much faster in thes cazme of
pentaervihritol and glveol were first order kinstios is
obeyed. than for glyeosrol. where sacoudrgrder iz found.
The différant behavior in the cases of giyéarml iz éxplﬁinad
I tha difference in the reactivify of the primary and

geacondary hydroxyl groups.

The kinstic of ssterification of glyocerol with lauric
acid and phthalic anhydride {as monoglyoceryl H phthalats)
ware investigated by Tanizaki st al. [45]1. the rsactions
wore third order at 170°C and 230°%C. The ssterification of
phthalic anhydride waz glowsr and showsr highesr temperature

dopendence {(activation snergy) than that of lauric acid.
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Gioiwelli et al. [467 investigated the kinetice of
ication reaction of glyesrol with palwmitic acid, the
egterification in the absence of catalysts proceed in two
ztages, first stage beling the faster ons. The start of the
gscond Stage colncidsd with an inflection in the

triglyceride accomulation curve.

Fioiselll et al. [47] estudlied fatty acids distribution
with respect to glycerol during ssterification. For non
catalyvitic esterification of glyveeroel with mixed fatty acids
{14-18). the distribution of acid residues betwesn primary
and sscondary hydroxsyl garoups in the triglyesrides formsd
wag random.

The kinetle of zine chloride-~catalveed esterificatio
of glyesrol with palwitic acid was investigatsd by Schuch
2t &al. [4871. The esterification of glycerol with palmitia
acid at 160°C or 18BC cotalvymed by ZnCli waz found &
geoond order Isaction. The reactlion rate was maasured by
getarming of unrsactsd acid.

Trofimov st al. [4%]1 investigated the kEinstics of
sgsterification of Gleic acid with»ﬁn aitoztsrol (The main
componant of the alecohol fraction of heﬁtral compounds in
sulfate moap) at J00-2B0°C, resaction waz o seoond order aft
melar ratlo of the reactions 1:31 and a flrst order reactlion
at significant excess of olelc acid. The activation anergy
of the reaction was 76.2 kY mol and ths pressxponsntial

b

faontor was 1.2 = 107,



CHAPTEE 3. THEORETICAL ASPFECT OF THE STUDY

The migeibility of glycerol with fatty aclds and
glyeerides iz of theorestical and praciical importance for
the formation of monoglycerides. Fsuge ot al. [31]
egtablished the maximum awmount of glycerol reactable and
miscible with hydrogenated cotton seed oll, but according
to Hartman [507, the actual miscibllity cannot be readily
aggesged from their data. In 1958 Choudhury [51] reported
that in the presence of 0.1 % sodium hydroxide the
golubllity of glycercel in & number of fats amounted to 18-
24 % welght-percent of glyeerosl on the fat basls between

176-200°C,

Hartman's obserwvatlong in hisg laboratory were
incompatible with Choudhury’'s results and led to a re-—
sxamination of the date of the later avthor.
Determinations were made of the solubllity of glycercol in
fats and fatty acids at 180 and 200°C. Mo appreciable
A,glycerolysis Or .- astarificatiau ooeurred under the
conditions nsad. The influence of 0.1 % =zodium hydraxiﬁe
on the miscibility was found to be insigniiicant and was
therefiors omitted. Some typleal results are contained in
Table 3.1 with Choudhury’'s resulis in parenthesls.
According te Hartwman the marked difference in the resulis,
dezpite otherwise similar procedurs. may be due to the use
of high speed stirring (1000 r.p.m.) by Choudhury which'

produced emulasification.



TABLE 3.1. Miseibility of glycerol with fatty acids and
glyerides [50]. .

Woeight-percent of diggalved glyceral an fat basis

Material i80°C 200°C
Peanut oil, refined 09{i80uti75% 1.2{22.3)a
Cocomutoil, refmed 1.3(198at175% a 1.6(238)n
Tristearm 0.9 1.2
Trieurn 1.2 1.6
Tricaprylin 3.6 6.0
Stearic acid 5.1 7.0
Oleic acid 58 7.9
Palmitic acid 7.6 9.6
Myristic acid 11.7 16.5

| Leuric acid 230 ' S 314
Cuaprylic ncid completely mmclble —_
1- Monostearin 32,7 e
2- Monolaurm completely mizeible —

2 R.B.R Choudhury. ref. [51].

On the absolute percentage basgsis the molecular weight
apparently has little influence on the miscibility of
glycerol with triglycerides containing acids with more than
10 carbon atoms. The effect of molecular weight is more
pronounced in the case of {fatty acids and still greater
with monoglyceerides. Hartman {50] ztated that the figures
in Table 3.1 explain some results cohtained by Choudhury
[B1. 41} on the prapﬂratlon cf moncqucarldas hettsr thﬂn

“hls own mlSClhllltY figures.

