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The purpose of thls paper 1ls to determine the effects
of catalyst concentrations snd temperatures on the rote of
resction and eneryy of activation in the reactlion system
of olelc acid and oleyl aleohol. It is suggested by Plory2!3
that the vp-~toluenesulfonle acld catalyzed esterification re-
cetions follow & second order mechanism. The p-toluene-

sulfonic acld is used in the present work.

Two different catalyst concentrations were used at two
different temperatures. The uncatselyzed reactlon at the same
temperatures was also studled. The specific rate constsnts
sre calculated and from that, the energy of activatlions are
calculated using tké Arrheﬁius equation.. The energy of acw
tivetion of the uncstalyzed reaction 1s slso calculated,

The numericnl velues are given in Table VIII. The diffl-
culty encountered in the present work ie the slow rate of
resction at 50.60'6., st which & complebe eguilibrium was
not attained, while at‘90.o° Coy equilibrium was attained

in congidersble tine,
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The importance of esters has been increased enor~
rously during recent years. During the past twenby years,
however, a great demand has arisen for higher molecular
welght esters in a veriety of applications. One typical
exemple iz the use of higher molecular welght esters as
plasticlzers for vinyl resins.‘ However, s@ﬁeral attempﬁs
have been made to zmchieve high ylelds and higher molecular

wvelght esters,

The esterification reaction of oleic acid with oleyl
glechol may produce 2 higher molccular welght ester can bie
used in the rapidly expanding chemical industry. For thls
reason, industrially and ohemicail&, the chemical kinetices
of oleic acid with oleyl alcohol would be z2n important one.
The vurpose of this paper is to deterrine the effects of
concentration and temperature on the rate of esterificatlon
and energsy of activation of oleic acid with oleyl alcochol,
In order to met higher yield, it is necessary to examine
the reaction mechanism and the energy of activation of the
complex formed during the reaction under different conditions

of the rezction.

Literature survey indicates that there 1s no work done
on the esterification reaction of oleic acid with oleyvl

aleohol, However, Cthmer and zaol sugzested that the



esterificetion of oleic acld with butanol follows » second
order mechanlsm when sulfuric escid 1l used &8 =2 catalyst.
Flory2t3 showed that the esterification reaction catrlyzed
by pe-toluenesulfonic acid follows & second order mechanism,
Prom thils viewpoint, n-tocluenesulfonic acid is selected as
o catalyst for the systen of olelc acid wlth oleyl alcohol
in order to aveold complex rezctions involving fractional or

third order mechanism.

In the present work, two aifferent concentrations of
p~toluenesulfonic acid are taken for the catalyzed reaeﬁion
at two different temperatures of 50° and 90° C, reﬁpectively.
Uncatalyzed reaction ig also téken into account at bothvof

the concentrations and both of the same tempernbures.

The Arrhenius equatibné 1s used to determine energy of
activations using the caleulated rate constents from the
rate data. Owing to the fact ihat the rate constents are
deternined using the equation which 1s valld for the second
order revercible mechanlism in homoseneous reactlions, and
gsince oleyl aleohol is wmore or less hydrophobic compound
vhich may repell water formed during the coﬁrse of the re-
action, & non-~homogeneous system appears. This results in
the deviations from the actual reaction mechsnism. In 6rder
to avoid the devictions, vigorous agltatlon was applied at

2 constant speed.



TILORY AND LCHAHISEH

The basgic theory of esterification is well known. An
egster is usually defined as a compound formed by substitut-
Ing an orgenle radical for an lonlzasble hydrogen of an acld,
In the esgterification of organic acids with alcohols, it
has been found that the union is in between acyl~ﬁ-dfg and

/0 1
alcoxy-o-ﬁ' groups, rather than betweennﬁ-cf Q= and =il .

The folleving resction may glve the com?lete picture of the
esterification reaction:
% ' oo
it =07 = 0O 4+ 3 = OF 2C00H + HoO
In the above reaction, the equillibrium constant for

the rezction is:

= (estef}x(water) | (1)
¢ Tacid)i(alcohol)

The value of equilibrium constant changes with the in-

creased presence of ester.

