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Abstract - Biodiesel amalgamate with silver doped nickel
and calcium blended oxide catalyst & soybean oil. Alkaline
earth metal calcium and the use of nickel blended oxide
integrated and optimized throughout a blending process that
after silver doped in differing percentages to research the
outcome of prepared catalysts on the change oil to FAME.
Catalytic characteristics such as surface area, energy band
difference, crystallinity, morphology, and the composition of
prepared samples explored utilizing different BET, FTIR,
XRD, SEM, and EDX methods. Silver doped 20 percent NiO-
CaO blended oxide catalyst defined with a distinctive weight
percentage of silver 2wt percent Ag found to be most viable
with 80 percent transformation of oil. The optimized response
variable for the change of biodiesel was alcohol to oil
proportion 15:1, response temperature 64°C, and catalytic
converter stacking 05wt percent. This prepared catalyst has
added significance as a blended catalyst for biodiesel
generation.

Key Words: FAME, Transesterification, Silver, Mixed Oxide,
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1.Introduction

The world's population increases as time goes on. The
rise in human activity relies upon on the scope of assets. For a
long time, crude oil has been the principal source of energy.
The supply and demand for this oil depends on the worldwide
economy. Rehashed utilize of relic fuel is leading to the
environmental problem. Fossil gasoline’s fundamental
predicament is an increment within the emanation of
contaminants various pollutants, which causes natural problem.
In spite of the fact that exceptionally practical, biodiesel can
end up an ecologically inviting choice given by the
transestrification of oil. Crude fabric for the generation of
biodiesel, distinctive variety of oil utilized such as soya bean
oil, flaxseed oil, and coconut oil as a consumable review in
addition to non food grade oil.

The taken a toll of a make of biodiesel is
exceptionally tall. In arrange to enhance the response, different
sorts of catalysts are utilized as homogenous and heterogenous.
Homogenous catalyst has more noteworthy adequacy, merely
the most drawback is troublesome to disconnect after
responses have been completed. The use of heterogenous
catalysts may well be a rendezvous to the difficulty.
Heterogeneous catalyst has the advantage that it is simple to
take off at the conclusion of the operation which it is reusable.
Kim et al. (2004) victimized oil plus Na-NaOH-Al;Os;
fundament heterogenous catalysts have most yields 94 percent.

Nakagaki et al. (2008) studied solid catalyst as a anhydrous
sodium molybdate for the FAME production via soy oil
contain prominent yield 95 percent. Li (2007) victimized
Eu,03-Al,03 upstanding means and get change by 63.2 percent
at 70°C and 8h for soybean oil. Guo et al. (2010) attempted
sintered Sodium metasilicate (Na.SiOs) as strong support
means display the palatable surrender for FAME making and
moreover advantageous to manufacturing the same. Alkline
metals have superior belongings to prepare catalyst. (Kouzu
and Liu, 2008) and (Kouzu, 2017) shows calcium oxide
catalyst provides a very fine quality product by 2 to 3h of time,
and above 90 percent conversion of FAME with soyabean oil.
The numerous blended oxides arranged in this manner. Liu
(2008) studied (Ca(OCH.)CHs),, Puna (2010) studied Li-CaO ,
Liu (2012) studied CaO-KF, Xie (2013) studied CaO-SnO;
varied oxides noted above 92 percent conversion on condition
of 12:01 molar fraction and 6h response instance. Zhang et al.
(2016) effectively utilized the squander scale as a novel
catalyst. Liu et. al (2007) used Sr*2 base heterogenous catalyst
gives above 95% productivity and employ of different catalyst
loading from 3 to 5 wt percent. Tantirungrotechai et al. (2013)
used MgO and Sr*2 with more pructivity 93% within 0.5h. Li
et al studied Nd203 base (KOH/Nd.Os) heterogeneous solid
means for the utilize with 14:1 molar fraction, with catalyst
charged 6wt.% provide productivity 92%, FAME formed by
greater molar fraction (Li et al (2011). Zuo et. al (2013) study
nanostructured SBA/15 with greater temperature (190°C)
prove 85% productivity confirm fewer means doings. The
current work introduces conversion of soyabean oil using a
heterogenous firm base [2%Ag+(20%NiO-Ca0)] catalyst. The
current task, planned catalyst investigated via various
investigative methods XRD, EDX, FTIR, BET, and SEM. Too,
the evidence from multiple variables of response examined.