The formation of homotriglycerides by ssterification
of glycerol with fatty aecids may he represented in its

gimplest form by the focllowing sguation:
H2COH H2EOOCKR

HCOH + 3HOOCR  ~—sHCOOCR +3H,0
l l
H2COH H2C000R



Direct esterification iz often the easiest and most
degirable method for preparation of a homotriglyceride.
However, the reaction cannot be made sufficliently specific
to produce any desired mono- or diglyceride with respect
aither to configuration or to homogeneity, and it is not
possible to produce, by direct esteriflcation, aspecifically
oriented triglycerides with two or three different fatty
acids in the molecule, because the limiting factor
determing the product compozmition is the comparative

ingsolubility of glvecerol in the reaction mixture [52].

Actually the reaction proceeds in stages beginning
with the formation of monoglyecerides which are further
esterifisd to form diglveerides, and these in turn are
egteriiied to form triglycerides. The esteriiication
reactlon is however, further complicated by the fact that
geyl radicalas tend to wigrate from one position to another
within the glyecerol molecule. It is a well-established
fact that z-monoacylglycerides tend to rearrangs to 1~
monoacylglycerides and that this reaction is accelérated
by heat and the presence of =mall guantities of acids and

alkaliea [53].

‘ Méftinvfééjvdeﬁoﬁstréteé'fhét équilibriﬁm batween the
twoemonoglycerides il establishsd at 80-22 % of 1-
monoglyeerides. The tendency of the z-acylglyeerides o
rearrange to l-acylglyeerides is in line with the observed
differences in the heat of combustion and specifis hesats of
these two igsomeric glycerides [55]. In the light of the
above mentioned facts, the mechanism of the eaterification
reaction can, therefore, be more accurately represented by

the following schewns:
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200CR  CH200CR
HOH —— GCHOH

Hz0H CHzD0CR

QHzQHJ’ N, CH200CR
RCOCH + (CHOH T OOCR
-~ CH200CR
CH20H~ CH2 08 rl:‘Hzoocp.’ﬁ
QHQDCR“"* ?HOOCR
CHa OH CHz0H

1 and 2 Monoglycerides Diglyceride= Triglycerides
1.2 and 1,3

In order to increase the amount of any desired partial
glyeerides., the reaction, as mentioned beifore, is carried
out with a co-solvent. It i well known that pyridine and
glycerol are miscible with each other, pyridine iz a good
solvent for the fatty acids, and esterification water is
migcible with pyridine in svery ratio and forms an
azeotropic mixture. which has a boiling point of 94°C [5].
Taking these facts into conmideration, the study of
esterification reaction between glycerol and oleic acid in

the presence of pyridine ssemesd to be worthwhile of being

investigated.



CHAFTER 4. EXZPERIMENTAL

4.1. MATERIALS

Merck grade oleic acid was used which had an acid
value of 1%3-1%8.581. Other chemical reagents which were
used such as glycerol. pyridine. and sodium hydroxide were

analytical gradse.
4.2. PROCEDURES

4.2.1, Esterification of oleic acid with glycerol in the

presence o pyridine as co-solvent

The direct ssterification reactions were run at
temperatures of 180°, 200°, and 220°C. For the
esterification reactions in the presence of pyridine.
gimul taneous removal of water from the reaction mediuvm was
necegssary. For this purpose a special set of apparatus

that was developed previously was used [5].

Schematic of the met up i®s shown in figure 4.1. As
can be geen. the reaction was carrisd out in a four-neched
flazk equipped with a stirrer turning at 200-3230 r.p.m.. &

thermometer. and a spescial water trap.

wWater contaminated pyridine droplets coming from the
condenser was contactsd with solid NaCH placed at the
bottom of a periorated tube, whiech has an angle of 45° with
the horimomntal. Thus. a concentrated NaOH =zolution is

formed around the sodium hydroxide pellsts. When the MNaOH



solution reache & certaln concentration, it drains from the
bottom holes of the tube, while the pyridine continuously
returne into the reaction medium. According to this

mechaniem an sfificlent water remowval ilg asccomplished.

