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During his internship, he was exposed to the various activfties in Environment
Health Safety.

We found him very inquisitive and hard working. He was very much interested to
learn the functions of our core division and also willing to put his best efforts and

get in to the depth of the subject to understand it better.

His association with us was very fruitful and we wish him all the best in his future
endeavours.
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We are glad to inform you that Mr.TIRIVEEDHI VENKATA YASWANTH
(191FA17007) from VIGNAN FOUNDATION FOR SCIENCE, RESEARCH AND
TECHNOLOGY Vadlamudi, Guntur has successfully completed his internship at
M/R. Hetero Labs Limited from 15-02-2023 to 15-05-2023. :

During his internship, he was exposed to the various activities in “Environment
Health and Safety Department” under the guidance of Mr.CH. RAJASEKHARA

REDDY, Head of the Department.

We found his very inquisitive and hard working. He was very much interested to
learn the functions of our division and also willing to put his best efforts and get in
to the depth of the subject to understand it better.

His association with us was very fruitful and we wish him all the best in his future
endeavours.
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Guntur has successfully completed his internship at M/R. Hetero Labs Limited from

_ 15-02-2023 to 15-05-2023.

During his internship, he was exposed to the various activities in “Environment
Health and Safety Department” under the guidance of Mr.CH. RAJASEKHARA

REDDY, Head of the Department. :

We found his very inquisitive and hard working. He was very much interested to
learn the functions of our division and also willing to put his best efforts and get in
to the depth of the subject to understand it better.

His association with us was very fruitful and we wish him all the best in his future
- endeavours.
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ABSTRACT

The phytochemicals present in plants are responsible for preventing disease and promoting
health have been studied extensively to establish their efficacy and to understand the underlying
mechanism of their action. Such studies have included identification and isolation of the
chemical components, establishment of their biological potency both by in vitro and in vivo
studies in experimental animals and through epidemiological and clinical-case control studies in
man. Study findings suggest that phytochemicals may reduce the risk of coronary heart disease
by preventing the oxidation of low density lipoprotein (LDL) cholesterol, reducing the synthesis
or absorption of cholesterol, normalizing blood pressure and clotting, and improving arterial
elasticity. Phytochemicals may detoxify substances that cause cancer. They appear to neutralize
free radicals, inhibit enzymes that activate carcinogens, and activate enzymes that detoxify
carcinogens. They observed that, the Ocimum sanctum Linn has also been suggested to possess,
anticancer, antidiabetic, anti-fertility, antifungal, antimicrobial, cardio protective, analgesic,
zntispasmodic and adaptogenic actions. Eugenol (1-hydroxy-2methoxy-4-allylbenzene) is the
active constituents present in Ocimum sanctum Linn. Indian traditional shrub tulsi (Ocimum
sanctums): They unique medicinal plant. They observed that, Ocimum sanctum heals many
diseases chronically due to its chemical constituent and believes that it has anti- ageing,
immunomodulatory property along with antimicrobial and anticancer property. Phytochemical
analysis of aqueous extract of Ocimum sanctum. They observed that, the plant is known to
possess antiseptic, analgesic, anti-inflammatory, antimicrobial, antistress, immunomodulatory,
hypoglycemic, hypertensive and antioxidant properties. The dried powder of Tulsi (100g) was

placed in the thimble of Soxhlet apparatus.500 ml of distilled water was used as a solvent.

K evwords: Ocimum sanctum Linn; Phytochemical analysis; Methanol extract; Antioxidant
skt
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1 INTRODUCTION :

India is well known as an “Emporium of medicinal plants”. It possesses about 8%
of the estimated biodiversity of the world with around 12600 species and is one of
the 12 mega biodiversity centers with 2 hot spots of biodiversity in the Western
Ghats and North-eastern region. It’s also rich in ethnic diversity, there are about
67.37 million tribal people belonging to 537 tribal groups living in different
geographical locations with various subsistence patterns . These tribal groups
living in diverse, rich areas possess a wealth of knowledge and skills on the
utilization and conservation of food and medicinal plants . According to the World
Health  Organization (WHO), almost 65% of the world’s population has
incorporated the value of plants as a methodology of medicinal agents into their
primary modality of health care. It is often noted that 25% of all drugs prescribed
today come from plants . This estimate suggests that plant derived drugs make up a

significant segment of natural product— based pharmaceuticals .

Plants have long been used by men for their basic needs especially Ocimum
sanctum. In essence have been in practices of medicinal plants are deeply rooted in
the society of indigenous community . Medicinal plants begins an important aspect
of various traditional medicine systems, have been used therapeutically all around
the world . Although the various systems of traditional medicine in the world, e. g,
Ayurveda, Chinese traditional medicine, Unani, Tibetan Medicine , Amazonian or
African Medicine, may be based on different theoretical and cultural models, they
all integrate phytotherapy into their doctrine . According to World Health
Organization (WHO) estimates, more than 80% of the people in developing
countries depend on the traditional medicine for their countries depend on the

traditional medicine for their primary health needs . It is generally estimated that
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over 0000 waditional plants in India are used in folk and herbal medicine,
rcpmseming about 8% of the medicinal needs of the bed world countres

Aromatic plants possess odorous volatile substances which oceur as essential oil,

gumexudate. balsam and oleoresin in one or more parts, namely root, wood, bark,

stem, foliage. flower and fruit. . The characteristic aroma is due to o variety of
complex chemical compound. The essential oil is concomitant to fragrance 0f

perfumes because these fragrance are oily in nature and they represent the essence

or the active constituents of the plant . They are called volatile or ethercal oils as
they evaporate when exposed to air at ordinary temperatures. Fissential oils are
highly concentrated, low volume, high value products. Application of essential oils
in agriculture as antifeedants, repellents, botanical insecticides, natural herbicides
and growth booster are still open to fascinating realms of research . Essential oils
of only about 500 species are known in some detail at present. Of these about 50
species find use as commercial source of essential oils and aroma chemicals,
through the number of those having regular and large scale utilization hardly
exceeds two drones Phytochemicals (from the Greek word phyto, meaning plant)
are biologically active, naturally occurring chemical compounds found in plants,
which provide health benefits for humans further than those attributed to
macronutrients and micronutrients. They protect plants from disease and damage
and contribute to the plant’s color, aroma and flavor. In general, the plant

chemicals that protect plant cells from environmental hazards such as pollution,

stress, drought, UV exposure and pathogenic attack are called as phytochemicals.

