Reusability and Stability Tests of
Calcium Oxide BasedCatalyst (K

2 O/Ca0-Zn0) for
Transesterification of Soybean
Oil to Biodiesel

by Didi Dwi Anggoro

Submission date: 13-Nov-2018 12:57PM (UTC+0700)
Submission ID: 1038002549

File name: C-6_2 BCREC_2016_CALCIUM_OXIDE.pdf (341.03K)
Word count: 3666

Character count: 19383



Available online at BCREC Website: http://bcrec.undip.ac.id

BCREC

Bulletin of Chemical Reaction Engineering & Catalysis, 11 (1), 2016, 34-39

Research Article

Reusability and Stability Tests of Calcium Oxide Based
Catalyst (K2:0/Ca0O-ZnO) for Transesterification of
Soybean Oil to Biodiesel

1. Istadi*, Udin Mabruro, Bintang Ayu Kalimantini, Lugman Buchori,
Didi Dwi Anggoro

Department of Chemical Engineering, Faculty of Engineering, Diponegoro University
J1. Prof. Soedarto, SH, Kampus Undip Tembalang, Semarang 50275, Indonesia

Received: 100" November 2015; Revised: 16" January 2016; Aceepted: 16 January 2016

6 Abstract

This paper was purposed for testing reusability and stability of calcium oxide-based catalyst
(K20/Ca0-Zn0) over transesterification reaction of soybean oil with methanol to produce biodiesel. The
Kz:O0/CaO-Zn0O catalyst was synthesized by co-precipitation method of calcium and zinc nitrates fol-
lowed by impregnation of potassium nitrate. The fresh and used catalysts were tested after regenera-
tion. The catalysts were characterized by Scanning Electron Microscopy (SEM), X-ray Diffraction
(XRD), and BET Surface Area in order to compare the catalyst structure between the fresh and used
catalysts. The catalyst testing in transesterification proses was carried out at following operating con-
ditions, i.e. catalyst weight of 6 wt.%, oil to methanol mole ratio of 1:15, and temperature of 60 oC. In
addition, metal oxide leaching of K:0/Ca0-Zn0O catalyst during reaction was also tested. From the re-
sults, the catalysts exhibited high catalytic activity (80% fatty acid methyl ester (FAME) yield after
three-cycles of usage) and acceptable reusability after regeneration. The catalyst also showed accept-
able stability of catalytic activity, even after three-cycles of usage. Copyright © 2016 BCREC GROUP.
All rights reserved

Keywords: K:0/CaO-ZnO; biodiesel production; transesterification process; reusability; stability
Houw to Cite: Istadi, 1., Mabruro, U., Kalimantini, B.A., Buchori, L., Anggoro, D.D. (2016). Reusability
and Stability Tests of Calcium Oxide Based Catalyst (K:0/CaO-Zn0) for Trans@rification of Soybean

01l to Biodiesel. Bulletin of Chemical Reaction Engineering & Catalysis, 11 (1): 34-39.
(doi: 10.9767/berec.11.1.413.34-39)

Permalink/DOI http://dx.doi.org/10.9767/berec.11.1.413.54-39

1. Introduection

Biodiesel has become a great attention re-
cently to replace the conventional fossil fuel
based diesel. Biodiesel, consisting of fatty acid
methyl ester (FAME), offers a solution to fossil
Bl depletion and environmental degradation
issues due to its ability to be renewed and bio-
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degraded easily [1,2]. Application of biodiesel in
Besel engine exhibited better degradation
aaracteristic and lower emissions of carbon
monoxide (CO), carbon dioxide (COz), total hy-
drocarbons (THCs), particulate matter (PM),
and volatile organic compound (VOC) [@. How-
ever from economies point of view, the biodiesel
is not comparable with the petroleum based
diesel due to its high production cost and feed-
stock price. Thus, many researchers have in-
vestigated on hofto reduce the cost of bio-
diesel production. One of the efficient ways was
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by using heterogeneous catalytic transesterifi-
cation reaction [1, 2].