—s3 Crmdenser

7 .
.‘ Thermometay
ﬁ
Boton periorated ‘__ﬁfﬁy ‘ - .
glass tube i MirTes
5 3 B
Blemgation tabs 4 F‘
Forp necked
Y . veaction Tlask
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Fig. 4.1 Sketeh of experimentsl set i {of the ecorificstion i he presence of pyridine

Esterification reactions wers conducted in
eondentrated soluiion vadng abouvit approximateliyy sduilvalent
proportions of the reactants. The oleirc acid and pyridine
were placed in the flask and heated to the reaction
temperaturse. Pyridine ls added in such amount that the
reaction temperaturs was satisfiled. In a ssparate flazsk
glyeerol was heated to reaction femperature and added
immediately to the four—-necked flask. In this way the
reaction which might be occurred before reaching the

reaction tewmpsrature lg avoldsd.

Samples were withdrawn using a pipette at

predetermined time intervals and cooled ilmwmediately by



lmmersing into cold water. Pyridine was removed from each
sample at 20 mm Hg and §0°C by usging a rotary evaporator.

It wae confirmed that under these cvonditions glycerol was
not removed. Fatty acld contente of the pyridine free
eanples were determined [56])]. Olelc acid concentratlons
were expressed as welght percentage as determined from the
acid value and eguivalent weight of the acid. A correction

for lose of water was appllied to sach sawmple.

In order to investigaete the effect of pyridine on
product distribution at 180°C. the monoglyceride content
{571 and hydroxwyl value were determined {58]. From the
monoglvesride content and the hydroxyl value, the

composition of esach sample was calculated.

4.2.2. Esterification of ocleic meid and glyesrol in the

abzence of pyridine

The esterification was also conducted without using
pyridine at 180%C, 200°C and 220°C by using a different
experimental gsetup figure 4.2. In this case water was
removed from the reaction mediom by the ald of an insrt
gas, nitrogen. The esterification takes place in a four-
necked flask equipped with & gtirrer turtiing at 00 . p.w. .
& thermometer, an inert gas inlet tube and an air
condengser. Mitrogen gas was allowed to enter the reaction
flask at a rete of 12 litre per hour, to carry away water
formed in the reaction. Samples were withdrawn at
predetermined time Iintervals and cooled lwmedliately by
irmersing into cold water. Acld valusg of the samples were
determined [56]. Olelic acld concentration was expresseﬂ in
welght percentage based on the sawmple correcied for loss of
water. Hydroxyl wvaluves and monoglyeerlide contents were
determined in order to estimate product disgtrilbution at

180°C [G&, L7].
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CHAPTER 5. RESULTS AND DISCUSSION

In this part the kinetles resulits of the
esterification reaction between oleic acid and glycerol is
presented. The obtainsd experimental data is used to
determine the reaction order for temperatures of 180°%,

200°, and 220°C. for cases of with and without co-salvent.

In order to bring the reasctante to reaction
temperature, the reactants are heated in a separate flasks
to avold differences in reaction initiation times.
However, during the mixing process of the reactants there
may £till be gome little differences in thes process of

getting component to dezlred temperature.

In this study the kinetie data of the esterification
reaction evaluvated by the inteqral method of analyeie in
two ways, first way utilizes the acid value of the reactant
mixture as the initial concentration and the acid
1ﬁérééﬁta§é”ia measuTed witﬁrfeépéét't& time. The acid

percentage as function of time is corrected for loss of

water. The second way takes the f{lrst sample as the
initial concentration. Similarly acid percentages are
corrected for losses of water. During the covree of this

gtudy various rung are dones using both approaches and 1t

was realimed that both of these methods are compatible.



5.1 Esterification reactions using pyridine as

co-solvent

In all experiments approximately egulvalent awount of
reactantse are uged. For the case of esterification of
oleic acid and glycercl with pyridine at 180°C., 21.6% grams
of oleic acid, 10.985 grame glycerol, and the amount of
pyridine wag 22.57-28.28 % based on fatty acid-glycerol
mixture. The results of the co-seolvent run at 180°C. are
compliled in Table 5.1. Examining the experimental results
it ie observed that reaction time ig taken as 163 minvtes
and the corrected acid percentage ig 33.56 which is
satlefactory level conversion for the kinetic analysile of

this reaction.

For the other experiments at higher reaction
temperatures higher converslons are expescted. However, for
the higher conversion cases the steric hindrance and the
gide reactione may affect the resulis, therefore deviations

from the normal kinetic behavior may be observed.