Recently, it is clearly known that they have roles in the protection of human health,

when their dietary intake 1s significant. More than 4,000 phytochemicals have been

catalogued and are classified by protective function, physical characteristics and

chemical characteristics and About 150 phytochemicals have been studied in
detail. In wide-ranging dietary pln-'mchemicals are found in fruits, vegetables,
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legumes, V.Vh(’le grains, nuts, seeds, fungi, herbs and spices. Broccoli, cabbage,
carrots, onions, garlic, whole wheat bread, tomatoes, grapes, cherries, strawberries,
raspberries, beans, legumes, and soy foods are common sources. Phytochemicals
accumulate in different parts of the plants, such as in the roots, stems, leaves,
flowers, fruits or seeds. Many phytochemicals, particularly the pigment molecules,
are often concentrated in the outer layers of the various plant tissues. Levels vary
from plant to plant depending upon the variety, processing, cooking and growing
condition. Phytochemicals are also available in supplementary forms, but evidence

is lacking that they provide the same health benefits as dietary phytochemicals
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2) REQUIRED PLANTS:-

2.1 TULASI
* Its scientific name of Tulsi is Ocimumtenuiflorum . It is grown in warm and tropical
areas.Tulasi grows fragrantly, erect and with several branches.
* Types of tulasi

1. Krishna Tulsi ( Brown color)

2. Rama Tulsi (Green color)
* Tulsi has a unique combination of actions that include: Antimicrobial ( anti -oxidant,
anti -cataract, anti -inflammatory, anti -pyretic, anti -allergic, anti - thyroid, anti -fertility,
anti -ulcer properties
» Tulsi is enriched with various phytochemicals. The leaves of the plant contains volatile
oil 71% eugenol and 20 % methyl eugenol.
» Tulsi contain antioxidants like beta carotene that help in preventing cell damage
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2.2 BUTTERFLY PEA
Clitoriaternatea, commonly known as Butterfly pea

* This plant is native to equatorial Asia, including locations in south Asia and southeast Asia but
has also been introduced to Africa, Australia and the Americas.

Different colors :-
1. White
2. Pink
3. Blue
* It contains antioxidants like (kaempferol, p-coumaric acid, delphinidin-3,5-glucoside).

= It’s rich in antioxidants and often used as an herbal tea and natural dye.
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3) EXTRACTION METHODOLOGY :-
Basically three types of extraction methods :-

e Extraction method
¢ Soaking method

e Ultrasonication
Extraction method :

Extracted using heat by Soxhlet apparatus and also soaking method

Soaking method:

Soaking (Tulsi ,butterfly pea)powder in solvent without using
heat for long period
Ultrasonication

By ultrasound cavities, which leads to increase temperature and
pressure which enhance extraction by breaking the cell walls .

3.1 Experimental procedure:
Using method :- extraction method & ultrasonic associated extraction .
Types : Tulsi & Butterfly pea
Portion requried :  Leaves of Tulsii
Flower petals of butterfly pea
Apparatus :  Soxhlet apparatus (condenser , distillation flask ,
sample holder , heater, round bottomed flask),
ultrasonic cell crusher noise isolating chamber
Solvent used : Methanol , n hexane
1. First step in the experimental procedure is cleaning and it will done by collect
fresh( Tulsi leaves OR Butterfly pea flowers) and wash them thoroughly with

distilled water to remove any dirt.

I i e : *

2 Second ;m is cirying the cleaned material and dry the leaves in a well-ventilated




Departmentof Chemicgl
' Engineer
"x. l’fu‘h‘?'h’

area or in an oven gy low te
m

Peratur
¢ (below 50°C) until they are completely dry

3.Third step is size reduction gripng h
the

dri .
a fine powder. ed leaves using a mortar and pestle to obtain

3.2 By using soaking method :-
* Weight out about 25 g of the powdered Tulsi leaves OR Butterfly pea leaves and

place them in a beaker or flask.

« Add 50 mL of ethanol or meth

thoroughly.
« Cover the beaker or flask with aluminum foil to prevent evaporation and place it

allow for the extraction of antioxidants.

through filter paper to obtain a clear extract.

anol to the beaker or flask and stir the mixture

in a dark place for 24 hours to
« After 24 hours, filter the mixture

- Evaporate the solvent from the extract to form the product
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Soaking method

3.3 solvent extraction method :- i
* 25 grams of powder should be wrapped in the Whatman filter paper. Insert the

wrapped material in the extraction chamber .
* Add appropriate solvent to cover it in the extraction chamber. Assemble the

distillation apparatus, ensuring that the condenser is securely attached to the

distillation flask.
* Make sure to run the condenser with running cool water to keep it cool during

the distillation process. Heat the distillation flask slowly and steadily using a

heating source. o _
* Allow the distillation process to continue until enough antioxidant-rich solvent
c

has been collected in the receiving flask.

T ff the heating source and allow the apparatus to cool. Once cooled,
* lum o € hea
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Efficiency of soxhlet extraction for both plants :-
Antioxidants from Tulsi by Soxhlet extraction:
Efficiency = (3/25)* 100 = 12%

Antioxidants from butterfly pea by Soxhlet extraction:
efficiency = (4/25)*100 = 16%
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4 ) Identification of ang; oxidants :

4.1 DPPH METHOD

‘E}fg{?’m several methods to identify the antioxidants, in those, one method is

* DPPH stands for 2,2—diphcnyl-1-piclylhydrazyl, which is a chemical compound
commonly used as a Teagent to measure the antioxidant activity of substances. It is a
stable free radical that reacts with antioxidants by giving up an electron, resulting in
the formation of a stable diamagnetic molecule.

* When DPPH comes into contact with an antioxidant, such as a phenolic compound,
the antioxidant donates an electron of hydrogen atom to the DPPH radical, causing
the radical to be reduced and change color from purple to yellow.

* The change in color can be measured spectrophotometrically, to find the
concentration of the antioxidants

* This method is used to determine the antioxidant potential of various samples,

including food extracts, plant extracts, and pharmaceutical compounds.

Preparation of “DPPH”
* It is present in the solid form , it is prepared by using solvent methanol

* The standard solution for preparing of the DPPH is by adding 24mg in 1001 of

methanol.
* DPPH (violet) +antioxidant pale yellow/colorless
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4.2 Photometric analysig .

This analysis is done o know the conc

l €ntration of the antioxidants present in the
product sample

» Photometric analysis js a t"-""—hllique used in various scientific fields to measure the

determine the concentration of Substances or to study various optical phenomena.

Procedure: .
* Take 1ml of product sample and makeup with the appropriate solvent (methanol)

to make into 10ml solution in a volumetric flask , it is considered as 1st main solution
ake

Now Take approximately 1ml from the 1st main solution and makeup to 10ml in
* Now Ta

volumetric flask .
By usi lvent (methanol) as a reference, find out the absorbance value by
* By using as a so

setting an appropriate wavelength (517 nm)
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5) RESULTS :
5.1 YEILD :-

For tulasi :

SNO Method Yield (ML) Efficiency
T ‘Soaking method 4 ml 16%
2 Soxhlet extraction 3 ml 12%
3 Ultrasonic associated extract | 3 ml 12%
For butterfly pea :
SNO METHOD YIELD (ML) Efficiency
1 Soaking method 5ml 20%
2 Soxhlet extraction 4 ml 24%
3 Ultrasonic associated extract | 6 ml 16%
5.2)CONCENTRATION OF SUBSTANCES :
soxhletextraction |  Soaking Ultrasonification
PRI ey B ;,' - 25 3« SRS PR TG el
.-"‘_:l. -..:,.: 2_;%‘15 R -gp "Iﬁ L Tty
Butterfly 0.1892 |0.4646 0.1564 |0.3187
pea

Sample calculation :
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For Abs =0.1564

Concentration = (21564
ration = (2224 . 19,4 199 = .3, 47 mg/ml

Graph for concentration

conc.of antioxidents(1ml) from medicinal plants
12

. /’\_

0.2

]
sohadet extrattion Joakire = -

gt =e=bullerfly ped




over whether or not antioxidant supplements offer the same health benefits as

antioxidants in foods. §q Some of the benefits are below :-

6.1) applications of tulasj -

Skin health: They can help to protect the skin from damage caused by UV radiation,
pollution, and other environmental stressors,

Immune system Support: They can help to boost the immune system by neutralizing
free radicals and reducing inflammation,

Respiratory health: They show anti-inflammatory properties that can help to reduce
symptoms of respiratory conditions like asthma and bronchitis.

