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A B S T R A C T

Present work aimed for the synthesis of a promising MTSA-Si catalyst and its application for biodiesel prepa-
ration using WFO. It has been illustrated from the experimental results, the most favorable reaction conditions
for the biodiesel preparation using WFO are (i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si catalyst
(w/w), (iii) 130 °C reaction temperature and (iv) 10 h reaction time, for the 98.22% yield of biodiesel. The
side product raw glycerin was further transformed into the triglycerides over MTSA-Si catalyzed lauric acid
esterification. The fuel properties of biodiesel were estimated and correlated fuel standards.

© 2018.

Introduction

Currently, alternative energy research community across the world
is insisting for an exploration of alternative energy resources in order
to minimize consumption of the traditional energy resources by virtue
of their everlasting depletion and growing destructive concussion on
the climate [1]. The manufacturing of second generation biofuel from
non edible oils likes, Jatropha curcas, Sterculia foetida, Ceiba pentan-
dra and Cerbera manghas, as well as waste frying oil has been become
the key of energy insufficiency to counter any reduction in the sup-
ply of edible oil resources to the food manufactory [2–4]. Biodiesel is
being produced from the reaction of vegetable oil or animal fats with
a shorter chain alcohol like methanol or ethanol in presence of a rel-
evant catalyst. The global energy insistence is increasing day-to-day,
while the repertory of conventional fuels such as coal and petroleum
are reducing constantly. Besides, the consumption of conventional fu-
els motives the global warming by raising the effects of greenhouse
gases notably. Biodiesel is a non-toxic, biodegradable and green al-
ternative by virtue of its lower emission figurations. Contradictory
to these dominance, the most significant disadvantage of biodiesel
is its higher cost than conventional fuels [5,6]. Such alternative fuel
has received considerable attention due to its being produced from
non-conventional sources and it potentially lower down the climatic
impact in association to conventional diesel fuel [7]. Biodiesel syn-
thesis is mainly executed by the transesterification of oils over ho-
mogeneous, heterogeneous and enzymatic catalysts [8]. The currently

⁎ Corresponding author.
Email addresses: msmehulsavaliya@gmail.com (M.L. Savaliya); bharat281173@
gmail.com, bzd.svnit@gmail.com (B.Z. Dholakiya)

well established manufacturing facilities for biodiesel synthesis are
mainly based on homogeneous base catalysis [9]. The noncorrosive,
eco-friendly and reusable nature of heterogeneous acid and alkali [10]
catalysts makes them more suitable for the biodiesel synthesis with
respect to homogeneous acid catalysts. However, they are associated
with some limitations for their commercial scale production likes, (i)
complex synthesis process and (ii) difficulties in handling in applica-
tion to commercial scale plants [11]. The booming production of WFO
from domiciliary as well as industrial sectors is a maturing scrape
globally by virtue of its oxidation and hydrogenation characteristics.
Waste frying oil commonly abundant of free fatty acids, polymeric
material and disintegration products, besides triglyceride, diglycerides
and monoglycerides. This residue is habitually discharged into the wa-
ter, arising the problems for drainage water treatment units and en-
ergy mislay, or is intersperse into the food cycle through animal feeds,
hence, becoming a potential cause of human health problems [12].

There are considerable applications of waste frying oil, such as in
the production of soap, in production of energy through anaerobic di-
gestion, in thermal cracking [13], recently, in the synthesis of biodiesel
fuel [14], and much more. Waste frying oil (WFO) is the provocative
alternative resource for the biodiesel synthesis due to its inherent in
shortening expenses and environmental percussion of biodiesel when
correlated with traditional feedstocks. Therefore, waste frying oil as
an adequate raw material for biodiesel preparation has attracted signif-
icant attention recently due to its reasonable price and smooth avail-
ability [15]. The physicochemical properties of WFO are tabularized
in Table 1.

In recent times, the usage of solid acid catalysts were describe in
literature as a most favorable key for biodiesel production, because
it could potentially eliminate some reaction steps like complex isola

https://doi.org/10.1016/j.jiec.2018.03.036
1226-086/ © 2018.
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Table 1
Physicochemical properties of WFO [16–19].

Properties Test standards Value

Physical state – Liquid
Color – Deep oily
Calorific index (MJ/kg) IS:1448:(P:33):1991 38.314
Peroxide index (O2/kg) AOCSCD8-53 10.00–25.25
Specific gravity (g/cm3) ASTM D854-10 0.92
Density @ 20 °C (kg/m3) ASTM D1298, ASTM D4052-91,

IS:1448:(P:32):1992
897.0

Acid index (mg KOH/g) ASTM D664 3.0
Iodine index (g I2/100 g) AOCS CD1-25 1993 102.3
Kinematic viscosity @ 40 °C
(mm2/s)

ASTM D 445, IS:1448:(P:25):1976 54.53

Saponification index (mg
KOH/g)

AOCS CD3 2003 192

Average molecular weight of
FFA (g/mol)

– 275.5

Mean molecular weight (g/
mol)

– 864.5

Flash point (°C) ASTM D92-94, IS:1448:(P:21):1992 Not less than
250

Pour point (°C) ASTM D 97 −9.7
Cloud point (°C) ASTM D 2500, EN 23015 −8.2
Fatty acid compositions ASTM D1585-96 19.7%

tion, corrosion issue, toxicity and environmental contemplation [20].
Magnificently, a solid acid catalyst used for biodiesel production
should offer a higher acidic density of active sites, admirable ther-
mal stability, larger pore size and pore volume, lower cost and hy-
drophobic exterior [21]. The heterogeneous acidic catalysts have been
reported and examined for biodiesel synthesis are the inorganic ma-
terial based such as zeolite [22,23], niobic acid [24] and sulfated zir-
conia [25]. However, these catalysts offer smaller pore size and pore
volume, which restrict the penetration of the longer chain fatty acid
molecules, and hence they are unsuitable for the synthesis of biodiesel.
Whereas, the strong acidic ion-exchange resins, i.e., Amberlyst-15 and
Nafion-NR50 [26], offer a large fraction of sulfonic acid groups but
their application is very limited by virtue of their higher preparation
cost and lower thermal stability. While, solid acid catalysts prepared
from polystyrene [27] and polyvinyl alcohol crosslinked with sulfos-
uccinic acid [28] also offer remarkable activity for the esterification of
fatty acids using methanol regarding biodiesel production. But leach-
ing of active site form catalysts into the reaction system is a major and
uncleared concern. Hence, it is adorable to prepare solid acid catalysts
with a higher thermal stability and higher density of active sites.

Currently, the considerable sense behind uncommercialization of
biodiesel is its higher preparation expense than conventional diesel
[29,30]. The higher preparation expense of biodiesel is principally in
view of its being produced from refined oils with low levels of FFA
contents. A potential approach for lessening down the biodiesel ex-
pense is to utilize lower expense oils composed of higher concentra-
tion of FFA, recycled or waste oil and side products of edible oils re-
fineries [31,32]. The crude glycerol- a side stream of biodiesel syn-
thesis is also spoiled with the unspent methanol, unspent glycerides,
moisture and catalyst, that compulsorily be separated out to acquire its
commercial assessment. As per the environmental protection Act, the
raw glycerol must be dumping out in a shorter period of time or to be
sold at minimum price, in addition the cost of dumping is also to much
expensive [33]. Very insufficient experiments have been carried out to
transform the raw glycerin to effective products [34].

In the view of reported studies, we have observed that melamine
is a cheaper and commercially feasible chemical, its offers three pri-
mary amino (–NH2) groups; hence, it could easily react with sul-
furochloridic acid to yield melamine trisulfonic acid (MTSA) at am-
bient conditions. Besides, synthesized MTSA was sensibly added

with silica gel to reinforce the MTSA-Si via formation of inter molec-
ular hydrogen bonding with silica gel. Therefore, an attempt has been
made to examine transestrification of waste frying oil to biodiesel
over MTSA-Si catalyst. Besides, biodiesel based crude glycerol was
also transformed into the TGLA via esterification of lauric acid us-
ing MTSA-Si catalyst. Usually, the activity of solid acid catalyst does
not influence by the presence of higher levels of FFA contents. Hence,
this advance may be helpful to synthesize biodiesel from waste oil
based stocks with lower cost as well as feedstocks with higher levels
of FFA contents. Generally, solid acid catalyst could show remarkable
catalytic activity in esterification and transesterification of oils con-
currently. Over and above, heterogeneous nature of MTSA-Si cata-
lyst, it could be simply isolated from the reaction mass and reused for
five successful cycles after smooth filtration and reactivation. It has
been found from the experimental results, the optimum reaction con-
ditions for the biodiesel preparation via transesterification of WFO are
(i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si catalyst (w/w),
(iii) 130 °C reaction temperature and (iv) 10 h reaction time for the
98.22% yield of biodiesel.

Materials and method

Materials

Waste frying oil (single time used sunflower oil) was obtained as
an open-handed gift from Jay Sardar Restaurant, Rajkot, Gujarat, In-
dia. Lauric acid (99% purity) and anhydrous dichloro methane (99.8%
purity) were supplied by Sterling Lab care Pvt. Ltd, Surat, Gujarat, In-
dia. Methanol (AR grade) was purchased from Advent Chembio Pvt.
Ltd. Sulfurochloridic acid, melamine and silica gel (99% purity) were
supplied by Aashka Scientific Co., Surat, Gujarat, India. Methanol
less crude glycerol was produced using current biodiesel synthesis
procedure.

Analytical instrumental methods

The FT-IR analyses of fresh and regenerated MTSA-Si have been
carried out on a (Model, Shimadzu FIIR-8400S) FT-IR spectropho-
tometer. However, the FT-IR analysis of biodiesel and TGLA were
carried out on a (Model- RZX Perkin-Elmer) FT-IR spectrophotome-
ter. 1H NMR and 13C NMR analysis were carried out on a (Model,
Bruker Biospin, Switzerland 400 MHz liquid state NMR spectrom-
eter) FT-NMR spectrometer. Large angle X-ray diffraction (XRD,
Rigaku, Miniflex) study was carried out by using X-ray diffractome-
ter. The surface area of the MTSA-Si was measured on a (Micromerit-
ics ASAP 2020) porosimeter. The thermal stability of MTSA-Si was
recognized by Thermogravimetric analysis (Model: Perkin Elmer
TGA-7, IIT madras). Surface and structural morphologies of the fresh
and regenerated MTSA-Si catalysts were predicted by scanning elec-
tron microscope (SEM, Model, Hitachi S3400N). The total acidity of
the MTSA-Si was measured by neutralization titration. The biodiesel
(%) yield was estimated by gas chromatography analysis. The SU-
PELCO C8-C24 component FAME mixture was employed as a stan-
dard for recognition and determination of the peaks retrieved in the
WFO based biodiesel in gas chromatography analysis (YL 6500GC).

Experimental

Preparation of MTSA-Si
A 250 mL three neck suction flask (FBF) was charged with sul-

furochloridic acid (5 mL, 75.2 mmol). The melamine powder (3.16 g,
25.07 mmol) was charged in little fractions over a time slot of 45 min
at ambient conditions under nitrogen atmosphere (g) and constant



UN
CO

RR
EC

TE
D

PR
OO

F

Journal of Industrial and Engineering Chemistry xxx (2018) xxx-xxx 3

stirring. As a result, the hydrochloric acid (g) was elaborated from
the reaction flask immediately. On the completion of addition of
melamine, the reaction mixture was rattled for 45 min and the remain-
ing side product hydrochloric acid (g) was removed by vacuum. The
mixture was triturated with dichloro methane (20 mL) and then fil-
tered. The powdery residue was again treated with dichloro methane
(20 mL) and dried under vacuum oven. The melamine trisulfonic acid
(MTSA, 8.2 g, 90%) was obtained as an off-white powder. Then af-
ter, 15.2 g silica gel (200–400 mesh) was mixed with off-white MTSA
and stirred for 30 min for the formation of an intermolecular hydro-
gen bond to support the MTSA-Si [35]. At last, a dried and grayish
powdery material composed of MTSA-Si was obtained (23.1 g). The
scheme for synthesis of MTSA-Si is given in Fig. 1.

Preparation of biodiesel
All the transesterification reactions were executed in a laboratory

autoclave (Amar, close SS reactor), assembled with pressure indica-
tor, temperature controller, internal cooling system, online sampling
valve, automatic and manually chilling systems. The 289 g of WFO
was transferred into the reactor of autoclave and preheated at 55 °C

in order to reduce the viscosity of WFO, hence it could be homoge-
neously stirred in an autoclave. The MTSA-Si-methanol mixture was
carefully transferred in an autoclave and stirred at 700 rpm with the in-
terest to restraint the mass transfer constraint. The biodiesel synthesis
experiments have been conducted at different oil: methanol molar ra-
tio (1:6, 1:7, 1:8, 1:9, 1:10 and 1:11), reaction temperature (100, 110,
120 and 130 °C), catalyst (MTSA-Si) loading (3, 4, 5 and 6% w/w)
and reaction time (4, 5, 6, 7, 8, 9, 10 and 11 h). All transesterification
reactions were performed at endogenous pressure till the achievement
of the optimum conversions. The reaction scheme for biodiesel syn-
thesis is illustrated in Fig. 2.

On the completion of the transesterification reaction, the MTSA-Si
was isolated from the reaction slurry by simple filtration. The unspent
methanol was also completely removed by distillation and the mixture
was thoroughly transferred to a separating funnel for a gravitational
settling of biodiesel as well as glycerol, as demonstrated in Fig. S1.

From Fig. S1, it has been clearly observed that due to difference
in the densities of biodiesel and glycerol, the biodiesel comes out at
top layer and glycerin as well as traces of MTSA-Si catalyst settled

Fig. 1. Transesterification of WFO to biodiesel.

Fig. 2. Reaction scheme for the synthesis of MTSA-Si.
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down at the bottom layer. The biodiesel layer was refined by using
demineralised water and then treated with anhydrous Na2SO4 in or-
der to make it free from moisture. Therefore, 100 mL of biodiesel was
mixed with 1.0 g of anhydrous Na2SO4 and stirred for 30 min. Then
after, the mixture was allowed for gravitational settling (24 h). The de-
canted moisture free biodiesel was isolated with the service of a vac-
uum pump for the expulsion of solid impurities traces. The resultant
biodiesel has been stored in a glass bottles for further analysis and ap-
plications.

Esterification of raw glycerol to TGLA
Esterification is an equilibrium restrained reaction. In pursuance to

reduce the equilibrium restrain, commonly an esterification of lauric
acid is executed by taking alcohol in excess to enhance the forward
reaction [36]. Besides, the expulsion of water during esterification is
significantly required, as it is being produced as a side stream and will
act as a poison for the catalyst as well as can also promote the re-
verse reaction. Hence, it could unnecessarily increase the reaction time
for the optimal yield of desired esters. The esterification is an equilib-
rium constrained reaction. The required conversion of desired esters
could be attained with the isolation of either water or esters. In order
to rectify this problem of present study, an anhydrous sodium sulphate
(0.1 mol) was charged in a reactor along with glycerol and lauric acid
with a view to encounter water makeup during esterification.

Therefore, in the present work, a 100 mL three neck flat bottom
flask was charged with a mixture of lauric acid (3 mol), crude glycerol
(1 mol), anhydrous sodium sulphate (0.1 mol) and MTSA-Si (0.8 g)
catalyst. The mixture was stirred at 100 °C for the 7 h. Finally, the
reaction mixture was cooled down to an ambient temperature and
MTSA-Si catalyst was filtered off from the reaction media. The filtrate
was poured into a cold water to isolate the resultant triglycerides. Due
to the density difference, triglyceride of lauric acid comes out at up-
per layer in water. In addition, the unspent lauric acid is further com-
ing out at upper layer. Therefore, it was separated from the TGLA and
92.28% yield was reported. The reaction scheme for the preparation of
TGLA is demonstrated in Fig. 3.

Biodiesel (%) yield estimation

The waste frying oil based biodiesel samples were preserved under
N2 (g) atmosphere at 4 °C in a glass sample vials for GC analysis. The
heptadecanoate was selected as an internal standard for quantifiable
determination. On the determination of FAMEs of the biodiesel sam-
ples, the peak areas were used to estimate the FAME content of each
and every sample by Eqs. (1) and (2) [37].

where, is the total peaks area, AIS is the internal standard (methyl
heptadecanoate) peak area, CIS is the concentration of the composi-
tional standard solution (mg/mL), VIS is the volume of the internal
standard solution used (mL) and m is the mass of the biodiesel sample
(mg).

where MBiodiesel is the mass of pure methyl esters obtained, MOil is the
mass of waste frying oil used and C is the fatty acid methyl ester con-
centration determined as described in above Eq. (1). The gas chro-
matogram of WFO based biodiesel is given in Fig. S2. It has been
recognized from the gas chromatograph of waste frying oil based
biodiesel, the biodiesel mixture is composed of methyl esters of cor-
responding fatty acid likes, methyl oleate, methyl linoleate, methyl
lenolenate and methyl behenate.

Results and discussion

Transesterification of WFO to biodiesel

The synthesis of biodiesel from the transesterication reaction us-
ing a suitable catalyst is a highly convenient process. The transes-
terication reaction for biodiesel synthesis can be carried using differ-
ent methods and is widely described as the incorporation of shorter
chain alcohol to lipids in the presence of acid or base catalyst [38].
Maneechakr et al. have synthesized biodiesel from waste cooking oil
over a novel sulfonic modified carbon spheres catalyst under ultra-
sonic transesterification. From the experimental results, they found
90.8% biodiesel yield with 11.5 wt% catalyst loading, 8.8 min reac-
tion time and 117 °C reaction temperature under ultrasonic condi-
tions [39]. Therefore, in this study, the biodiesel preparation reactions
were performed at diversified oil: methanol molar ratio (1:6, 1:7, 1:8,
1:9, 1:10 and 1:11), reaction temperature (100, 110, 120 and 130 °C),
MTSA-Si loading (3, 4, 5 and 6% w/w) and reaction time (4, 5, 6, 7,
8, 9, 10 and 11 h). The results of (%) yield of biodiesel with varying
reaction parameters are summarized in Table 2.

Effect of oil to methanol molar ratio
With a view to study the influence of oil to methanol molar ratio,

all transesterification experiments have been carried out at different

Fig. 3. Reaction scheme for the esterification of crude glycerol to TGLA.

(1)

(2)
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Table 2
Result of (%) yield of biodiesel with varying reaction parameters.