TABLEAS.l. Egterification of Oleic acid and Glyecerol in

the presence of Pyridine at 180°C,

Initis]l conomptration a=zcording toe

First ssmple taken from
reasction medium

Sample [Tine  Acid &cid LCoxrected |lime Acid | kcid  Lozrected

Paighted amounts

number |{gin} wvalue % acid % {min} wvaluse X acid %
- 0 173.%1 89,35 88.38 |— - _— —_—

i i 162.81 &3.65 83%.34 & 162.81 &3.8%  83.8%
2 5 154.22 8D0.27 78.7%8 4 188.22 80.27 BD.DO®
3 10 149.44 76.78 78 .1F% 8 149. 44 7%.78 76 .44
4 i& 147.28 78.66 74.988 14 147.258 75.686 75,26
| 20 140.11 71.%%  71.17 149 140,11 71.49% 71 .44
& 30 129,84 68.76 &E5.78 28 128.84 656.76  66.03
7 41 121.85 g2.66 51.57 40 121.95 e2. 66 €1.80
B -1 106.45 54.86% §3.47 EE 106,45 54.69 53,87
9 21 101.82 5K2.32 51.08 70 101,82 52.32 51.28

ip 87 84,78 48.70 47 .43 g8 84.79 48,70 47,81
i1 ids BE.82 44.0% 42.81 107 5. 82 44.0%  42.87
iz 129 78,87 40.52 39.28 128 78.87 40.852 38.40

13 147 FO.77 36,36 36.13 146 F0.77 36.36 35.76
183 g7.67 34,77 33.B8 1g2 87.67 34.77 33.88

[
r'e

Egrerification reaction carried out at 200°C with
pyridine was accomplished uzing 93,12 grams oleic acid,.
.9.43 grams glycerol. and the amount of pyridine was §.01-
12.85 % based on faftyvééid;giQCéfoi:ﬁiﬁtﬁré.’ The results
of this experiment are shown in Table 5.2. This reaction
started with acid percentage of 90.81 and reduced to

corrected value of 27,75 after 151.02 minutes.
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Standard error of estimate = 3,6701x10-9,

cosfficient of determination = 0.9%967, ang

cosffiicient of regression = 0.9983%.



TABLE 5.2. Esterification of Qlelc acid and Glycercl in
the presence of Pyridine at 200°C,
Initial concentration according to:
. Firsi sanple {alen from
Weighted amounte smnmtion amedinn
Sample

Time

Aeid Acid Corrected|Time  Amid  Acid Corrsctied

aunber {Rin) walu= 4 acid ¥ (min) walu= =% acid =%
i} g.00 177.07 %0.8B1 ©S0.81 P —_— —_—
1 1.18 169.81 87.08 Be .87 .00 169.81 B87.08 g7.08
2 &.18 181.75 7?7.8B2 77.16 E.po 151.75 77.82 77.38
3 11.10 139.85 71 .EE 70.&E 9,92 1359.83 71.58 70.83
4 1¢.10 131.08 67.22 66.19 i4.92 131.p8B &7.22 66. 3%
& 21.18 123.79 6£3.4B &2 .3 20,00 123 .79 £3.48 £2.51
& 31.10 111.87 57.3%7 56.1Z Z3.92 111.8BF §57.37 5. 286
7 41.35 100.52 51.85F 50.24 40,17 1pp.52 &1.8% ED. 3¢
g £1.10 83,21 47.80 46 .47 4% 92 a3. 21 47.80 46.59
9 61.0z BE.2% 44.25 42 .93 B9 .83 B6.22 44,25 43.03
10 78,18 7&.,25 40.64 39 .33 7% .00 79.25 40 .b4d 39 .43
11 91.35 72.85 37.21 35.93 90,17 72.85 37.21 38,02
2 1il.02 &E.82 3233.B1 32.57 104G, 83 65 .92 33.81 32.6%8
13 131i.27 60.8%7 31.22 30.03 130,08 g0.B7 231.22 3p.10
14 181.02 E8.33 2B.89 27.7% 149.83 56&.33 28.89 27 .82
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FIGURE 5.2.. Rate ol esterliflication of olelc acid and
glyocerol in the presence oif pyridins at 200°C,
Standard error of estimate = 2.4264x107°,
cosificient of determination = 0.82%72, and

cosfficlient of regresslon = 0.9%86.