Digestive health: They reduce inflammation in the gut and protect against damage
caused by free radicals. This can help to improve digestion and reduce symptoms of
digestive disorders like ulcerative colitis.
Cardiovascular health: They can help to protect against oxidative stress, which can

damage the cells lining blood vessels and increase the risk of heart disease.

6.2) applications of butterfly pea
Anti-aging benefits: They help to protect the skin from damage caused by free

radicals, which can contribute to aging.
Brain health: They have been shown to have neuroprotective effects, which may

help to reduce the risk of cognitive decline and improve memory and learning

abilities
Stress and anxiety: They contains anxiolytic properties, which can help to reduce

stress and anxiety levels.

Eye health: They may help to protect the eyes from damage caused by free radicals,

which contribute to the development of eye diseases such as cataracts and
ich can
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macular degeneration_

Cardiovascular health: They may help to reduce inflammation and

flow, which can have a positive effect on cardiovascular health.

S T

improve blood
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7) CONCLUSION :

T'ulasi and butterfly peg »
ki Y ped are the medicinal plants what we choose for the experiment.
Tulsi 1s also known as "the elixir of life” since it —

longevity. Different parts
of plant are used

In Ayurveda and Siddha Systems of Medicine for prevention and
cure of many illnesses and everyday ailments like common cold, headache, cough,
flu. earache, fever, colic pain, sore throat, bronchitis, asthma, hepatic diseases,
malaria fever, as an antidote for snake bite and scorpion sting, flatulence, migraine
headaches, fatigue, skin diseases, wound, insomnia, arthritis, digestive disorders,
night blindness, diarrhea and influenza. This review will definitely help for the
researchers as well as clinicians dealing with Ocimum sanctum to know its proper
usage as this herb is seemed to be highly valuable, possessing many
pharmacological/ medicinal properties. In conclusion, the present study
phytochemical screening, total phenolic contents, total flavonoids contents and
antioxidant properties have been done using Ocimum sanctum plant of methanol

extracts. Among the two extract, the methanol was found to be the best extract the

antioxidant.
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ABSTRACT

Phis papet focuser upon extonction ol w nntural product, culfeme, from Colfee, I has been

chosen sinee the strting ingredients are relntively ey to come by, and we will stll find a
reasonable Tevel of challenge. Caffetne i on natarnl product found im colfee and tea, Bflicient
extraction of caffeine from Coffee relies heavily on the properties of catfeine & other
components present in Coffee, This work will focus upon procedure (Batch) for Cafleine
extraction and their working principles, it design aspect, varous analytical methods for s
separation/detection. 1 is to be noted that ity seale up can be done according to industrial
demand for its usage for manufacturing, other products, By using Cafleine as raw material,

we will prepare an Anacin o phormacentical product which has several medicinal uses,

Keywords: Caffeine, Anacin, pharmaceutical,
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INTRODUCTION:

Coffee is one of the most consumed beverages in the world and, after petralenm is i

second traded product worldwide. In Western countries, a signibcant portion of the dily
beverage s constituted by the different varieties of colfee Coffee prows minnly i Alnci
and South America and nowadays, among many known species, anly two varehies e
successfully used in commercial cultivation: Coffee arabica, Arabica and € affen canephare
var. Robusta. Arabica is mainly cultivated in Brazil, Colombia, Costa faca, Craatermala and

India. whercas Robusta is mainly cultivated in Vietnam, Ivory Coast, Crsternala and Tadi

Coffee is second only to water as the most widely consumed beverage in the 1S and Furope
and it is the main source of caffeine in daily consumption in adults, cven i calfeme 1m
contained also in tea, chocolate, and soft drinks. The two coffee bean varietics of worldwide
importance differ considerably in price, quality and consumers’ acceptance. Indeed, Arabica
is preferable for the aroma effect and Robusta for taste and body; for these reasons, a pood
flavor is commonly obtained by blending the two varieties. Morcover, caffeme content of
green coffee beans varies according to the species: Arabica beans contain about 1.0 | . 2%,

whereas the caffeine content in Robusta beans is about 1.6-2.5%.

Fven if a moderate consumption of caffeine can have beneficial effects on adults™ behavior,
numerous studies, in recent years, reported the effect of caffeine consumption on
cardiovascular diseases and on central nervous system, leading to an increasing consumption
of decalfeinated coffee. Moreover, caffeine recovery is important, because it can be used in
cola-type drinks or in combination with other active principles in the pharmaceutical field

(i the treatment of headache and neuralgia), or as an ingredient in the cosmetic field (in the

treatment of cellulitis and localized excess fat).

Four main methods are used worldwide for the decaftemation: in the solvent based methods,

orpanic solvents (mamly methylene chlonde and cthyl acetate) are employed, whereas in the
} : Y

non-solvent based methods, water or supercritical carbon dioxide (s¢CO2) are used for the

vil
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colfeineextaction I all vases, catfee s decatTemated moats preen S, 1.8, betore the
ot aperation Vinil e mid 19 705, ety lone chlorde was considered the best solvent
fon extcton oF caffeme with sanstfactory results. Tlowever, subsequently, doubts arese
abont it visk 4o iy, due o the solvent high toxieiy Althongh the residual amount of
ety lene chloride i decattomated caftee was well below e linat of 10 ppin, estabhshad
by the Food and Drag: Admimistiaion, the suspected caremogenicity of this sohvent led w0
e chatee of o Tess foxie solvent, sueh as ethyl acetate, o natural component detectad
caltee aromn and found (o ocemr natmrally i difterent fiutts, The use of ethyl acerate has
(wo constderable dinwbacks: it s haghly Qammable and has a foay aroma. 16 muest be
handled corefully, mereasimg production costs, and it ends (o pass on 1is charactensug
aroma 1o the coflee, sliphtly altering the flavor. The decaffeinaion using Water Was
developed i Switzerland, and constitates @ green provess with respect 1o the product.
tinforunately, water is not o pariienlarly seleetive solvent and, therefore, not only caffeine
hut also various Tavors were removed from coflee beans using this method. As a result, a
fews Tavorful hrew with respect to other methods was abtained. The most selechve process
for removing, just catfeme and not the other avor precursors from collee is basad on the use
ol #eCO2, This process was successtilly developed on an industrial seale w the 1970s,
hised on twao patents developed by Zosel: i the first one, the process was presented for the
recovery of ealfeine, whereas, in the second one, a detailed description aimead at obtaining
decatfemmted collee was proposed.
Supereritical Muids (8¢ I's) hased fechmigques were proposed as an alternatinve o comentional
provenses, thanks o their specific chareteristics, mamly, solvent power and Liqud-hike
densities with pas-like transport properties that can be med by vaniang pressare and
emperature. They were successiully applied in several Gelds, such az for example,
PHCTONTZALON, POTOUS SHHCIres formation, adsorption, Among e different 30002 basad
pracesses, one of the most sindied one was superentcal Mnds extacnon (SFE), tor the
possthihity ol confinnonsly modulating the solvent power selovtnaing this process was
frequently aned Tor (he extraction of essential otls, SEFE was usad also fon the exttacnon of

