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ABSTRACT

Effects of different reaction conditions such asthe amount of catalysts, the
molar ratio of oleic acid to methanol, the reaction temperature, the retention
time and the reaction time on the synthesis of methyl oleate have been
discussed. Kinetics equations have also been applied on methyl oleate
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system. The results show that kinetic equations may predict the distribution
of product and the experimental dataarein agreement with the quantitatively

analytical conclusions drawn from the calculated data.
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INTRODUCTION

Methyl oleateisoneof thechemicd productsinthe
greasechemical industry. Methyl ol eate asgreasefeed-
stock takes the place of fatty acid. It isalso used as
detergent, emulsfier, wetting agent and stabilizer of in-
termediates, etc. The usage of methyl oleateisgradu-
ally increased. Furthermore, methyl oleate asapesti-
cidesand auxiliary agent quickly and effectively kills
injuriousinsect. Methyl oleste asabiodiese also takes
theplaceof diesd andisonetypeof cleanfud™. Metha-
nol, with concentrated sulphuric acid asacatayst, re-
actswith oleic acid to synthesise methyl oleate. Con-
centrated sulphuricacid hasalot of disadvantagessuch
aslong reactiontime, low yield and purity of methyl
oleate. Largeamount of wastewater isdischarged to
causetheproblem of environmenta pollutionand equip-
ments are serioudly corroded at the sametime®.

In the present paper, effects of different reaction
conditions such asthe amount of catalysts, the molar
ratio of oleic acid to methanol, the reaction tempera-

ture, theretention time and thereaction timeon the syn-
thesisof methyl oleate have been discussed. Kinetics
equations have a so been pointed out.

RESULTSAND DISCUSSION

Effectsof theamount of catalyst on yields of me-
thyl oleate

Wang Jilin® studi ed effects of theamount of ionic
liquid N-methyl-N-butyl morpholinehydroxideonyields
of methyl oleateby keepingthemolar ratio of oleicacid
to methanol (1.0: 6.0), thereaction time (10 hour) and
thereactiontemperature (60 °C). The experimental re-
sults, TABLE 1, show that theyield of methyl oleate
increased with anincreaseintheamount of ionicliquid
N-methyl-N-butyl morpholine hydroxide. It was ob-
served that themaximumyield of methyl oleate 95.1 %
was attai ned when the amount of ionicliquid N-me-
thyl-N-butyl morpholine hydroxidewas 20 % of total
reactant.
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TABLE 1: Effectsof theamount of catalyst on yieldsof methyl
oleate

Amount of  Reaction Molar ratioof  Yield of

catalvst. % time. h oleicacid to Methyl
e ' methanol oleate, %
S 10 1.0:6.0 62.4
10 10 1.0:6.0 82.9
15 10 1.0:6.0 93.9
20 10 1.0:6.0 95.1

Effectsof themolar ratio of oleicacid to methanol
on yields of methyl oleate

Wang Jilin®® used ionic liquid N-methyl-N-butyl
morpholinehydroxideasacatayst and oleic acid and
methanol asfeedstocksto synthesisemethyl oleate. The
reaction timeand theamount of ionic liquid N-methyl-
N-butyl morpholine hydroxidekept at constantswere
10.0 hours and 15 % of total reactant, respectively.
Effectsof themolar ratio of oleic acid to methanol on
yieldsof methyl oleate had been discussed. TABLE 2
showed effectsof themol ar ratio of oleic acid to metha
nol onyieldsof methyl oleate. Theyield of methyl ole-
ateincressed withanincreaseinthemolar ratio of oleic
acidto methanol. When themolar ratio of oleicacid to
methanol was 1.0: 8.0, the maximum yield of methyl
ol eate attained was 96.3 %.

TABLE 2: Effectsof themolar ratio of oleicacid to methanaol
on yieldsof methyl oleate

Amount of  Reaction Molar ratioof  Yield of

catalvst. % time. h oleicacid to Methyl
s ’ methanal oleate, %
15 10 1.0:1.0 575
15 10 1.0:2.0 59.8
15 10 1.0:4.0 71.7
15 10 1.0:8.0 95.2

Effects of the reaction temperature on yields of
methyl oleate

Jiang Huiliang“ replaced concentrated sulfuricacid
with cation exchangeresin asacatalyst to synthesise
methyl oleate. Theretention timeand themol ar ratio of
oleic acid to methanol kept at constantswere40 min-
utesand 1.0: 2.0, respectively. The effect of thereac-
tion temperature on yields of methyl oleate had also
been discussed. Figure 1 presented effects of thereac-
tion temperatureonyieldsof methyl oleate.

Theyidd of methyl olestegradually increased with

anincreaseinthereaction temperature. It wasnoticed
that when thereection temperaturewas 60 °C, the maxi-
mumyield of methyl ol eate attained was 99.37 %.
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Figurel: Effectsof thereaction temperature on yields of
methyl oleate

Effects of theretention time on yields of methyl
oleate

Jiang Huiliang™ described effects of theretention
timeonyiedsof methyl oleate. When themol ar ratio of
oleicacidto methanol (1.0: 2.0) and thereactiontem-
perature (60°C) were kept constants. The experimen-
tal results presented in Figure 2 show that theyield of
methyl ol eateincreased with an increasein thereten-
tiontime. It wasnoticed that themaximumyied of me-
thyl oleate above 99 % was attained when theretention
timewas40 minutes.
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Figure2: Effectsof theretention time on yields of methyl
oleate
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Effects of the reaction time on yields of methyl
oleate