Entry
O:M
molar ratio

MTSA-Si
loading (% w/w)

Reaction
temp. (°C)

Reaction
time (h)

Biodiesel
yielda (%)

1 1:6 3 100 4 22.28 ± 0.99
2 1:7 3 100 4 31.24 ± 0.91
3 1:8 3 100 4 45.29 ± 1.19
4 1:9 3 100 4 61.21 ± 1.25
5 1:10 3 100 4 74.33 ± 0.66
6 1:11 3 100 4 69.44 ± 0.91
7 1:10 4 100 4 79.53 ± 0.98
8 1:10 5 100 4 83.48 ± 0.78
9 1:10 6 100 4 80.11 ± 1.33
10 1:10 5 110 4 83.50 ± 0.79
11 1:10 5 120 4 85.98 ± 0.99
12 1:10 5 130 4 87.11 ± 1.29
13 1:10 5 130 5 89.10 ± 1.11
14 1:10 5 130 6 91.58 ± 0.90
15 1:10 5 130 7 93.25 ± 0.97
16 1:10 5 130 8 95.59 ± 1.33
17 1:10 5 130 9 96.68 ± 1.39
18 1:10 5 130 10 98.22 ± 0.88
19 1:10 5 130 11 98.22 ± 0.69

a (n = 3) All experiments have been carried out in triplicates.

oil to methanol molar ratio (1:6, 1:7, 1:8, 1:9, 1:10 and 1:11). From
Table 2, it has been realized that as methanol to oil molar ratio in-
creases, it directly influence the biodiesel yield (%). The (%) yield of
biodiesel is increased with the increasing in the methanol to oil molar
ratio. The maximum (%) yield of biodiesel was noticed with 1:10 oil
to methanol molar ratio. The oil to methanol molar ratio down to 1:10
directly enhances the reversible reaction. Therefore, the main sense
behind decrement in the (%) yield of biodiesel down to 1:10 oil to
methanol molar ratio is the reversible nature of the transesterification
reaction. It has also been noticed that the decrement in the % yield of
biodiesel beyond the 1:10 oil to methanol molar ratio. This may be as-
sociated with the polar feature of catalyst and methyl alcohol. There-
fore, as the methanol to oil molar ratio increases, the polarity of the
reaction is increases gradually. The reaction mechanism of transester-
ification clearly recommends that the protonation of oil takes place
first. However, the polarity of the reaction is increases as the concen-
tration of methyl alcohol increases. Therefore, instead of oil phase, the
MTSA-Si directly moves to the methyl alcohol phase. Hence, interac-
tions of methanol towards catalyst phase become quite stronger than
interactions of methanol towards oil phase. Therefore, the diminish-
ment in the (%) yield of biodiesel was observed beyond the 1:10 oil
to methanol molar ratio. The graphical representation of the influence
of oil to methanol molar ratio on the (%) yield of biodiesel has been
illustrated in Fig. 4.

Effect of reaction time (h)
In order to study the influence of reaction time (h) on the (%)

yield of biodiesel, all the transesterification reactions of oil were also
studied using different length reaction time comprising 4, 5, 6, 7,
8, 9, 10 and 11 h. From, the experimental results, it has been per-
ceived that 1:10 oil to methanol molar ratio shows maximum yield of
biodiesel (74.33%). Therefore, 1:10 oil to methanol molar ratio was
selected as an optimum ratio to study biodiesel synthesis using dif-
ferent reaction times. From the experimental result, it can be con-
cluded that, in the case of 4 h reaction time, the highest (%) yield of
biodiesel perceived was 87.11%. Whereas, in the case of 5 h reaction
time, the maximum (%) yield of biodiesel sensed was 89.10%. In the
case of 6 h reaction time, the maximum (%) yield of biodiesel recog-
nized was 91.58%. In the case of 7 h reaction time, the highest (%)
yield of biodiesel observed was 93.25%. In the case of 8 h reaction
time, the highest (%) yield of biodiesel sensed was 95.59%. Whereas,

Fig. 4. Influence of oil to methanol molar ratio on the (%) yield of biodiesel.

in the case of 9 h reaction time, the maximum (%) yield of biodiesel
recognized was 96.68%. In the case of 10 h reaction time, the high-
est (%) yield of biodiesel remarked was 98.22%. However, in the case
of 11 h reaction time, the highest (%) yield of biodiesel observed was
98.22%. Therefore, the reaction time beyond 10 h does not show any
remarkable enhancement in the (%) yield of biodiesel. The similar (%)
yields of biodiesel were obtained using 10 h and 11 h reaction times
at identical operation conditions. The graphical representation of the
influence of reaction time (h) on the (%) yield of biodiesel has been
illustrated in Fig. 5.

Effect of MTSA-Si loading (% w/w)
In order to study the influence of catalyst dosage (% w/w) on the

transesterification, all experiments have been performed at varying
catalyst dosages (3, 4, 5 and 6% w/w). From Table 2, it has been re-
alized that as catalyst concentration (% w/w) increases, the (%) yield
of biodiesel increases. In the case of 3% catalyst dosage (w/w), the
(%) yield of biodiesel was observed to be 74.33% at optimum oil to
methanol molar ratio. Whereas, in the case of 4% catalyst dosage (w/

Fig. 5. Influence of reaction time (h) on the (%) yield of biodiesel.
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w), the (%) yield of biodiesel was remarked to be 79.53% at optimum
oil to methanol molar ratio. In the case of 5% catalyst dosage (w/w),
the (%) yield of biodiesel was recognized to be 83.48% at optimum oil
to methanol molar ratio. Whereas, in the case of 6% catalyst dosage
(w/w), the (%) yield of biodiesel was perceived to be 80.11% at op-
timum oil to methanol molar ratio. Hence, the catalyst concentration
beyond 5% (w/w) does not show any remarkable enhancement in the
(%) yield of biodiesel. Therefore, it has been realized from the exper-
imental results, as catalyst dosage (% w/w) increases, the (%) yield of
methyl laureate increases. The influence of MTSA-Si loading (% w/
w) on (%) yield of the biodiesel has been demonstrated in Fig. 6.

Effect of reaction temperature (°C)
With an intention to study the influence of reaction temperature

(°C) on the (%) yield of transesterification reaction, all experiments
have been carried out at varying reaction temperatures (100, 110, 120
and 130 °C). From Table 2, it has been realized that as reaction tem-
perature (°C) increases the (%) yield of biodiesel increases. In the case
of 100 °C reaction temperature, the (%) yield of biodiesel was found
to be 83.48% at optimum oil to methanol molar ratio. Whereas, in the
case of 110 °C reaction temperature, the (%) yield of biodiesel was re-
alized to be 83.50% at optimum oil to methanol molar ratio. In the case
of 120 °C reaction temperature, the (%) yield of biodiesel was realized
to be 85.98% at optimum oil to methanol molar ratio. However, in the
case of 130 °C reaction temperature, 5% (w/w) MTSA-Si and 10 h re-
action time, the (%) yield of biodiesel was realized to be 98.22% at
optimum oil to methanol molar ratio. Hence, the reaction temperature
beyond 130 °C does not show any remarkable enhancement in the (%)
yield of biodiesel. The effect of reaction temperature (°C) on the (%)
yield of biodiesel has been given in Fig. 7.

Overall, from experimental results, the optimum reaction condi-
tions within the selected frameworks for the preparation of biodiesel
from WFO were found to be, (i) 1:10 oil to methanol molar ratio, (ii)
130 °C reaction temperature, (iii) 10 h reaction time and (iv) 5% (w/
w) of MTSA-Si catalyst for 98.22% biodiesel yield.

Esterification of raw glycerol to TGLA

Raw glycerol is the large-scale side stream of the biodiesel man-
ufacturing unit. In routine, for every 100 pounds of biodiesel produc

Fig. 6. Influence of % MTSA-Si (w/w) on the (%) yield of biodiesel.

Fig. 7. Influence of reaction temperature (°C) on the (%) yield of biodiesel.

tion, proximately 10 pounds of raw glycerol is being produced. The
raw glycerol is an uneconomical to refine for its application in food,
pharmaceutical and cosmetics industries, biodiesel producers must
seek alternative methods for its disposal. [40]. Glycerol is being pro-
duced as a side stream as a result of the transesterification of oil
along with biodiesel. Hence, the biodiesel manufacturers are staying
with a serious problems regarding to dispose of crude glycerol pro-
duced from biodiesel production as a side product. On other side,
the biodiesel manufacturers are facing a serious trouble regarding the
availability of a cheaper feedstock for biodiesel production. Besides,
the refining of raw glycerol in the biodiesel production unit is a major
and uncleared issue. Hence, it is a new engineering challenge for the
developing biodiesel production unit to dispose of the crude glycerol.
Therefore, in present work, we made a small attempt to convert the
biodiesel derived crude glycerol to triglycerides of lauric acid (TGLA)
using MTSA-Si catalyst. It has been found from the results of esteri-
fication of raw glycerin, the optimal reaction conditions for the maxi-
mum (%) yield of TGLA are, (i) 1:3 glycerol to lauric acid molar ratio,
(ii) 2% MTSA-Si catalyst (w/w), (iii) 100 °C reaction temperature and
(iv) 7 h reaction time.

The distillation technique has been employed to isolate the
methanol from crude glycerol. The MTSA-Si amount was selected
based on the maximum (%) yield of the TGLA and minimum compo-
sitions of unspent lauric acid and glycerin in the TGLA. On comple-
tion of reaction, the reaction mixture was cooled down to room tem-
perature and MTSA-Si catalyst was filtered off from reaction mixture
by vacuum filtration. The filtrate was carefully transferred in to sep-
arating funnel containing distilled water. By virtue of the density dif-
ference of the TGLA and water, the TGLA comes out at top layer and
water settled down at bottom layer. Besides, the unspent lauric acid
also comes out at top layer. Hence, it was isolated from the TGLA and
92.28% yield has been reported.

Crude glycerol is readily attainable in the trading market with very
lower expenses or almost no expenses. Besides, the separation and
refining of crude glycerol is very tedious process and involves sev-
eral steps for its isolation and purification, hence, it requires higher
expenses and multitudinous manpower as well. On other side, the
commercial grade lauric acid accessible in the trading market with
some higher expenses. But the expense of the lauric acid is earlier
protected by glycerol, if glycerol is crude. Because, the refining ex-
penses of crude glycerol is much greater than the expenses of in-
dustrial grade lauric acid. The superior advantage affiliated with this
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protocol is the production of water as a side stream rather than some
toxic products. Hence, this process could offers climatic feasibility as
well. Therefore, this process may prove beneficial to the commercial
manufacturers of TGLA and biodiesel as well, as TGLA could be an
abundant feedstock for the biodiesel manufacturers.

Reaction mechanism for transesterification of WFO

The transesterification reaction is preferably catalyzed by bronsted
acid catalysts, like, sulfonic and sulfuric acids based materials and
their reaction mechanism is well explained by many researchers [41].
The mechanism of WFO transesterification could be accomplished via
below mentioned steps. This step consists of (i) Protonation to one of
the terminal carbonyl group by the MTSA-Si catalyst (ii) Nucleophilic
attack of the alcohol towards terminal carbonyl group leads to gener-
ate a tetrahedral intermediate (iii) Proton migration and breakdown of
the intermediate lead to generate one molecule of biodiesel and one
molecule of diglycerides. The migrated proton again absorbed by the
MTSA-Si catalyst in order to regenerate and reactivate it for the next
use. This entire arrangement will replay twice to form three molecules
of biodiesel and one molecule of glycerol. The mechanism scheme for
the transesterification of waste frying oil is given in Fig. 8.

Reaction mechanism for esterification of raw glycerol

The fischer-speier esterification is a simple esterification reaction
carried out by using carboxylic acid with alcohol in the presence of
an adequate acid catalyst. The esterification of lauric acid and glyc-
erol completely follows fischer-speier esterification [42]. The mecha

nism of glycerol and lauric acid esterification could be completed
via four steps, in the first step, acid catalyst will protonate the lauric
acid molecule via elimination of the proton form MTSA-Si catalyst,
in the second step, the nucleophilic attack of oxygen (from glycerol)
will take place to form tetrahedral intermediate. In the third step, tau-
tomerization of the tetrahedral intermediate takes place. Finally, in the
fourth step, the removal of one molecule of water and deprotonation of
tetrahedral intermediate leads to produce the monoglycerides of lau-
ric acid. The eliminated proton again absorbed by the MTSA-Si cata-
lyst in order to regenerate and reactivate it for the next use. This entire
arrangement will replay for twice to form TGLA and three moles of
water. The mechanism scheme for the esterification of crude glycerol
is demonstrated in Fig. 9.

FT-IR analysis of MTSA-Si

The FT-IR spectra of fresh and regenerated MTSA-Si have been
demonstrated in Fig. 10.

The FT-IR spectra of fresh and regenerated MTSA-Si catalyst were
confirmed with the presence of characteristics bands at 3342.75 cm−1

(OH stretching of Si–OH, intermolecular H-bond), 3146.00 cm−1

(N–H stretching), 2712.01 cm−1 (C–H stretching), 1728.28 cm−1 (C
N stretching), 1687.77 cm−1 and 1525.74 cm−1 (N–H bending),

1400.37 cm−1 (S O stretching), 1361.79 cm−1 (S–O stretching),
1170.83 cm−1 (SO2 asymmetric stretching of SO3H group),
1087.89 cm−1 (O–Si–O stretching) and 976.01 cm−1 (SO2 symmetrical
stretching) respectively [43]. No remarkable variations were realized
in FT-IR spectra of fresh and regenerated catalysts, they affirmed the
confinement of skeleton structure on all accounts of the esterification
and transesterification.

Fig. 8. Mechanism for MTSA-Si catalyzed transesterification of WFO. Where R1, R2 and R3 are carbon chains of different fatty acids.
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Fig. 9. Mechanism scheme for MTSA-Si catalyzed esterification of crude glycerol to TGLA.
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Fig. 10. FT-IR spectra of fresh and regenerated MTSA-Si.

Morphological study of MTSA-Si

The surface morphology of fresh and regenerated MTSA-Si cat-
alysts was recognized using the scanning electron microscope. From
SEM micrographs, it has been found that a silica gel molecule of-
fers an irregular pentamerous framework. However, the melamine
trisulfonic acid molecules offers irregular flakes like framework struc-
ture. It has also been found that the particles size of melamine trisul-
fonic acid turns to smaller and particles gravitated to assemble after
chloro-sulfonation. Additionally, the melamine trisulfonic acid mol-
ecules are well arranged in circumforaneous of irregular pentamer-
ous shape silica gel molecules. No indicative changes were ascer-
tained in SEM micrographs of fresh and regenerated MTSA-Si, they
affirmed the confinement of skeleton structure throughout the esterifi-
cation and transesterification. SEM micrographs of fresh and regener-
ated MTSA-Si catalysts are demonstrated in Fig. 11.

Powder X-ray diffraction study of MTSA-Si

The texture properties of fresh and regenerated MTSA-Si were
evaluated by XRD analysis. The spectra displayed natural diffraction
peaks suggesting crystallinity of MTSA-Si. The X-Ray diffractograms
displays characteristics diffraction pattern showing crystalline planes
of MTSA-Si. The characteristics peaks found at 18.94 2θ (deg.), 20.84
2θ (deg.), 22.76 2θ (deg.), 25.14 2θ (deg.), 26.50 2θ (deg.), 28.04
2θ (deg.) and 29.60 2θ (deg.) are attributed to the presence of crys-
talline silica gel (JCPDS-29-1129). Whereas, sharp peaks

recognized at 30.38 2θ (deg.), 32.10 2θ (deg.), 36.64 (deg.), 38.12
2θ (deg.) and 39.74 2θ (deg.) are characteristics of melamine
(JCPDS-00-005-0127). In the case of X-Ray diffractrogram of regen-
erated MTSA-Si catalyst, the intensity of peak at 25.14 2θ (deg.) and
26.50 2θ (deg.) are slight decreased. This may attributed to the leach-
ing of active centers (H+) from the MTSA-Si surface or slight mod-
ification in the structure of MTSA-Si. Otherwise, no indicative ma-
jor changes were ascertained in the XRD patterns of fresh and regen-
erated MTSA-Si, they affirmed the confinement of skeleton structure
throughout the esterification and transesterification. The wide angle
X-Ray diffractograms of fresh and regenerated MTSA-Si have been
demonstrated in Fig. 12.

Surface area determination of MTSA-Si

The results of specific surface area, pore size and pore volume have
been tabularized in Table 3.

It has been clearly observed from Table 3, the BET surface area
(SBET) of MTSA-Si was found to be 108.94 m2/g. The BET isotherm
of MTSA-Si found naturally of Type-IV at lower p/po values directing
the presence of mesopores in MTSA-Si catalyst. The pore volume and
pore size of MTSA-Si was found to be 0.1071 cm3/g and 15.88 Å re-
spectively. The pore size and surface area reveals the existence of sul-
fonic acid groups (–SO3H) on the pore surface of melamine species.
This fact is in identical with the reported literature [44]. The BET ad-
sorption–desorption isotherm of MTSA-Si has been demonstrated in
Fig. 13.
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Fig. 11. SEM micrographs of (a) silica gel, (b) fresh MTSA-Si and (c–f) regenerated MTSA-Si.

Fig. 12. Large angel X-ray diffractograms of fresh and regenerated MTSA-Si catalysts.

Table 3
Surface area and pore volume of MTSA-Si.

Sr. no Catalyst
BET surface area (m2/g)
SBET

Total PV (cm3/g)
Vtotal

DFT pore size
(Å)

1. MTSA-Si 232 0.1071 15.88

Acidity measurement study

The acidity of solid acid catalyst is a very significance property
for the heterogeneous catalysis. Solid acid catalysts may contain both
lewis and bronsted acidic sites. Both nature and strength of acid sites

play an important role in expressing catalytic activity of many solid
acid catalysts. Hence, the measurement of surface acidity of solid cat-
alysts is of immense importance from technological point of view be-
cause it not only helps to characterize a catalyst sample but also pro-
vides a method of screening of a catalyst sample for optimal yield
in a process. Accordingly, a large number of methods are accessible
for the estimation of acidity of solid acid catalysts. The total acid-
ity of the MTSA-Si catalyst was found to be 1.1 mmol g−1, which
was estimated through the neutralization titration. In a 500 mL glass
beaker, 0.6 g MTSA-Si catalyst was added along with 4 mL 2 N aque-
ous NaCl and stirred those at ambient conditions for 24 h in order to
allow the ion exchange in the solution. Then after, the solids were fil-
tered off from the aqueous solution and washed thrice with distilled
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Fig. 13. (a) BET isotherm of MTSA-Si and (b) pore size distribution of MTSA-Si.

water (15 mL). The collective filtrate was titrated with 0.01 N NaOH
using phenol red as an indicator [42].

Thermal stability study of MTSA-Si

The thermogravimetric analyzer (TGA) is an essential laboratory
tool used for determination of thermal stability of materials and com-
positions of volatile compounds by keeping track record of the weight
loss that occurs when material is heated. The thermal stability of
MTSA-Si was estimated by thermogravimetric analysis. From the
TGA thermogram of MTSA-Si, it has been found that the 10.72%
weight loss occurs in a temperature range of 30–210 °C is pertain-
ing to the molecular moisture decomposition, 26.46% weight loss
occurs in a temperature range of 210–550 °C is pertaining to the
melamine decomposition and 12.75% weight loss occurs in a temper-
ature range of 570–920 °C is pertaining to the decomposition of sul-
fonic acid group (–SO3H) attached to the melamine. In the present
study, the maximum reaction temperature employed for the transes-
terification and esterification reactions are 130 °C and 100 °C respec-
tively. Whereas, the weight loss (7.306%) has been observed in the
range of temperature 30–210 °C and it’s due to the decomposition of
molecular moisture. From the TGA thermogram, it could be recog-
nized that the thermal stability of MTSA-Si is not much influenced
at 130 °C reaction temperature. Therefore, the MTSA-Si offers a re-
markable thermal stability also. The TGA thermogram of MTSA-Si
has been expressed in Fig. 14.