In 1850,vLudwig Hilheimy5 investigeted the hyérolysis
of suger by a2cids 2nd he found that the wveloclty of inver-
glon et sny instant was provortional to.the concentration
of the sugar at that instant. Later in 1862, nerthelot and
FPean de 5t G11e36’7 demonstrated that when ecuimolar quanti-
ties of ethyl alcohol and acetlc acld were heated together,
the esterificatlion stopped after sbont two thirdes of the
acld had reascted. Sinmilarly, when eculmolar proportions of

ethyl acetate and water were hested together, hydrolysis of



the ester stopped when aporoximotely one third of the ester
vas hydrolysed, This indilcates that the eguilibriux iz

reached in both the esterificstion and hvdrolysis rhenomenon.

8 gtated the law of mess

In 1864, culdbers and ‘‘mapge
sction: “the rate of chemicasl resmction ig nroportional to the
aetive masses of the resctante®, The sctlive mosses were de=
fined by the noleculer concentration. Considering the
reaction:

A4+ B == €+ D

in which the reactants end the products are in ecuilibriuw
with each other, it can be stated thet the wmolecules A and B
can resct siving oroducts C and D when they collide with each
other. Theretore, the velocity of the rescti-n must be pro-
portional to the numher of collislons gnd it a2lso devends

on the concentrationg of A and B. The forward rate of resc-
tion is proportional to the concentration of A and B, and

the reverse rate of reactlon is provortional to the concenw-

traetions of C znd ) ag 1n equations:

ry = X1 Cp Oy (2)

ro = kKo Ca Cp (3)
where k4 and ks 2re the speciflic rate constents and hoth sre
funetlions of temperature according to the Arrbenius® eguation
which can be written ssg

o
. =37/

kK =4 e (&)

%
or In (k) = ln (A) 'ﬁﬁT (5)



where “3 is the molal energy of actlvation, A is the pro-
nortionality factor characteristic of the system and termed
the frequency factor, and % is the gas constant. The fterm
Yenergy of sctivation®™ in the Arrhenius equation is the
energy possessed by those molecules which collide with each
otker, From the statisticsl nmechanloesy and also using the
iaxwell~ﬁoltzmann distributlion law, it ean be proved that
the fraction of molecules énérgizad to the éctiv&ted state,
where they collide and react te glve products, is equal to
the term exp. (~-5/8T). The Arrhenius equation is also re-
lated to the theory of absolute reaction rate which is de~
veloped by Hyringlo. The relationship between the Lyring
sauation and the Arrhenius equation can be established
eagily. The relationshlips sre ac;

W = AHY and (6)

In (A) = 1n & + A8"

RVER " 2y (7)
tthere ¥ is the Bolizmann constant, h is the Plenk constant,

v is the fugacity coefficlent of the activated complex, z
iz the compressibllity factor, 2! is the gas law constant,
1% 1s the standard enthalpy of activation, and S% is the

entropy of activation.

The forward and reverse rates of rezctlon sre related
to the equilibrium constant of the reaction. The rejation-
shirp is guite simple and can be given by the equation;

By = kl/kg (8)



The equilibrium constant can also be deflined in the terms
of activitles when the reaction proceeds in gaseocus phase,
chevei, it is unnecessary to treat of it here since the

scooe of this paper ig restricted only to the liguid phase

reaction.

¥or s reversible second order wechanlsm, the follow-
ing rete equation cen be integreted from the boundary con-

ditions of conversion with time., The rate equation isj
xa
¢ = v,z (9)
where YV, 1s the volume gf the betch and X is the conversicn
at any time €. ‘the equation (9) is integrated by many

workers and glven by Heougen and %atsonli.

The integrated
equation for revarsible second order rechanism nsy be written

aa follows:

N | (2, + b = a) (b + q)]
k,8 = V X = o g =TT5
" X0 q_}Jl [ cxg = = (10)

Where the reaction A + B = O + D

Y

ivd A Ry
¢ Ao Y3eo Yo

o
-3

it

= XK., 5 - ¥, W - v
b = 2a ‘;r}:io HON ..‘-IA.O JCO - Nuo

o Kc - 1,0

g = (=% ac 4 b2) 0.5

n

kl = gprecific raete consgtont in concentration
unit
Fg = qullibriur constant

E&O’ &BO, ﬁCo’ and KDO are the moles inltislly

pregent for the commonents 4,2,0, and D, respectivaly,

ans x% = moleg of A converted,
. 4



The Arrhenius equationlg (5) cen be differentisted

7ith resvect to temperature to glve the following equation:

d{(In¥x) = 7 (11)

aT 17
vhen the above equntion {(11) is inteprated between the

bhoundary conditions of rate constants with tepreratures, i®

yielde;s
Wy om
ki, T(T, 1) (12)

The energy of activation may be determined from the exe
verirental measurement of speclfic rate constants at two or
more temperatures. However, it is cugpested due to the fact

the ezperimental error may cause greater deviation in the com-

ks

utation of the energy of activetion if the exverimental

data are token at only twe different temperaturss. Greater

bl

ecuracy can be achleved 1T the snecific rate constants are

L

deternined at larze number of different temperabures.