Homogeneous catalysts, such as: NaOH,
KOH, H2S04 and HsPO,, were typically used
for the transesterification reaction, although
having a few disadvantages in cofdng of wash-
ing and purification processes. On the other
hand, the use of the heterogeneous catalyst can
avoid the homogeneous catalyst-based problem,
because the heterogeneous catalyst can be
separated from the liquid products easily and
can be designed to give higher activity, selectiv-
ity and longer catalyst lifetimes. Previous re-
searchers highlighted the reusability test of
catalyst which makes it environmental friendly
[1, 4]. However, some drawbacks were existed
in the heterogeneous catalyzed tfinsesterifica-
tion process, 1.e. metal oxide leaching that
caused deactivation of the active sites and re-
sulted to product contamination and slower re-
action rate, affll higher reaction temperature
required [5]. Among the solid catalysts, the
base catalyst is normally accepted as an effi-
cient system because the biodiesel could be syn-
thesized under mild conditions [6].

In the pioneering works by several research-
ers, CaOflhsed catalysts were used as a hetero-
geneous catalyst for the transesterification of
vegetable oil to produce biodiesel due to its eco-
nomical advantages and highly active (biodiesel
yielded =90%) [6]. Development of CaO-based
catalyst 1s undertaken by increasing their sur-
face area and basicity in order to enhance the
biodiesel yield. In this research, combining CaO
and ZnO by co-precipitation method could im-
prove the catalyst surface area. Promoting the
catalyst with K20 may increase its basicity as
well as covering basicity instead of decreasing
CaO content due to leaching [7, 8]. However,
proper composition of the metal oxides (CaO,
K20, and Zn0) should be investigated in detail.

Therefore, this study is purposed to test the
stability and reusability of the K:0/CaO-ZnO
catalyst by considering basicity, surface area,
and yield of biodiesel in order to enhance the
economical point of view. The catalyst was
characterized by SEM-EDX, XRD, and BET
Surface Area to evaluate its structural changed
during the transesterification process. The sta-
bility and reusability of the catalyst was per-
formed by considering the biodiesel yield with
respect to its surface properties.

2. Materials and Method

2.1. Materials

In this research, soybean oil (Happy-
Indofood) and methanol (99.9%, Merck) were

used as raw materials. The following chemi-
cals, 1le. Zn(NO3:)24H:0 (98.5%, Merck),
Ca(NOg)2A4H:0O  (99%, Merck), KNOz; (99%,
Merck), and Na:COs (99%, Merck), were used
as precursors for catalysts preparation.

2.2. Catalyst preparation

The K:0/CaO-ZnO catalyst was prepared
according to the conventional copred@itation
and impregnation methods [9]. The required
amounts of Ca(NOg)2.4H20 and Zn(NO3z)2.6H20
were dissolved in deionized water to make 1 M
solution. Solution of Na:COs; 2 M was added
slowly into the mixed solution with vigourously
stirred. pH of the solution was adjusted to 10
by adding NaOH 1 M solution. The obtained
precipitate was aged for 2B at temperature of
60 °C while stirring. The solid product was fil-
tered and washed by deionized water until al-
kali free, and dried at 110 *C overnight in an
oven (Memmert). The dried solid catalyst was
caleined at 800 °C for 3 h in a box furnace (Ney
Vulean) and produced the CaO-ZaO solid cata-
lyst. Thereafter, the solid catalyst was impreg-
nated in the solution of KNO3 1 M for 1 h while
stirring and was dried in an oven (Memmert) at
110 °C overnight. The Ks0/CaO-ZaO solid cata-
lyst were obtained after calcination at 800 °C
for 3 h in the box furnace (Ney Vulcan).