FT-IR analysis of biodiesel

The FTIR spectrum of waste frying biodiesel is confirmed with
the presence of characteristics bands at 2924.09 cm−1 (CH3 stretch-
ing), 2854.65 cm−1 (CH2 stretching), 2360.87 cm−1 (C C stretch-
ing), 1743.65 cm−1 (C O), 1458.18 cm−1 (CH bending),
1195.87 cm−1 and 1172.72 (C–O) and 725.23 cm−1 (CH rocking) re-
spectively [43]. The FT-IR spectrum of synthesized biodiesel is given
in Fig. S3.

1H NMR analysis of biodiesel

The purity of waste frying biodiesel is further confirmed by the
presence of characteristics peaks at 5.22–5.28 (unsaturated olefinic
–CH CH– protons) ppm, 3.57 (CH3O-methoxy protons) ppm, 3.36
(OCH2 protons) ppm, 2.69 (CH protons) ppm, 2.19–2.23 (OCH pro-
tons) ppm, 1.91–1.98 (β-CH2 protons) ppm, 1.52–1.56 (α-CH2 pro-
tons) ppm and 1.18–1.23 (CH3 protons) ppm respectively [45]. The 1H
NMR spectrum of biodiesel has been given in Fig. S4.

13C NMR analysis of biodiesel

The purity of waste frying biodiesel is confirmed by the pres-
ence of characteristics peaks, including, 173.88–173.91 ppm (C
O carbons), 127.79–129.92 ppm (olefinic carbons), 76.80–77.43 ppm
(CDCl3-solvent), 51.11 ppm (O–CH3 carbon) and 27.05–33.90 ppm
(aliphatic carbons) respectively [46]. The 13C NMR spectrum of
biodiesel is given in Fig. S5.
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Fig. 14. TGA profile of MTSA-Si.

FT IR analysis of TGLA

FTIR spectrum of TGLA is confirmed with the presence of charac-
teristics bands at 2924.09 cm−1 (CH3 stretching), 2854.65 cm−1 (CH2
stretching), 2360.87 cm−1 (C C stretching), 1712.79 cm−1 (C O),
1458.18 cm−1 (CH bending), 1188.15 cm−1 (C-O) and 725.23 cm−1

(CH rocking) respectively [43]. The FT-IR spectrum of TGLA has
been demonstrated in Fig. S6.

1H NMR analysis of TGLA

The purity of TGLA is confirmed by the presence of characteris-
tics peaks corresponding to 3.54 (O–CH2) ppm, 2.51 (α-CH2 protons)
ppm, 2.12–2.22 (β-CH2 protons) ppm, 1.96 (CH3 protons) ppm, and
1.22–1.47 (CH protons) ppm respectively [45]. The 1H NMR spec-
trum of TGLA is given in Fig. S7.

13C NMR analysis of TGLA

The purity of TGLA is further confirmed by the presence of char-
acteristics peaks, including, 172.80–174.41 ppm (C O carbons),
127.51–129.26 ppm (olefinic carbons), 50.79 ppm (CH3 carbon),
69.26 ppm (O–CH2 carbon) and 28.56–39.91 ppm (aliphatic carbons)
respectively [46]. The 13C NMR spectrum of TGLA has been depicted
in Fig. S8.

Reusability of MTSA-Si

The widespread and easy commercialization of any fuel is strictly
depends on their manufacturing cost. With a view to shorter down
the expense of biodiesel and TGLA synthesis, the MTSA-Si was ex-
amined for their potential reusability for the esterification and trans-
esterification reactions. Hence, in this approach, after each run, the
MTSA-Si catalyst was isolated from the reaction mass through vac

uum filtration and treated thrice with dichloro methane in order to
eliminate some impurity like, the surface restrained moisture, un-
spent triacylglyceride, diacylglycerides, monoacylglyceride, glycerol
and unspent methyl alcohol. Before reuse, dichloro methane treated
MTSA-Si was kept in a tray dryer at 110 °C for 20 h in order to ac-
quiesce elimination of organic solvent traces and reactivation of ac-
tive centers (H+) on the melamine surface. It has been recognized
from the results of esterification and transesterification reactions, the
MTSA-Si catalyst could have a potential to reuse five times without
indicative disappearance of catalytic activity. However, the slight sub-
traction in the (%) yields of biodiesel and TGLA have been recognized
on the repetitive runs of MTSA-Si. The percolation of active centers
(H+) or modification of MTSA-Si structure at given reaction temper-
ature could play significant role in the deactivation of MTSA-Si cat-
alyst. It has been found from the repetitive runs and spectral analy-
sis of the MTSA-Si catalyst (Figs. 10–12), the melamine preserves
its structure throught the esterification and transesterification reactions
without any serious distortion. In the case of biodiesel synthesis, a
fresh MTSA-Si catalyst could shows highest conversion up to 98.22%.
While, it’s first, second, third, fourth and fifth repetitive run could
shows highest conversions up to 94.25%, 89.33%, 86.52%, 83.69%
and 78.45% respectively. The influence of MTSA-Si run on the (%)
yield of biodiesel has been illustrated in Fig. 15.

Whereas, in the case of TGLA synthesis, a fresh MTSA-Si cata-
lyst could shows highest conversion up to 92.28%. While, it’s first,
second, third, fourth and fifth repetitive run could shows highest con-
versions up to 89.11%, 86.33%, 81.28%, 77.45% and 70.18% respec-
tively. The influence of MTSA-Si run on the (%) yield of TGLA has
been illustrated in Fig. 16.

Comparison of catalytic activity of MTSA-Si

Table 4 shows the comparison of catalytic performance of
MTSA-Si with reported results of the various solid acid catalysts em-
ployed for the transesterification of oil to biodiesel.
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Fig. 15. The effect of catalyst run times on (%) yield of biodiesel.

Fig. 16. The effect of catalyst run times on (%) yield of TGLA.

From Table 4, it could be observed that MTSA-Si catalyst shows
remarkable catalytic performance for the transesterification of waste
frying oil for synthesis of biodiesel. In present study, the best results
achieved at optimum reaction conditions like, (i) 130 °C reaction tem-
perature, (ii) 1:10 oil to methanol molar ratio, (iii) 5% (w/w) catalyst
and (iv) 10 h reaction time, for the 98.22% biodiesel yield. It has also
been found from Table 4, the results of the present study are compara-
ble to the results of reported literature of the solid acid catalysts, where
comparatively precise reaction parameters (too high reaction tempera-
tures and oil to methanol molar ratio) were reported [47–49,51–54].

Moisture absorption test for MTSA-Si

The MTSA-Si was also studied for its moisture absorption suscep-
tibility. In this process, the required amount of MTSA-Si catalyst was
put up in a glass vessel under saturated humidity at atmospheric tem-
perature for several days in order to acquiesce the absorption of mois-
ture on the MTSA-Si surface. The MTSA-Si samples were weighted
at regular interval of times. The absorbing moisture rate (W%) of the
samples were determined by Eq. (3).

where, Δm refers to the increased weight and m0 refers to the initial
weight of the MTSA-Si sample. The influence of exposure time (h) on
the moisture absorption of MTSA-Si is illustrated in Fig. S9.

From Fig. S9, it has been observed that moisture absorption rate
(W%) is increased gradually with increased in moisture exposure time
(h). The melamine trisulfonic acid (MTSA) catalyst offers three hy-
droxyl (–OH) groups in association to the three sulfonic acid groups.
Hence, as a result of polar texture of catalyst, the MTSA-Si catalyst
could easily absorb the moisture from constant humidity surroundings.

Estimation of fuel properties of biodiesel

The most important fuel properties which influence the engine per-
formance of the diesel engine are like, the process taking place in
the engine, (i) ignition quality, (ii) serenity of starting, (iii) produc-
tion and flaming of the fuel-O2 mixture, (iv) formation of burn out gas
and its quality and (v) the calorific index. The cool climate proper-
ties like, (i) cloud point, (ii) pour point and (iii) cold filter plugging
point. The storage and transportation properties like, (i) oxidative and
thermal stability, (ii) flash point, (iii) an ordination period, (iv) micro

Table 4
Comparison of catalytic activity of MTSA-Si with reported literature.

Sr. no Catalyst Reaction conditions Biodiesel yield (%) Ref.

Reaction temp. (°C) Catalyst % (w/w) O/M molar ratio Reaction time (h)

1. MTSA-Si 130 5.0 1:10 10 98.22 Present work
2. H3PW12O40·Nb2O5 200 3.0 1:18 20 94.00 [47]
3. Zr–PMOs 209 12.8 1:48.5 6.0 85.00 [48]
4. [(CH2)4SO3HPy-HSO4] 170 2.0 1:12 5.0 92.00 [49]
5. H3PW12O40/SBA-15 65 0.3 1:2 12 75.0 [50]
6. Propyl-SO3H SBA-15 190 5.0 1:6 15 min 38.0 [51]
7. Arene-SO3H SBA-15 190 5.0 1:6 15 min 56.0 [51]
8. Me/Arene-SO3H SBA-15 190 5.0 1:6 15 min 58.0 [51]
9. EBD-100 65 1.0 1:12.2 24 100 [52]
10. EBD-200 65 1.0 1:12.2 24 100 [52]
11. EBD-300 65 1.0 1:12.2 24 81.0 [52]
12. Ti/SiO2 nanoflowers 65 5.0 1:30 4.0 98.0 [53]
13. Lithium-doped ceria supported SBA-15 65 10. 1:40 4.0 >98.0 [54]

(3)
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bial degradation and (v) percolation limit temperature. The wear prop-
erties like, (i) lubricity, (ii) cleaning effect, (iii) viscosity, (iv) density
and (v) consonance with materials employed to prepare a fuel. The
physicochemical properties of biodiesel can be estimated by the fatty
acid profiles of corresponding oils. The fuel properties of biodiesel can
alter substantially from one oil to oil in virtue of its slight higher mo-
lar mass than conventional diesel [55]. Some fuel properties of WFO
based biodiesel and its comparison with ASTM fuel standards has
been tabularized in Table 5.

The flash point and fire point (ASTM D6751) were measured with
help of cleveland open cup tester (Pensky-martens). The cetane num-
ber (ASTM D 976) was estimated by cetane number analyzer (AFIDA
2805). The iodine value (AOCS CD1-25 1993) and acid value (ASTM
D664) were estimated through titration methods. The calorific value
(IS:1448:(P:33):1991) was determined by an oxygen bomb calorime-
ter (model 6772, Parr instrument Ltd, USA). Kinematic viscosity was
estimated using viscometer bath (ASTM D6751, Aditya 01). The den-
sity (D4052-91) of biodiesel was predicted by hydrometer method
(D1298). The cloud point is an exclusive cold flow property that is
recognized in ASTM D6751 standards [56]. From Table 5, it has been
found that all fuel properties are in consonance with the test limits,
which were defined by ASTM and AOCS fuel standards.

Conclusion

Herein, a promising MTSA-Si catalyst was prepared via chloro-
sulfonation of melamine and evaluated for the transesterification of
WFO for biodiesel synthesis. It has been realized from experimen-
tal results, the optimum reaction conditions for the biodiesel prepa-
ration are (i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si (w/
w), (iii) 130 °C reaction temperature and (iv) 10 h reaction time for
the 98.22% yield of biodiesel. As MTSA-Si could simultaneously
catalyze esterification and transesterification, hence, it does not de-
mands refined feedstocks. Currently, the biodiesel manufacturers are
facing a serious problem to dump the crude glycerol produced as a
side product during biodiesel production and availability of a cheaper
feedstock for biodiesel production. Therefore, we made a small at-
tempt to convert the biodiesel based crude glycerol to triglycerides
of lauric acid using MTSA-Si catalyst. It has been illustrated from
the experimental results, the optimal reaction conditions for the max-
imum (%) yield of TGLA (92.28%) are, (i) 1:3 glycerol to lauric acid
molar ratio, (ii) 2% MTSA-Si (w/w), (iii) 100 °C reaction tempera-
ture and (iv) 7 h reaction time. Hence, this protocol offers duple ad-
vantages; i.e (i) crude glycerol is effectively transformed into corre-
sponding triglycerides and (ii) synthesized triglycerides could be used

Table 5
Fuel properties of WFO based biodiesel based on ASTM and AOCS fuel standards.

Sr.
no Properties Unit Method Value

ASTM
limits

1. Flash point (°C) ASTM D6751 133 >130
2. Fire point (°C) ASTM D6751 141 >140
3. Pour point (°C) ASTM D 97 −16 −15
4. Cetane index – ASTM D 976 49 52.0
5. Iodine value g

I2/100 g
AOCS CD1-25 1993 91 120

6. Calorific value MJ/kg IS:1448:(P:33):1991 39.85 –
7. Total acid number mg

KOH/g
ASTM D 664 0.78 0.8

8. Kinematic viscosity @
40 °C

mm2/s ASTM D6751 4.21 1.9–6.0

9. Density @ 25 °C Kg/m3 ASTM D4052-91 867 860–900
10. Cloud point (°C) ASTM D6751 9.8 –

as cheaper feedstock for biodiesel production. Besides, the MTSA-Si
could successfully be used for five repetitive runs without any seri-
ous distortion of their performance for esterification and transesterifi-
cation.
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A B S T R A C T

Present work aimed for the synthesis of a promising MTSA-Si catalyst and its application for biodiesel prepa-
ration using WFO. It has been illustrated from the experimental results, the most favorable reaction conditions
for the biodiesel preparation using WFO are (i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si catalyst
(w/w), (iii) 130 °C reaction temperature and (iv) 10 h reaction time, for the 98.22% yield of biodiesel. The
side product raw glycerin was further transformed into the triglycerides over MTSA-Si catalyzed lauric acid
esterification. The fuel properties of biodiesel were estimated and correlated fuel standards.

© 2018.

Introduction

Currently, alternative energy research community across the world
is insisting for an exploration of alternative energy resources in order
to minimize consumption of the traditional energy resources by virtue
of their everlasting depletion and growing destructive concussion on
the climate [1]. The manufacturing of second generation biofuel from
non edible oils likes, Jatropha curcas, Sterculia foetida, Ceiba pentan-
dra and Cerbera manghas, as well as waste frying oil has been become
the key of energy insufficiency to counter any reduction in the sup-
ply of edible oil resources to the food manufactory [2–4]. Biodiesel is
being produced from the reaction of vegetable oil or animal fats with
a shorter chain alcohol like methanol or ethanol in presence of a rel-
evant catalyst. The global energy insistence is increasing day-to-day,
while the repertory of conventional fuels such as coal and petroleum
are reducing constantly. Besides, the consumption of conventional fu-
els motives the global warming by raising the effects of greenhouse
gases notably. Biodiesel is a non-toxic, biodegradable and green al-
ternative by virtue of its lower emission figurations. Contradictory
to these dominance, the most significant disadvantage of biodiesel
is its higher cost than conventional fuels [5,6]. Such alternative fuel
has received considerable attention due to its being produced from
non-conventional sources and it potentially lower down the climatic
impact in association to conventional diesel fuel [7]. Biodiesel syn-
thesis is mainly executed by the transesterification of oils over ho-
mogeneous, heterogeneous and enzymatic catalysts [8]. The currently

⁎ Corresponding author.
Email addresses: msmehulsavaliya@gmail.com (M.L. Savaliya); bharat281173@
gmail.com, bzd.svnit@gmail.com (B.Z. Dholakiya)

well established manufacturing facilities for biodiesel synthesis are
mainly based on homogeneous base catalysis [9]. The noncorrosive,
eco-friendly and reusable nature of heterogeneous acid and alkali [10]
catalysts makes them more suitable for the biodiesel synthesis with
respect to homogeneous acid catalysts. However, they are associated
with some limitations for their commercial scale production likes, (i)
complex synthesis process and (ii) difficulties in handling in applica-
tion to commercial scale plants [11]. The booming production of WFO
from domiciliary as well as industrial sectors is a maturing scrape
globally by virtue of its oxidation and hydrogenation characteristics.
Waste frying oil commonly abundant of free fatty acids, polymeric
material and disintegration products, besides triglyceride, diglycerides
and monoglycerides. This residue is habitually discharged into the wa-
ter, arising the problems for drainage water treatment units and en-
ergy mislay, or is intersperse into the food cycle through animal feeds,
hence, becoming a potential cause of human health problems [12].

There are considerable applications of waste frying oil, such as in
the production of soap, in production of energy through anaerobic di-
gestion, in thermal cracking [13], recently, in the synthesis of biodiesel
fuel [14], and much more. Waste frying oil (WFO) is the provocative
alternative resource for the biodiesel synthesis due to its inherent in
shortening expenses and environmental percussion of biodiesel when
correlated with traditional feedstocks. Therefore, waste frying oil as
an adequate raw material for biodiesel preparation has attracted signif-
icant attention recently due to its reasonable price and smooth avail-
ability [15]. The physicochemical properties of WFO are tabularized
in Table 1.

In recent times, the usage of solid acid catalysts were describe in
literature as a most favorable key for biodiesel production, because
it could potentially eliminate some reaction steps like complex isola

https://doi.org/10.1016/j.jiec.2018.03.036
1226-086/ © 2018.
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Table 1
Physicochemical properties of WFO [16–19].

Properties Test standards Value

Physical state – Liquid
Color – Deep oily
Calorific index (MJ/kg) IS:1448:(P:33):1991 38.314
Peroxide index (O2/kg) AOCSCD8-53 10.00–25.25
Specific gravity (g/cm3) ASTM D854-10 0.92
Density @ 20 °C (kg/m3) ASTM D1298, ASTM D4052-91,

IS:1448:(P:32):1992
897.0

Acid index (mg KOH/g) ASTM D664 3.0
Iodine index (g I2/100 g) AOCS CD1-25 1993 102.3
Kinematic viscosity @ 40 °C
(mm2/s)

ASTM D 445, IS:1448:(P:25):1976 54.53

Saponification index (mg
KOH/g)

AOCS CD3 2003 192

Average molecular weight of
FFA (g/mol)

– 275.5

Mean molecular weight (g/
mol)

– 864.5

Flash point (°C) ASTM D92-94, IS:1448:(P:21):1992 Not less than
250

Pour point (°C) ASTM D 97 −9.7
Cloud point (°C) ASTM D 2500, EN 23015 −8.2
Fatty acid compositions ASTM D1585-96 19.7%

tion, corrosion issue, toxicity and environmental contemplation [20].
Magnificently, a solid acid catalyst used for biodiesel production
should offer a higher acidic density of active sites, admirable ther-
mal stability, larger pore size and pore volume, lower cost and hy-
drophobic exterior [21]. The heterogeneous acidic catalysts have been
reported and examined for biodiesel synthesis are the inorganic ma-
terial based such as zeolite [22,23], niobic acid [24] and sulfated zir-
conia [25]. However, these catalysts offer smaller pore size and pore
volume, which restrict the penetration of the longer chain fatty acid
molecules, and hence they are unsuitable for the synthesis of biodiesel.
Whereas, the strong acidic ion-exchange resins, i.e., Amberlyst-15 and
Nafion-NR50 [26], offer a large fraction of sulfonic acid groups but
their application is very limited by virtue of their higher preparation
cost and lower thermal stability. While, solid acid catalysts prepared
from polystyrene [27] and polyvinyl alcohol crosslinked with sulfos-
uccinic acid [28] also offer remarkable activity for the esterification of
fatty acids using methanol regarding biodiesel production. But leach-
ing of active site form catalysts into the reaction system is a major and
uncleared concern. Hence, it is adorable to prepare solid acid catalysts
with a higher thermal stability and higher density of active sites.