The same wvalues of gpecific rate conatants can be
applied in the determination of the standard enthalpy of
activation cnd the entropy of activations, which are related

to the Arrhenlus equationlz.

It 1s understoced frow the zbove viewpolnt that the
energy of =sctivation is also useful to estimate.the specific

rate constant which is most useful in the resctor design.



Ae Abparatus

4 sehemptle dlagram of the apporatus ls shown in

Fioure 1. The svparatus used in the experinment was not of

a special tyne, and it can he found in any well orgenized
laboratory. The zpparatus conslsted of a mefcury thermometer,
o capacitance actuated thermorégulator, a reflux condenser
with drying tube seal, an electric mantle heater with variae,
an sccurate electric timing cléck, and a hirh speed elecw
tric stirrer was used 1in the measurement of rate data. The
erlenneyer flasks, pivettes, burettes, plunger to take =&
sar@ie from the system, and gas burner &s wéll ag glagsware
for titretion were also required. A magnetlic stirrer was

Lhiohly desirasble for zecurate titration.

B, Chenicals

Clelic 4Acid - liardesty Chemicsl Co., squivelent
weipht 282.4 gns.
Cleyl alcohol - Du v»ont Chemical (Co., equlivalent
weloht 268.4 pms.

vara~Toluene Dulfonic Acid - Hastman Hodalk Co.

<
.
-

t‘ethod

The esterification reaction wag carrled ovt in & three-
necked flask eguipped with a hirh speed stirrer., The ther-~

nometer, a tempersture controller, =nd = good refluy condenser



were copnnected to the Plagk., The flasgk was filxed in an

electric mentle heater with varlac voltage controller,

The reaction temperature was malntained with'the help
of the variasc, The flask was algo connected with 2 good re-
flux condenser with drying tube seal. 'Equivalent molar
apounte of the oleyl alcohol end olelc acld were charged to
the flask in order to get the coullibrium constant st teme

rerstures of 50° C. and $0° C.

Mrst of all, the requlred ﬁolar cuantity of oleic acid
wag edded to the Tlask by means of & furmel. C(ne wole of
oleyl alcohol wae heated in 2 seperste Tlasgk to about 5.0O T
above the requnired reaction temperaturs and then added to
the flask contaeining one mole zmeld., The temrerature 4dropved
to the desired tempersture when cold cstalyst was added to
the mizture. After the additlon of catelyst, a2 ssnpnle was
teken and titrated against lmowm 0.1 ¥OU scolution, The
first sample glhould be taken after = few minutes of eslapsed
time for complete lonization of the complex, If this pro-
cedure is not followed, the titration analysgis will e

sllizhtly lower than the actual vaslue.

The ecqullibriur constant was also found by adding the
p=ioluene culfonic Acid as a2 cstalyst in other batehes at

Aifferent concentrations.
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SAVFLY CALCULATICHS

The dota from the evperiments done in order to study
the resction mechenisms of oleic acid and oleyl alecohol
were used to determine the equilibrium constant and energy
of activation. The original concentrations of oleic acid and
oleyl alcohol azre Xnown in these ezperiments. The concentrae
tions of olelce =acid and oleyl alcohol at equilibrium are de-

termined directly or indlrectly.

In the reasction:
o N )
SCOOH 4+ O 4 BOOOE 4+ }??G,
in 211 the runs, one mole of oleyl a2lecochol and olelic acid

wvere mlixed and allowed to come to eguilibrium,

The {ractions of zcid used in the reaction to resch the
equilibrium‘iﬁ the system wers found hy the acid value
nethod. Acld wvalue nmeans the number of milligrams of potase
slun hydroxide required to neutralize the free fatty acid

in one aprenm of fet. The zcid value was found as follows:

It was found that 2.9 cc of 0.11 KCH was reauired to
neutralize 1.0000 ams. saﬁple. This acid‘value becamé 16.30
XOH/emee It le necesssary to calculate the free scid as oleic
acld, using the equation:

