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A Study on the Esterification and Transesterification of Soybean Oil Using

Acidic Tonic Liquid Catalysts

Jae Hyung Choi

Department of Chemical Engineering, The Graduate School,

Pukyong National University

Abstract

The objectives of this study are to prepare supported— and
unsupported—-acidic ionic liquid catalysts, to investigate. the characteristic
with FT-IR and 'H-NMR measurements, and to explore suitable ‘catalysts
for the esterification and transesterification of soybean oil to produce high
vield of fatty acid methyl esters(FAMES).

As the first step, the esterification of free fatty acid with methanol to
biodiesel was investigated in. a batch reactor using. various” solid acid
catalysts, such as polymer ‘cation-exchanged resins @ with sulfuric acid
functional group (Amberlyst-15,~Dowex " 50Wx8),  acidic ionic liquids
(ILs)-modified silica gels respectively with -SOsH and -SO.Cl functional
group (SiOo-[ASBIJ[HSO4), SiO.-[ASCBIJ[HSO4]) and grafted silica gels
respectively with -SOsH and -SO:Cl functional group (SiO2-R-SOsH,
Si0s-R-SO.Cl). The effects of reaction time, temperature, reactant
concentration (molar ratio of methanol to oleic acid), and catalyst amount

were studied. Allylimidazolium-based ILs on modified silica gels were

- Vil -



superior to other tested solid acid catalysts. Especially, the performance of
SiOo-[ASBII[HSO,s] (immobilized by grafting of 3-allyl-1-(4-sulfobutyl)
imidazolium hydrogen sulfate on silica gel) was better than that of a
widely known Amberlyst—-15 catalyst at the same reaction conditions. A
high conversion yield of 96% was achieved in the esterification reaction of
the simulated cooking oil at 353 K for 2 h. The high catalytic activity of
SiOo-[ASBII[HSO,] was attributed to the presence of strong Brensted acid
sites from the immobilized functional groups. The catalyst was recovered
and the biodiesel product was separated by simple processes such as
decantation and filtration.

In the second step, the production of biodiesel from soybean oil
catalyzed by Lewis acidic ionic liquids (ILs) containing metal chloride salts
was investigated. Metal chloride salts, such as SnCls, ZnCls, AlCl;, FeCls,
and CuCl, were screened for oil transesterification in the range“of 363-423
K. Among these metal chlorides, tin chloride showed particularly high
catalytic property  for the oil transesterification. Similarly, among these
Lewis acidic ionic liquid catalysts [MesNCH4OHIC1-2SnCl; resulted in a
high FAMEs content of 91.196 under the following reaction conditions: 403
K, 14 h, and a molar ratio: of 1:12:0.9 (oil:methanol:catalyst).” Unlike the
pure tin chloride catalysts, ‘Lewis - acidic - Il.s' containing tin chloride
[MesNCoH,OHIC1-2SnCl,  catalyst could  be  reecycled up to five times
without any significant loss of activity by separating from the FAMESs
with simple decantation. The Lewis acidity and high moisture-stability of this
catalyst appeared to be responsible for the excellent catalytic performance.
The effects of reaction time and the molar ratio of methanol/catalyst to oil on

the FAMESs production were also studied in this work.
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Fig. 1. Transesterification of triglyceride to biodiesel. Ri-3 are

hydrocarbon groups.
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Most commonly
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Some possible
anions:
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3 Q 1 ~ ~
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2
|
R
1-alkyl-3-methyl- N-alkyl- Tetraalkyl- Tﬁtra?llky_l-
imidiazonium pyridinium ammonium phosphonium
(R1,2,3,4 = alkyl)
water-insoluble water-soluble
[PFg]" [BF,J" [CH;CO,|
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used alkyl chains: butyl decyl

hexyl

Fig. 6. Structures of various ionic liquids.
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Table 1. Literature survey of the pre-treatment process for biodiesel

