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ABSTRACT

Nowadays a lot of synthetic methods of methyl oleate using different
catalysts such as cation exchangeresin, ionic liquids, mesoporous molecular
sieve and bismuth phosphotungstate have been reviewed in the present
paper. Yields of methyl oleate are improved by the addition of above
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catalysts. These methods are having the advantages of simple process and
low investment costs. On the other hand, kinetic equations have been
pointed out. The experimental results show that kinetic equations may
predict thedistribution of product and the experimental dataarein agreement
with the quantitatively analytical conclusions drawn from the calculated

data. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Methyl oleateisoneof thechemicd productsinthe
greasechemica 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 oleate asabiodiesel 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 environmentd pollutionand equip-
ments are serioudly corroded at the sametime®.

Inthe present paper, different catal ystssuch ascat-
ionexchangeresin, ionicliquids, mesoporous molecu-

lar sieveand bismuth phosphotungstate have been dis-
cussed. Kineticsequations have a so been pointed out.

RESULTSAND DISCUSSION

Cation exchange resin as a catalyst to produce
methyl oleate

JiangHuiliang™ introduced the preparation of me-
thyl oleate and effects of thereaction conditionsonits
yidd. Theoptimum conditionsweretheretentiontime
(40 minutes), the reaction temperature (60 °C), the
amount of cation exchangeresin (20 g) and themolar
ratio of oleic acid and methanol (1.0: 2.0). Themaxi-
mum yield of methyl ol eate was 99.43%.

lonic liquids as catalyststo generate methyl ole-
ate

Wang Jinlin® described the synthetic method of
ionic liquid N-methyl-N-butyl morpholine hydroxide
and studied that the different conditionshad al so an &f-
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fect onyiedsof methyl oleste. Theexperimentd results
indicated that the best conditionswerethat thereaction
time, themolar ratio of oleic acid to methanol and the
amount of ionicliquid N-methyl-N-butyl morpholine
hydroxide werel0 hours, 1.0 : 6.0 and 15 % of total
reactant weight, respectively. The maximumyield of
methyl oleatewas 93.9 %.

Bo Yang® described the synthetic method of me-
thyl oleste by usngmethyl pyridineacidionicliquidsas
catalysts. Effectsof thereaction conditionssuch asthe
reactiontime, thereaction temperature, themolar ratio
of oleic acid to methanol to methyl pyridineacidionic
liquids had been discussed. Thebest conditionswere
that thereaction time, thereaction temperatureand the
molar ratio of themolar ratio of ole c acid to methanol
to methyl pyridineacidionicliquidswere5 hours, 150
°Cand 1.0:2.0:0.019, respectively. The maximum yield
of methyl oleate was 88.21%.

Phosphotungsticacid/SIO, ascatalyststo produce
methyl oleate

Zhang Lixid® explained why modified phospho-
tungstic acid/SiO, as catalysts repl aced concentrated
sulfuric acid to synthesisemethyl ol egte. Effectsof the
reaction conditionssuch asthereactiontime, thereac-
tiontemperature, themolar ratio of oleic acidto metha-
nol and modified phosphotungstic acid/SIO, s activa-
tion temperature had been discussed. The experimen-
tal resultsindicated that the best conditionswerethat
thereaction time, the reaction temperature, the molar
ratio of oleic acid to methanol and modified phospho-
tungstic acid/SiO,’s activation temperature were 8
hours, 80 °C, 1.0:8.0 and 180°C, respectively. The
maximum yield of methyl olestewas 83.0%.

M esopor ousmolecular sieveasa catalyst to gen-
erate methyl oleate

Sheng Jian™ described the synthetic method of
methyl ol eate by using mesoporous molecular sieve
SBA-15-SO,H as a catalyst. Effects of the reaction
conditions such asthe amount of mesoporous molecu-
lar sieve SBA-15-SO,H, themolar ratio of oleic acid
to methanol and thereaction temperature had beendis-
cussed. Thebest conditionswere that the amount of
mesoporous molecular sieve SBA-15-SO,H, the mo-
lar ratio of oleic acid to methanol and thereactiontem-
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perature were 42.86 % of total reactant, 1.0:2.0 and
60 °C, respectively. The maximum yield of methyl ole-
atewas 72.0 %.