Yercentegze = acld vélue v f
where ¥ iz taken as (0.503 and oleic acid from the teble

siven by ..‘E'izc'f:i‘l«-‘. Therefore, the amount of unconverted



11

acld 1s caleulated using that scild values It follows that
the ester concentrstion must be 1-0.0805=0.9195, where
0805 15 the percentage of unconverted free acld, and the
equilibrium coustent is written:

w C
eqter water

acid < “zlecohol

e
i
¢ IR ¥

- 049195 x 0.,9195
0.,08085  0.,080%

= 130,50

The rate constant k1 was found by using equation (10} and
taking the following data:

a = 130.50, b = =51,0, ¢ = 129,50

k, = 130,50, V, = 0,650 liter

g = 2Z.8y @ = 125.6 Sours
Then the reaction rate is calculated using the equation (10):

k= 3.860 x 1071 (hra)”! (1iter/ems, wole)~?
The energy of activation was found using equation (12):

~here Ty = 32 323%¢, Tp = 363%,

ky (at Ty) = 9.78 = 10"(gm. mole/hr.-liter)

it

(at Tp) 3.86 x 10”2(gm. mole/hr.-1liter)

iy
1

9 7 cal (Q’mﬁo 1;’%018) (OK)'
.86 = 10-10 o (363-323)
8 x

G798 = 10=2 17887 THE3%323
o 79?6 Caln

\1.)

therefore, 1n

Thus, the energy of sctivation ls calculated for hoth the

catalyzed and uncatalyzed reactions. The specific rate



constants calculated at different tempertiures snd dif-
ferent catalyst concentrations are siven in Table VIII,

slong with the calculated energy of activatlons,

12



pISCUSHTON

The reaction system is more or less difficult to
hendle because of the formation of water which 1s insoluble
in oleyl slcohol yielding a heterogeneous reaction, The
assumption is made that the vigorous sgitation mey vrevent
the forming of a two phasze nixture. FHowever, it 1s not true.
‘“he insoluble water drovlets would be Aistributed uniformly
hecause of the vigorous agitetion. These insoluble droplets
will lower the rate of resection in the uncatalyzed_raaction.

Therefore, the uncatelyzed reaction mavy requlre 2 long re-

Actuallyy 1t havpnened in the uncatalyzed reaction at
50.0° ¢, The resction did not resch the equilibrium state,
even after two months. The summary of results for the re-
action et 50.0° ¢, 1s glven in Table I. At the Lawperature
AofvﬁO.OQ ey the reaction is very slow, zo it is difficult
to estimate the ecullibrium constant. Table II summarizes
the experimental results of uncatalyzed reaction at ©0,0° ¢,
The reaction reached un to the equi}ibrium stere within 938.0
hourse The eauilibrium coastant is caleulated from tThe acid
nunber of 16,40, The numerical values of the equilibrium
congtant is 120.5; which is used in the computation of rate
constant dates. The catalyzed reaction at 90.0° C., using the

atalyst concentration of 0.2%, reached up to the equili-~

hrium state in 471.0 hours. The amcid values are approximstely



b

the szsme ae those of the uncatslyvzed reaction st 90.60 Ca
The catalyzed reaction gives the equillibrium value of 130.5,
which was used in the computation of the =pecific rate con-
stant. & summary of experimental results of 0.2¢ catalyvet
concentration, at 50.0° C. and 90.0° C., are listed in

Tables III and IV, respectively.

The effect of the concentration of catalyst is effecw
tive on the rate of resction. The experimental results of
the catalyzed reaction with the caztalyst concentraticn of
0e5%y which are gliven in Table VI, showed that there is a
giznificant effect on the rate ccnstant caleculsted et 90,0° C.
The zcid number of this reaction at 90.0° C., having a cata-
lyst concentration of 0.5%, is 16.15, which is zbout the sane
ag the uncatalyzed reasction a2t the sgame temverature., The
velue of the equllibrium constant is 130.5, which was used
ln the comvutations of the sgpneclfic rate constart. The acid
nurber of the acid catelyst, l.e. p-toluenesulfonlic acid, was
also taken into account in the celculations of catalyzed re-
setions by subtracting the ﬁroductbof g constant and the
welght of the sample frbm the acid number cf that semple.
The constent used can be calculated from the following

equation:

acld no. of cat. ¥ wt, ¢ (14)