Liu Chusheng 1 used bismuth phosphotungstete as
thecatalyst whilethemolar ratio of oleicacid to metha-
nol (1.0: 1.4) and theamount of bismuth phosphotung-
state (1.5 g). Effects of thereactiontime, TABLE 3,
indicated that theyield of increased withanincreasein
thereactiontime. Whenthereactiontimewas4 hours,
themaximum yield of methyl oleatewas 93.4 %. When
thereaction timewas morethan 4 hours, theyield of
methyl oleatedid not increase.
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Figure3: Smulating curveat thedifferent temperature

TABLE 3: Effectsof thereaction time on yields of methyl
oleate

Reaction time, h 1 2 3 4 5
Yield of methyl oleate 48.2 705 876 934 934

KINETICREACTIONOFMETHYL OLEATE

Foundation of kineticmodels

Methyl oleateisproduced when oleic acid reacts
with methanol. Chemical reaction equation (1) of me-
thyl oleateisdescribed asfollows:

exchange

o Ha C,H,COO0CH,+H,0 (1)

J. Liljd® mentioned that in addition to diffusion con-
trol, generally, the cata ytic reaction of cation exchange
resin had the samereaction mechanismwith thehomo-
geneouscataytic reaction. Therefore, theauthorsused
ahomogeneousmodd to match theexperimental data.

Thereaction of fatty acidswith dcoholsisrevers-

C,;H,,COOH +CH,OH

—= Pyl Peper

iblereaction®, which includesfour basic reactiong®.
Furthermore, thereaction rate can be described asfol-
lows

1dc,
H=- 4 =kc, ¢, —Kc.Cp 2
K +
kz(%)xc(H ) -
-1
K
= ( s ——=)xc(H") 4
(3 @
k
K =
” )
Keypc =176.7258 (6)
Koo =162.3020 )
K 0oc =160.9501 ®)
K,pc =139.8794 ©)

Based on Equations (2) to (9), ¢c,, ¢, ¢, and
C, aremolar concentration of oleic acid, methanol,

methyl oleate, and water, respectively; k and k' are
velocity constant of the positive and reversereaction
separately; m is catalyst mass per volume; t isthe

reaction k.k,, k, andk,
k ..k, k,; andk , areveocity constant of theposi-
tiveand reversereaction in the elementary reaction,
respectively; ¢(H*) is H+ concentration of resin phase

dissociation; K istheequilibrium constant; Ky ,

time; and

Kego» Kype @nd Ky, aretheequilibrium constant
at 60°C, 50°C, 40°C and 30°C, respectively.
Deter mination of kinetic model parameter

TABLE 4 showsthe parametersof kineticsmode.
Concentration of oleic acid changeswiththeincrease
inthereectiontime. Concentration of oleicacidineach
set of experimentsisplotted and calculated onthere-
actiontimeby using origin7.0. And then, the param-
eters of kineticsmodel can be obtained by using the
least square method to match the experimental data.

Figure 3 showsthe deviation between the experi-
menta dataand the curvefitting under the condition
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of theamount of catalyst (40 g) and molar ratio (2:1).
Meanwhile, it indicatesthe experimental datafitting
model, which provesthe assumed reaction mecha-
nism and kinetic model inthearticleare correct, and
can describethe characteristics of the reaction accu-
rately.

Deter mination of activation energy

According totheArrheniusequation:
E,

k=Ae R (10)
TABLE 4: Parameter sof kineticsmodel
T,°C A B

30 1.5758 0.0113

40 3.6988 0.0230

50 7.9090 0.0487

60 13.5372 0.0776
Note: A and B mean }kxloj.fvno/"'fl-g" and

k x10°, Pemol M esleg™, respectively

Figure 4 indicatestherelationship between |nk

1
and T whereby theactivation energy iswritten asfol-

lows

E, = 60.687kJ / mol (1)
kgpe =14.2856x10° L omol o5 og ™ (12)
ke = 7.1444 % 10° L emol o5 eg™ (13
kype =3.4222%10° Pomol o5 og™ (14)
ke =1.5615x10° emol o5 eg™ (15)

Theforumsaboveisbasi c consistent with theve-
locity constant.
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Figure4: Relationship between thereaction velocity con-
stant and thereaction temper ature

CONCLUSION

Effectsof different reaction conditionssuch asthe
amount of catalysts, the molar ratio of oleic acid to
methanol, thereaction temperature, theretentiontime
and the reaction time were studied, and these are
summarised asfollows:

(1) Themaximum yield of methyl oleatewas 95.1 %
under thecondition of theamount of ionicliquid N-
methyl-N-butyl morpholinehydroxide(20%of totd
reactant).

(2) Themaximum yield of methyl oleatewas 96.3 %
under the condition of themolar ratio of oleicacid
to methanol (1.0: 8.0).

(3) Themaximum yield of methyl ol eatewas 99.37 %
under thecondition of thereactiontemperature (60
°C).

(4) Themaximumyield of methyl olestewasabove 99
% under thecondition of theretentiontime (40 min-
utes).

(5) Themaximumyidd of methyl olestewasabove 93.4
% under thecondition of thereactiontime (4 hours).

(6) Theexperimenta results showed that kinetic equa
tions predi cted the distribution of product and the
experimenta datawerein agreement withthequan-
titatively andytica conclusonsdravnfromthecd-
culated data.
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