calterne rom natural sourees, such as collee huska, cottee beans and ea leay es

I, Hterature review

vili
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1.1 coffee

colfee the known evidence of coffee, knowledge and usage, dates to the 15th century.
Ethiopian and Yemen cultures have cited the use of coffee in the 14th and 15th centuries.
The beans obtained from the coffee shrub were used by the people to brew a concoction that
energized them and helped (hem improve their concentration. The drink later reached
Furope in the 17th century travelling through Cairo, the Middle East and Constantinople,
where it became an instant hit among the people for its exquisite taste and aroma. Coffee
comes from plants belonging to the genus Coffea. The two commercially important species
are Arabica and Robusta out of the nearly 100 species that are estimated to exist. The
optimum conditions required for these trees grow best include rich soil, mild temperatures,
frequent rain and shaded sun. The coffee beans go through a series of steps between when
they are planted and brewed to make a cup of coffee. These steps typically involve planting
the shrubs, harvesting the cherries, processing them, drying the beans, milling them, roasting
the coffee beans, grinding them and finally brewing the coffee. The caffeine in coffee has a
lot of benefits when consumed by healthy adults within the daily-intake limit prescribed,
which is generally about 400 mg, though it varies from person-to-person. The benefits
include boosting metabolic rate, improving physical performance, providing essential
nutrients like Riboflavin, Manganese, Magnesium, Potassium, Niacin, etc. Coffee has also
been seen to reduce the risk of type II diabetes, Alzheimer’s disease, Parkinson’s disease
and dementia among drinkers. Coffee also has a lot of antioxidants, thus reducing the risk of

cancer. The caffeine content in coffee depends upon the specific type of bean being used.

1.2 Caffeine

A e 2
i ra s AR
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il s
world. When consumed at regular intervals. the body develops tolerance for caffeme il
this depends upon the amount of' consumed by individuals. Onee accustomed to 4 parbicutar
amount. & cut down in the intake leads to caffeine withdrawal syndrome. The symprons
include headache. nausea. anxiety, restlessness and the mtense urge o drmk cortee. It
interacts with various svstems of the body and has the following resules:

Central Nervous System: There is increase in vigilance and arousal when coflee 18
consumed. *Ingesting cafleine before sleep has shown increase m sleep lateney, reduction

total sleeping time and an overall poorer quality of sleep.

ine has shown

Cardiovascular Effects: In hyper-tension prone drinkers. acute intake of cafle
an increase in blood pressure, However, long term consumption has shown the development
of tolerance and thus, no effect on blood pressure in the longer run.

Respiratory Effects: A primary increase in the respiratory rate can be absen od and this 1s
directly proportional to the plasma-caffeine level. «In patients with asthima. catleine acts as a

bronchodilator.
2. Material & Methods

2.1 Required seceds

Coffee is one of the most traded commodities, and is one of the most popular domks
in the world due to its unique flavor and characteristics. Two major species of cotlee grown
commercially are Robusta and Arabica. Robusta seeds were chosen because it has more
content of caffeine 2kgs of Robusta coflee beans were bought an were performed required

experimentation

2.2 Methods of caffeine extraction

solvent | S(;lu'l')'i'lily in Boiling point, C \ Density (g/ml)

_ _ water _ l |
Ethyl acetate Fairly soluble 76 l 0.902 !_
Acctone Fairly soluble |56 10.791 1|

xi
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Decaffematmn method cscr_]_tlon

1 water Non- toxic, complex process, remove
— — little flavoring components

2 Ethyl acetate Removes caffeine and little flavor

compounds. Mildly toxic, removes some
- flavoring compounds. _‘

2 Dichloromethane Removes caffeine and little flavor
compounds. Highly toxic, removes some
flavoring compounds

4 Supercritical CO2

Selectively removes caffeine and very 41
little flavor compounds, expensive

2.3 Process of Extraction of caffeine

2.3.1 Soxhlet extraction

1. Take the coffee beans and crush as small as possible

2w

Soxhlet apparatus.
5. Start heater for heating purpose and maintain the temperature

6. After prescribe time, col

separating the solid content.

After crushing collect the powder form of coffee
Put the required amount of coffee powder into Soxhlet apparatus

Add the required amount of solvent, either Acetone or Ethyl acetate into to the

lect the mixture and filtrate it by using filter paper for

xii
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7. Put the liquid mixture into simple distillation apparatus for recover the solvent, so
collect sample
Finally, samples are carried for analysis in GC Capillary column

9. Caffeine can further be gotten into powder form by putting the solution into the

sublimator assembly as shown below

The equipment used for the caffeine extraction is sublimator and separating funnel

2.3.2 Powder based extraction

First take coffee beans of weight 200gms and make a fine powder of coffee beans by

using mixer.
2. By using sieve analysis separate the coarse particles from the mixture
Now weigh 200gms of powder and take it into the 500ml beaker.

4. Add sodium carbonate of 60gms to the mixture this compound is added to the

mixture because to increase the solubility of the caffeine.

xiii
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5. Water content of 400ml was added in a ratio of (1:2) ratio and was mixed thoroughly

and was let to evaporation by application of heat (80C)

6. The liquid mixture was allowed to come until the 200ml mark so that liquid gets

highly concentrated with caffeine.
Next, we take mixture into the separating funnel and add the solvent and is left for

12 hrs. and a layer gets separated by removing the bottom layer that is mixture of

caffeine and evaporation is done to extract caffeine

3. IDENTIFICATION

In this the extracted caffeine was sent to the spectrometer UV analysis from this the wave

length was obtained 274nm. When compared to the literature survey we found that caffeine

should be of 260 to 275nm.

Xiv
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Drug powder preparation

fmitial preparation of starch mucilage (5% v/V):
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The gel was prepared by using mortar and pestle and using the chemicals carboxy methyl
cellouse which is a semi synthetic polymer was used as gelling agent. In this process three
samples were taken which are 4, 6, 8 grams respectively into conical flask. Here the three
samples were taken to adjust the viscosity according the patient satisfaction. At first the
extracted caffeine was taken which is 5gm in each beaker was dissolved in the distulled

water and was added with CMC and was kept in shaker 30 minutes at 1200 rpm.
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7. Results and conclusion

The total caffeine obtained is mentioned in the following table

SLno Solvent used Weight of cotfee Weight of cafteine
I beans used (kg) extracted (gm)

| Acetone | 1.1 20.7 B

2 " Ethyl acetate __#___l.l _ 188 S

3 wateT-_P-__ 0.6 1 I

As we can see, the highest amount

acetate.

The absorbance test wa
know the penetration of the dru

s conducted to know the

g molccule. The results are as follows

caffeine can be extracted by using cthyl

light absorbance so that we can
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The above graph explains the amount caffeine extracted to the amount of coffce beans used
Units of (gm vs gm).

Conclusion:

Caffeine is a natural stimulant found in coffee, tea, chocolate, and other food and drinks.
Caffeine is defined as a drug because it stimulates the central nervous system. It affects kids
and adults similarly and, at lower levels, can make people feel more alert and energetic.
Foods and drinks with caffeine are everywhere, but it's wise to keep caffeine consumption to
a minimum, especially in younger kids. From the result of the performed experiment, it can
be concluded that coffee and caffeine lead to an increase in the natural acidity of the
stomach. This is because caffeine has a direct effect on the gastric acid and pepsin secretion,

This, ifi the P uan Jasdlt peptic ulcers in regular drinkers. This effect is predominant
s, ,

when coffee is ingested into an empty stomach and leads to acute heartburn



8.