vongtant = TOLal CheThe

The reasction at 50.0° C. did not reach the equilibriunm

gbtage. Therefore, it 1s difficult to estimete the swecific
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rote constent at this tenpernture, Powever, e¢uilihrium
constante are czleulated 2nd are listed in Table VII along
with the equilibriunr constants ecalculsted =t 90.0° ¢. The
catelyzed and uncatalwzed resctions zeve a2vproxisstely the
sewe eoullibrium coustants. This Indicstes that there is

not any significant effect of cetalyst concentration,

The calculated rate constants are glven: in the Table
VYIIT along with the energy of actlivetions which sre calecu-~-
lated using the arrheniunsg ecustion; l.e. ecustion (12), and
the reverse rates of resctlion are slso calcoculasted and listed

in Teble VII.

Uncatalyzed and catalyzed reactlions can be gliven as

follows:
Uncatalyzed:s QRSO
Catalyzed: P S S L 44
The above resctions will sive the rates ap:
Unecatalyzed - AT = &y Oy (14)
ﬁca
The nezt rate would be:
?:& — 1 Pl * e = i (~ A
ar = By ba 7t oFp Cyovg Ve
= r oo e ) [ s
(Vi s ub) (’”.A \3- /)

where = l4 + ¥y L5y Of which k4 is the unc-tnlyzed

Lohg =

specific rate constant znd k, is the catelyzed rate constant.



H

A semi-loz zraph of catalyst concentrations versus the

1

obgerved rate of resctlion on log scale yielded stralght

lines at both of the tewmperatures., The slore of the straight
line indicates the rste of the catalyzed reaction and the
intercept onn the 7-syis gzives the rate constants of uncatow
lyzed reactione., The vaiues ohtzined from Flaure Yo, 2 are
listed in Table VII. 7The values indicate that there is 2
sharp difference in the calculated rste constaent snd the rate
conetant eviluated frowm Pisure No. Z at 50.00 Ce This is

due to the fsect that the reaction is still incomplete,

The eneruy of actlvastions decreasses with the increased
concentrations of the catalyst., The enerzgy of activetion is

given in Table VIII.

From the snalysis of thls reaction, it 1is supgested
thaet the reaction of olelc acid with oleyl alcohol follows

o gecond oprder resctlion.



COMCLUSTION

The esterification rezsction of oleic acld and oleyl
aleohol 1s effected by coatalyst concentrations. i:'zs‘t;w&z}.c’lf‘-LL
has mwentioned that the catalyst »nresent in a swrall quantity
does not change the ecullibriuve constant, but it speeds up

the reactlon by chenaging the energy of sctivation.

The energy of activation decreased as the concentra=-
tion of catalyst increased., The uncatelyzed resction did
not reach the ecullibriunm state, The equilibrium constant
caleulated st 90.0° C. was apnroximately the ssme st 211 the

catalyst concentrations used.

The ca%alyst concantration of 0.2¢ decreased the energy
of activation from 8260;O~cal/gm. mole to 8050.0 cal/gm. mole,
and it decreased the reasction time 0.5% catslyst concentra-
tion decreased the energy of activation from 8260.0 cal/wn.
mole to 7920,0 cal/gm. nole and decreased the reasction time

to about 109 of the uncatalyzed reaction.

The rate constant was plotted agalnst the catalyst con-
centration on semi~log peper, and ylelded a straight line,
and from the intercept and from the slope, the actual svecific
rate congtants were calculated Tor both the ecatalyzed Bnd une-
catalyzed reasctions. The catalyzed specific rate constants
at 50.0° C. and 90,0° C. were 10.5 and 11,0 gm. mole ner

liter per hour, respectively. Prom the intexcept of that
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figure 2, the uncatalyzed specific rate constants were

determined,

“ror these rate constante, the energy of activations
can be caleculated. The uncatalyzed reaction at 50.0° C.
was incomplete, and did not give equilibrium constant. There-
fore, the equilibrium constant was used, which wss deter-

mined when the reaction was catalyzed.



AeC O ANTAT TGS

The results obtained in this vresent work suggest that
the uncatalyzed resctions at low temperatures would be very
slow, '‘fhe specific rate constants con be calculeted by nmesw
gsuring the catalyzed sgpeciflic rate constant at that tempers-
ture., ‘‘urther work can be done to measure the speciflc rate
constants at varlous temperatures using different percen-

teres of catalyet concentratlions.