The result of esterification reaction at 220°C using
108.2 grams olelc acld, 11.66 grams glycerol, and requried
amount of pyridine (6.13-11.44 %) based on fatty acid-
glycerol mixture showse higher conversion as shown in Table
5.3, the reaction starte with acld percentage of 20.28 and
reduces to a corrected acid valve of 15%.73 after 153.17

minuvtes.

TABLE 5.3. Esterification of Oleie acid and Glycerol in

the presence oif Pyridine at 220°C,

Initial copncentration according to:

First sanple taken irom

Weightesd amounts rEastsmn nediun

Sample [Time  Acid  Arid Corrseted|Time Asid  Azid Corrected
ruptsr { (nin) walus % acid ¥ {pin) walue X acid %

- n.00 176.04 S0.2B 90.28 F_ 4

1 100 156.41 81 .24 B0.7E .00 leg.41 @l.24 p1.24
2 .67 129.71 66.26 &5.22 .67 129.21 £6.26 65.61
3 12.00 11i0.44 56.54 55.40 ii.00 110.44 B6.64 55 73
4 17.00 9B .38 5D 45 49.15 i6.00 9B 38 50.45 49 .45
g 22.D8B HE.24 45.25 43,84 21,08 88,24 45.2% 44.20
& 32.17 75.36 3B.65 37.3% 31.17 75.36 3%.65 37 .59
7 42.17 &5.97 33.R3 32.&1 41,17 &&.87 33.83 32.81
& §7.17 G&B.45 29 .97 28.82 £1.17 ©8.45 29.97 2§ 99
q £2.25 E53.34 27.35 26.2% g#l.258 E3,34 27.35 26.42
10 77.25 47.26 24.24 23.22 76,25 47.26 24.24 73.36
11 92. 00 43.64 22,3 .21.42 g1.00. 43 84 22.38 - 21 54 |

17 112.17 3. 90 19.95 19.06 j111.1% 38.90 19.9% 19 17
133,33 a5.17 ie.pd4 17.21 132,33 35.17 le.04 17.31
153.17 32 18 16.80 15.73 JiBZ.17 3z.18 1e.50 15 B3

r

s et
& 0

£,.2 Esterification resction without co-solvent

The main purpose of thigs part of study is to =es the
efiect of pyridine as co-solvent on the reaction oi ecleic

acid and glyecercl, For this reason its thought necessary
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FIGURE &5.3. Rate of egterification of oleic acid and

o >x§lyééfol in the préééﬁésAbfrﬁyridins at4220°C.
Standard error of sstimate = 1.0716x10-4,
cosfilcient of determination = 0.8231, and

cosfficient of regression = 0.%566.
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to run reactlions with olelc acid and glyecerol in the
absence of pyridine to have a base for comparison of the
effect of pyridine on the esterification reaction. All the
experimental runs with pyridine which are represented in
section 5.1 are repeated for the case of esterification

without co-solvent.

Esterification reaction at 180°C i=s carried ocut using
113.56 grams olele acld and 11 .66 grame glycerocl. As seen
from Table 5.4, at the start of the reaction corrected acid
'bsrcéﬁtage was 90.692 which reduced to 37.55% after 155.83

minutes.

TABLE 5.4. Esterification of Oleic acvid and Glyvoerol at
180°C,

Initial concenirstion according 1o

. First sampls tsken irom
¥mightsd smpunts N Qedium

Sanple [Time Acid  Acid Correctsds|Tims  dedid Amid  Corrssted
nurbsr | (nin) walus X acid ¥ {min) wmlue 3 acid %

O.o0 175.04 %0.89 90,69

g --4.75 170.67 B868.43 88.30 | p.pp 170.p7 BB A3 BH 43 |
12 i0.D8 160.17 B2.99 8257 * | § a3 160.17 BZ.99 BZ.7D -
3 15.R3 151.p4 7H.ZBD 7?7.63 11.08 151 . pa 78.28 77.74
4 21.08 142.02 73.5% FR.77 16.33 142.0p2 73.5% 7Z2.8BB
5 25 .83 137.71 71.3E 70.4¢& 21.88 137 .71 71.38 70.56
& 35.83 127.07 6&-.B4d 64.7H 31.08 127 .07 65.84 64 .BE
7 46.17 11B.67 6£1.46 £0.31 41.42 118. 67 61.46 &0.40
8 B6.25 111 g1 57.52 56.30 51.580 ii1.p1 57.52 56.38
9 £7.50 103.s8 53.72 52.4% 62.75 1p3.sg 53.72 EZ.E3
10 g1.42 97.p01 50.26 48.97 76.67 87 n1 50.26 49.04
11 95 .58 90.41 46.85 45.54 91.#3 gp 41 456.85 45.&0
12 115.57 B84.26 43.66 42.35 hip 92 B4.26 43.66 42.41