Currently, the considerable sense behind uncommercialization of
biodiesel is its higher preparation expense than conventional diesel
[29,30]. The higher preparation expense of biodiesel is principally in
view of its being produced from refined oils with low levels of FFA
contents. A potential approach for lessening down the biodiesel ex-
pense is to utilize lower expense oils composed of higher concentra-
tion of FFA, recycled or waste oil and side products of edible oils re-
fineries [31,32]. The crude glycerol- a side stream of biodiesel syn-
thesis is also spoiled with the unspent methanol, unspent glycerides,
moisture and catalyst, that compulsorily be separated out to acquire its
commercial assessment. As per the environmental protection Act, the
raw glycerol must be dumping out in a shorter period of time or to be
sold at minimum price, in addition the cost of dumping is also to much
expensive [33]. Very insufficient experiments have been carried out to
transform the raw glycerin to effective products [34].

In the view of reported studies, we have observed that melamine
is a cheaper and commercially feasible chemical, its offers three pri-
mary amino (–NH2) groups; hence, it could easily react with sul-
furochloridic acid to yield melamine trisulfonic acid (MTSA) at am-
bient conditions. Besides, synthesized MTSA was sensibly added

with silica gel to reinforce the MTSA-Si via formation of inter molec-
ular hydrogen bonding with silica gel. Therefore, an attempt has been
made to examine transestrification of waste frying oil to biodiesel
over MTSA-Si catalyst. Besides, biodiesel based crude glycerol was
also transformed into the TGLA via esterification of lauric acid us-
ing MTSA-Si catalyst. Usually, the activity of solid acid catalyst does
not influence by the presence of higher levels of FFA contents. Hence,
this advance may be helpful to synthesize biodiesel from waste oil
based stocks with lower cost as well as feedstocks with higher levels
of FFA contents. Generally, solid acid catalyst could show remarkable
catalytic activity in esterification and transesterification of oils con-
currently. Over and above, heterogeneous nature of MTSA-Si cata-
lyst, it could be simply isolated from the reaction mass and reused for
five successful cycles after smooth filtration and reactivation. It has
been found from the experimental results, the optimum reaction con-
ditions for the biodiesel preparation via transesterification of WFO are
(i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si catalyst (w/w),
(iii) 130 °C reaction temperature and (iv) 10 h reaction time for the
98.22% yield of biodiesel.

Materials and method

Materials

Waste frying oil (single time used sunflower oil) was obtained as
an open-handed gift from Jay Sardar Restaurant, Rajkot, Gujarat, In-
dia. Lauric acid (99% purity) and anhydrous dichloro methane (99.8%
purity) were supplied by Sterling Lab care Pvt. Ltd, Surat, Gujarat, In-
dia. Methanol (AR grade) was purchased from Advent Chembio Pvt.
Ltd. Sulfurochloridic acid, melamine and silica gel (99% purity) were
supplied by Aashka Scientific Co., Surat, Gujarat, India. Methanol
less crude glycerol was produced using current biodiesel synthesis
procedure.

Analytical instrumental methods

The FT-IR analyses of fresh and regenerated MTSA-Si have been
carried out on a (Model, Shimadzu FIIR-8400S) FT-IR spectropho-
tometer. However, the FT-IR analysis of biodiesel and TGLA were
carried out on a (Model- RZX Perkin-Elmer) FT-IR spectrophotome-
ter. 1H NMR and 13C NMR analysis were carried out on a (Model,
Bruker Biospin, Switzerland 400 MHz liquid state NMR spectrom-
eter) FT-NMR spectrometer. Large angle X-ray diffraction (XRD,
Rigaku, Miniflex) study was carried out by using X-ray diffractome-
ter. The surface area of the MTSA-Si was measured on a (Micromerit-
ics ASAP 2020) porosimeter. The thermal stability of MTSA-Si was
recognized by Thermogravimetric analysis (Model: Perkin Elmer
TGA-7, IIT madras). Surface and structural morphologies of the fresh
and regenerated MTSA-Si catalysts were predicted by scanning elec-
tron microscope (SEM, Model, Hitachi S3400N). The total acidity of
the MTSA-Si was measured by neutralization titration. The biodiesel
(%) yield was estimated by gas chromatography analysis. The SU-
PELCO C8-C24 component FAME mixture was employed as a stan-
dard for recognition and determination of the peaks retrieved in the
WFO based biodiesel in gas chromatography analysis (YL 6500GC).

Experimental

Preparation of MTSA-Si
A 250 mL three neck suction flask (FBF) was charged with sul-

furochloridic acid (5 mL, 75.2 mmol). The melamine powder (3.16 g,
25.07 mmol) was charged in little fractions over a time slot of 45 min
at ambient conditions under nitrogen atmosphere (g) and constant
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stirring. As a result, the hydrochloric acid (g) was elaborated from
the reaction flask immediately. On the completion of addition of
melamine, the reaction mixture was rattled for 45 min and the remain-
ing side product hydrochloric acid (g) was removed by vacuum. The
mixture was triturated with dichloro methane (20 mL) and then fil-
tered. The powdery residue was again treated with dichloro methane
(20 mL) and dried under vacuum oven. The melamine trisulfonic acid
(MTSA, 8.2 g, 90%) was obtained as an off-white powder. Then af-
ter, 15.2 g silica gel (200–400 mesh) was mixed with off-white MTSA
and stirred for 30 min for the formation of an intermolecular hydro-
gen bond to support the MTSA-Si [35]. At last, a dried and grayish
powdery material composed of MTSA-Si was obtained (23.1 g). The
scheme for synthesis of MTSA-Si is given in Fig. 1.

Preparation of biodiesel
All the transesterification reactions were executed in a laboratory

autoclave (Amar, close SS reactor), assembled with pressure indica-
tor, temperature controller, internal cooling system, online sampling
valve, automatic and manually chilling systems. The 289 g of WFO
was transferred into the reactor of autoclave and preheated at 55 °C

in order to reduce the viscosity of WFO, hence it could be homoge-
neously stirred in an autoclave. The MTSA-Si-methanol mixture was
carefully transferred in an autoclave and stirred at 700 rpm with the in-
terest to restraint the mass transfer constraint. The biodiesel synthesis
experiments have been conducted at different oil: methanol molar ra-
tio (1:6, 1:7, 1:8, 1:9, 1:10 and 1:11), reaction temperature (100, 110,
120 and 130 °C), catalyst (MTSA-Si) loading (3, 4, 5 and 6% w/w)
and reaction time (4, 5, 6, 7, 8, 9, 10 and 11 h). All transesterification
reactions were performed at endogenous pressure till the achievement
of the optimum conversions. The reaction scheme for biodiesel syn-
thesis is illustrated in Fig. 2.

On the completion of the transesterification reaction, the MTSA-Si
was isolated from the reaction slurry by simple filtration. The unspent
methanol was also completely removed by distillation and the mixture
was thoroughly transferred to a separating funnel for a gravitational
settling of biodiesel as well as glycerol, as demonstrated in Fig. S1.

From Fig. S1, it has been clearly observed that due to difference
in the densities of biodiesel and glycerol, the biodiesel comes out at
top layer and glycerin as well as traces of MTSA-Si catalyst settled

Fig. 1. Transesterification of WFO to biodiesel.

Fig. 2. Reaction scheme for the synthesis of MTSA-Si.
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down at the bottom layer. The biodiesel layer was refined by using
demineralised water and then treated with anhydrous Na2SO4 in or-
der to make it free from moisture. Therefore, 100 mL of biodiesel was
mixed with 1.0 g of anhydrous Na2SO4 and stirred for 30 min. Then
after, the mixture was allowed for gravitational settling (24 h). The de-
canted moisture free biodiesel was isolated with the service of a vac-
uum pump for the expulsion of solid impurities traces. The resultant
biodiesel has been stored in a glass bottles for further analysis and ap-
plications.

Esterification of raw glycerol to TGLA
Esterification is an equilibrium restrained reaction. In pursuance to

reduce the equilibrium restrain, commonly an esterification of lauric
acid is executed by taking alcohol in excess to enhance the forward
reaction [36]. Besides, the expulsion of water during esterification is
significantly required, as it is being produced as a side stream and will
act as a poison for the catalyst as well as can also promote the re-
verse reaction. Hence, it could unnecessarily increase the reaction time
for the optimal yield of desired esters. The esterification is an equilib-
rium constrained reaction. The required conversion of desired esters
could be attained with the isolation of either water or esters. In order
to rectify this problem of present study, an anhydrous sodium sulphate
(0.1 mol) was charged in a reactor along with glycerol and lauric acid
with a view to encounter water makeup during esterification.

Therefore, in the present work, a 100 mL three neck flat bottom
flask was charged with a mixture of lauric acid (3 mol), crude glycerol
(1 mol), anhydrous sodium sulphate (0.1 mol) and MTSA-Si (0.8 g)
catalyst. The mixture was stirred at 100 °C for the 7 h. Finally, the
reaction mixture was cooled down to an ambient temperature and
MTSA-Si catalyst was filtered off from the reaction media. The filtrate
was poured into a cold water to isolate the resultant triglycerides. Due
to the density difference, triglyceride of lauric acid comes out at up-
per layer in water. In addition, the unspent lauric acid is further com-
ing out at upper layer. Therefore, it was separated from the TGLA and
92.28% yield was reported. The reaction scheme for the preparation of
TGLA is demonstrated in Fig. 3.

Biodiesel (%) yield estimation

The waste frying oil based biodiesel samples were preserved under
N2 (g) atmosphere at 4 °C in a glass sample vials for GC analysis. The
heptadecanoate was selected as an internal standard for quantifiable
determination. On the determination of FAMEs of the biodiesel sam-
ples, the peak areas were used to estimate the FAME content of each
and every sample by Eqs. (1) and (2) [37].

where, is the total peaks area, AIS is the internal standard (methyl
heptadecanoate) peak area, CIS is the concentration of the composi-
tional standard solution (mg/mL), VIS is the volume of the internal
standard solution used (mL) and m is the mass of the biodiesel sample
(mg).

where MBiodiesel is the mass of pure methyl esters obtained, MOil is the
mass of waste frying oil used and C is the fatty acid methyl ester con-
centration determined as described in above Eq. (1). The gas chro-
matogram of WFO based biodiesel is given in Fig. S2. It has been
recognized from the gas chromatograph of waste frying oil based
biodiesel, the biodiesel mixture is composed of methyl esters of cor-
responding fatty acid likes, methyl oleate, methyl linoleate, methyl
lenolenate and methyl behenate.

Results and discussion

Transesterification of WFO to biodiesel

The synthesis of biodiesel from the transesterication reaction us-
ing a suitable catalyst is a highly convenient process. The transes-
terication reaction for biodiesel synthesis can be carried using differ-
ent methods and is widely described as the incorporation of shorter
chain alcohol to lipids in the presence of acid or base catalyst [38].
Maneechakr et al. have synthesized biodiesel from waste cooking oil
over a novel sulfonic modified carbon spheres catalyst under ultra-
sonic transesterification. From the experimental results, they found
90.8% biodiesel yield with 11.5 wt% catalyst loading, 8.8 min reac-
tion time and 117 °C reaction temperature under ultrasonic condi-
tions [39]. Therefore, in this study, the biodiesel preparation reactions
were performed at diversified oil: methanol molar ratio (1:6, 1:7, 1:8,
1:9, 1:10 and 1:11), reaction temperature (100, 110, 120 and 130 °C),
MTSA-Si loading (3, 4, 5 and 6% w/w) and reaction time (4, 5, 6, 7,
8, 9, 10 and 11 h). The results of (%) yield of biodiesel with varying
reaction parameters are summarized in Table 2.

Effect of oil to methanol molar ratio
With a view to study the influence of oil to methanol molar ratio,

all transesterification experiments have been carried out at different

Fig. 3. Reaction scheme for the esterification of crude glycerol to TGLA.

(1)

(2)
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Table 2
Result of (%) yield of biodiesel with varying reaction parameters.

Entry
O:M
molar ratio

MTSA-Si
loading (% w/w)

Reaction
temp. (°C)

Reaction
time (h)

Biodiesel
yielda (%)

1 1:6 3 100 4 22.28 ± 0.99
2 1:7 3 100 4 31.24 ± 0.91
3 1:8 3 100 4 45.29 ± 1.19
4 1:9 3 100 4 61.21 ± 1.25
5 1:10 3 100 4 74.33 ± 0.66
6 1:11 3 100 4 69.44 ± 0.91
7 1:10 4 100 4 79.53 ± 0.98
8 1:10 5 100 4 83.48 ± 0.78
9 1:10 6 100 4 80.11 ± 1.33
10 1:10 5 110 4 83.50 ± 0.79
11 1:10 5 120 4 85.98 ± 0.99
12 1:10 5 130 4 87.11 ± 1.29
13 1:10 5 130 5 89.10 ± 1.11
14 1:10 5 130 6 91.58 ± 0.90
15 1:10 5 130 7 93.25 ± 0.97
16 1:10 5 130 8 95.59 ± 1.33
17 1:10 5 130 9 96.68 ± 1.39
18 1:10 5 130 10 98.22 ± 0.88
19 1:10 5 130 11 98.22 ± 0.69

a (n = 3) All experiments have been carried out in triplicates.

oil to methanol molar ratio (1:6, 1:7, 1:8, 1:9, 1:10 and 1:11). From
Table 2, it has been realized that as methanol to oil molar ratio in-
creases, it directly influence the biodiesel yield (%). The (%) yield of
biodiesel is increased with the increasing in the methanol to oil molar
ratio. The maximum (%) yield of biodiesel was noticed with 1:10 oil
to methanol molar ratio. The oil to methanol molar ratio down to 1:10
directly enhances the reversible reaction. Therefore, the main sense
behind decrement in the (%) yield of biodiesel down to 1:10 oil to
methanol molar ratio is the reversible nature of the transesterification
reaction. It has also been noticed that the decrement in the % yield of
biodiesel beyond the 1:10 oil to methanol molar ratio. This may be as-
sociated with the polar feature of catalyst and methyl alcohol. There-
fore, as the methanol to oil molar ratio increases, the polarity of the
reaction is increases gradually. The reaction mechanism of transester-
ification clearly recommends that the protonation of oil takes place
first. However, the polarity of the reaction is increases as the concen-
tration of methyl alcohol increases. Therefore, instead of oil phase, the
MTSA-Si directly moves to the methyl alcohol phase. Hence, interac-
tions of methanol towards catalyst phase become quite stronger than
interactions of methanol towards oil phase. Therefore, the diminish-
ment in the (%) yield of biodiesel was observed beyond the 1:10 oil
to methanol molar ratio. The graphical representation of the influence
of oil to methanol molar ratio on the (%) yield of biodiesel has been
illustrated in Fig. 4.

Effect of reaction time (h)
In order to study the influence of reaction time (h) on the (%)

yield of biodiesel, all the transesterification reactions of oil were also
studied using different length reaction time comprising 4, 5, 6, 7,
8, 9, 10 and 11 h. From, the experimental results, it has been per-
ceived that 1:10 oil to methanol molar ratio shows maximum yield of
biodiesel (74.33%). Therefore, 1:10 oil to methanol molar ratio was
selected as an optimum ratio to study biodiesel synthesis using dif-
ferent reaction times. From the experimental result, it can be con-
cluded that, in the case of 4 h reaction time, the highest (%) yield of
biodiesel perceived was 87.11%. Whereas, in the case of 5 h reaction
time, the maximum (%) yield of biodiesel sensed was 89.10%. In the
case of 6 h reaction time, the maximum (%) yield of biodiesel recog-
nized was 91.58%. In the case of 7 h reaction time, the highest (%)
yield of biodiesel observed was 93.25%. In the case of 8 h reaction
time, the highest (%) yield of biodiesel sensed was 95.59%. Whereas,

Fig. 4. Influence of oil to methanol molar ratio on the (%) yield of biodiesel.

in the case of 9 h reaction time, the maximum (%) yield of biodiesel
recognized was 96.68%. In the case of 10 h reaction time, the high-
est (%) yield of biodiesel remarked was 98.22%. However, in the case
of 11 h reaction time, the highest (%) yield of biodiesel observed was
98.22%. Therefore, the reaction time beyond 10 h does not show any
remarkable enhancement in the (%) yield of biodiesel. The similar (%)
yields of biodiesel were obtained using 10 h and 11 h reaction times
at identical operation conditions. The graphical representation of the
influence of reaction time (h) on the (%) yield of biodiesel has been
illustrated in Fig. 5.

Effect of MTSA-Si loading (% w/w)
In order to study the influence of catalyst dosage (% w/w) on the

transesterification, all experiments have been performed at varying
catalyst dosages (3, 4, 5 and 6% w/w). From Table 2, it has been re-
alized that as catalyst concentration (% w/w) increases, the (%) yield
of biodiesel increases. In the case of 3% catalyst dosage (w/w), the
(%) yield of biodiesel was observed to be 74.33% at optimum oil to
methanol molar ratio. Whereas, in the case of 4% catalyst dosage (w/

Fig. 5. Influence of reaction time (h) on the (%) yield of biodiesel.
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w), the (%) yield of biodiesel was remarked to be 79.53% at optimum
oil to methanol molar ratio. In the case of 5% catalyst dosage (w/w),
the (%) yield of biodiesel was recognized to be 83.48% at optimum oil
to methanol molar ratio. Whereas, in the case of 6% catalyst dosage
(w/w), the (%) yield of biodiesel was perceived to be 80.11% at op-
timum oil to methanol molar ratio. Hence, the catalyst concentration
beyond 5% (w/w) does not show any remarkable enhancement in the
(%) yield of biodiesel. Therefore, it has been realized from the exper-
imental results, as catalyst dosage (% w/w) increases, the (%) yield of
methyl laureate increases. The influence of MTSA-Si loading (% w/
w) on (%) yield of the biodiesel has been demonstrated in Fig. 6.