Conv.
Materials Catalysts Temp. Conditions of removal Ref.
FFA
Crude Jatropha curcas H>SO4 4 : _aao
ol (1 wto, based oil) 323 K MeOH(60 wt%, based oil), 1 h 93% (6]
Tropical crop H>SOy4 " ] aqo
seed oil (1 wt%, based oil 333 K MeOH(27 wt%, based oil),"2 h 98% [24]
_ SO* /710, _ ~90%
Used vegetable oil 348 K MeOH(20 vol%, based oil), 1h [21]
WO4/ZrO: ~86%
_ Amberlyst-15 ~79%
Cooking o :
. Amberlyst-35 348 K MeOH/oil=6(molar ratio), 1 h ~75% [25]
soybean oil
Dowex 50WX8-40 ~70%
Waste cooking oil Amberlyst-15 333K MeOH(20 vol%, based oil), 2 h ~46% 5]
& (2 wt%, based oil) 4 ’ ?
Jatropha oil Amberlyst-15 333 K MeOH(7 wt%; based oil), 2 h ~94% [26]

(17 wt%, based oil)
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Table 2. Literature survey of the acid catalyzed process for biodiesel

Catalyst
Materials 2ayses Temp. Conditions Conv. Ref.
solvent Co-catalyst
Chicken tallow H>SO04(25 wt%, based oil) 323 K MeOH/0il=30, 24 h ~999% (271
Mutton tallow H2SO04(50 wt%, based oil) 333 K  MeOH/0il=30;.24 h ~93%
THF AlCls
Canola oil (5 wt%, based (5 wt%, based 383 K n(MeOH):n(oil)=24, 18 h, ~98%  [28]
oil) oil)
Soybean oil [EtNHICI] AICl;, FeCls, 23 K n(Catalyst):n(MeOH):n(0il)=0.88:12:1, 64-08%  [9]
SnCly, ZnCly 9 h
Sn(8~hydroxy-2— 1 NS
Jatropha oil (BMIINCL]  methylodepyrondh 333 K [UAESEY 0i)=0:1,.6.h, /3 mL IL, ~83%  [29]
1 wt% cat.
2(H20)5
el (CatalysOnMeOIDM(OD=006:12:1, ¢
Cotton seed ol [imidazole][HSO.] 433 K ghata ysUMMeORMOD=0.061211, g0 [0
[triethylamine][HSO4] ~72%
Waste ol [pyridinel[HSO,] AT K n(Catalyst):n(MeOH):n(Oil)=0.06:12:1, o196 [23]

5h
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(Transesterification Reaction)
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Fig. 8. Research flow chart for this study.
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Fig. 9. Preparation of acidic ionic liquids containing allylimidazolium.
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[ .30 wt% H,0,
OMe conc. H,SO4

O\Sli_/\/ SH
O I.0.5M H,S0,4

+

AN N&&/\/\/ SO,X.HSO,
\—/

thiol functional group

O~§)il\£e/\/ SO;H S. Brensted acid:
o SiO0,-R-SO;H
SOCl,
OMe

O~di " SO,Cl 6. Lewis acid:
’ Si0,-R-SO,Cl

¢ Immobilization of

OMe
(()): éi/\/\s/\/\ N YE AN SOXHSO,

— 3. X=0OH : Bronsted acid: SiO,-[ASBI|[HSO,]
4.X=Cl : Lewis acid: SiO,-[ASCBI|[HSO,]

Fig. 10. Preparation of ‘acid catalysts immobilized on silica gel.
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56.11

AV= VX X fX
m

AV: acid value (mg KOH/g)
V: volume of used KOH solution (mL)
c: molarity of KOH (mol/L)

m: weight of sample (g)

AV, — AV,

X
AV 100

Conversion (%) =

AV;: initial acid value before reaction (mg KOH/g)

AV¢ final acid valve after reaction-(mg KOH/g)
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Fig. 11. Carousel 12"Plus Reaction Station apparatus.
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Table 3. Preparation of Lewis acidic ionic liquid

containing metal chloride

Entry Lewis acidic ionic liquids
1 [Me3sNC.H,OH]C1-2SnCl>
2 [Me3sNC.H,OH]C1-2ZnCl
3 [MesNC,H,OHICI-2AICl3
4 [Me3sNC,H,OH]C1-2FeCl;
5 [MesNC,H,OH]Cl=2CuCl
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Fig. 14. The 'H-NMR . spectrum of (a)
[ASCBII[HSO4].
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Fig. 15. FT-IR spectra: of (a) silica gel, (b). SiO:-MPS, (c)
SiO2-[ASBII[HSO4] and (d) SiO2-[ASCBII[HSO4].
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Fig. 16. Comparison of different solid acid catalysts. /Reaction

condition: MeOH/oleic. acid=20, catalyst 10 wt%, 353 K.
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Fig. 17. The effect of reaction temperature. Reaction condition:

MeOH/oleic acid=20, catalyst 10 wt%, 120 min.
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Fig. 18. The effect of the catalyst amount. Reaction condition:

MeOH/oleic acid=20, 353 K, 120 min.
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Fig. 19. The effect of molar ratio of methanol to oleic acid. Reaction

condition: catalyst 10 wt%, 353 K, 60 min.
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Fig. 20. The effect of different reaction temperatures of (a)
SiO.-[ASBII[HSOs and (b) SiO-[ASCBII[HSO4. Reaction condition:
MeOH/oleic acid=20, catalyst 10 wt%.
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Fig. 21. The effect of catalyst amount of (a) SiO:-[ASBII[HSOs] and (b)
SiOx-[ASCBII[HSO4]. Reaction condition: MeOH/oleic acid=20, 353 K
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Fig. 22. Effect of reaction temperature on FAMESs. production over
different metal chloride catalysts. Reaction conditions:

n(oil):n(methanol):n(catalyst) = 1:12:0.9, 14 h.

_50_



4-2-2. TpFT FolzAal o] 24 A FHwfol] thgk P

Fig. 23& o]/ A dstFded 5&593E0] M7t Fol=at Znf
of tiste] 363 KolA 423 Ko £:W 9o e o~
vl A glstel el Aottt tiA 2 Fig. 22014 X
38 Zujo} w3 AIFE Bow, 403 Kol A [MesNC.H,OH]CI-2SnCly
¢} [MesNC;HLOHICI-2ZnClLo] Fvwi7b Z+7h oF 91.1%9F °F 86.4%°] -3
&S YERSITE o2 AAQd dsFd AAZE o ~F wdk W

o
2
¢ |
rz
oo
lo
oX,
olr
o

==z 2~
FUEY 359

o] T7IedS EAom, [MesNC:H,OHICI-2AICI;S] 749423 K &% o]
A Zvle] W@gsr BANAY. W, g5 @side) Fues LN

N
i<
ol
dpx
o2
ot
it
s
o2
ot
i
Y
=
1o,
ol
|
Bh
C >
el
<
=
i)
f
Hu
rE
olo
oX,
s
ok
o
it}
X

Jlo
rlo
>,
<
X
kol
=)
=2
1o
%
!
o,
[
r>~
oX,
i
o
o
o)
N,
=2
=)

It
P

o
fr
>
>
il
i,
2
™

AbEE 93E-S quaternary ammonium® o]} Cl ¢ &o]&S AYal 9l

], Cle Fo]o Fo]2=HZnCl)S 7ol mEt ZnCly, ZnCls,
InCly o] o] FElE ZHAl HaL, o]2fg o]o] w-g g Folx Ao w &E
Frhn wnE dh JTHA041). oled Fols e AAY)FY Aol @ Ae)

A2 s 2471718 ARkl A4 2 A 24 glom[42],

o&@
]
ol
30
iy
ki
1

_51_



100 —@— [Me3NC,H4OH|CI-2SnCly
Q- IMesNCH4OHICI2ZnCly  @————
2 ¥ IMgNGHOR[C2AIC, O
N 80 [FA- iMesNCyH ORH|CI2FeCly g
: —& - IMe3NC,H OH|Cl2CuCLEY . -*"
E —J- [Me3NC,H4OH|CI A
< 60 B ..o. - ;A\\\\\
m ..o %:./ \v
—_ .
< e
> 40 e -
= © ~
: /7 . /
S 90 F v / -
@) 0 4 -
V4 ~
-~
~
0 !:' o H _— e ——. —]
363 383 403 423

Temperature (K)

Fig. 23. Effect of reaction temperature on FAMEs: production over
different [MesNC:H4OHICl-metal = chloride” ' catalysts. Reaction
conditions: n(oil):n(methanol):n(catalyst) =1:12:0.9, 14 h.
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Fig. 26. Effect of the molar ratio of tin chloride to choline
chloride on FAMEs production. Reaction conditions:

n(oil):n(methanol): n(catalyst) = 1:12:0.9, 403 K, 14 h.
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production. Reaction conditions: n(oil:n(catalyst) = 1:0.9, 403 K, 14 h.
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