2.3. Catalyst characterization

Crystal structure of the catalysts (active car-
bon and modified-carbon), before and after
used, were analyzed by XRD (X-Ray Diffrac-
tion, Shimadzu XRD-7000) with Cu-Ka radia-
tion (k = 1.54 A) operated at 30 mA and 30 kV.
The sample was scanned at the boundary be-
tween 10° to 90° with a scanning speed of 2
°/minute. Furthermore, diffractogram or peak
was compared to the data from JCPDS (Joint
Committee of Diffraction Data) library or lit-
eratures to deternflde the compounds contained
in the catalyst. The Brunauer-Emmer-Teller
(BET) surface area and pore size analyzer of
the catalyst were determined using nitrogen
adsorption-desorption isotherms (at 77 K) over
Quantachrome Nova Instruments. The samples
were out gassed for 5 h at 300 °C (573 K) under
vacuum pressure (6.58x10-% Torr) prior to the
sorption measurements,

2.4. Transesterification reaction test

Mole ratio of methanol to soybean oil was
kept at 15:1 and the amount of catalyst was 4
wt.% of the total mixed materials. The soybean
oil was weighed and heated to 60 °C. The cata-

Copyright © 2016, BCREC, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 11(1), 2016, 36

lyst and methanol were weighed and also
heated to 60 °C in the three-necked flask. THls,
the heated soybean oil was added and the
transesterification reactions were performed at
60 °C for 4 h in a 500 mL three necked flask
equipped with a water cooled reflux condenser,
a thermometer, a heating mantle, and an im-
peller equipped with motor. After that, the re-
action was stopped by cooling down the reactor
to room temperature. The products were placed
in a separatory funnel overnight to ensure that
phase of FAME, glycerol, and catalyst were
separated completely. Afterward, the obtained
catalyst was washed by organic solvent and fil-
tered. The used catalyst was re-activated by
washef@ by hexane-methanol method and fil-
tered, drying at 110 C overnight and caleining
at 800 °C for 3 h.

Concentration of the methyl esters was de-
termined by using a GC-MS (QP2010S SHIMA-
DZU)), equipped with AGILENT HP 5 MS col-
umn (30 m x 0.25 mm i.d., 0.25 pm film thick-
ness) and helium as a gas carrier. The FAME
contain was quantified according to EN 14103
method [4]. The biodiesel and FAME yields
were determined using Equations (1) and (2).
The biodiesel was also tested for its standard
quality, such as: kinematic viscosity and acid
value, by ASTM D 445 and AOCS Cd 3d-63
methods, respectively. In Equations (1) and (2),
the %FAME was derived from the peak area of
GC-MS analysis. phidicsst denotes density of bio-
diesel, Viiudieser denotes volume of biodiesel prod-
uct, and my.« denotes mass of soybean oil feed.

Biodiesel Yield (%) = %ﬂgu) +100%
i

o (1)

(B FAME) . Pyiaicat -V biicset )

FAMEYield (%) =
mg..)

x100%

2

2.5. Reusability and stability test

An experimental work to evaluate stability
of the catalysts was conducted. The leached
test of catalyst was observed under the same
conditions as used in the transesteriﬁcatirn re-
action by using fresh and used catalyst. After
the treatment, the catalyst was removed by fil-
tration from wmother liquor. The phase of
methanol-glycerol was separated and the
amount of leached Ca was measured using col-
orifftric method.

The reusability of catalyst was investigated
at similar reaction condition by repeating the
transesterification reaction several times using
the used catalyst forf)previous reaction proc-
ess. The catalyst was separated from the previ-

Intensity (a.u.)

ous reaction mixture, washed with hexane-
methanol, and then dried at 60 °C [10]. The re-
sulted solid catalysts were caleined at 800 oC
for 3 h in a box furnace and were used for fur-
ther transesterification reaction tests.