'y

th

omoni of Chemical Engineerine, VESTR

References:

Ahuja S. and Dichl D. “Sampling and Sample preparation in: Comprehensive
Analyucal Chemistry™ Vol. 47 (Eds.), 2006

Armstrong LE. Casa DJ, Maresh CM, Ganio MS "Caffeine, fluid-clectrolyte balance,
temperature regulation. and exercise-heat tolerance” 2007 Exerc Sport Sci Rev 15
3 (P 13540

Levent A "HPLC Method for the Analysis of Paracctamol, Caffeine and Dipyrone™
Turk J Chem. 2002, 26, (P 521 — 528)

Peters M. "Factors Affecting Caffeine Toxicity: A Review of the Literature”, The
Journal of Clinical Pharmacology and the Journal of New Drugs 1967, 7 (7): (P 131
141)

J. Physiol "Losing sleep over the caffeination of prematurity”, (Lond.) 587 (Pt 22):
(P 3299-3300)

A_ P. Maggioni et al., “The New England Journal of Medicine Downloaded from
nejm.org at UC SHARED JOURNAL COLLECTION on February 14, 2011. For
personal use only. No other uses without permission. Copyright © 1993
\Massachusetts Medical Society. All rights reserved.,” N. Engl. J. Med., vol. 329, no.
20. pp. 14421448, 1993, dor: 10.1056/NEJM199311113292002

T Chou. “Wake up and smell the coffee - Caffeine, coffee, and the medical

* West. J. Med., vol. 157, no. 5, pp. 544-5533, 1992

consequences,



A
PROJECT REPORT
ON
“BIODIESEL PRODUCTION FROM COTTON SEED OIL”
Submitted in the partial fulfilment of the requirements for the award of the degree
BACHELOR OF TECHNOLOGY
In

Division of Petroleum Engineering

VIGNAN’S

Foundation for Science, Technology & Research

(Deemed to be University)
-Estd. u/s 3 of UGC Act 1956

Submitted by :-
DESIDERIO BOI ELIA MONSTAFA 201FA17008
MOHAMED FAIZAN RAZA 201FA17006
MOHAMED SULEIMAN 201FA17002

UNDER THE GUIDANCE:
Mr. ABHISHEK KUMAR

DEPARTMENT OF CHEMICAL ENGINEERING
VIGNAN’S FOUNDATION FOR SCIENCE, TECHNOLOGY AND RESEARCH
GUNTUR, VADLAMUDI-522213
MAY-2023



Department of Chemical Engineering, VFSTR

ACKNOWLEDGEMENT

I would like to thank my mentor MR ABHISHEK Vignan’s foundation for science
technologv and rescarch, Vadlamudi. The interaction with her was really. fruitful and helped

me in compiling this project report.

My deepest thanks to DR.M. RAMESH NAIDU Head of Chemical Department VFSTR.
Vadlamudi for suiding me and extending all possible help to and always inspiring me to do
my work on this project report with sincerity.

Also T would like to thank MS P. CHANDANA SRI whose trust and enthusiasm was
constant motivation during on-going work. Last but not least 1 would like to thankful to all
staff members of Department of Petroleum Engineering, Vignan University, Vadlamudi and
who directly or indirectly helped me in the completion of this project report.

R L



Department of Chemical Engineering, VFSTR

UNDERTAKING

This is to declare that the project entitled “Biodiesel Production from Cotton Seed Oil”
is an original work done by undersigned, in partial fulfillment of the requirements for the

degree “Bachelor of Technology in Chemical Engineering.

All the analysis, design and system development have been accomplished by the

undersigned. Moreover, this project has not been submitted to any other college or

university.

sudentt DESINERTO BOT, ER/A DAL

Student 2 M ph gl a d F(\?}O/\ "ngyiq (/_#_g-u'?C) g
C ' ({-—:‘

Student 3 MO}’\C[ mmeol &uhmom E—_L}'\&C] - ™ (%.,ang,



Department of Chemical Engineering, VFSTR

CERTIFICATE

This is to certify that the project entitled as, PRODUCTION OF BIODIESEL FROM
COTTON SEED OIL” submitted by ‘201FA17008, 201FA17002, 201FA17006° to the
Vignan’s Foundation for Science, Technology and Research (Deemed to be) University,
Guntur, Andhra Pradesh for the award of the degree of Bachelor of Technology is a
bonafide record of the research work done by him/her under my supervision. The contents
of this thesis, in full or in part, have not been submitted to any other institute or university

for the award of any Degree.

Dr.M. Ramcsh deangTee
D d e LTI
Project Guide 1‘} Head ofthe Department TR 0‘

\W . B? q/gw/qﬂ%
‘%\/& : fing

"”Eéb’z OFC’Hemlcal Engmeerm;ﬁ\

. JoNLS
prca 9
(Dn62

ol ¥ A

\IADU‘\';‘" 0



- M—— i —p—
e L M I -— -
. o gy -

LI ~

NI TRE

" .ok =
hoainng g dE

et
or O

1t I VAR

chad Wil
HAETON

e A ™
SICT I LR
ETN MR

;1. TransosSon s

amm—

N

N n Sa0ds Ol

~
=]
“
=
"

S




Department of Chemical Engineering, VFSTR

CONTENTS

1) Introduction

2) Literature Review

2.1 mechanisms

2.2 Reaction

2.3 parameter to be consider
3) Material and Method
3.1 Material required

3.2 Methods

3.3 Analytical methods

4) Results and Discussions
4.1 characterizations

4.2 results

4.3 engine performance
5) Conclusion

6) References



pepartment of Chemical Engineering, VFSTR

INTRODUCTION

Biodiesel is an alternative fuel made from renewable biological sources such as vepetable o1ls
both (edible and non-edible oil) and animal fats. Vegetable oils are usually ester plycol with
differential chain length and degree of saturation. It may be seen that vegetable containg
substantial amount of oxygen in their molecules. Practically the high viscosity of vegetable
oils (30- 200 Centistokes) as compared to that o Dicsel (5.8- 6.4 Centistokes) leads to o1ls
unfavourable pump, inefficient mixing of fuel with air contributes incomplete combustion,
high flash point result in increased carbon deposit formation and inferior coking. Duc to these
problems, vegetable oil needs to be modified to bring the combustion related propertics closer
to those of Diesel oil. The fuel modification is mainly aimed at reducing the viscosity and
increasing the volatility. One of the most promising processes to convert vegetable oil into
methyl ester is the Transesterification, in which alcohol reacts with triglycerides of fatty acids
(vegetable oil) in the presence of catalyst. Cotton seed vegetable oil is onc of the prime non
edible sources available in India. The vegetable oil used for biodiesel production might

contain free fatty acids which will enhance saponification reaction as side reaction during the

Transesterification process.

All countries are at present heavily dependent on petroleum fuels for transportation and

agricultural machinery. The fact that a few nations together produce the bulk of petroleum

has led to high price fluctuation and uncertainties in supply for the consuming nations. This

in turn has led them to look for alternative fuels that they themselves can produce. Among the

alternatives being considered are methanol, ethanol, biogas and vegetable oils. Vegetable oils

have certain features that make them attractive as substitute for Diesel fuels.

Vegetable oil has the characteristics compatible with the Cl engine systems. Vegetable oils

are also miscible with diesel fuel in any proportion and can be used as extenders. India highly

oleum crude and nearly two thir
rol, diesel driven vehicles have an adverse effect

depends on import of petr d of its requirement 1s met through

imports. Moreover the gases emitted by pet

on the environment and human health.