The same reactlon should be cerried out using solid ion
sexchange catalyst in order to check whether the reaction is

S ki

film diffusion controlling or not.
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2UFTARY 08 DATA
GF UNCATALYASUD RIACTION

AT 509 g,

Charge: Gleic acid - 282.4 arams (100% pure)

Cleyl Aleohol - 268.4 Grams (1007 nure)

Spmple Time in tt. of Sample ml. XOH Acld Uoe.
0. Hours in Grams fequired  KON/gums.
i 0e0 1.000¢ 2940 162.00
2 1.0 1,0000 25,20 140,10
3 23,0 11,0000 25,00 139, 50
& 24,0 1.0006 24,80 139,00
5 26.0 1.0000 24,40 137,00
£ w0 G0 2590 30,30 134,60
7 Lé,0- 1.0250 23420 133,00
8 50,0 10140 23,00 130.00
g 8.0 O.7h61 12.30 95.00
10 88.0 Oa5152 80 ok, 00
11 20.0 0. 4044 6,40 9140
12 168.0 1.0000 705 7920
13 437.0 0.9216 11.80 7H o 50
4 L7640 1.0000 2,30 £7 « 50

15 749.0 1.0844 11.730 €4.00



TARLT I {CONTIHUSD)

sample Tirze in t. of bample ml, KOH Acld No.
0. Hours in Crenms Heauired LOH/gme.
16 75240 1.,00G0 945 60,00

17 890.0 0.5 568 8,65 58.20
18 122640 1.,1636 11.0C 55.00
19 1418,0 0 49 5k 11.90 45,90
20 1466.0 Ze2710 17.60 45,00
21 1490.0 2.2733 10.1¢0 Ly, 90
22 1515.0 0. 9666 6,60 40,00
23 1540.0 1.0000 8,00 45,00
24 1600.0 1.0000 8.50 L8.00
25 1652,0 1.0000 g.15 46,00

Average Acld So. of 1018-1652 hours is B4 ,97 KOH/zms.



TARLY 11
CSUEEARY OF DATA

OF UHCATALYZZD ~wACTION

Charge: Clelc icid - 2824 Crams (1004 pure)

Oleyl Alcohol - 262.% crams (100Y pure)

LU

Samnle Time in vhe of Hample ml, HOH Acid No.
[0 Tours in CGrans fecuired  X0WH/gms,

e

1 0.0 1.0000 24, 00 135,00
2 1.0 0.4590 9,80 119.00
g 2.0 0.4291 8.80 115.00
6.0 0.5731 L8O 112,00
27.C 0.3230 5.20 96.00

in

£ 22, D.6237 Q.90 89,00

-3

330 0.20587 10.90 B7.50
a 66,0 C.5201 5450 58.20
g 7040 0.7147 6.90 54,20

10 72,0 0.73460 10 53490

11 91.C C.9978 R.10 46,70

L.50 5,50

1,738 15,00 49,006

=S fou e
o WV 2
- [
Lo} Lo] £
g ) Yy
» - -
& f L)
: fond
[ ]
L6, 3
9N
e
g

05701 5.00 49.00
LK 105.0 £.3950 3. 50 49,00



TARLE II (CONTINUTD)

“ample Time in Wbe of OSample ml. KOQH Acid No.
M0 Hours in Gramg Regquired  KOH/gms.
16 107,0 0.6853 .90 49,00
17 168.,0 04648 4,10 9,00
k3 119.0 0.7787 5.90 53,90
10 121,0 0.6436 1,76 4% .50
20 123.0 045029 | 430 1,80
21 143.0 0.95%4 £.70 Lol lr0
22 7.0 c.h849 3,20 37.80
23 167,0 0.8903 e 50 35.00
2l 169,0 2.2172 13.1¢ 3410

25 190.0 1.0690 €.50 35470

26 191,¢C 1.0880 5490 31.20
o9 192,0 05281 3.00 32.56
23 193.0 0.3851 3.80 33.C0
s 104,0 1.0000 5.50 31.00
30 210.0 1.0000 L.65 26,20
21 451,0 0+3651 1.40 20450
32 76,0 G.3677 1.30 20.4:0
23 L80,0 0.73266 1,10 19,60
3 71,0 1.1170 1,20 16450
35 86l .0 1,0392 2.90 16,40

36 120.0 0.8215 2455 17.40



TABLY II (COTINusD)

Sample Time in “te of Zampnle mle KOH Acld No.
0. Hours in CGrans Required  XKOH/sus.