2. Materials and Methods

Physicochemical characteristic of soya oil
Soya oil from an essential supply store in the
neighbourhood and checked accordingly FSSAI (India)
methods. Normal M.W. (M) is determined by utilizing
equation-1 based on soya oil Acidvalue-AV and
saponification value-SV. The Oil’s Acidvalues unsurprising
titrate through following equation.
_ 56.1X1000X3
(SV—-AV)
Catalyst preparation
The blended oxide arranged by motorized blending.
Toward that goal, The forerunner aqueous (2wt.%(Ag))
AgNOs;, Calcium Nitrate Tetrahydrate Granular and
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(20wt.%(Nickel)) aqueous Nickel nitrate hexahydrate
formulated and blended in pure water, below dynamic rousing
and dehydrated by 110°C for total humidity reduction over
nighttime. In a muffle furnace the sample had sintered by
800°C meant for 5h atmospheric condition and grind to create
consistent fine particles known as Ag doped mixed oxide.

Catalytic characterization

To evaluate the composition and crystalline size of
the oxides, The analysis was conducted by a Philips X'pert
MPD device with X - ray powder diffraction. The Debye-
Scherrer equation defines the powder catalyst's crystallinity

FTIR test performed with Perkin EImer spectrometer,
infrared spectra (IR) were performed using constricted add up
to ATR-FTIR and effect on connection bunch on the base
catalyst appears.

Through the BET method, the add-up to catalyst
surface range was provided, closely resembling the isotherms
of nitrogen adsorption-desorption. The Micrometrics tests
were done with ASAP 2010.

The composition of the material monitored for
element-by-element by instrument JEOL JSM 7100F (SEM)
and X-ray energy dispersive (EDX).

Catalyst characterization done at the Research
Institute for Marine Chemicals and Central Salt, Dist.-
Bhavnagar, State-Gujarat, India.

Transestrification reaction

The test arrangement was organized at Lukhdhirji
Engineering College, Morbi in Chemical Reaction
Engineering Laboratory shown in Fig. 1. By 50 mL two low-
cut spherical backside flasks by a condenser, hot plate by
magnetic stirrer, the experiments have been performed in a
water bath. The transestrification reaction conceded out the
usage of 10g of soya oil, CH30OH (6 to 21) percent, process
duration (2 to 6) hr, catalytic feed (1 to 6) percent, and temp.
(50-70) °C used to be changed. FFAs in the raw material are
being determined by the equation, FFA conversion = (Initial
AV-final AV)/Initial AV. The catalytic exercise studied at
distinctive prerequisites, catalyst separated after finishing the
experiment. Using the Whatman paper filter and the
combination, separating funnel was used for separation of
catalyst overnight

Fig. 1 Lab setup at Lukhdhirji Engineering College, Morbi-2.
3. Results and Discussion

Properties of soya oil

Soya oil properties tested was 0.90 g/ml, 190.8
Mkon/Moir, MI/1, 0.841 mgon/moi, ml/l, with 0.421 % weight
per weight, for density, saponification, Acidvalue, and FFA’s,
respectively. The estimated normal M.W. of soya oil is 885.9
g/mol.

Catalytic characterization

Shajaratun et al.(2014) completed preceding work
exhibit that for full decay of calcium carbonate to calcium
oxide throughout 800 °C to 900°C. Decay of nickel hydroxide
to nickel oxide task suggested through Bera et al (2000) and
decomposition of silver nitrate takes spot above 480°C
suggested by way of Oza et al (1955).