Department of Chemical Engineering, VFSTR

LITERATURE REVIEW

Introduction to work
2.1 Mechanism
2.1.1 Transesterification:

Is the process of chemically reacting a fat or oil with an alcohol in a presence of a
catalyst‘. Alcohol used is usually methanol or ethanol Catalyst is usually sodium
hydroxide or Potassium hydroxide. The main product of Transesterification 1S
biodiesel and the co-product is glycerine

2.2 Reaction:-
Neutralization:

The vegetable oil contains about 14- 19.5 % free fatty acids in nature; it must be freed
before taken into actual conversion process. The presence of about 14% of free Fatty
acid makes Cotton seed oil inappropriate for industrial biodiesel production.

The dehydrated oil is agitated with 4 o4, HCI solution for 25 minutes and 0.82 gram of NaOH
was added per 100 ml of oil to neutralize the free fatty acids and to coagulate by the
following reaction. RCOOH + NaOH — RCOONa + H:O the coagulated free fatty acid

(soap) is removed by filtration. This process brings the free fatty acid content to below 2 %

and is perfect source for biodiesel production

________———— [ OPTIN -
SNO PARAMETERS OPTIMIZATION CONDITION 1
Catalyst Amount - 2 grams -

60-90 Degrees Celsius B

Methanol/Oil Ratio, B R — ]
- 68%

Temperature S . ¥ et IR
Reaction Time 50-60 minutes
B i AT \

| B ] | —

Biodiesel Yield [ - e

R
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Factor effecting

Scarcity, insecurity. and  severe cnvironmental impact of fossil  fucl-based ene

GRS HENE Siithussd dhe o ) ldl‘ ,”m,““‘i (‘ai fossil  fucl-based energy
o o B 1¢ production and wtilization of alternative energy resources.
B]()dlCSCl.IS ]dt'?"mwd S promising renewable cnergy that can substitute the petrol diesel
consumption with numercus advantages. However, more than 95% of biodicsel is produced
from edible oil crops, which jeopardizes the food supplies. As a result, exploring inexpensive
and non-edible oil-bearing energy crops such as Cotton seed curses (Cotton seed) has been

the target of governments, researchers, industries, and policymakers.

However. sustainable biodiesel production from this plant is not achicved yet due to various
ecological, socioeconomic, legislative, and technological factors. Previous reports showed
that the individual impact of those factors; however, all factors are strongly correlated, and
the impact of one factor is significantly affected by the situation of other factors. Therefore,
the present review is devoted to critically examine and discuss the sole and interactive effect

of various factors affecting the cultivation of Cotton seed for sustainable biodiesel production

by reviewing more than 185 published articles.

Various oil extraction and biodiesel production technologies and factors affecting the

physicochemical properties of Cotton seed oil and biodiesel were profoundly investigated.

Moreover, the performance, combustion, and emission characteristic of diesel engines fuelled
with Cotton seed biodiesel were carefully reviewed and compared with petrol diesel. In

conclusion, factors affecting the sustainable biodiesel production potential of Cotton seed

vary across growing Regions due to variation in determinants and the performance and
emission characteristic of Diesel engines fuelled with Cotton seed biodiesel slightly differed

from petrol diesel.
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Introduction to Cotton plant and cottonseed production

Cottonseed oil is extracted from cotton plant. India being the second largest producer of

cotton, cottonseed oil is a promising source for the production of biodiesel.

Cotton is a natural fibre that grows on a plant. The plant is a shrub native to tropical and
subtropical regions around the world, including the China, India, Americas, and Pakistan.

There are up to 52 species of cotton in the Gossypium genus. The cotton plant is a leafy,

green shrub related to the Hibiscus. The cotton plant briefly produces cream and pink flowers

that once pollinated are replaced by fruit, better known as cotton bolls. Cotton is grown

Physical Properties

& Cottonseed oil has a mild taste
depends on the amount of

& Itis an odourless pale yellow liquid. The amount of colour

refining.

& Cottonseed oil has a smoke point of about 450 °F (232°C).

< Density ranges from 0.91 7g/cm 1o 0.933 g/om

ble in water.”

% Tt is less dense than water and insolu

. ieht.
< Cotton seed oil is sensitive to heat and lig

% Cotton seed oil 1s combustible-
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1.2.1.3 Chemical Properties
& Moisture Content 7.21 v,
& Refractive index 1,404
& Specific gravity 0.92

PH value 4.82.

»
L]

The oil content 1s 25-30% i . R
o m the seed, The ol contame 21% saturated fatty | | 79,
C . L i atty acids and 797
Unsaturated fatty acids. These are s :
Y esc are some of the chemical elements i the seed, cursang, which
is poisonous and render the oi . ; e
p he oil not appropriate for human consumption. il has very high

gaponification value an S et _
SapcC é and being extensively used for making soap i some countrics

Nitrogen. Phosphorous and Potassium and c
g P tassium and can be usced as organic manure  Thermodynamic

Conversion process, PYTOIYSIS» uscful products can be obtained from the cotton sced ail ¢ ake

The liquid, solid (char), and gascous products can be obtained. The liquid can be used as fucl

in furnace and boiler. It can be upgraded to higher grade fucl by Transestenfication process

It is significant to point out that, the non-edible vegetable o1l of cotton seed ol has the
requisite potential providing 2 promising and commercially viable alternative 10 diesel onl

since it has desirable physical chemical and performance characteristics comparable 1o dicsel
Cars could be run with cotton seed without requiring much change in design. Cotton seed ol

gh filter press can replace kerosene of ol lamp Cotton

expelled from seeds and filtered throu

d fuel for lighting and cooking. 1t will also be used 1n big Dhesel

seed oil can be used as liqui

engine based electricity gcncraling sets,

pump sets, heavy larm machinery, where the

viscosity of oil is not an issuc.
-  ene’ hy weight) VISCOUS o1l which can be used tor
The seeds of cotion seed contain (50% by WelE

in the cosme

tic industry, for cooking and Lighting by iselt

manufacture of candles and soap,

or as a Diesel /paraffin substitute OF extender
- . . demand lor rural encrgy Services
The latt has importan! jmplication’ for Mecting the dema
er use has 1mpork | . e |
. ter greenhoust g2as
: | il fucls to coun .
i ' e or Foss

an actical substi '
o ex it B 1 is used @ an illuminant 10 lamps as It burms

. ‘ -

e. Also, Y

accumulation in the atmospher | long with kerosene Stoves.
d as fuel in place of, or along
g0 usc d

without emitting smoke- It is al
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Cotton seed as an energy source: 74
: There

are number of

(hese are cotton seed. Cotton seed o] o ariely OF Cotton seed. Hest among

' . ) anoamport;
cooking and lighting needs of the ryrq) POHAnt product from the Plant for meeting the
al populatio
ation, boiler fue] {4
i Industrial purpose o

\'iﬁblc SubStitUtc for DiCSCL A il

About one- third o y i
Abot d of the energy in the fruit of cotton seed
x sl o

imi ! - an he extracted s ol that hae
<imilar energy valu , ‘ an ol that has
sim 2y ¢ to Diesel fuel. Cotton seed oil can be used

= SR

added to Diesel fuel as an extend directly i Diesel enpines
Xte T .
nder or Trans esterified 1o a bio-diesel fuel There are some

technical problems to Usin iC il di
g cotton sced oil dircctly in Diesel engines that have yet (o be

completely overcome.