37 290.0 C.8351 1.60 16.00
95 592,0 09212 270 16.90

he 918, 0 1.0C00 2490 16440

\wernge Acid No. between 741-938 hours is 16.40 XOn/sms.



TARLE IIT
L LALY OF DATA
OGP CATAT YYD GRACTION

AT 50° o,

Charge: Uleic Acld - 282, 4 Grams (1007 pure)

Oleyl Aleohol - 268.4 Grams (1009 pure)

nara~toluene Sulfonle Acld - 1,10 CGrams

rj‘

wole Tinme in wte of Somple mle ¥OF Acid No.
Bio Hours in Ureme Heaulrad KON/ pme.

oG 1,0000 18.70 105.C06

P
= O

o0 140000 17.60 99,00
g 145 1.0000 1640 92.00
t 540G 32876 460 90,00

Wi
o
L]
3

Ca5711 2.30 39,20

( ?.O 0059824/ 90“}&{:’ 89;&&

~J
]
L ]
o

0. 5403 8.10 82.50
e 9.0 0.3137 By 50 82,00
o 16.0 0.1837 2,60 79,90

16 11.0 0 JLEDE 6.70 80, 50

o
[IEY

12.0 0.5526 7450 75,00
21.0  0.6hE8 8,40 73,06

ol
Y

[N
a2

14 36,0 C.5325 670 A, 50



TABLE III {CONTINUZED)

29

Sample Time in tit, of Sample mles KOH Acld No.
Ho. Hours in Grams Reguired  KOH/aums.
15 47.0 04207 4,70 61,70
16 48,0 0.69G7 740 £0.00
17 L9, 0 0.5620 6.00 60,00
18 50.@ 0.4030 11,20 60,00
10 51.0 0.5125 £.20 60,00
20 5240 0.3693 3,90 60,00
21 53,0 0, 5014 5.30 59.90
22 ZI 0.3242 3.10 3.50
23 730 0, 5006 4,80 53140
24 74,0 0.9851 9430 53400
25 7540 0.5082 b,80 52,90
o6 7740 0,.5208 5,00 52,80
27 78,0 0,4871 L, 60 52 .80
28 107.0 0.U4572 ho1i0 50. 50
pas 108.0 0 4103 . 70 50.50C
30 128.0 1.0000 B.15 47450
31 129,0 1.0000 g.b5 17450
90 143.0 1.0000 845 47,580
273 1,0 1.0060 B.45 47.50

Average Acld No. between 128-148 hours is 47.50 KOH/gms.



TABL:Y IV

SURMARY OF DATA

OF CATALY ED SBACTION
a1 90° ¢,
Charzes Olelic icid - 282,54 Crems (1007 pure)

Cleyl Alcohol -~ Z268.4 Grams (1607 pure)

para-Toluene Zulfonle scid -« 1,10 Grems

Sample Time in te of Zanple ml. XKOH Acid o,
Ho. Hours in Grams Fequired  KOH/pms.
1 0.0 1.0000 17.20 96,50
2 1.0 04380 4,70 62400
3 2440 1.2589 8,90 41,20
L 2540 1.8008 £.00 25,60
5 26,0 1.9196 8,20 25,20
£ 50,0 1.82131 6470 20,80
v YN 1.0900 340 18,00
8 9740 045022 2.00 21,50
o 08,0 1.6960 3,140 20.30
1¢ 121.0 1.4001 440 17.00
11 169.0 1.6569 Iy .60 16,00
iz 170.0 18020 5.00 16,00
13 : 7040 1.0360 3.10 16.00
14 471.0 1.3488 3.70 16,00

Average 4cid Yo, between 169-471 hours is 16.00 LOH/srs.



TeRLa ¥V
SUFEARY OF DATA
O CATALY D HRACTION

AT 50° ¢,

Charge: Cleic Acid - 282.4 Crams (1009 pure)

Cleyl Aleohol = 268.% CGroms (100% pure)

pare-Toluene Sulfonic Acid - 2,75 Grams

L)

Sample Time in it. of Barple mls. ZOHW Acid Ho,
o, Hours in Grems required  KOH/sms.