The fine particles XRD design of said material
[2%Ag+(20%NiO-Ca0)] is appeared inside Figure-2. The
sintered catalyst (Ag/CaO/NiQ) have the typical crests of CaO
(26 = 33.97°, 37.60° 54.12°, 64.19° and 66.02°) (JCPDS
Record N0.00-037-1497), NiO(26 = 37.60°, 42.97°, and
62.08°)(JPDS Record No.00-047-1049) and Ag (20 = 37.60°,
64.19°) (JPDS Record no. 89-3722).

Expand to this, the lucid estimate of the catalyst
decided utilizing Debye—Scherrer condition comparing to this
chosen diffraction crest utilizing XRD information as
appeared inside Table-1

Table 1 Particle sizes and plane area for [2%Ag+(20%NiO/Ca0)]

catalyst.
. Calcium/M Molar Crystallite dimension | Sger
Material fraction 2
(nm)® (m?/g)©
Theoretical | TestResult | CaO NiO Ag
Ag/NiO- 0.020 0.022 18.25 | 24.86 | 16.50 | 38.39
CaO

& Ag estimated by EDX analysis; M = Ag.
® Evaluated by XRD peaks using Scherrers equations.

¢ BET surface area.
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The average crystallite dimension for blended oxide catalysts,
Ag/NiO-CaO presented 18.25nm into common particle size
for CaO, 24.86 nm for NiO, and 16.50 nm for Ag. It is
determined so as to the expansion of FHWM by means of a
reduction in crystallite dimension. Calcium-based blended
oxide exhibits sintering impact in particles subsequent to the
adding up NiO and Ag owing to calcinations temperature.
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Fig. 2 XRD figure of catalyst

FTIR spectra shown in figure-3 of prepared catalysts
Ag/NiO-CaO appeared. FTIR investigation of calcined
catalysts (Ag/NiO-CaO) (Fig. 3) shows the very low existence
of CaCOs at the 1469 cm-1 band, in addition to OH group for
moisture adhere to catalytic plane (3644 cm-1 peak), that's
because of the air-incinerate catalyst, demonstrating the result
of CaO absorb of CO; plus H20.

Besides, the range of prepared material, the crest was seen
by the side of 561(1/cm), that alluded for Nickel Oxygen
extending. Another crests found at 875.9 cm—1 have been
ascribed for calcium oxide and Calcium—Oxygen—Nickel
bonding, individually (Kouzu et. al. (2008)). A tip at around
1119 cm—1 utilized to be moreover identified to the NiO-CaO
catalyst force above Ca—O bond (Abdullah et. al. (2014)).

2
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Fig. 3 FTIR band for Ag/NiO/CaO catalyst

Ag/NiO-Ca0 surface area once introduced in Table.1. The
catalyst surface area is within line with the XRD study, which

showed that the region became enlarged as the crystallite
measurement decreased. Besides, silver presence and
excessive calcination temperature (800°C) can contribute to
amplification of crystal porosity, indicating the discount in
element agglomeration and allowing the combined oxide
surface area to be amplified.

The SEM morphology (Ag/NiO-CaO) of the catalysts used
for validation in Fig. 5. As can be seen, dense and similarly
dispensed spherical granules have been found to be the CaO
(Fig. 5). Ag/NiO-particle CaO's dimension distribution (Fig.
5) can be described by SEM research. Silver show crystalline
by small crystal of silver scattered on other are large irregular
particles such as grains found above region of CaO-NiO.
Silver has been shown to have an effect on lowering the

Spectrum 1

1 2 3 4 5 -] 7 2 9 10
Full Scale 831 cts Cursor: 0.000 ke’

crystaline size of NiO-CaO in the particle size calculation
measured as of XRD information settlement. The
configuration of bunch must be at excessive temperatures
owing to the cluster of the catalyst. The catalyst's EDX result
shows the silver, nickel, and calcium presence in Fig. 4 and
stable with the experimental facts shown in the table in
addition. 1.