Moreover, the cost of producing ¢ : _
) otton seed oil as a Diesel substi it curr .

i ; : sel substitute is currently higher than
the cost of Diesel itself. , currently highe

Use as jet fuel: Aviation fuels may be more widely substituted with biofuels such as cotton
0il than fuels for other forms of transportation. On December 3(), 2008, Air New Zealand
flew the first successful test flight with a Boeing 747 running onc of its four Rolls-Royce
engines on a 50:50 blend of cotton seed oil and jet A-1 fuel. Subscquently, Air New Zealand

and Houston based Continental Airlines have run tests in Jan. 2009, further demonstrating the

viability of cotton seed oil as a jet fuel.

MATERIALS AND METHODS

Materials

Materials and apparatus used in the production of the biodiesel are as follows:-

SNO | MATERIALS
'_-______l ___._-—-—_____,_.——___.________ R ;
‘ " Distilled Water, Methanol And
| .
' Cotton seed O1l. - |
T—dTTlElon Sﬁﬂ_ggﬁaraling Funnel, Ma s
| k Digiwl weighing Balance, SOP

gnclic Syirrer, Oven, |

atch, Hot Plate

| Conical Flas

3 ‘ PipE'EE—'_l:l'l_é-r_r_n-omclcr |

’ v q1u » Balance .

Jﬁ_é_ii_'dcr Conical Flask, Digital Weighme !i
4 Measuring Cyhne=

-
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Methods.

Seps in iodiesel Production: (wo steps are used in fhe production of the Hiadieselas

followed by:-

) Transesterification.-

Methanol oun
& &

Catalyst Fats

[Pratrestment |
b -

Transesterification
Separation

N
| Washing

Drying

Biodiesel

The step by step approach used in the production of the biodiesel is given below.

(1) 100 mL of cotton seed oil was measured and poured into 250 mL conical flask and heated

10 a temperature of 50°C. Seen in fig |

cotton seeds oil (fig 1)

Preheating of ‘
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Fig.2 Mixing of NaOH and Methanol

(v) The dissolved mixture in a separate vessel and was poured into the heated cotton seed oil

round in bottom flask while stirring the mixture continuously. The mixture was maintained at

atmospheric pressure and 60°C for 60 minutes.

(vi) After completion of Transesterification process, the mixture is allowed to settle under

Gravity for 24 hours in a separating funnel. (Fig.3)
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Fig 3 Heterogencous Phase Septration

(vit) The products formed during Transesterification were Cotton seed ol meth,

Glveenne.

(i) The bottom layer consists of Glycerine, excess alcohol, catalyst. umpurities

anreacted oil. The upper layer consists of biodiesel, alcohol and some soap

(ix)Afier separation of glycerine we will get the brodiesel (fig 3)

(x) After filter we wall get purilicd biodiesel (hg 3)

J[ Ty 3 [JLIIL' }'n"!\!“' el

Fig 4 Separated Biodiese!

1!

face
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YIELD PERCENTAGE
vield of biodiesel (%) =mass of bi
R (%) =mass of biodiesel obtained /
| d mass of il used* 100
Mass of biodiesel obtained- 324 aran
: ams

Mass of oil used= 400 grams

The yield (%) was found to be 68%

pParameters of biodiesel
Determination of Specific Gravity: -

Density bottle was used to determine the density of the oil. A clean dry bottle of 25 mL was
weighed (w0) and then filled with the oil; a stopper was inserted and then reweighed to give

(w1). The oil substituted with water after washing and drying and weighed to give (w2) as
Specific gravity :- (w1-w0)/ (w2-w0)
Determination of Moisture Content:

The oil sample was weighed and the mass taken as (w1) thus was then dried in the oven and

the weight after drying was taken as (W2). The percentage moisture in the oil was then

calculated using the formula below:
9%moisture content = (wl—wZ)ﬁwl *100

Flash point:

poured into 2 metal container and heated at a controlled rate over

h, the flame being pas

150 ml of blended oils was _
sed over the surface of the blended oils

certain temperature after, whic ‘ _ _
of 5 sec to ] min. The flash point was determined using

was observed at a regular intervals

pesky marten’s equipment-
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Flame point:

1,'\[) ml Ufhlk‘ndcd Oilq Was
5 OWis pom‘t‘d i
I'It'." ["l n]c{]l -

amer and heated at a control rate over

certain temperature afier, wher
A 1\ £ L %
cere the continuous flame being observed over the surface of th
2 obs or the surtace of the

snded oils was abserve
blended oils was observed at regular intervals of s
[= als ¢ 5

determiined se¢ o 1 min. The flame point was

Determination of Saponification Value:-

The oil si »was [1lhere

I'he oil sample was filtered to remove any impurities and last traces of moisture. 3 g of the
sample was then weighed into a flask and 5 mL of alcoholic KOH was added from burette
allowing it to drain for the same duration of time. A reflux condenser was connected to the
flasks and allowed 1o boil gently for one hour. After the flask and condenser get cooled, they
are rinsed down the inside of the condenser with a little distilled water and then the condenser
was removed About | mL of indicator was added and titrated against 0.5 m HCL unul the

pink colour vanish.

Characterization of parameters:

SNO |Properties | Units Result

I Specific gravity | Kg/L : 0.88

2 Flash point | °C 48

3 Firepoint | °C | 72

4 Total glycerine | omass %0.22

5 Sa po_n ification ) Hﬁm - .

6 pi | Unitless o020 o

7 Mois{h}e"éo]iiéﬂ{"EIifEQE 5‘6,_3__ ]
e — | 0875

glec D

|8 Dcnsi@m_
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parameters comparison study

PROPERT[ES DIE
SEL BIODIESEL
Flash Point 63
) 4%
Flame Point =0 ?2 B
Specific Gravity 0.79 0.88 -
. |
|
' ' |
pens® 9 0.875

CONCLUSION AND RECOMMENDATION

In the current investigation, it has confirmed that cotton seed oil may be used as resource 10

o~

~1zin biodiesel. The experimemal result shows that alkaline-catalysed Transesterificarion 1s

2 promising area of research for the production of biodiesel in large scale. Materials for use in

the production of biodiesel are readily available without the need for special equipment or
il 1 sidin

- such as temperature, time. reactant ratio,
yree chemicals. Effects of different parameters P

io of methanol 10 oil, 1.0% KOH catalyst, 60°C

parameters was found as g- 1 molar rat

jon Ui is opti condition yiclded 90%
d 60 minut€s of reaction ume: This optimum y
reaction temperaturc and O : i
T aliter . 09 1 a[l n
: ced ol reduces cubstantially after Transesterificatic
of bindiesel, The viscosity of Cotton s | e
ke denst flash point, spectiic gravity
I Biodiese! characterishic> like density- po
ard i ek l 4
ard is comparable 10 diesel.

zre comparable 10 diesel.
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ABSTRACT
r

The synthesis and cha.racteriz‘ation of Polyacrylamide/clay flanocomposites for the development
of hydrogel system used in enhanced oil recovery is described. The synthesized nanocomposite
copolymer was crosslinked with Chromium (III) acetate to form the hydrogel which exhibited
an acceptable gel strength, gelation time and gel stability. The nanocomposite gels prepared
with low crosslinker concen_tration (2000 ppm chromium acetate) showed higher gel strength
and required longer gelationl" time than the conventional Polyacrylamide (PAM) gel; these are

desirable properties for the effective placement of gel uring enhanced oil recovery operations.