Effect of reaction temperature (°C)
With an intention to study the influence of reaction temperature

(°C) on the (%) yield of transesterification reaction, all experiments
have been carried out at varying reaction temperatures (100, 110, 120
and 130 °C). From Table 2, it has been realized that as reaction tem-
perature (°C) increases the (%) yield of biodiesel increases. In the case
of 100 °C reaction temperature, the (%) yield of biodiesel was found
to be 83.48% at optimum oil to methanol molar ratio. Whereas, in the
case of 110 °C reaction temperature, the (%) yield of biodiesel was re-
alized to be 83.50% at optimum oil to methanol molar ratio. In the case
of 120 °C reaction temperature, the (%) yield of biodiesel was realized
to be 85.98% at optimum oil to methanol molar ratio. However, in the
case of 130 °C reaction temperature, 5% (w/w) MTSA-Si and 10 h re-
action time, the (%) yield of biodiesel was realized to be 98.22% at
optimum oil to methanol molar ratio. Hence, the reaction temperature
beyond 130 °C does not show any remarkable enhancement in the (%)
yield of biodiesel. The effect of reaction temperature (°C) on the (%)
yield of biodiesel has been given in Fig. 7.

Overall, from experimental results, the optimum reaction condi-
tions within the selected frameworks for the preparation of biodiesel
from WFO were found to be, (i) 1:10 oil to methanol molar ratio, (ii)
130 °C reaction temperature, (iii) 10 h reaction time and (iv) 5% (w/
w) of MTSA-Si catalyst for 98.22% biodiesel yield.

Esterification of raw glycerol to TGLA

Raw glycerol is the large-scale side stream of the biodiesel man-
ufacturing unit. In routine, for every 100 pounds of biodiesel produc

Fig. 6. Influence of % MTSA-Si (w/w) on the (%) yield of biodiesel.

Fig. 7. Influence of reaction temperature (°C) on the (%) yield of biodiesel.

tion, proximately 10 pounds of raw glycerol is being produced. The
raw glycerol is an uneconomical to refine for its application in food,
pharmaceutical and cosmetics industries, biodiesel producers must
seek alternative methods for its disposal. [40]. Glycerol is being pro-
duced as a side stream as a result of the transesterification of oil
along with biodiesel. Hence, the biodiesel manufacturers are staying
with a serious problems regarding to dispose of crude glycerol pro-
duced from biodiesel production as a side product. On other side,
the biodiesel manufacturers are facing a serious trouble regarding the
availability of a cheaper feedstock for biodiesel production. Besides,
the refining of raw glycerol in the biodiesel production unit is a major
and uncleared issue. Hence, it is a new engineering challenge for the
developing biodiesel production unit to dispose of the crude glycerol.
Therefore, in present work, we made a small attempt to convert the
biodiesel derived crude glycerol to triglycerides of lauric acid (TGLA)
using MTSA-Si catalyst. It has been found from the results of esteri-
fication of raw glycerin, the optimal reaction conditions for the maxi-
mum (%) yield of TGLA are, (i) 1:3 glycerol to lauric acid molar ratio,
(ii) 2% MTSA-Si catalyst (w/w), (iii) 100 °C reaction temperature and
(iv) 7 h reaction time.

The distillation technique has been employed to isolate the
methanol from crude glycerol. The MTSA-Si amount was selected
based on the maximum (%) yield of the TGLA and minimum compo-
sitions of unspent lauric acid and glycerin in the TGLA. On comple-
tion of reaction, the reaction mixture was cooled down to room tem-
perature and MTSA-Si catalyst was filtered off from reaction mixture
by vacuum filtration. The filtrate was carefully transferred in to sep-
arating funnel containing distilled water. By virtue of the density dif-
ference of the TGLA and water, the TGLA comes out at top layer and
water settled down at bottom layer. Besides, the unspent lauric acid
also comes out at top layer. Hence, it was isolated from the TGLA and
92.28% yield has been reported.

Crude glycerol is readily attainable in the trading market with very
lower expenses or almost no expenses. Besides, the separation and
refining of crude glycerol is very tedious process and involves sev-
eral steps for its isolation and purification, hence, it requires higher
expenses and multitudinous manpower as well. On other side, the
commercial grade lauric acid accessible in the trading market with
some higher expenses. But the expense of the lauric acid is earlier
protected by glycerol, if glycerol is crude. Because, the refining ex-
penses of crude glycerol is much greater than the expenses of in-
dustrial grade lauric acid. The superior advantage affiliated with this
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protocol is the production of water as a side stream rather than some
toxic products. Hence, this process could offers climatic feasibility as
well. Therefore, this process may prove beneficial to the commercial
manufacturers of TGLA and biodiesel as well, as TGLA could be an
abundant feedstock for the biodiesel manufacturers.

Reaction mechanism for transesterification of WFO

The transesterification reaction is preferably catalyzed by bronsted
acid catalysts, like, sulfonic and sulfuric acids based materials and
their reaction mechanism is well explained by many researchers [41].
The mechanism of WFO transesterification could be accomplished via
below mentioned steps. This step consists of (i) Protonation to one of
the terminal carbonyl group by the MTSA-Si catalyst (ii) Nucleophilic
attack of the alcohol towards terminal carbonyl group leads to gener-
ate a tetrahedral intermediate (iii) Proton migration and breakdown of
the intermediate lead to generate one molecule of biodiesel and one
molecule of diglycerides. The migrated proton again absorbed by the
MTSA-Si catalyst in order to regenerate and reactivate it for the next
use. This entire arrangement will replay twice to form three molecules
of biodiesel and one molecule of glycerol. The mechanism scheme for
the transesterification of waste frying oil is given in Fig. 8.

Reaction mechanism for esterification of raw glycerol

The fischer-speier esterification is a simple esterification reaction
carried out by using carboxylic acid with alcohol in the presence of
an adequate acid catalyst. The esterification of lauric acid and glyc-
erol completely follows fischer-speier esterification [42]. The mecha

nism of glycerol and lauric acid esterification could be completed
via four steps, in the first step, acid catalyst will protonate the lauric
acid molecule via elimination of the proton form MTSA-Si catalyst,
in the second step, the nucleophilic attack of oxygen (from glycerol)
will take place to form tetrahedral intermediate. In the third step, tau-
tomerization of the tetrahedral intermediate takes place. Finally, in the
fourth step, the removal of one molecule of water and deprotonation of
tetrahedral intermediate leads to produce the monoglycerides of lau-
ric acid. The eliminated proton again absorbed by the MTSA-Si cata-
lyst in order to regenerate and reactivate it for the next use. This entire
arrangement will replay for twice to form TGLA and three moles of
water. The mechanism scheme for the esterification of crude glycerol
is demonstrated in Fig. 9.

FT-IR analysis of MTSA-Si

The FT-IR spectra of fresh and regenerated MTSA-Si have been
demonstrated in Fig. 10.

The FT-IR spectra of fresh and regenerated MTSA-Si catalyst were
confirmed with the presence of characteristics bands at 3342.75 cm−1

(OH stretching of Si–OH, intermolecular H-bond), 3146.00 cm−1

(N–H stretching), 2712.01 cm−1 (C–H stretching), 1728.28 cm−1 (C
N stretching), 1687.77 cm−1 and 1525.74 cm−1 (N–H bending),

1400.37 cm−1 (S O stretching), 1361.79 cm−1 (S–O stretching),
1170.83 cm−1 (SO2 asymmetric stretching of SO3H group),
1087.89 cm−1 (O–Si–O stretching) and 976.01 cm−1 (SO2 symmetrical
stretching) respectively [43]. No remarkable variations were realized
in FT-IR spectra of fresh and regenerated catalysts, they affirmed the
confinement of skeleton structure on all accounts of the esterification
and transesterification.

Fig. 8. Mechanism for MTSA-Si catalyzed transesterification of WFO. Where R1, R2 and R3 are carbon chains of different fatty acids.
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Fig. 9. Mechanism scheme for MTSA-Si catalyzed esterification of crude glycerol to TGLA.
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Fig. 10. FT-IR spectra of fresh and regenerated MTSA-Si.

Morphological study of MTSA-Si

The surface morphology of fresh and regenerated MTSA-Si cat-
alysts was recognized using the scanning electron microscope. From
SEM micrographs, it has been found that a silica gel molecule of-
fers an irregular pentamerous framework. However, the melamine
trisulfonic acid molecules offers irregular flakes like framework struc-
ture. It has also been found that the particles size of melamine trisul-
fonic acid turns to smaller and particles gravitated to assemble after
chloro-sulfonation. Additionally, the melamine trisulfonic acid mol-
ecules are well arranged in circumforaneous of irregular pentamer-
ous shape silica gel molecules. No indicative changes were ascer-
tained in SEM micrographs of fresh and regenerated MTSA-Si, they
affirmed the confinement of skeleton structure throughout the esterifi-
cation and transesterification. SEM micrographs of fresh and regener-
ated MTSA-Si catalysts are demonstrated in Fig. 11.

Powder X-ray diffraction study of MTSA-Si

The texture properties of fresh and regenerated MTSA-Si were
evaluated by XRD analysis. The spectra displayed natural diffraction
peaks suggesting crystallinity of MTSA-Si. The X-Ray diffractograms
displays characteristics diffraction pattern showing crystalline planes
of MTSA-Si. The characteristics peaks found at 18.94 2θ (deg.), 20.84
2θ (deg.), 22.76 2θ (deg.), 25.14 2θ (deg.), 26.50 2θ (deg.), 28.04
2θ (deg.) and 29.60 2θ (deg.) are attributed to the presence of crys-
talline silica gel (JCPDS-29-1129). Whereas, sharp peaks

recognized at 30.38 2θ (deg.), 32.10 2θ (deg.), 36.64 (deg.), 38.12
2θ (deg.) and 39.74 2θ (deg.) are characteristics of melamine
(JCPDS-00-005-0127). In the case of X-Ray diffractrogram of regen-
erated MTSA-Si catalyst, the intensity of peak at 25.14 2θ (deg.) and
26.50 2θ (deg.) are slight decreased. This may attributed to the leach-
ing of active centers (H+) from the MTSA-Si surface or slight mod-
ification in the structure of MTSA-Si. Otherwise, no indicative ma-
jor changes were ascertained in the XRD patterns of fresh and regen-
erated MTSA-Si, they affirmed the confinement of skeleton structure
throughout the esterification and transesterification. The wide angle
X-Ray diffractograms of fresh and regenerated MTSA-Si have been
demonstrated in Fig. 12.

Surface area determination of MTSA-Si

The results of specific surface area, pore size and pore volume have
been tabularized in Table 3.

It has been clearly observed from Table 3, the BET surface area
(SBET) of MTSA-Si was found to be 108.94 m2/g. The BET isotherm
of MTSA-Si found naturally of Type-IV at lower p/po values directing
the presence of mesopores in MTSA-Si catalyst. The pore volume and
pore size of MTSA-Si was found to be 0.1071 cm3/g and 15.88 Å re-
spectively. The pore size and surface area reveals the existence of sul-
fonic acid groups (–SO3H) on the pore surface of melamine species.
This fact is in identical with the reported literature [44]. The BET ad-
sorption–desorption isotherm of MTSA-Si has been demonstrated in
Fig. 13.
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Fig. 11. SEM micrographs of (a) silica gel, (b) fresh MTSA-Si and (c–f) regenerated MTSA-Si.

Fig. 12. Large angel X-ray diffractograms of fresh and regenerated MTSA-Si catalysts.

Table 3
Surface area and pore volume of MTSA-Si.

Sr. no Catalyst
BET surface area (m2/g)
SBET

Total PV (cm3/g)
Vtotal

DFT pore size
(Å)

1. MTSA-Si 232 0.1071 15.88

Acidity measurement study

The acidity of solid acid catalyst is a very significance property
for the heterogeneous catalysis. Solid acid catalysts may contain both
lewis and bronsted acidic sites. Both nature and strength of acid sites

play an important role in expressing catalytic activity of many solid
acid catalysts. Hence, the measurement of surface acidity of solid cat-
alysts is of immense importance from technological point of view be-
cause it not only helps to characterize a catalyst sample but also pro-
vides a method of screening of a catalyst sample for optimal yield
in a process. Accordingly, a large number of methods are accessible
for the estimation of acidity of solid acid catalysts. The total acid-
ity of the MTSA-Si catalyst was found to be 1.1 mmol g−1, which
was estimated through the neutralization titration. In a 500 mL glass
beaker, 0.6 g MTSA-Si catalyst was added along with 4 mL 2 N aque-
ous NaCl and stirred those at ambient conditions for 24 h in order to
allow the ion exchange in the solution. Then after, the solids were fil-
tered off from the aqueous solution and washed thrice with distilled
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Fig. 13. (a) BET isotherm of MTSA-Si and (b) pore size distribution of MTSA-Si.

water (15 mL). The collective filtrate was titrated with 0.01 N NaOH
using phenol red as an indicator [42].

Thermal stability study of MTSA-Si

The thermogravimetric analyzer (TGA) is an essential laboratory
tool used for determination of thermal stability of materials and com-
positions of volatile compounds by keeping track record of the weight
loss that occurs when material is heated. The thermal stability of
MTSA-Si was estimated by thermogravimetric analysis. From the
TGA thermogram of MTSA-Si, it has been found that the 10.72%
weight loss occurs in a temperature range of 30–210 °C is pertain-
ing to the molecular moisture decomposition, 26.46% weight loss
occurs in a temperature range of 210–550 °C is pertaining to the
melamine decomposition and 12.75% weight loss occurs in a temper-
ature range of 570–920 °C is pertaining to the decomposition of sul-
fonic acid group (–SO3H) attached to the melamine. In the present
study, the maximum reaction temperature employed for the transes-
terification and esterification reactions are 130 °C and 100 °C respec-
tively. Whereas, the weight loss (7.306%) has been observed in the
range of temperature 30–210 °C and it’s due to the decomposition of
molecular moisture. From the TGA thermogram, it could be recog-
nized that the thermal stability of MTSA-Si is not much influenced
at 130 °C reaction temperature. Therefore, the MTSA-Si offers a re-
markable thermal stability also. The TGA thermogram of MTSA-Si
has been expressed in Fig. 14.

FT-IR analysis of biodiesel

The FTIR spectrum of waste frying biodiesel is confirmed with
the presence of characteristics bands at 2924.09 cm−1 (CH3 stretch-
ing), 2854.65 cm−1 (CH2 stretching), 2360.87 cm−1 (C C stretch-
ing), 1743.65 cm−1 (C O), 1458.18 cm−1 (CH bending),
1195.87 cm−1 and 1172.72 (C–O) and 725.23 cm−1 (CH rocking) re-
spectively [43]. The FT-IR spectrum of synthesized biodiesel is given
in Fig. S3.

1H NMR analysis of biodiesel

The purity of waste frying biodiesel is further confirmed by the
presence of characteristics peaks at 5.22–5.28 (unsaturated olefinic
–CH CH– protons) ppm, 3.57 (CH3O-methoxy protons) ppm, 3.36
(OCH2 protons) ppm, 2.69 (CH protons) ppm, 2.19–2.23 (OCH pro-
tons) ppm, 1.91–1.98 (β-CH2 protons) ppm, 1.52–1.56 (α-CH2 pro-
tons) ppm and 1.18–1.23 (CH3 protons) ppm respectively [45]. The 1H
NMR spectrum of biodiesel has been given in Fig. S4.

13C NMR analysis of biodiesel

The purity of waste frying biodiesel is confirmed by the pres-
ence of characteristics peaks, including, 173.88–173.91 ppm (C
O carbons), 127.79–129.92 ppm (olefinic carbons), 76.80–77.43 ppm
(CDCl3-solvent), 51.11 ppm (O–CH3 carbon) and 27.05–33.90 ppm
(aliphatic carbons) respectively [46]. The 13C NMR spectrum of
biodiesel is given in Fig. S5.
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Fig. 14. TGA profile of MTSA-Si.

FT IR analysis of TGLA

FTIR spectrum of TGLA is confirmed with the presence of charac-
teristics bands at 2924.09 cm−1 (CH3 stretching), 2854.65 cm−1 (CH2
stretching), 2360.87 cm−1 (C C stretching), 1712.79 cm−1 (C O),
1458.18 cm−1 (CH bending), 1188.15 cm−1 (C-O) and 725.23 cm−1

(CH rocking) respectively [43]. The FT-IR spectrum of TGLA has
been demonstrated in Fig. S6.

1H NMR analysis of TGLA

The purity of TGLA is confirmed by the presence of characteris-
tics peaks corresponding to 3.54 (O–CH2) ppm, 2.51 (α-CH2 protons)
ppm, 2.12–2.22 (β-CH2 protons) ppm, 1.96 (CH3 protons) ppm, and
1.22–1.47 (CH protons) ppm respectively [45]. The 1H NMR spec-
trum of TGLA is given in Fig. S7.

13C NMR analysis of TGLA

The purity of TGLA is further confirmed by the presence of char-
acteristics peaks, including, 172.80–174.41 ppm (C O carbons),
127.51–129.26 ppm (olefinic carbons), 50.79 ppm (CH3 carbon),
69.26 ppm (O–CH2 carbon) and 28.56–39.91 ppm (aliphatic carbons)
respectively [46]. The 13C NMR spectrum of TGLA has been depicted
in Fig. S8.

Reusability of MTSA-Si

The widespread and easy commercialization of any fuel is strictly
depends on their manufacturing cost. With a view to shorter down
the expense of biodiesel and TGLA synthesis, the MTSA-Si was ex-
amined for their potential reusability for the esterification and trans-
esterification reactions. Hence, in this approach, after each run, the
MTSA-Si catalyst was isolated from the reaction mass through vac

uum filtration and treated thrice with dichloro methane in order to
eliminate some impurity like, the surface restrained moisture, un-
spent triacylglyceride, diacylglycerides, monoacylglyceride, glycerol
and unspent methyl alcohol. Before reuse, dichloro methane treated
MTSA-Si was kept in a tray dryer at 110 °C for 20 h in order to ac-
quiesce elimination of organic solvent traces and reactivation of ac-
tive centers (H+) on the melamine surface. It has been recognized
from the results of esterification and transesterification reactions, the
MTSA-Si catalyst could have a potential to reuse five times without
indicative disappearance of catalytic activity. However, the slight sub-
traction in the (%) yields of biodiesel and TGLA have been recognized
on the repetitive runs of MTSA-Si. The percolation of active centers
(H+) or modification of MTSA-Si structure at given reaction temper-
ature could play significant role in the deactivation of MTSA-Si cat-
alyst. It has been found from the repetitive runs and spectral analy-
sis of the MTSA-Si catalyst (Figs. 10–12), the melamine preserves
its structure throught the esterification and transesterification reactions
without any serious distortion. In the case of biodiesel synthesis, a
fresh MTSA-Si catalyst could shows highest conversion up to 98.22%.
While, it’s first, second, third, fourth and fifth repetitive run could
shows highest conversions up to 94.25%, 89.33%, 86.52%, 83.69%
and 78.45% respectively. The influence of MTSA-Si run on the (%)
yield of biodiesel has been illustrated in Fig. 15.