13 136.33 79.p6 40.96 39.67 [j131.58 79.pp 40.956 39.73
HES. 83 74.53 3B.8B2 37.55 {ici.0R  74.93 38.82 3T7.60

Lo
(-}




80

1 1 J

0 | - | i ! 1

0 20 40 60 80 100 120 140 160

1, time {min.}

FIGURE =.4. Rate of esteriflication of cleic acid and
“ glycercl at 180°C. ‘
Standard srror of estimate = 6,4086x10-8,
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Esterification reaction at 200°C carried out with
113.56 grams of oleic acid and 11.66 grams of glycerol is
shown in Table 5.5. These resulte show at the initisl time
of the reaction corrected acid percentage of 920.69, and

after 158 minutes reduced to 21.76.

TABLE 5.5. Esterlfication of 0Oleic¢ acid and Glycerol at

200°C,

Initial concentration according to:

. Firet ssaple isken from
Heighted amounts tice memdium

Sample [Timm  Aeid Aeid Covracted |Tims  Aeid Amid Corrscted
nusber | (nin) walus 3 acid {rin) wvalus acid X

0.00 175.04 390.59 90.69

00 153.23 79 39 7939

1 .00 153.23 79.389 7E.81 8.

2 1g.00 136 .77 TFD.B?  &9.96 &.80 136.FF7 TO.BY 7047
3 15.08 124 10 64.30 £3.21 | 10.0B 124.10 64.30 £3.58
4 20.08 113 .66 5B.B9 L5769 | 15,08 113.66 5B .BY® G5B 17
5 22 B0 1p4.79 54.30 E£3.03 | 20.80 1D4.79 B4 .30 53 .42
& 35,42 1. 22 47.26 45.96 | 30.42 ®1.22 47.26 46.30
7 45.08 B2.81 42.81 41 A0 | 40.08 B2 81 42.91 41 .81
g 55.42 74.77 3B.74 37 45 | 50.42 F4.77 38,74 37.74
g 65.33 &9.06 35.78 54.54 | £D.33 6€9.D6 3L.78 24.7%
14 BE. 67 ®w2.33 32.30 31.1i0 | 75.67 62.33 3Z.3@ 31.33
11 95.17 EBh.49 29.27 28.15 | 81.17 E6.49% 29.27 28.34
12 18.17 50.54 26.19 25,12 |113.17 50 .54 26.19 25 32
13 138.67 46.80 24 .25 23.25 [l33.87 46.80 24.25 23.42

L5B. 00 . 43 A6 F2.73 - 21.76 [153.00 -43.86 22.73 . 21.33 .

[y
e
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FIGURE 5.5. Rate of esterification of olele acid and
- ”'glycafoi at z00°C, T a o N
Standard error of estimate = 4.0850x1h—%,
coefiicient of determination = 0.%%63. and

coefficient of regression = 0.9%81.



Esterification remction carried ocut at 220°C was

performed using 113.56 grams olele acid and 11.66 grams

glycerol is shown in Table 5.6, the corrected initial acid

percentage of 90.692 reduced fto 15.58 after 155,75 mihuvtes.

TABLE 5.6. Esgterlfication of Olelc acid and Glycerol at
2230°C,
Initial concentration according to:
Veighted amounts igigzinn gigi::ken from

Sanple [Timm Acig Arid Corrected|{Time A=ad Amid Corrscimd
numbsr { (nin) value X acid ¥ (min} walums = acid X

- §.006 175.04 90.59 90.6% —_

1 £.00 132.13 6B.46 67.48 0.00 132.13 68.46 6&8.4%

2 11.08 112.91 5B.B0 K7.2% 5.8 112.%1 5B.50 &5B.13

3 17.42 95.p9 49.58 4B.28 i1.42 95 . 8% 45 .58 45.5%@

4 23.0B B4.B4 43.35 42.65 17 .08 B4 B4 43.%5 43.27

5 28.25 77.82 40.17 23B.8B 22.25 77.52 40D.17 23%9.44

B 33.4727 70.70 36.63 35.38 27.42 7D.70 36.B3 35.BY

7 42 75 62.38 32.32 31.1ia a6.75 62.38 32.32 31.58

f 53.08 55.51 2B.76 27.74 47.08 55 .51 2B.¥p 2B.14

g £3.0B 50.29 26.06 25.00 B7.08 50.29 26.06 25.36
10 77.BB 44.61 23.11 22.13 71.58 44 61 23.11 Z2Z2.4%
11 92 .75 40.28  20.87 19.96 B.756 40.28 20.87 20.25