e T st—

i Ge0 1.,0600 17,20 96, 50

2 0.5 1,0000 16,60 83,50
Ei 1.C 045960 9.60 91.20
L 1e5 0.5427 8.20 87450
5 3.0 0.2834 %.20 83,00
& %o 0.5345 7+ 50 78,50
7 £eC 0.3082 La10 744 50
8 6.0 C.5222 4,10 72,00
g 7.C 0.3675 €.70 59, 50

i0 23«0 0.b600 4,00 534 56

11 2440 CHEET Ly 50 53.50

12 26,0 Ca5713 5420 £i.CC

13 2840 046506 .40 19, 50

1k 29,0 0.6268 .40 48,50

15 5Z.0 043679 3.00 15460



TARL: ¥ (209TINUED)

)

L)

sanple Tire in “ta of Sample
Ho, Hours in Grams

E",l e HOPB
Fegquired

Acid ¥o,
KOH/pgms.

oo

16 53.0 0.402

¥e

[IEN
3

5240 0.367¢

O

18 53.0 0.4023

0.4400

[N
D
3]
z
<

20 55.C 0.3305

o2 73 01067

) G G.5258
25 8240 G.@GQB

26 83,0 0L L7720
27 85,0 03777
28 119,0 1,1350
29 120.0 1.3500
30 121.0 046867
SE R 122,0 0.7210
32 13,0 1.10356

33 14,0 0.6290

370
L ,.Go

2e20

Lb, 50
Lg,00
b, 50
L4l 00
43,00
36,80
393G
39430
39,00
39,00
3G.00
39.00
2,80
25,20
25.80

Aversre Aclid o. Ffrom 119-184 hours is 24,36 XO0H/sms.



AT s vy

'L ;"Xi}Lh'} v I
SMTTRIT A Ty ;
A1 FL e mr C® DATA

07 CATALYA 2D REACTION

Clele acid - 2824 Grames (100% pure)
Cleyl Alcohol - 26B.4 Srams (1009 pure

para-Toluene “ulfonle 4cid - 2,75 Gram

)

S

ad

Acld Hoe

Pine in Whe of Sample wle H“OH
Hours in Grams Required  KOH/ams,.

h

o8 LN

~3

£

Sud

LN

JsC 1.0718 16,10

86,80

Zal 144326 2,60
5.0 06050 2460

?GO (}33:0(}{} (:"0?0

B

™)
L d

o
o

240 G . 5800
a6 1.0000 5,00

10,0 1.CC00 L.00

et

27.0 1.1218 3450
28,0 1.0614 S 3.40
30.0 1.00060 3. 50

52,0 1.1218 7,60

-3 (¥, Y
T e
» »

oo

Qe GR00 1

38460
33.60
3700
2CL. 00
21450
28,70

18:1*;’0
20,00
18.50

l1.0000 L ,00 22,50

16,60



TABLYE VI (CONTINUED)

fawple Time in Wte of Sample ml. KOF Acid Ho.
R Hours in Grams Zequired  KOH/gms.
i5 77.C 00,9996 2.00 16,00

M

100.C 1.7421 4400 16.00

[

17 124 .0 1.000¢ 2485 16430

12 125.0 1.0000 2480 16.00

!

16.00

»
<

D
Yy

128.0 1.6G6C0 2

Aversge Acid ‘lo. between 76-1208 hours is 16.15 XOH/ems.



TABLY VIT
SUMNMARY OF SQUILIBaIUN
AND

GOVERST

RATZ COWBTANTS

Temperature: 90.0° ¢,

iepctior % : -4 +

deaction e o 107" kq {(Fig.)

Unestalyzed 120. 50 2,59 0.335

Catslyzed 120,50 27,00 11.00
(Ce27)

Catalyzed 130 50 28.50 11.00
(0.5%)

Temperature: 50.0° C.

Unecatzlyzed 12,60 5,74 0.085

Catalyzed 9,.40%¥ 96, 20 1045
(0.2%) ‘

Catelyzed h5,00"" 21.7 10.5

(0.5)

## jeactions at 50°

£ kl is obgerved from the ¥igure

2. may not e cowplete,

B



TAaBLY VIIT

RUACTION RAT S

= RTE

AND

CONBTANTS

DNEREY OF ACTIVATION

By = (hra)™? (liter/ams. mole)=l

s
v = (cal/gran-mole)

36

Terp, Catalyst
in O("o L.‘to iﬂ '<

50 Ho Catalyst

o0 No Catalyst

7.23 ¥ 10=3
3,01 x 1072

9.0 z 1072
3.65 « 10-1

0.78 ¥ 10~°

J.86 x 10-1
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