Whereas, in the case of TGLA synthesis, a fresh MTSA-Si cata-
lyst could shows highest conversion up to 92.28%. While, it’s first,
second, third, fourth and fifth repetitive run could shows highest con-
versions up to 89.11%, 86.33%, 81.28%, 77.45% and 70.18% respec-
tively. The influence of MTSA-Si run on the (%) yield of TGLA has
been illustrated in Fig. 16.

Comparison of catalytic activity of MTSA-Si

Table 4 shows the comparison of catalytic performance of
MTSA-Si with reported results of the various solid acid catalysts em-
ployed for the transesterification of oil to biodiesel.
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Fig. 15. The effect of catalyst run times on (%) yield of biodiesel.

Fig. 16. The effect of catalyst run times on (%) yield of TGLA.

From Table 4, it could be observed that MTSA-Si catalyst shows
remarkable catalytic performance for the transesterification of waste
frying oil for synthesis of biodiesel. In present study, the best results
achieved at optimum reaction conditions like, (i) 130 °C reaction tem-
perature, (ii) 1:10 oil to methanol molar ratio, (iii) 5% (w/w) catalyst
and (iv) 10 h reaction time, for the 98.22% biodiesel yield. It has also
been found from Table 4, the results of the present study are compara-
ble to the results of reported literature of the solid acid catalysts, where
comparatively precise reaction parameters (too high reaction tempera-
tures and oil to methanol molar ratio) were reported [47–49,51–54].

Moisture absorption test for MTSA-Si

The MTSA-Si was also studied for its moisture absorption suscep-
tibility. In this process, the required amount of MTSA-Si catalyst was
put up in a glass vessel under saturated humidity at atmospheric tem-
perature for several days in order to acquiesce the absorption of mois-
ture on the MTSA-Si surface. The MTSA-Si samples were weighted
at regular interval of times. The absorbing moisture rate (W%) of the
samples were determined by Eq. (3).

where, Δm refers to the increased weight and m0 refers to the initial
weight of the MTSA-Si sample. The influence of exposure time (h) on
the moisture absorption of MTSA-Si is illustrated in Fig. S9.

From Fig. S9, it has been observed that moisture absorption rate
(W%) is increased gradually with increased in moisture exposure time
(h). The melamine trisulfonic acid (MTSA) catalyst offers three hy-
droxyl (–OH) groups in association to the three sulfonic acid groups.
Hence, as a result of polar texture of catalyst, the MTSA-Si catalyst
could easily absorb the moisture from constant humidity surroundings.

Estimation of fuel properties of biodiesel

The most important fuel properties which influence the engine per-
formance of the diesel engine are like, the process taking place in
the engine, (i) ignition quality, (ii) serenity of starting, (iii) produc-
tion and flaming of the fuel-O2 mixture, (iv) formation of burn out gas
and its quality and (v) the calorific index. The cool climate proper-
ties like, (i) cloud point, (ii) pour point and (iii) cold filter plugging
point. The storage and transportation properties like, (i) oxidative and
thermal stability, (ii) flash point, (iii) an ordination period, (iv) micro

Table 4
Comparison of catalytic activity of MTSA-Si with reported literature.

Sr. no Catalyst Reaction conditions Biodiesel yield (%) Ref.

Reaction temp. (°C) Catalyst % (w/w) O/M molar ratio Reaction time (h)

1. MTSA-Si 130 5.0 1:10 10 98.22 Present work
2. H3PW12O40·Nb2O5 200 3.0 1:18 20 94.00 [47]
3. Zr–PMOs 209 12.8 1:48.5 6.0 85.00 [48]
4. [(CH2)4SO3HPy-HSO4] 170 2.0 1:12 5.0 92.00 [49]
5. H3PW12O40/SBA-15 65 0.3 1:2 12 75.0 [50]
6. Propyl-SO3H SBA-15 190 5.0 1:6 15 min 38.0 [51]
7. Arene-SO3H SBA-15 190 5.0 1:6 15 min 56.0 [51]
8. Me/Arene-SO3H SBA-15 190 5.0 1:6 15 min 58.0 [51]
9. EBD-100 65 1.0 1:12.2 24 100 [52]
10. EBD-200 65 1.0 1:12.2 24 100 [52]
11. EBD-300 65 1.0 1:12.2 24 81.0 [52]
12. Ti/SiO2 nanoflowers 65 5.0 1:30 4.0 98.0 [53]
13. Lithium-doped ceria supported SBA-15 65 10. 1:40 4.0 >98.0 [54]

(3)
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bial degradation and (v) percolation limit temperature. The wear prop-
erties like, (i) lubricity, (ii) cleaning effect, (iii) viscosity, (iv) density
and (v) consonance with materials employed to prepare a fuel. The
physicochemical properties of biodiesel can be estimated by the fatty
acid profiles of corresponding oils. The fuel properties of biodiesel can
alter substantially from one oil to oil in virtue of its slight higher mo-
lar mass than conventional diesel [55]. Some fuel properties of WFO
based biodiesel and its comparison with ASTM fuel standards has
been tabularized in Table 5.

The flash point and fire point (ASTM D6751) were measured with
help of cleveland open cup tester (Pensky-martens). The cetane num-
ber (ASTM D 976) was estimated by cetane number analyzer (AFIDA
2805). The iodine value (AOCS CD1-25 1993) and acid value (ASTM
D664) were estimated through titration methods. The calorific value
(IS:1448:(P:33):1991) was determined by an oxygen bomb calorime-
ter (model 6772, Parr instrument Ltd, USA). Kinematic viscosity was
estimated using viscometer bath (ASTM D6751, Aditya 01). The den-
sity (D4052-91) of biodiesel was predicted by hydrometer method
(D1298). The cloud point is an exclusive cold flow property that is
recognized in ASTM D6751 standards [56]. From Table 5, it has been
found that all fuel properties are in consonance with the test limits,
which were defined by ASTM and AOCS fuel standards.

Conclusion

Herein, a promising MTSA-Si catalyst was prepared via chloro-
sulfonation of melamine and evaluated for the transesterification of
WFO for biodiesel synthesis. It has been realized from experimen-
tal results, the optimum reaction conditions for the biodiesel prepa-
ration are (i) 1:10 oil to methanol molar ratio, (ii) 5% MTSA-Si (w/
w), (iii) 130 °C reaction temperature and (iv) 10 h reaction time for
the 98.22% yield of biodiesel. As MTSA-Si could simultaneously
catalyze esterification and transesterification, hence, it does not de-
mands refined feedstocks. Currently, the biodiesel manufacturers are
facing a serious problem to dump the crude glycerol produced as a
side product during biodiesel production and availability of a cheaper
feedstock for biodiesel production. Therefore, we made a small at-
tempt to convert the biodiesel based crude glycerol to triglycerides
of lauric acid using MTSA-Si catalyst. It has been illustrated from
the experimental results, the optimal reaction conditions for the max-
imum (%) yield of TGLA (92.28%) are, (i) 1:3 glycerol to lauric acid
molar ratio, (ii) 2% MTSA-Si (w/w), (iii) 100 °C reaction tempera-
ture and (iv) 7 h reaction time. Hence, this protocol offers duple ad-
vantages; i.e (i) crude glycerol is effectively transformed into corre-
sponding triglycerides and (ii) synthesized triglycerides could be used

Table 5
Fuel properties of WFO based biodiesel based on ASTM and AOCS fuel standards.

Sr.
no Properties Unit Method Value

ASTM
limits

1. Flash point (°C) ASTM D6751 133 >130
2. Fire point (°C) ASTM D6751 141 >140
3. Pour point (°C) ASTM D 97 −16 −15
4. Cetane index – ASTM D 976 49 52.0
5. Iodine value g

I2/100 g
AOCS CD1-25 1993 91 120

6. Calorific value MJ/kg IS:1448:(P:33):1991 39.85 –
7. Total acid number mg

KOH/g
ASTM D 664 0.78 0.8

8. Kinematic viscosity @
40 °C

mm2/s ASTM D6751 4.21 1.9–6.0

9. Density @ 25 °C Kg/m3 ASTM D4052-91 867 860–900
10. Cloud point (°C) ASTM D6751 9.8 –

as cheaper feedstock for biodiesel production. Besides, the MTSA-Si
could successfully be used for five repetitive runs without any seri-
ous distortion of their performance for esterification and transesterifi-
cation.
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                                                   1.    ABSTRACT 

 

A simple and precise HPLC method was developed and validated for the determination of 

bupivacaine hydrochloride API.  Chromatography was carried out using Zorbax Eclipse, C8 

150*4.6 mm*5μm and pH 7.7 of mobile phase buffer: acetonitrile (35:65) and the flow rate 

was 1.0 mL/min and the column oven temperature was maintained at 25˚C. The analyte was 

monitored using PDA detector at 220 nm. The retention time of the drug was 4.59 min for 

bupivacaine hydrochloride. The proposed method was found to have linearity in the 

concentration range of 50.5 μg/mL – 151.5 μg/mL with correlation coefficient of r2 = 0.9999. 

The developed method has been statistically validated and found simple and accurate. The 

mean recoveries obtained for bupivacaine hydrochloride were in the range of 98% to 102%. 

The % RSD of Bupivacaine HCl during the assay method precision study was found to be 

0.9%.Due to its simplicity, rapidness, robustness, specificity, high precision and accuracy of 

the proposed method, it may be used for determining bupivacaine hydrochloride API. 
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2.  INTRODUCTION 

2.1 Introduction to Bupivacaine: 

Bupivacaine hydrochloride (BPCH) is 2-piperidinecarboxamide1, 1-butyl-N-

(2,6dimethylphenyl)-, monohydrochloride, monohydrate, a white crystalline powder that is 

freely soluble in 95 percent ethanol, soluble in water, and slightly soluble in chloroform or 

acetone. 

 

Bupivacaine block the generation and the conduction of nerve impulses, presumably by 

increasing the threshold for electrical excitation in the nerve, by slowing the propagation of 

the nerve impulse, and by reducing the rate of rise of the action potential. Bupivacaine binds 

to the intracellular portion of sodium channels and blocks sodium influx into nerve cells, 

which prevents depolarization.  

Literature survey reveals that there are no stability indicating method by HPLC for 

Bupivacaine HCl injection. So an attempt has been made to develop and accurate, specific 

and reproducible method for determination of Bupivacaine using HPLC along with method 

validation as per ICH norms. The stability tests were performed on Drug Substance according 

to the ICH norms. 

2.2 Importance of development of stability-indicating analytical methods in 

pharmaceutical research and development.  

Stability requirements during development of a drug:   
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The stability testing provides evidence on how the quality of an active pharmaceutical 

ingredient or drug product varies with time under the effect of several environmental factors 

such as various temperature conditions, light & humidity conditions. This facilitates suitable 

or recommended storage conditions, retesting periods and shelf lives to be established for 

the API or drug substances.  

The stability information of the active pharmaceutical ingredient or drug substance is an 

integral part and provides a systematic approach to stability assessment. The goal of stability 

establishment is an integral part of product development and begins with the stage of 

development of the drug product. At early development stage of drug product, it is necessary 

to understand the essential stability of the drug substance and its interaction with the 

proposed excipients.  At this stage the effect of pH and different environmental conditions 

like moisture, air/oxygen and light on the stability of the drug substance is mandate for 

consideration in to the study. The subjected accelerated testing on drug substance and drug 

product provides the information to the intrinsic stability of the molecule/formulation and 

may establish the likely degradation pathways.  
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3.  REVIEW OF LITERATURE 

1) A method was developed for the determination of fernatyl citrate and Bupivacaine HCl 

mixtures in infusion solutions where stationary phase was LiChrospher 100 CN, 250*4 

mm*10 μm and the mobile phase was mixture of ACN: phosphate buffer at pH 2.8 and 

addition of potassium chloride was found where the method was not validated as per ICH 

norms. 

2)  A method was developed for the determination of Meloxicam and Bupivacaine HCl 

mixtures in Human Plasma where stationary phase was HSS T3 column of Dimensions: 50 

mm x 2.1 mm i.d., 1.8 µm and the mobile phase A and B were used. Mobile A consists of 

mixture of Ammonium formate at pH 2.8 and Mobile phase B consisted of ACN:WATER 

:FORMIC ACID was found where the method was validated as per ICH norms. 
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4. MATERIALS AND METHOD 

 

4.1 Instrumentation:  

To develop quantitative analysis on High Performance Liquid Chromatography method for 

determination of Bupivacaine HCl was carried out using Agilent HPLC 1100 Series 

consisting of Variable Wavelength Detectors (UV/Visible) and for Stability indicating 

method photo diode array detector was used. The output signal was monitored and processed 

using Chromeleon Software. 

4.2 Chemicals and reagents: 

Bupivacaine Hydrochloride was obtained as a sample from the Cambrex Corporation. The 

HPLC grade Acetonitrile (ACN) of Qualigens and Merk was used. The HPLC grade 

Methanol (MeOH) of Rankem was used. High purity water i.e. Milli Q water was used for 

Buffer Preparation and Diluent Preparation. Buffer was prepared by using Potassium 

dihydrogen phosphate and Dipotassium hydrogen phosphate of Sigma-Aldrich and for the 

adjusting the pH Ortho-Phosphoric Acid was used. 

 

4.3 Method Development:  

4.3.1 Selection of Wavelength: 

Different trials were taken for selection of wavelength using water: methanol, and only 

methanol as a diluent for Bupivacaine HCl API. 
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4.3.2Optimization of Mobile Phase: 

Different systematic trials were made using different mobile phase given as under, 

(1) Buffer Preparation: 

Buffer was prepared by weighing accurately 1.94gms of potassium dihydrogen phosphate 

and 2.48gms of dipotassium hydrogen phosphate in was dissolved in 1000 mL in water and 

adjust pH 6.8 with KOH solution. 

 Mobile Phase: Mix   Acetonitrile: Buffer in a ratio of (65:35) and adjust the pH 7.7 

with Ortho-Phosphoric Acid.  

(2) Buffer Preparation:  

Buffer was prepared by weighing accurately 1.36gms of potassium dihydrogen phosphate 

was dissolved in 1000mL of water and adjust the pH to 7.4 with Tri-ethylamine. 

 Mobile Phase: Mix Acetonitrile: Buffer in a ratio of (70:30) 

(3) Buffer Preparation: 

Buffer was prepared by weighing accurately 2.0 gms of Potassium dihydrogen phosphate 

and 2.5gms of Dipotassium hydrogen phosphate dissolving it in 1000 mL of Milli-Q water. 

The pH was then adjusted to 6.8 with diluted ortho-phosphoric acid and filtered through 0.45 

µm nylon membrane filter. 

 Mobile Phase: Mobile phase was prepared in a ratio of Buffer: Acetonitrile of (35:65) 

and the pH was adjusted to 7.7 with diluted ortho-phosphoric acid. 

 Diluent Preparation:  

 Diluent was prepared using Milli Q water and Methanol in the ratio of (10:90) (v/v). 
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4.3.3 Optimization of Column:  

Different systematic column trials were made using different column of Water Symmetry 

(C18, 250, 4.6*5µm), Kromasil 100 (C18, 250* 4.5*5µm), Hypersil BDS (250*4.6*5µm). 

4.4 Chromatographic Conditions: 

Mobile phase consists of buffer: acetonitrile in the ratio of (35:65) where the pH was adjusted 

to 7.7 with ortho-phosphoric acid. The column used was Zorbax Eclipse, C8 150*4.6 

mm*5μm. The mobile phase was pumped from the solvent reservoir to the column at a flow 

rate 1.0 mL/min. The column temperature was maintained at 25˚C and the volume of each 

injection was 10 μL. 

 

4.5 Preparation of Standard Solution. 

20.0 mg of Bupivacaine HCl API was weighed accurately for working standard and 

transferred into a 20 mL clean dry volumetric flask. About 10 mL of diluent was added, 

sonicated for 5 minutes and made up to volume to 20 mL. Further 5 mL of solution was taken 

in 50 mL clean dry volumetric flask, and made up to volume 50 mL with diluent. 
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4.6Method Validation:   

4.6.1 Linearity:  

A series of dilutions were prepared using Bupivacaine working standard (100µg/mL) at 

concentration levels from 50% to 150% of target concentration (50%, 80%, 100%, 120% and 

150%).  The peak area response of solutions was measured. 

4.6.2 Accuracy: 

Drug assay was performed in triplicate as per test method for each spike level to get the 

concentration of Bupivacaine HCl equivalent to 50%, 100%, and 150%. The average % 

recovery was calculated. 

4.6.3 Precision:  

The system precision was performed by analyzing a standard solution of Bupivacaine HCl 

at working concentration level for 6 times. 

4.6.4 Robustness: 

 Robustness is carried out by system suitability under normal conditions and accelerated 

conditions as given below: 

 Changes in the flow rate by ± 10% 

Changes in temperature of Column oven by ± 5˚C 

Changes in ratio Organic Phase of Buffer by ± 2% of absolute value. 

Changes in pH of Mobile Phase by ± 0.2 pH. 

4.6.5 Solution Stability:  

The solution stability of standard solutions and mobile phase at different time intervals are 

examined by running them for a long time. 
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4.6.6 System Suitability Testing: 

The system suitability was assessed by five replicate of Bupivacaine at the level of 100%. 

The acceptance criterion of % RSD was ±2%, for tailing factor it was less than 2 and for 

theoretical plate it was more than 2000. 

 

 

4.6.7 Specificity:  

For specificity, Forced degradation studies were carried out by giving them accelerated 

condition such as Hydrolysis, Oxidation, Thermal, and Photolysis. 

Forced Degradation Studies: 

4.6.7.1 Acid Degradation: 

10mg of Bupivacaine HCl was taken into 100mL cylinder and then approximately 10mL of 

diluent was added to it and then it was sonicated for 5mins. 5N HCl 5mL was added to the 

solution and kept at 60˚C for 1 hour and it was neutralized by 5N 5mL NaOH and then it was 

made up to volume 100mL by diluent 

4.6.7.2 Alkali Degradation: 

10mg of Bupivacaine HCl was taken into 100mL cylinder and then approximately 10mL of 

diluent was added to it and then it was sonicated for 5mins. 5N NaOH 5mL was added to the 

solution and kept at 60˚C for 1 hour and it was neutralized by 5N 5mL HCl and then it was 

made up to volume 100mL by diluent. 

4.6.7.3 Oxidative Degradation: 

10mg of Bupivacaine HCl was taken into 100mL cylinder and then approximately 10mL of 

diluent was added to it and then it was sonicated for 5mins. 3%H2O2 2mL was added to the 

solution and then was kept at 60˚C for 10 mins and then it was made up to volume 100mL 

by diluent. 
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5. RESULT AND DISCUSSION 

 

5.1 Method Development: 

5.1.1 Selection of Wavelength:  

 

                     Figure No: 1   U.V. spectra of Bupivacaine 

Maximum Absorbance was observed at 220 nm of Bupivacaine HCl API so it was selected 

as detection wavelength for the method and the best diluent was found to be Methanol. 
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5.1.2 Optimization of Mobile Phase: 

(1) By using the Acetonitrile: Buffer in the ratio of (65:35), the retention time was found to 

be 11.47 and the response ratio was very low and Fronting was observed in the 

Chromatogram and the tailing factor was found to be 0.73 and the theoretical plate was 

found to be 9842 and the area was found to be 804.216. 