2 115.58 36.64 1B.9F 18M.13 {i09.58 35.64 18.98 18.40
13 136,17 33.86 17.54 16.74 J130.17 33.B6 17.54 16.99

14 155,

75

31.54 316.34 15.58 {14%. 75 31.54 16.34 15.B1
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5.3. Kinetic studies

The experimental data which are compiled with and
without co-golvent are plotted for the cage of different
reaction rate Equationse to determine the reaction order for
each of the experimental runs. A computer program
vtilizing least sgquare technigue which scans reaction order

in the desired range was used.

The graphs for the best fit resulis of the computer
evaluation are given'in figures (5.1, 5.2, 5.3, 5.4, 5.5,
and 5.6) frow the reaction order determination i1t iz found
that for the case of pyridine expefiments the reaction is
second order at 180°C, and third order at 200°C. and 220°C,
The reaction order for esterification without pyridine
follows third order for all tempsratures. From these
resulte it is clear that pyridine has a disgtinctive eifect
on the reaction kineties. The effsct of pyridine on the
esterification reaction may be explained in terms of the
co-golvent effect of pyridine, which provides more frea
hydroxyls which are steric hindranced in the reaction
medivm without pyridine. The reason why this effect iz not
ohserved at 220°C may be explained in terms of the reduced
amount of pyridine available in the reaection medium to

provide the reaction temperature compare to 200°C,

Comparing the present results with literature show
that the reaction order at 180°C for the esterification
without co-solvent follows second order reactlon.
Disagreement between the present study and Hartman [43] may
be due to the difference in reaction medium and procedurs
uged in the respective studies. Contrary to this study
Hartman [43] used a sealed tube and did not remove the
esterification water frowm the medivm during the couvrse of

the reaction. However, Tanizaki et al. [39] were also
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reported & third order esterification reaction betwoen
glycerol and lauric acid or phthalic anhydride at 170°C and

230°C.

Dunlap and Heckles [32] carried out esterificetion of
oleic aclid with glycerol without veing co-solvent and
reported second order reaction, the difference between the
reaction orders wilth this study wmay be explained with the
vee of catalyst in Dunlap and Heckles [32) study which is=
expected to reduce the reaction order compare to the

pregsent cage.

The rescilon dependence on the resctants and thelr
concentration lg well i1llustrated by Trafimov et al .[438]
study in which case oleic acid and f-sitostercl at 200-
250°%2, The reaction was found to be a second order for
molar ratic of the reactants besing 1:1. For the case of
excass oleic acld vitillisation the reactlon order was

reportad to be flrst order.

The rate constant calceulation on this stody were based
on gsegond and third-order kinetics, which was appropriate
for the individual case. The first and second order
resctions carn be represented by Egvatdooes 1 and 2,

raspactively.

To test Equations 1 and 2. lrsc and l-/c2 were plotted
against t. respectively. In view ol the dilficulty of

sstabhlishing the concentration in mole per liter at the
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applied temperatures, the olelc acid concentration wae

expressed as welght percentage.

Rate congtante determined frowm the slopes of the
gtraight lines shown in Figures (5.7, and 5.8) are
presented in Table 5%.7. Activation energles are also
included in Table 5.7. which are determined from Arrhenius’

law [59].

o, ¢ BT

From Arrheniusg’ law a plot oi 1ln k ve. 1-T gives a
straight line, activation energy can be calculated from ite

elope.

TABLE 5.7. Rate Constante and Activation Energies for the
Esterification of Dlelc Acid and Glycerol under

different Conditions.

Solvent ussd in Rate Conatant,k{wtxfgimiujl Activation
the resction . ensrgy, E

1B0°C 200%C 2z0%C kesl<mole
Pyridine Cliiox07d s.sts107® 12.5x107C 2746
None 1.9310°% 6. aox10°® 13 2x10° 21.30

* The unit of rats constant is iwtﬁfliminfi.