Cui Xiaoyan®® used SBA-15/K O asacatalyst to
generate methyl ol eate. Effects of thereaction condi-
tions such as the loading amount of KO, the molar
ratio of oleic acid to methanol, the reaction tempera
ture, thereactiontime and theamount of SBA-15/K,0
had been discussed. Thebest conditionswerethat the
loading amount of KO, themolar ratio of oleicacidto
methanol, the reaction temperature, thereactiontime
and the amount of SBA-15/K O were 2 % of SBA-
15,1.0:2.0,180°C, 4 hours and 5.0 % of total reac-
tant, respectively. Themaximumyield of methyl oleste
was 83.61 %. After recovery and reuse of SBA-15/
K, O asacatalyst, it was noticed that its catal ytic per-
formancewasvery good.

Bismuth phosphotungstateascatalyststo produce
methyl oleate

Liu Chusheng™ studied the preparation of bismuth
phosphotungstate and effectsof thereaction conditions
suchastheamount of oleicacid, themolar ratioof oleic
acidto methanol, theamount of bismuth phosphotung-
state and the reaction time had been discussed. The
best conditionswerethat theamount of oleic acid, the
molar ratio of oleic acid to methanol, the amount of
bismuth phosphotungstate and thereaction timewere
0.1mol, 1.0:1.4, 1.5gand 4 hours, respectively. The
maximum yield of methyl oleatewas93.4 %.

KINETICREACTIONOFMETHYL OLEATE

Foundation of kineticmodds

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

Cy,H,,COOH + CH,OH —Sen_sdange_resn 0y cOOCH,+H,0 (1)

J. Liljd¥ mentioned that in additionto diffusion con-
trol, generdly, the catal ytic reaction of cation exchange
resin had the samereaction mechanism with thehomo-
geneous cataytic reaction. Therefore, theauthorsused
ahomogeneousmode to match theexperimental data

Thereaction of fatty acidswith acoholsisrevers-
iblereaction™, whichincludesfour basic reactions.
Furthermore, thereaction rate can be described asfol-
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Based on Equations (2) to (9), c,, ¢, ¢. and
Cc, aremolar concentration of oleic acid, methanol,
methyl oleate, and water, respectively; k and ' are

velocity constant of the positive and reversereaction
separately; m is catalyst mass per volume; t isthe

reaction  time; k.k, k, andk, and
k,.k, k,; andk, areveocity constant of the posi-
tive and reversereaction in the elementary reaction,
repectively; c(H*) is H+ concentration of resin phase
dissociation; K istheequilibrium constant; Ky,
Kepc» Kige @d Koo aretheequilibrium constant
at 60°C, 50°C, 40°C and 30°C, respectively.

Deter mination of kineticmodel parameter

TABLE 1 showsthe parametersof kineticsmode.
Concentration of oleic acid changeswiththeincrease
inthereactiontime. Concentration of oleicacidineach
set of experimentsisplotted and calculated onthere-
actiontimeby using origin7.0. And then, the param-
etersof kineticsmodel can be obtained by using the
least square method to match the experimental data.

Figure 1 showsthe deviation between the experi-
mentd dataand the curvefitting under the condition of
the amount of catalyst (40 g) and molar ratio (2:1).

—= Py/] Paper

Meanwhile, it indicatesthe experimental datafitting
moddl, which provesthe assumed reaction mechanism
and kinetic model in the article are correct, and can
describethe characteristics of thereaction accurately.