3. Results and Discussion
3.1. Catalyst characterization

XRD characterization was intended to deter-
mine the erystal structure and phases in the
catalysts. The XRD patterns of catalysts, fresh
and used 2% K20/Ca0O-Zn0O, were shown in Fi-
gure 1. The XRD diffractogram of CaO gave in-
tensified and narrowed peaks at 20 degree of
17.29, 27:92° '289°%. 50.52 B27Y% .and 67.9°
(JCPDS File No. 37-1497) [11]. Meanwhile, the
XRD pattern of ZnO showed erystallite phases
at 31.7° 34.4° 36.24°, 47.5° 56.5° 62.8°, and
67.8° (JCPDS File No. 36-1451) [11]. In addi-
tion, the impregnation of 2% K:0 loading
showed additional small intensity peaks at 20
degree 25.88° and 75.36° which is presented on
the surface of catalyst. The small intensity of
K:0 detected peak was due to too small concen-
tration of K20 which in turn it dispersed
evenly. Based on the XRD pattern of fresh and
used catalysts, increasing of CaQ intensity at
20 degree 17.2° 27.2° and 28.7° by leaching of
methanol eventually the catalyst has better
crystallinity. However, diffraction peak of CaO
and ZnO on both catalysts showed similar pat-
tern but the little different peaks were shown
which may be due to modified CaO and ZnO ra-
tio content (see Table 3) in the catalyst (JCPDS
FilgB¥o.47-1701; 77-2176) [12].

Scanning Electron Microscopy was used to
determine of the morphology of catalyst sur-
faces. Figure 2 shows the SEM images of both

A :In0
L ¢ie]

o] 20 40 &0 20 100

28/ Degree

Figure 1. XRD pattern of catalysts: (a) Fresh
catalyst of 2% K20/Ca0-Zn0, (b) Three cycles used
catalyst of 2% K20/Ca0O-Zn0O
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catalysts indicating particles with §EBgular
shape sizes ranging from 0.5-2 pm. Some of
them are bonded together as aggregates. The
smaller size of the grains and aggregates could
provide a higher specific surface area [13]. It
can be inferred that surface morphology of the
used catalyst could be maintained after three-
cycles of used for transesterification process.
From qualitative analysis by SEM-EDX study
supported that the presence of 2 wt.% K20 and
CaO to ZnO catalyst was evidenced. The pres-
ence of KsO observed on the fresh catalyst was
suggested distributing the K:0 component
evenly on the catalyst surface. Meanwhile for
the used catalyst, there was no detected K:O
found. In this matter, the presence of K20 may
be lost during the transesterification process
because of too low concentration of this oxide.
Decreasing the CaO to ZnO ratio with respect
to before and after used catalyst were 2.28:1
and 1.76:1, respectively (by EDX measurement)
as inline in result of other researchers [5].
Surface area of the fresh and the three-
cycles used of 2% K20/Ca0-Zn0O catalysts were
listed in Table 1. From the table, it is indicated
that surface area of the three-cycles used cata-
lyst showed better than the fresh catalyst. In
transesterification process, calcium as active

component of the catalyst may be leached to
methanol phase. Previous researchers reported
that the [irface area of their catalysts de-
creased steadily when the Ca?* content
(measured by EDX) in the mixed CaO-MgO
catalysts inereased [5]. This fact indicates that
the BET surface area corroborates well with the
crystallite size, in which a large crystallite size
of the catalysts will reduce the surface area. Ex-
cessive CaO phases may cause saturation or fill-
ing of pores in catalyst composite, which contrib-
ute to reducing catalyst surface area.

EB. Catalysts performance testing for
transesterification of soybean oil to fatty
acid methyl ester

Perf@ances of the catalysts on transesteri-
fication of soybean oil to fatty acid methyl esters
were listed in Table 2 including the characteris-
ties of soybean oil raw material. From the table,
the catalyst has good performance to produce
biodiesel with the yield higher than 80%.

Decreasing CaO content in the catalyst is
due to leached by methanol reactant as indi-
cated in Table 3. Meanwhile, decreasing the bio-
diesel yield in second-eycle catalyst usage may
be due to decreasing the CaO content during the

Table 1. BET Surface Area of fresh and three-cycles used 2% K:0/Ca0-Zn0O catalyst

Average B

Surface area Total pore volume

Catalysts diameter (nm) (m2/g) (em?/g)
Fresh catalyst 36.01 3.094 0.02786
Three cycles used catalyst 31.44 4,669 0.03670

SElI  20kV
Sample

x3,000 Sum WD10mm SS525 x3,000 Sum

0000

(b)