                                             Figure No: 2   Optimization of Mobile Phase (1)  
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(2)  By using the Acetonitrile: Buffer in the ratio of (70:30), the retention time was found to 

be 6.46 and the response ratio was very low of the Chromatogram and the tailing factor was 

found to be 1.07 and the theoretical plate was found to be 5060 and the area was found to 

be 156.446. 

                                         Figure No: 3   Optimization of Mobile Phase (2) 

 

4.1.3 Optimization of Column: 

1) By using Water Symmetry (C18, 250, 4.6mm*5µm) 

 

                                            Figure No: 4 Optimization of Column (1) 
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2) By using Kromasil 100 (C18, 250* 4.5mm*5µm) 

 

                                           Figure No: 5 Optimization of Column (2) 

 

3) By using Hypersil BDS (250*4.6*mm, 5µm). 

 

                                            Figure No: 6 Optimization of Column (3) 

 

By using these columns the results obtained showed very low response ratio so the 

final column used for the method was Zorbax Eclipse C8,150*4.6mm*5µm. 
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5.2 Chromatogram of Standard:  

 

                                                Figure No: 7 Chromatogram of Standard 

 

Name Retention 

Time 

Tailing Factor Theoretical 

Plates 

Area mAU*sec 

Bupivacaine 4.596 7804 1.66 1978.073 

Table No: 1 Peak Analysis 
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5.3 Method Validation: 

5.3.1 Linearity:   

 

Figure No: 8 Linearity Plot 

Linear calibration plot for assay method was obtained over the calibration range tested, 50.5 

µg/mL to with 151.5 µg/mL for Bupivacaine and the correlation obtained was 0.999.  
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5.3.2 Accuracy: 

Recoveries of assay of Bupivacaine was found between 98% to 102% and %RSD of all the 

concentration was less than 2.0 %  

Levels  Set  Area  Mean % 

Recovery  

%RSD 

      

      50% 

1 991.625  

     99.4 

       

     2.0 2 994.374 

3 1016.269 

   

    100% 

1 1898.447     

     99.2 

 

     0.9 2 1902.287 

3 1914.414 

 

     150% 

1 2782.643  

     99.1 

 

     0.3 2 2782.966 

3 2799.840 

                      

                              Table No: 2 Recoveries of Assay 

                        

 

5.3.3 Precision:  

The % RSD of Bupivacaine HCl during the assay method precision study was found to be 

0.9%. 

 

Figure No: 9 Method Precision 
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5.3.4Robustness: 

System Suitability Parameter As Such (1.0 

ml/min) 

0.9 

(ml/min) 

1.1  (ml/min) 

USP tailing factor 1.166 1.165 1.163 

Theoretical Plates 7804 8413 7344 

 Average Area of Standard 1974.674 2194.374 1794.876 

%RSD of the Standard 0.2 0.1 0.1 

Table No: 3 Variation in Flow Rate 

 

System Suitability Parameter As Such 

(25˚C 

Temperature

) 

20˚C 

Temperatur

e  

30˚C 

Temperatur

e 

USP tailing factor 1.166 1.166 1.162 

Theoretical Plates 7804 7597 8058 

 Average Area of Standard 1974.674 1958.458 1956.400 

%RSD of the Standard 0.2 0.2 0.1 

Table No: 4 Variation in Column Oven Temperature 
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System Suitability 

Parameter 

As Such 

Organic 

Phase(35:65) 

Organic 

Phase(33:67) 

 

Organic 

Phase(37:63) 

USP tailing factor 1.166 1.120 1.120 

Theoretical Plates 7804 8058 9793 

 Average Area of Standard 1974.674 1742.091 1746.082 

%RSD of the Standard 0.2 0.2 0.2 

Table No: 5 Variation in Organic Phase 

 

System Suitability 

Parameter 

As Such pH of 

Mobile Phase 

(7.7) 

pH of Mobile 

Phase (7.5) 

 

pH of Mobile 

Phase (7.9) 

 

USP tailing factor 1.166 1.10 1.09 

Theoretical Plates 7804 9550 10095 

 Average Area of Standard 1974.674 1739.212 1753.830 

%RSD of the Standard 0.2 0.1 0.0 

Table No: 6 Variation in pH of Mobile Phase 

 

5.3.5 Solution Stability: 

The solution stability of standard solutions and sample solutions at different time intervals 

data confirmed that the standard and sample solution used during assay determination were 

stable up to the study period was 25 hours. 
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5.3.6 System Suitability Testing: 

 

Figure No: 10 Chromatogram for System Suitability. 

 

 

 

 

 

 

 

               

Table No: 7 System Suitability Testing 

 

 

 

 

 

Injection No Standard response 

1 1978.073 

2 1976.728 

3 1977.755 

4 1972.921 

5 1971.291 

Average 1974.674 

SD 3.0675 

%RSD 0.2 

Acceptance criteria < 2 
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5.3.7 Specificity: 

1) As Such Sample:  

 

                    Figure No: 11 Forced Degradation As Such Sample. 

 

Condition  Retention time  Area  % Rel Area  

As Such Sample  4.33 1749.708 100% 

Alkaline 

Condition 

4.33 1671.540 99.43 

Acidic  

Condition 

4.33 1707.361 99.86 

Oxidative 

Condition 

4.33 1655.357 99.45 

 

Table No: 8 Changes During Forced Degradation. 
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Forced Degradation Studies: 

5.3.7.1 Hydrolysis: By NaOH  

By providing the accelerated condition of 5N 5mL NaOH at 60˚C for 1hour there was no 

degradation was found and the relative % area was found to be 99.43. 

 

Figure No: 12 Forced Degradation Sample for 5N 5mL NaOH at 60˚C 
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5.7.3.2 Hydrolysis: By HCl 

By providing the condition of 5N 5mL HCl at 60˚C for 1hour there was no degradation was 

found and the rel.Area % was found to be 99.86% 

 

Figure No: 13 Forced Degradation Sample for 5N 5mL HCl at 60˚C for 1 hour. 
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5.3.7.3 Oxidative Degradation:  

By providing the accelerated condition of 3% H2O2 2 mL at 60˚C for 10mins there was 

about 6% degradation was found and the rel. Area% was found to be 99.45%.  

 

Figure No: 13 Forced Degradation Sample for of 3% H2O2 2 mL at 60˚C for 10 mins 
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6. CONCLUSION 

From these results, it can be concluded that the developed method by HPLC is Linear, 

Specific, Precise and Accurate and offers determination Of Bupivacaine HCl within 5 mins 

And also it is a stability indicating method as the solutions of Bupivacaine HCl were given 

accelerated conditions and then were checked and calculated wherein the solutions in NaOH 

and HCl did not show any changes in the assay but when it was reacted with H2O2 it showed 

that the assay was degraded by 6%. Hence, it can be concluded that Bupivacaine HCl is very 

sensitive to Oxidative Degradation. 
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Company Profile 
 

 

Name of Organization : - Anlon Healthcare Private Limited 

CIN : - U2430GJ2013PTCO77543 

Registration No. : - 77543 

Website : - www.anlon.in 

Email address : - info@anloncro.com 

Class of Company : - Private 

Date of Incorporation : - 19 November, 2013 

Area of location : - Survey No. 36/2, Near Bharudi Toll Plaza, Gondal 

Road NH27, Pipaliya, Rajkot, Gujarat 

Activity : -Manufacture the API and its Intermediate 

Loxoprofen Sodium Dihydrate, 

Amoxapine 

Tolfenamic acid 

Favipiravir 

Rupatadine Fumarate 

Loxapine Succinate 

Loxoprofen acid 

Benzamide 

NB-03 

Glyclazide 
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What is the Quality Control (QC) department? What is the role of 

Quality Control department? 

Quality Control is a procedure or set of procedure intended to ensure that a manufactured 

product or performed service adheres to a define set of quality criteria or meets the 

requirements of the client or customer. 
 

QC department is the part of GMP concerned with sampling, specification and testing and 

with organization, documentation and release procedures which ensure that the necessary 

and relevant tests are performed and the product is released for only after ascertaining its 

quality. 
 

Quality Control department functions for assuring the quality of all the batch manufactured, 

at every stage of manufacturing/processing drug product. 
 

Quality Control is to test and verify the product quality against the predefine standard. 
 

The term quality control refers to the sum of all procedures undertaken to ensure the identity 

and purity of a particular product. 
 

The main function of Quality Control department to prepare and maintain the raw material, 

packing material and finished product. 

 

 

COMPONENTS OF QUALITY CONTROL 

 
 

QC labs 

Retained sample 

Analysis of Finished product 

Sampling 

Validation 

Records 
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Instrument in QC wet and instrument laboratory 
 

 

 

 

 
 

Sr. 

No. 

Name of Instruments Company Name 

1. Weighing balance Shimadzu 

2. Karl-Fischer titrator Lab India 

3. Auto titrator Lab India 

4. Ultrasonic sonicator bath Leela Sonic 

5. Melting point apparatus Lab India 

6. Moisture analyzer (for LOD) Radwag 

7. IR spectrophotometer Shimadzu 

8. UV spectrophotometer Shimadzu 

9. HPLC Shimadzu 

10. HS GC Shimadzu 

11. Muffle furnace Today Tech 

12. Hot Air Oven Equitron 

13. colorimeter Konica Minolta 

14. PH meter Lab India 

15. TDS meter labtronics 

16. Conductivity meter Labman 

17. Water purification system Milli Q 
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Training Overview 
 

 

 

Week 1 Read the SOP and visit all department of company 

Week 2 Read the SOP and sampling of DM water from API plant 

Week 3 Understand the all instruments and that’s location 

Week 4 Understanding the weight balance calibration and Handling under 

guide 

Week 5 Understand the operating procedure of Karl- Fischer instrument 

and all three method of that 

1)Blank titration 

2)Factor determination 

3)Find the % of moisture 

Week 6 Understand and handling pH meter, melting point apparatus under 

the guide 

Week 7 Solution preparation and labelling of the solution and perform 

TLC 

Week 8 Understand the operation of Auto titrator and perform how to find 

the % assay of HCl 

Week 9 Karl- Fischer handling under the guide 

Week 10 Understand and perform the LOD and ROI 

Week 11 Received the basic information of IR, UV, HPLC, and GC 

Week 12 Perform the Complete analysis of Amoxapine for stability study 

under the guide 
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Complete Analysis 
 

 

 

Product 

name 

Discription Solubility pH Water 

content 

by Karl - 

Fischer 

LOD ROI TLC UV IR Residue and 

Assay by 

HPLC 

Loxoprofen 

Sodium 

Dihydrate 

 


 


 


 


 


 


 


 


 


 


Benzamide  


 


 


 


 


 


 


  


 


Amoxapine  


 


 


 


 


 


 


 


 


 


Rupatadine 

Fumarate 
 



 


 


 


 


  


 


  


NB - 0  


 


  


   


  


 


Loxoprofen 

acid 
 



 


 


 


 


 


 


 


 


 


Tolfenamic 

acid 
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ANALYTICAL WEIGHING BALANCE 

Analytical balances are highly sensitive lab instruments designed to accurately measure 

mass. The measuring pan of an analytical balance is inside a transparent enclosure with 

doors so that dust does not collect and so any air currents in the room do not affect the 

balance's operation. This enclosure is often called a draft shield. 
 

 

 

Weighing Balance 

Brand - Shimadzu 

Model Number - ATX 224 

 

CALIBRATION OF WEIGH BALANCE 

Calibration is the process of testing the scale, to ensure the level of accuracy you require. 

In QC department, results are dependent upon exact weights, so calibration is of particular 

importance. 

Properly calibrated balance give accurate results. 

For calibration a reference weight is placed on the pan and check the reading of balance. 

With increasing and decreasing weight, we can check whole range in several steps. That’s 

called calibration of weigh balance. 

Following steps for calibrate the weigh balance: 

 Operate the instrument as per respective Standard Operating Procedure. 

 Switch ‘ON’ the instrument. 

 Switch ‘ON’ the balance. 

 The display will blink with 8.8.8.8.8.8. 

 After few seconds, the display will show 0.0000mg. 

 If display is not stable, press the tare key and wait till the display shows 0.0000mg. 

 Put the 10mg standard weight and wait till the display is stable note down the display 

result. 

 Repeat the above steps using 20mg, 50mg, 100mg, 200mg, 500mg standard weight. 

 Press the ‘UNIT’ key and change to ‘mg’ from ‘g’. 
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 Put the 1g standard weight and wait till the display is stable note down the display 

result. 

 Repeat the above steps using 2g, 5g, 10g, 20g, 50g standard weight. 

 

 
Display weight result – standard weight 

%Variation = × 100 

Standard weigh 

 

 

 

KARL – FISCHER TITRATOR 
 

 Karl - Fischer is a fully automatic titrator. Karl - Fischer titration is an accurate, rapid 

and efficient method for determining the water content in sample. 

 When the sample is titrated in the presence of SO2, I2, and organic base, moisture from 

the sample extracted in the solvent can be quantitatively estimated. 

 Dry methanol is used as a solvent in Karl - Fischer titrator. 

 The two pin platinum electrode is used for end point determination. 
 

 

 

 

Karl – Fischer Autotitrator 

BRAND - LABINDIA 

 

 
What is the Karl Fischer Reaction? 

 

ROH + SO2 + R’N → [R’NH]SO3R+ H2O + I2 + 2R’N → 2[R’NH]I + [R’NH]SO4R 

Alcohol Base Alkylsulfite salt Water   Iodine Hydroiodic acid salt Alkylsulfate salt 

 

 
 The alcohol reacts with sulfur dioxide (SO2) and base to form an intermediate 

alkylsulfite salt, which is then oxidized by iodine to an alkylsulfate salt. This oxidation 

reaction consumes water. 
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 The reactive alcohol is typically methanol or 2-(2-Ethoxyethoxy)ethanol, also known 

as diethylene glycol monoethyl ether (DEGEE), or another suitable alcohol. 

 Classic Karl Fisher reagents contained pyridine, a toxic carcinogen, as the base. The 

reagents most frequently used today are pyridine-free and contain imidazole or primary 

amines. 

 

CALIBRATION OF KARL-FISCHER INSTRUMENT 

1. Add accurately weighed 100mg of disodium tartrate into the titrate vessel containing 

neutralized methanol and test for water content. 

2. Calculate the % water by using the formula given below. 

Volume of KFR consumed in mL 

3. % Water (w/w) = ------------------------------------------ × 100 × Factor 

Weight of disodium tartrate in mg 

 
4. The performance of the instrument is satisfactory if the difference the between the 

obtained values is within the tolerance limit of 15.66 ±5% i.e. 14.87%-16.44, otherwise 

follow the SOP. 

5. Repeat the step 1&2 and take total five reading. 

6. Record the results. 

7. Frequency of calibration: Once in a month. 

 

CALIBRATION OF KARL-FISCHER REAGENT / FACTOR 

DETERMINATION OF KARL- FISCHER REAGENT 

 Factor determination is needed to check working of KF reagent. Whenever, we use new 
bottle of KF reagent first of all is determined. 

 For factor determination, place 0.3 g (30 mg) to 0.8 (80 mg) water in titration beaker, 

which filled up with methanol. 

 Then display shows amount of KF reagent used and % of moisture calculated 

automatically in instrument. 

 Repeat, same process for three times. 

 
BLANK TITRATION FOR METHANOL AS A SOLVENT OF KARL- 

FISCHER AUTOMETIC TITRATION 

 Switch on the instrument. 

 Press start key to neutralize the blank moisture from the methanol, while the reagent is 

added to the titration beaker the display shows the amount of reagent added in the 

titration beaker. 

 Platinum electrode is used for end point determination. 

 The magnetic stirred is a part of the system in which the sample is stirred vigorously to 

extract the moisture efficiency. 
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HOW TO FIND % OF MOISTURE IN SAMPLE 

 
 Place methanol in titration beaker then neutralize the methanol then add near about 0.3 

g sample. 

 Press the start key. End point is determine by platinum electrode. When microVolt (µV) 

is not increase that indicate end point. Then display shows % of moisture present in 

sample. 

 
B.R. × Factor × 100 

% Water =    

Wt. × 1000 

 

 
Where, 

B.R. = volume of Karl – Fischer reagent consume in mL 

Factor = Karl – Fischer reagent factor in mg/mL 

Wt. = weight of sample taken in gm 

 

What is Titration? 

 
Titration is a quantitative chemical analysis. It is used to determine an unknown concentration 

of a known substance in a sample. The basic principle of the titration is the following: A solution 

- a so called titrant or standard solution - is added to sample to be analyzed. The titrant contains 

a known concentration of a chemical which reacts with the substance to be determined. The 

titrant is added by means of a burette. A burette is a device which allows to exactly measure the 

quantity (volume) of the titrant added. Due to the chemical reaction taking place in the sample 

to be analysed, the characteristics of the sample changes. 

 

AUTO TITRATOR 
 

 

 A Titrator consists basically of an electric burette, a sensor whose signal is amplified 

with a preamplifier and a microcomputer. During a titration, the titrator measures the 

signal of the sensor and uses this information to control the addition of the titrant with 

the electric burette. 

 Once an endpoint is reached, the microcomputer calculates the volume of titrant added 

and converts this value to a result (e.g. a concentration like the concentration of table 

salt in soy sauce) based on formulas. 

 The formulas needed for this calculation can be programmed and depend on type of 

analysis. 

 In automatic titrator, First prepare sample as per guideline for example: For finding % 

of HCl in autotitrator, taken 1.0 g of HCl and add 50 mL of water. 
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 Then place sample in equipment, aquouses electrode for end point determination. 

 Electric burette add slowly titratant to sample electrode work like a indicator. Then 

display show result. 

 
 

 

Auto Titrato 

Brand – LabIndia 

 

 

 

SONICATOR 
 

Sonication uses sound waves to agitate particles in a solution. It converts an electrical signal 

into a physical vibration to break substances apart. These disruptions can mix solutions, 

accelerate the dissolution of a solid into a liquid, such as sugar into water, and remove dissolved 

gas from liquids. 

 

 

 

Ultrasonic Sonicator Bath 

Brand – Leela Sonik 

 

Ultrasonic Sonicator Bath is used in QC, R&D and analytical labs, scientific and 

pharmaceutical labs. The use of Ultrasonic Sonicator Bath offers gentle yet effective cleaning 

action ensuring that no contaminants are left from the previous process. 
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COD(CHEMICAL OXYGEN DEMAND)(For information) 
 

The chemical oxygen demand test (COD) determines, the oxygen required for chemical 

oxidation of organic matter with the help of strong chemical oxidant. The COD is a test which 

is used to measure pollution of domestic and industrial waste. The waste is measure in terms of 

equality of oxygen required for oxidation of organic matter to produce CO2 and water. It is a 

fact that all organic compounds with a few exceptions can be oxidizing agents under the acidic 

condition. COD test is useful in pinpointing toxic condition and presence of biological resistant 

substances. 

 

The result of the COD calculation is in mg/L. 
 