TABLE 1: Parameter sof kineticsmodel

T,°C A B
30 15758 0.0113
40 3.6988 0.0230
50 7.9090 0.0487
60 13.5372 0.0776
A and B mean  x10®,Pemoltestegt  and
k x10°, I’ emol " es™ eg ™, respectively
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Figurel: Smulating curveat thedifferent temperature
Deter mination of activation ener gy

AccordingtotheArrheniusequation:

B
k=AeFR

Figure 2 indicatesthe relationship between |nk and

(10)

1
T whereby the activation energy iswritten asfollows:

E, = 60.687kJ / mol (1
kope =14.2856x10° Lemol 'es7og™  (12)
ks =7.1444x10° Lemol o5 og™! (13)
Ky =3.4222x10° Lomol o5 og™ (14)
Fype =1.5615%10° I emol o5~ og™ (15)

Theforumsaboveisbasic cons stent with theve-
locity constant.
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Figure?2: Relationship between thereaction velocity con-
stant and thereaction temper ature

CONCLUSION

Based onthe abovediscussion and review, cation
exchangeresinisfound to beoneof thebest catalysts.
It isused to produce the highest methyl oleate yield
(99.43%). Ontheother hand, SBA-15-SO,H isfound
to be oneof theworst catalystsand itsmaximumyield
of methyl oleate only reaches 72.0%. Theexperimentd
results showed that kinetic equationspredicted thedis-
tribution of product and the experimenta datawerein
agreement with thequantitetively anaytica conclusions
drawn fromthe cal cul ated data.

REFERENCES
[1] C.S.Liu, ZW.Li, JWang, GX.Luo; Catalytic syn-

thesisof methyl oleate by bismuth phosphotungstate,
Contemporary Chem. Ind., 40(8), 795-797 (2011).

[2] Z.PWang, S.T.Yu; Research on synthesis of me-
thyl oleate catalyzed by acid and base catalysts,
Adv. Fine Petrochemicals, 13(2), 49-53 (2012).

[3] H.L.Jiang, H.Z.Guo, H.Z.Zeng; Continuous synthe-
sisof methyl oleate and its kinetics, China Surfac-
tant Detergent & Cosmetics, 37(4), 227-230
(2007).

[4] JL.Wang, L.L.Wang, X.J. Liu, X.E.Zhang; Cata-
Iytic synthesis of methyl oleate by morpholinebasic
ionicliquid, Journal of Fue Chemistry and Technol-
ogy, 41(1), 85-90 (2013).

[5] Y.Bo, R.L.Man; Synthesis of methyl oleate cata-
lyzed by acid ionic liquid, Guangdong Chem. Ind.,
36(10), 55-56, (2009).

[6] L.X.Zhang, Q.Z.Jin, K.Y.Zhang, J.H.Huang,
X.GWang; Study on the synthetic method of me-
thyl oleate by using modified phosphotungstic acid/
SiO,, Science and Technol. Food Ind., 31(8), 186-
189 (2010).

[7] J.Shen, X.D.Yuan, M.Z.Sun, L.Zhang, Y.T.Qi; The
synthetic method of methy! ol eate with mesoporous
molecular sieve SBA-15-SO.H as catalysts, Fuel
Chem. Technal., 2, 167-170 (2003).

[8] X.Y.Cui,J.Shen, C.Liu, SW.Shen; Study onthees-
terification reaction by using SBA-15/K,0 as a
catalyst, Chem. Ind. Eng., 28(2), 68-72 (2011).

[9] JLilja, D.Y.Murzin, T.Samia, JAumo, P. Miki-
Arvela, M. Sunddll; Esterification of different acids
over heterogeneous and homogeneous catal ystsand
correlation with the Taft equation, J. Mol. Catal. A:
Chem., 182-183, 555-563 (2002).

[10] W.H.Qin; Berea oil chemistry and technology,
Beijing ChinaLight Industry Press, (1989).

Onganic CHEMISTRY o
Au Tudian Yournal