Fig. 5 Scanning Electron Microscopic figure for Ag/NiO-CaO
catalyst
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4. Optimisation of process variables

Optimisation of prepared [Ag+(20%NiO-CaO)]
blended catalyst

At first, different blended oxide catalysts prepare in
several Ag wt. % (20% NiO/CaO) as a basis (Teo et al (2014),
Kalariya et Al (2020)). Arranged catalyst has tried intended
for the transformation of FAME using soya oil beneath
response situation: soya oil = 10g, MeOH: oil = 15:01,
catalyst stacking = 5 wt%, response temp. = 64°C. The impact
of optimum catalytic action recorded on 2wt% of Ag for
transestrification prepare by a change rate of 78% as can be
seen in Fig.6.

100
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30 -
20 |
10 -
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1 2 3 4 5

Agwt.% [(20%Ni0/Ca0)+ Ag wt.% ]

FFA Conversion (3)

Fig. 6 Impact on FAME conversion by various wt%
of Silver using [Ag+(20%NiO-CaO)].
Reaction Parameters: Soya oil = 10g, MeOH: oil = 15:01,
Catalyst stacking = 5wt%, reaction temp. = 64 °C.

Reaction duration
The impact by the reaction duration on transformation of

the FFAs considered. It noted that the transformation of FFAS
increments as time increments. Optimum  balance
transformation found around 80 % at 4 hours of response
time. The FAME transformation at climatic state was
impacted by the response time that appeared inside Figure-7.
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Fig. 7 Impact on FAME conversion by time
using [2%Ag+(20%NiO-Ca0)].
Reaction Parameters: Soya oil = 10g, MeOH: oil = 15:01,
Catalyst stacking = 5wt%, reaction temp. = 64 °C.

MeOHy/oil molar fraction

Soya oil transestrification requires 3 MeOH moles per oil
mole as per chemistry. Transestrification is considered as a
correctable response. Hence the occurrence of an
overabundance of MeOH builds up harmony within the
familiar course of FAME generation. While the volume of
MeOH amplified, the change expanded essentially as seen in
In Fig. 8. Most extreme transformation watched (80 percent)
at a molar proportion of 15:01. Though, it appears the
decrease during transformation by an increment within the
molar proportion.

Fig. 8 Impact on FAME conversion by MeOH/oil molar
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fraction using [2%Ag+(20%NiO/Ca0)].
Reaction Parameters: Soya oil = 10g, reaction duration 4hr,
Catalyst stacking = 5wt%, reaction temp. = 64°C.

FFA Conversion (35)

Catalyst-loading
The impact of 2 percent of Ag with 20 percent of

NiO/CaO catalyst contrasted within scale from 1 to 6 percent
of the soya oil. The least number of catalysts shows less
transformation owing to fewer dynamic transformation active
part open. It noted that the transition of FAME increased by a
shift in quantity of catalytic stacking plus observed to the
evolution in FAME was 80 percent at 5 wt. Percent of the
catalytic stack as seen in Fig. 9. Moreover an increment in
catalytic stacking of more than 5 wt. percent recommends a
decrease in change, likely due to the negligible dissemination
and mass transport of the reactants in these blends.
Transestrification change depends intensely on the stacking of
the catalyst.
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Fig. 9 Impact on FAME conversion by time
using [2%Ag+(20%NiO-Ca0)].
Reaction Parameters: Soya oil = 10g, MeOH:oil = 15:01,
Reaction duration 4 hr, reaction temp. = 64°C.

5. Conclusion

In this exploratory investigation, silver blended with nickel-
calcium-based blended oxide Ag/(NiO-CaO) catalyst defined
with motorized blending uncovers the finest catalytic action at
the 64°C output of FAME from soya oil. It's a diverse wt% of
silver mixed in nickel-calcium blended oxide and arranged
catalyst efficiency tried as well as examined for
transestrification of soya oil. The most noteworthy change of
biodiesel gotten at 80.98 percent utilizing the foremost
enhanced criteria i.e. methanol/oil molar proportion = 15:01,
catalytic stacking = 5wt. percent and response time = 4h. The
satisfactory catalytic action will moreover offer assistance to
limit the fetched of the catalytic as well as the taken a toll of
the manufacturing of FAME.
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