Figure 2. Scanning Electron Microscopy images of 2% K:0/Ca0-ZnO catalyst: (a) fresh catalyst; (b)
after three cycles of used
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transesterification process as shown in the XRD
and SEM-EDX results. The FAME yield after
three-cycle used is better than other cycles as
shown in Table 2. This trend was due to abun-
dant of CaO content which may cause free phase
and saturation m catalyst pores which in turn
decreasing the catalyst surface area as sug-
gested by other researchers [5]. The Ca content
in the catalyst probably creates a free phase
causing the leaching of Ca content during the
transesterification process. The better surface
area causes better activity in FAME yield and
selectivity. Azis & Maulana [8] has proved that
adding K20 as promoter makes better activity
and selectivity of the K:0/CaO-ZnO catalyst. As
shown in 3 cycle of usage, the FAME yield was
equal to the yield of biodiesel inferring 100% se-
lectivity. The phenomenon may be due to the
role of K20 content promotion replacing the lost
CaO content in previous cycles usage due to
leaching in methanol. Therefore, the K20 pro-
moter takes place the role of base sites activity
and selectivity.

3.3. Reusabilty and staﬁlity tests

The catalyst stability plays an important role
in determining the economical point of views of
the heterogeneous catalysts in large-scale bio-

diesel production. The 2% K:0/Ca0-Zn0O cata-
lyst was tested its reusability and stability
over several consecutive three-cycles usage af-
ter washing and thermal treatment steps. The
results indicated that the catalyst has consis-
tent activity up to three-cycle usage after sim-
ple regeneration as listed in Table 2. The de-
creasing catalytic activity during the three re-
peating usage may be caused by following rea-
sons: (i) leaching of calcium cont@ht from ac-
tive sites into methanol phase; (ii) poisoning
of the catalyst active sites by the reaction me-
dium (o1l, biodiesel and/or glycerol) which re-
duced contact area between base sites and re-
actants; and (ili) collapsing catalyst structure
[3].

Leaching test of the 2% K:0/Ca0-ZnO
catalyst with respect to Ca active component
in methanol was listed in Table 3. The leach-
ing test was conducted by colorimetric analy-
sis method. From Table 3, it is showed that
the Ca content was found in metfnol phase
after transesterification process in the first
(408 ppm), second (520 ppm) and third runs
(408 ppm) of biodiesel production, which sug-
gested that a little bit of Ca component was
leached in the reaction medium. The CaO
leaching phenomenon affects on reducing
catalytic activity during each stability test.

Table 2. Catalyst performance on transesterification reaction and the FAME product characteristics

based on SNI (Standar Nasional Indonesia)

RunCvele  Biodiesel  FAMEYield — Density . Kir%jmff-ic o Acid Number
unYee  Yield (%) (%) (g/ml) 13‘"“’;11;’[5““‘ . (mg KOH/g)
Tst 98 .80 41.17 0.885 2.43 0.50
2nd 92.98 37.88 0.883 2.9 0.57
3rd 84.82 84.82 0.878 2.49 0,51
SNI Standard s 0.85-0.89 2.3-6 <0.8
of biodiesel
Soybean 0il . 0.93 23.37 0.76

Raw Material

Table 3. Leaching test of Ca component of catalyst during transesterification process. *Ca/Zn mole
ratio was measured by EDX results and leaching test data

Ca content in methanol phase

Number of Run Cal/Zn mole ratio®
(ppm)
Fresh 0 2.28
1t cycle run 408 2.27
2nd eyele run 520 1.58
3rd gyele run 408 1.57
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4. Conclusions

In this study, a K20/CaO-Zn0 ecatalyst was
ffVeloped and tested according to its stability
during the transesterification reaction process.
From the testing, the 2% K:0/Ca0-ZnO cata-
lyst showed promising for transesterification of
soybean oil with methanol to produce biodiesel
which having good catalytic activities with bio-
diesel yield was higher than 80%. The catalyst
has also relatively good stability during the sta-
bility-reusability test with the yield of FAME
higher than 80%. Component of calcium may be
leached during the reaction process which re-
placing its role by promoting the reaction using
K20 promoter.
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