The product digtribution of the esteriiications was
studied by systematic chemical analyele of wmono—,di-, and
triglveerides with respsct to tiwme for both reactions with

and without pyridine at 180°C The results ol product



TABLE 5.8. Couree of Esgsteriflcation Reasctlion between Qlelc
acid and Glycerol at 180°C.*

Sample | Time  Acid  Hydroxyl Monoglyceride Diglyceride Triglyceride
tummber | (min) % value % % %

i 667 89,08 37.90 12,32 0.000 00,00

2 2183 7193 64.96 15.84 0.240 12.06

3 37.00 64,14 73,27 16.57 0.234 19.06

4 57.92 5380 70.85 5.08 0.607 40.51

5 77.75 50,50 53.94 7.56 0.334 41.61

6 97.75 4703 51,18 6.26 0.348 46.36

7 127.58 42.68 40,61 £.91 0,209 50.20

] 157.67 3506 33,70 4.38 2,220 57.34

TABLE 5.8, Course of Esterification Reaction hetween Oleic

acid and Glycerol in presence cof Pyridine at

180°C. ¥

Sample | Tme Acid  Hydroxyl -Moncoglyceride Diglyceride Triglyceride
number | {mimn) % vulue % % %

1 .25 93.37 2540 7.30 0.027 0.00

Z Z2.80 83,12 AT 4% a.85 0.1%3 7.14

3 3783 74D 940 - % 3 BN (X s SRR £ & 5 S

4 77.25 5421 61.97 837 0.56% 34.86

& 47.00 54.6% 65.81 6.49 0.502 38.33

3 127.50 48.67 66.2% 4.96 0.861 4581

7 15425 43.38 62.47 6.62 0,461 50,46

* Analysis were carried out with the glyecerol ifree

gamples.



digtribution for both c¢eRses are ghown in Tables (5.8, and
5.93. Inveetigation of these resvlte show that the
products are distribuvted in a different percentages during
the esterification reaction. However, 1t le realized that
these differences in the product digtribovtions at the
earlier stagesz of the reaction ars wore proncunced cowmpared
to the end of reaction. 8till there 1ls & vlear product
digtribution differences at the end for the case of
reactions with and without co-solvent. The reaction
mechanisgm can be better vnderstand by following the
variation in hydroxyl values with time, for the experiment
withovt pyridine hydroxyl wvaluves increase to a wmaxlmum
value of 73.27 at 37 minutes and then 1t decreasged to about
34 at the end of the experiment. The ilucreasge 1n the
nydroxyl valves is attributed to the formation of partlal
glycerides consumption which is stressed duse to
trapeesgterification coming inte operation decreased the
hydroxyl wvalue. The partial glyceridss formed in the
reaction dissolving at the fatty acid is bellevsd toc have

the main effect on the decrease of the hydroxyl value.

Inn the presence of pyridine as co-golvent the hydroxyl
valus increase up to 127 .5 minuvtes and show a little drop
“.at the end of ‘the experinent. Pyridine ies the main reason
for the difference in the hydrowyl profile since 1t acte as
a solvent for &ll components of the reasctlon mimture. It
includes glyeceride in the transesterification reactions to
keep the concentration of hydroxyl higher than the case for
without pyridine. It is advisable to study other reaction
stolchiometries and temperatures to strese the differanga
in the product distribuvtion for preferential process

condlitions for both reactions.
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5.4, Concluglons

The following conclusions may be drawn from the study
of esterification reaction between ocleic acid and glycerol

with and withouvt pyridine.

1-The reaction between oleic aclid and glycerol icllows
third order kinetics under the conditions veed in thie

gtudy, for all temperatuvres.

2~The reaction order of the same esteriiication
reaction wvweing pyridine as co-solvent followe a second

order at 180°C and third order at 200°C and 220°C,

3-The reactlion rate constants for essterification
reaction at 180. 200, and 220°C were found to be
1,83 = 406, 6,40 = 10~-6, and 13.2 » 10-6 {wt %)~2 (min.)-3
ragpactively. For the case of esterification reasction
uging pyridine reaction rate constant were found to be 1.10
® 10-4 (wt %)-1 (min,)-3, 3.81 = 10-6 (wt%)-2 (min.)-1,
and 12.% = 10-8 (wt %)}—2 (min.)—! respectively for the =ams

temperatures .

4--The forwation: of the partial dlycerides wiih tiwme . -
ehowed different pattern for the reactions with and withouot
pyridine and final distributions were closer to sach other

than the initial values.
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