 

COD digester 

 

 
 

Chemicals required 

0.25N Potassium dichromate (K2Cr2O7) 

Sulphuric acid solution= H2SO4 + Silver sulphate (Ag2SO4) 

Mercuric sulphate (HgSO4) powder 

N Ferrous ammonium sulphate (FAS) 

[Fe(NH4)2(SO4)2] Ferroin indicator 

 

Chemical preparation 

 

Take 12.259 g K2Cr2O7 dissolved in 1 liter distilled water, the concentration of prepared 

solution is 0.25N K2Cr2O7 . 
 

22g silver sulphate dissolve in 1 liter sulfuric acid and to keep it for 24 hr then after it is ready 

to use for COD test. 

 

Weight 39.212 g of FAS(Ferrous ammonium sulphate) and dissolve in previously cooled 

mixture of 20mL sulphuric acid with 200mL distilled water. After the make up 1000mL with 

water. 

 

 

 

 

 
 



16 
 

Standardization of FAS 

• Take an iodine flask containing 90 mL of water. 

• Take 10 mL of 0.1N Potassium dichromate solution (prepare 0.1N Potassium 

dichromate solution by dissolving about 0.5 g potassium dichromate in 100 mL of 

water). 

• Add 12 mL of conc. sulphuric acid. Cool the content in the flask to laboratory 

temperature. 

• Add 3 to 5 drops of ferrion indicator solution. 

• Titrate against 0.1N ferrous ammonium sulphate solution until the color changes from 

blue to red. 

• Note down the initial burette reading (I) and note down the final burette reading(F). 
 

 Calculate the normality of FAS 

W 

Normality of FAS =      

TV×0.04904×10 

 

Where , 

TV= (F-I) volume of ferrous ammonium sulphate solution consumed in titration 

W= weight of potassium dichromate taken. 

 

Sample preparation 

 

Take 1 mL of sample solution and dilute upto 100 mL with water. 

In some cases the sample required further dilution. 

 Test procedure 

 Take 10 mL solution from diluted sample solution in COD tube. 

 Add 10 mL 0.25N K2Cr2O7 in all sample tube. 

 Take 0.4 g accurate weight of mercuric sulphate and add into sample tube. 

 Add 10 mL distilled water and then after add 30 mL H2SO4+AgSO4 solution slowly. 

 All prepared sample tube put in the COD digester at 140-150 ֯C temperature for 2 hr. 

 After 2 hr, reaction was completed. Add 40 mL distilled water in all tube. Remove the 

condenser from tube and cool it down. 

 Solution come to room temperature. Add 2-3 drops of Ferroin indicator and titrant 

against FAS (ferrous ammonium sulphate) 

 Note the colour change green to reddish brown. 

 Note down the burret reading. Take blank titration same as this procedure. 
 

Calculation 

a – b × N × 8000 

COD(Chemical Oxygen Demand) = ----------------------------------- 
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mL of sample 

Where, 

A = mL of FAS use for blank 

B = mL of FAS use for sample 

N = Normality of FAS 

8000 = milliequivalent weight of oxygen ×1000 mL/L 

 

 

MELTING POINT APPARTUS 
 

The Visual Melting Point Apparatus allows the researcher to get an indication of the compound 

or element’s purity. The entire operations of the melting point apparatus are controlled by the 

central processing unit and the printer provides the necessary prints of calibration and accurate, 

precision and repeatable results. 
 

One of the analytical techniques applied to the characterization of pure chemicals and 

pharmaceutical drugs (from raw material, to scale-up, to finished form) is the melting point 

(MP) determination. Carefully choosing the MP determination procedure is important for 

generating certifiable results for chemical quality control (QC) and quality assurance (QA).It is 

used in Analytical QC/QA laboratories, pharmaceutical labs and chemical analysis. 

 

 
 

CALIBRATION OF MELTING POINT APPARATUS 
 

 Ensure that all the connections of the instrument are proper. 

 Operate the instrument as per the operating instructions and determine the melting point 
of the following reference substances. 

 Take the reference substance from lowest range to highest range at a time for calibration. 
 

 

 

 

 
 

 

Reference Standard 

 

Standard Range 

 

Vanillin 
 

81.0 ֯C - 83.0 ֯C 

 

Urea (finely crushed) 
 

132.0 ֯C - 135.0 ֯C 

 

Sulphanilamide 
 

164.5 ֯C - 166.5 C֯ 

 

Caffeine (dried at 100֯ C) 
 

234.0 ֯C - 237.0 C֯ 
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 The melting point of a reference substance should be within standard range. 

 Calibrate once in a month. 

 When the instrument does not comply with the requirement range specified above , the 
instrument should be labelled ” OUT OF CALIBRATION “ and should be repaired. 

 After repair calibrate the instrument. 
 

 
 

 
Melting Point Apparatus Visual Melting Point Apparat 

 

 
 

WHAT IS LOD? 
 

 A method commonly used for moisture content determination is the loss on drying 

method or LOD it is used to specify many major quality specification this is based 

on the principle, in which a substance is completely dry. 

 At the beginning and after dryness is achieved, the weight of the substance is 

measured. 

 The final weight loss is calculated and represents the moisture content of the sample. 

 Here, moisture refers to all matter within and sample which can be vaporized. So, 

its includes not just water but volatile solvents, alcohols etc. 

 Its perform in two way : 1) Manual 

2) Other one is Automatic in moisture analyser machine. 

 

Procedure for LOD by manual 

• Weight a prepared crucible with lid and record weight (W1). 

• Place approx. 1.0g of sample into the crucible and tap carefully, record the weight (W2). 

• Place the crucible into the drying oven and wait according to sample. 

• After the time period, take the crucible out of the oven and place the crucible in the 

desiccator and allow for cooling. 

• Reweigh the crucible with closed lid (W3). 
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 Calculation 
 
 

 

 

 
 

Where, 

W2 – W3 

% of Loss On Drying = ------------------- × 100 

W2 – W1 

W1 = Weight of empty crucible 

W2 = Weight of crucible with sample 

W3 = Weight of crucible after drying the sample 

 

 

 

MOISTURE ANALYSER 
 

The moisture analyzer works according to the thermo-gravimetric principle, also often referred 

to as the ‘Loss on Drying' (LOD) principle. The moisture analyzer consists of two components, 

a balance unit and a heating unit. 

 

 

 

 

 
Moisture Analyzer 

Brand – Radwag 
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ROI (Residue On Ignition) 

The Residue on Ignition test is the method to measure the mass of residual substance not 

volatilized when the sample is ignited. This test is use for determining the content of inorganic 

substances contained as impurities in an organic substance. 
 

Procedure for test 
 

Previously ignite  a crucible of porcelain to  constant mass between 700  –  800  ֯ C in muffle 

furnace, and weight accurately after cooling. 
 

Take 1 gm sample in previously ignite crucible. Add few drops of sulfuric acid for chairing and 

heat gently on hot plate until white fumes are evolved. 
 

Then put it in muffle furnace at 800 ֯ C until the residue is completely burned. Cool the crucible 

and reweight accurately. Use the desiccator for the cooling. 
 

Calculation: 

 

W3 – W1 

ROI (Residue on Ignition) = ------------------------× 100 

W2 – W1 

 
 

Where, 

W1 = Empty weight of previously ignite crucible 

W2 = Weight of crucible with sample 

W3 = Weight of crucible with residue on ignition 
 

MUFFLE FURNACE 

A muffle furnace or muffle oven (sometimes retort furnace in historical usage) is a furnace in 

which the subject material is isolated from the fuel and all of the products of combustion, 

including gases and flying ash. 
 

After the development of high-temperature heating elements and widespread electrification in 

developed countries, new muffle furnaces quickly moved to electric designs. 
 

 

 
 



21 
 

 

 
PH METER 

Muffle furnace 

Brand - Todaytech 

 

A pH meter is used to determine the acidity or alkalinity of the solution. pH is the concentration 

of hydrogen ions in the solution. 
 

A solution containing more H+ ion in the remains acidic while the solution containing more 

OH- ions remains alkaline. 

pH value of solution range from 1 to 14. 
 

pH meter is used to determine the pH of different solutions in pharmaceuticals. It is more 

accurate method then the pH strip. 
 

A pH meter contains a pH probe that passes the electrical signals to the pH meter and the 

electrical signals to the pH meter and pH meter displays the pH value of the solution. 
 

The glass pH probe contains two electrodes, a sensor electrodes and a reference electrode. One 

is contains pH 7 buffer and other contains saturated potassium chloride solution. 
 

Working principle of pH sensor and pH meter depends upon the exchange of ions from sample 

soluition (pH 7 buffer) of glass electrode through the glass membrane. 
 

 

 

 
Calibration of pH meter 

pH meter 

Labindia 

 

Switch on the instrument and stable for the 15 min then after rinse the electrode with 

deionized water. 
 

If instrument is calibrate, display ‘1’ in right side. 

If not calibrate, display ‘N’ in right side. 

Press the ‘MODE’ key then press ‘ENTER’ key choose the calibration key and press then put 

the password and again press the ‘ENTER’ key. 
 

Add step by step buffer solution in beaker to lower concentration to higher concentration of 

pH. 
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Add buffer solution 1.68 pH and dip the electrode it in and pH is stable then press the 

‘ENTER’ key. 
 

Repeat this step for 4.01pH, 6.86pH, 9.18pH, 12.45pH buffer. 
 

What is TDS ? 

Total dissolved solids (TDS) is a measure of the dissolved combined content of all inorganic 

and organic substances present in a waste water in molecular, ionized, or micro-granular 

(colloidal sol) suspended form. 
 

TDS concentrations are often reported in parts per million (ppm) or parts per trillion (ppt). 

Water TDS concentrations can be determined using a digital  TDS meter. 

TDS METER 

TDS meter is use to determine the total dissolved solid in west water of production department 

and equalization tank plant(E.T.P.),Wonder tank , Blow down, Hot water of pharma company. 
 

Since dissolved ionized solids, such as salts and minerals, increase the conductivity of a 

solution, a TDS meter measures the conductivity of the solution and estimates the TDS from 

that reading. 
 

 

 

 

 
HOT AIR OVEN 

 

TDS meter 

Brand - Labtronics 

 

EQUITRON’s Laboratory Ovens find extensive applications in microbiology laboratories, 

research, pharmaceuticals, healthcare, material testing, quality control and several other general 

laboratory applications. 
 

An excellent temperature control system, offers a wide array of laboratory ovens and laboratory 

incubators depending on the application requirements. 
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COLORIMETER 

 

Hot Air Oven 

Equitron 

 

A colorimeter is a device used in colorimetry that measures the absorbance of particular 

wavelengths of light by a specific solution. 
 

It is commonly used to determine the concentration of a known solute in a given solution by 

the application of the Beer–Lambert law, which states that the concentration of a solute is 

proportional to the absorbance. 
 

 
 

 

Colorimeter 

Brand – Konica Minolta 

 

 

 
WATER PURIFICATION SYSTEM MILLI - Q 

The Milli-Q system is a compact, ergonomic, mercury-free and intelligent water purification 

solution that delivers consistently high-quality pure water on demand. 

The Milli-Q Water Purification System produces pure water. 

In Milli Q the intelligent pure water storage tank allows maximum protection from any 

external source of contamination. 
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Milli Q water use For critical lab applications such as: microbiology culture media 

preparation, staining solutions for histology and cytology, immunohistochemistry (IHC), 

electrophoresis gel and buffers, western blotting, immunoassays (ELISA, RIA), drug 

dissolution testing, biological oxygen demand (BOD), chemical oxygen demand (COD), 

UV/Vis spectroscopy, titration, etc 

Milli Q water use For general lab applications: Sample preparation (dilution, extraction...), 

buffer and reagent preparation, glassware rinsing, etc. 

To feed laboratory instruments like autoclaves, dishwashers, weathering and stability test 

chambers, clinical analyzers and slide stainers, hydrogen generators, and ultrapure water 

systems 

Features and Benefits 

Delivers pure water quality that meets Pharmacopeia and ISO requirements. 

Easy to use with carefree maintenance. 

Delivers reliable pure water with continuous quality monitoring. 

Compact with space-saving installation options. 

Mercury-free ech2o® lamps use UVC-LED technology to inactivate bacteria. 

Intelligent pure water storage solution provides multi-targeted protection from bacterial, 

particulate, and CO2. 

contamination by using bactericidal UV lamp, a vent filter, automatic sanitization module 

(ASM), and an overflow sensor. 

Milli Q 

 

 

 
IR SPECTROPHOTOMETER 

 

 

Infrared spectroscopy (IR spectroscopy or vibrational spectroscopy) is the measurement of the 

interaction of infrared radiation with matter by absorption, emission, or reflection. It is used to 

study and identify chemical substances or functional groups in solid, liquid, or gaseous forms. 

The method or technique of infrared spectroscopy is conducted with an instrument called an 

infrared spectrometer (or spectrophotometer) which produces an infrared spectrum. An IR 
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spectrum can be visualized in a graph of infrared light absorbance (or transmittance) on the 

vertical axis vs. frequency or wavelength on the horizontal axis. Typical units of frequency used 

in IR spectra are reciprocal centimeters (sometimes called wave numbers), with the symbol 

cm−1. Units of IR wavelength are commonly given in micrometers (formerly called "microns"), 

symbol μm, which are related to wave numbers in a reciprocal way. A common laboratory 

instrument that uses this technique is a Fourier transform infrared (FTIR) spectrometer. Two- 

dimensional IR is also possible as discussed below. 

The infrared portion of the electromagnetic spectrum is usually divided into three regions; the 

near-, mid- and far- infrared, named for their relation to the visible spectrum. The higher-energy 

near-IR, approximately 14,000–4,000 cm-1 (0.7–2.5 μm wavelength) can excite overtone or 

combination modes of molecular vibrations. The mid-infrared, approximately 4,000–400 cm-1 

(2.5–25 μm) is generally used to study the fundamental vibrations and associated rotational– 

vibrational structure. The far-infrared, approximately 400–10 cm-1 (25–1,000 μm) has low 

energy and may be used for rotational spectroscopy and low frequency vibrations. The region 

from 2–130 cm-1, bordering the microwave region, is considered the terahertz region and may 

probe intermolecular vibrations. The names and classifications of these sub regions are 

conventions, and are only loosely based on the relative molecular or electromagnetic properties. 
 

 

FTIR SPECTROPHOTOMETER 

Brand – Shimadzu 

 

What is the FTIR-ATR? 

ATR stands for attenuated total reflection and has become the standard technique for the 

measurement of FT-IR spectra. The infrared light passes through a crystal of a certain material 

(diamond, ZnSe or germanium) and interacts with the sample, which is pressed onto the crystal. 

Be advised, that good contact between sample and crystal is very important. 
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From this a spectrum is obtained, that shows all substance specific characteristics, while the 

intensity ratio of the observed absorption bands might differ from a traditional transmission 

spectrum due to physical effects. 

But this does not mean that ATR spectra are more difficult to interpret, on the contrary. ATR 

and transmission spectra can be easily converted into each other. This is especially useful, if 

you want to compare recently acquired ATR data with older spectra contained in a spectral 

reference library. 
 

 

 

ATR (Attenuated Total Reflection) 

 

 

 

UV SPECTROPHOTOMETER 

Principle of ultraviolet–visible absorption 

Molecules containing bonding and non-bonding electrons (n-electrons) can absorb energy in 

the form of ultraviolet or visible light to excite these electrons to higher anti-bonding molecular 

orbitals. The more easily excited the electrons (i.e. lower energy gap between the HOMO and 

the LUMO), the longer the wavelength of light it can absorb. There are four possible types of 

transitions (π–π*, n–π*, σ–σ*, and n–σ*), and they can be ordered as follows : σ–σ* > n–σ* > 

π–π* > n–π*. 

UV spectroscopy is a work on the principle of Beer- Lambert’s law. 

The Beer–Lambert’s law states that the absorbance of a solution is directly proportional to the 

concentration of the absorbing species in the solution and the path length. Thus, for a fixed path 

length, UV/Vis spectroscopy can be used to determine the concentration of the absorber in a 

solution. 

A = log10 (I0/I) = ɛcL 

Where, 

A = The measured absorbance (in Absorbance Units (AU)) 

I0 = The intensity of the incident light at a given wavelength 

I = The transmitted intensity 

L = The path length through the sample 

c = The concentration of the absorbing species 
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ɛ = A constant known as the molar absorptivity or extinction coefficient 
 

 

 

UV Spectrophotometer 

Brand – Shimadzu 

 
Component of UV spectrophotometer 

• Light Source 

• Monochromator 

• Sample and Reference cell 

• Slit 

• Detector 

• Amplifier 

• Recording device 

 

A spectrophotometer can be either single beam or double beam. In a single beam instrument , 

all of the light passes through the sample cell. Io must be measured by removing the sample. 

This was the earliest design and is still in common use in both teaching and industrial labs. 

In a double-beam instrument, the light is split into two beams before it reaches the sample. One 

beam is used as the reference; the other beam passes through the sample. The reference beam 

intensity is taken as 100% Transmission (or 0 Absorbance), and the measurement displayed is 

the ratio of the two beam intensities. Some double-beam instruments have two detectors 

(photodiodes), and the sample and reference beam are measured at the same time. In other 

instruments, the two beams pass through a beam chopper, which blocks one beam at a time. 

The detector alternates between measuring the sample beam and the reference beam in 

synchronism with the chopper. There may also be one or more dark intervals in the chopper 

cycle. In this case, the measured beam intensities may be corrected by subtracting the intensity 

measured in the dark interval before the ratio is taken. 
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CONCLUTION 
 
 

The main objective of the industrial training is to provide an opportunity to understood to 

identify, observe and practice what different between the real industrial practical work and 

college practical work. It is not only to experience on technical practices but also observed 

management practices and to interact with colleagues. I learnt the way in an organization, the 

importance of being punctual, the importance of maximum commitment and the importance of 

team spirit. I get huge experience of instruments like Karl – fischer, Moisture analyzer, pH 

meter etc. and testing of raw material, finished good products, in –process material and 

intermediate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Shri M. & N. Virani Science College (Autonomous) Rajkot 

Report of the activity under the MoU with The Guru Chela 

 

Introduction: 

The Guru Chela is a global e-learning platform for the integration and networking of the 

expertise in multiple disciplines of pure and applied sciences.  The college has a functional 

MoU with the platform for the easy, subsidized and quality online learning and problem 

solving.   

 

Activity 

An orientation session for the faculties as well as the students was organized by the college in 

collaboration with TGC. Both the faculties and the students were briefed about the 

functionalities of the app, its features, benefits of registration, available features and the 

subscription rates. The faculties were also encouraged to be mentors and subject experts on 

this platform. 

 

Date: 4th March 2023 

 

Venue: For faculties: AV ROOM No. 212 

             For students: Seminar Hall No. 2 

 

Resource Person: Dr. Dharmesh Adhyaru, the founder of the platform 

 

No. of students attended the session: 130  

 

Outcome of the activity: Under the MoU, the students were offered a subsidized 

subscription to the platform  
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