1. INTRODUCTION
Water production from the economically capable hydrocarbon reservoir restricts the actual
hydrocarbon production. To overcome this problem we have so many mechanical and chemical
_solutions that works effectively. In case of chemical solutions we have polymer injection
method which is widely used method for water shutoff jobs around the world. In thismethod
polymers shows reduction in swelling and mechanical toughness of the gel. Nanocomposite
hydrogel is one of the solution to overcome this disadvantages and perform inan effective
manner to control waterproduction fromoil or gas wells. Nanoclay is introduced inthe synthesis

of the nanocomposite hydrogel to improve the mechanical properties of the gel.

Hydrogels are widely used in many applications, such as hygiene, cosmetics, agriculture,
medicine, biotechnology. and petroleum recovery treatments of mature reservoirs. Hydrogels
which is prepared by the polyacrylamide having cross-inker polymers enhance hydrogels
mechanical strength. but preparing a hydrogel having large amount of cross-inkers results in
the reduction of swelling capability and mechanical toughness. To overcome the weakness and
limitations of the conventional hydrogels, preparation of new type of hydrogels, like
nanocomposite hydrogels, has recently attracted more attention. These nanocomposite
hydrogels have excellent properties, such as good mechanical toughness, large deformability,

high swelling/deswelling rates, and high transparency.

The internal actives takes plays in the preparation of the nanocomposite hydrogel are the
acrylamide chains are bound to the surface of the clay particles due 0 hydrogen bonds between
the oxygen atoms of clay and the amide protons of the acrylamide as well as due to complex
formation between the metal tons on the clay surface and the carbonyl oxygen of the

cervlamide.  Nanocomposite  hydrogel N— . he synthesized by free-radical
acrylamide ydrogel 1s prepared by the S)



polymerization/gelation ofthe monomers in the presence of the nanoclays

3 EXPERIMENTAL EQUIPMENTS

-—

2.1 Scanning electron microscope

%+ Principle

% SEM sample preparation
+ Advantages

s+ Disadvantages

% Applications

2.1.1Principle
The basic principle is that a beam of electrons are generated by a suitable source, typically a

tungsten filament or a field emission gun. The electron beam is accelerated through a high voltage
and passes through a system of apertures and electromagnetic lenses to produce a thin beam of
electrons, then the beam scans the surface of the specimen. Electrons are emitted from the

specimen by the action of the specimen beam and collected by a suitable position detector.

2.1.2Working

The SEM uses electrons instead of light to form an image. A beam ofelectrons is produced at the

top of the microscope by heating of a metallic filament. The electron beam follows a vertical

path through the column of the microscope. It makes its way through electromagnetic lenses

which focus and direct the beam down towards the sample. Once it hits the sample, other electrons
(backscattered or secondary) are ¢jected from the sample. Detectors collect the secondary or
backscattered electrons, and convert them to a signal that issent 10 2 viewing screen similar to the

one in an ordinary television, producing an image.



I

onoenser
Lens : nfjiim

Condenaot

Figure 2.1 : Scanning electron microscope and parts.

2.1.3Electron guns Electron guns are typically one of twotypes:
<+ Thermionic guns

< Field emission guns

2.1.3.1 Thermionic guns
W hich are the most common type, apply thermal energy to a filament to coax electrons away from the gun

and toward the specimen under examination. Usually made of tungsten, which has a high melting pomt

2.1.3.2Flectron guns field emission guns

Create a strong clectnical field w0 pull electrons away from the atoms they are associated with Electron

puns are located cither at the veny top or at the very bottom of an SEM and tire a beam of electrons at the

object under examination. These electrons don't nawrally go where they need o, however, which gets us

10 the next component of SEMs

2.1.4Condenser lenses
Just like optical microscopes. SEMs use Condenser lenses o produce clear and detailed images.
\ 1 W ¥ 1 » o '
The Condenser lenses in these devices, however, work ditterently. borone thing, they aren't
made Of E]aSS. lnSIt,‘llL]. I}IL‘ Condenser lcusc}; are Hliid\! UI',' |llll‘c'_llul':; L'll]"lilhl&: ol bt;'l'ldll'lg Ih(.‘. palh of

electrons. By doing so. the Condenser lenses focus and control the ¢lectron beam, ensuring that



the electrons end up precisely where they need to go.

2.1.5Chamber
'The sample chamber of an SEM s where researchers place the specimen that they are examining.

: -xtremely still for .
Because the specimen must be kep! extremely for the microscope to produce clear images,

the sample chamber must be very sturdy and insulated from vibration. In fact. SEMs are so

sensitive to vibrations that they are often installed on the ground floor of 4 building.

2.1.6Dctectors
Various types of detectors are there in SEM. These devices deteet the various ways that the
clectron beam interacts with the sample object. FFor instance. Fverhart- [hornley detectorsregister
secondary electrons. which are clectrons dislodged from the outer surface of a specimen. These

detectors are capable of producing the most detailed images of an object's surface. Other detectors,

such as backscattered electron detectors and X-ray detectors, can tell rescarchers about the

composition of a substance.

2.1.7Secondary electron detector
(Everhart-Thornley) Backscattered electron detector: (Solid-State Detector) Secondaryelectrons:

verhart-Thornley Detector Backscattered electrons: Solid State Detector X-rays: Lncrgy

dispersive spectrometer (EDS).

2.1.8Sample preparation
Cleaning the surface of the specimen- The proper cleaning of the surface of the sample is
important because the surface can contain a variety of unwanted deposits, such as dust, silt, and
detritus, media components, or other contaminants, depending on the source of the biological
material and the experiment that may have been conducted prior to SEM specimen preparation.
Stabilizing the specimen- Stabilization is typically done with fixatives. Fixation can be
achieved. for example. by perfusion and microinjection, immersions, or with vapours using
various fixatives including aldehydes, osmium tetroxide, tannic acid, or thiocarbohydrazide.

¢ Rinsing the specimen- After the fixation step, samples must be rinsed in order to remove the
cxcess hxative.

a biological sample needs to be done

led series of acctone orethanol.

the transmission electron

dry or the sample will be

¢ [)ch)dr;:ii_ni_l the specimen- The dehydration process of
very carefully. Itis typically performed with either a grac
¢ Drying the specimen - The scanning clectron microscope (like
microscope) operates with a vacuum, Thus, the specimens must be
destroyed in the clectron microscope chamber. Many clectron microscopists consider a
procedure called the Critical Point Drying (CPD) as the gold standard for SEM specimen

drving. Carbon dioxide is removed after its transition from the liquid to the gas phase at the

critical point. and the specimen is dried without structural damage.



«  Mounting the specimen: Allef 1]"-'1 sample has heer ined. [ved § 4 i "
NTIT0 specImens must be lied, rninaed, dehydratoe
Jried using an appropnate protocod, pec e mounted on 4 holder that can be

mserted into the scanmng electron microscope. Namples are tymcally mounted on meta

(aluminum) stubs using a double-sticky 1ape. Itis important that the inyestigator firstdecsde
“3 fals i R

on the best ortentation of the specimen on the mounting stub before attaching it

\ re
srientation proves difficult and can result in significant damage to the sample.

¢ Coating the specimen- The idea (;1 cOBLng ‘h“; specimen 1s 10 increase its conductivity in the
3 M ~ a v ek 0 o 14
scanning ¢lectron microscope and to prevent the build-up of high voltage charges onthe

specimen by conducting the charge to ground. Typically. specimens are coated with a thin
layer of approximately 20 nm to 30 nm of a conductive metal (¢ g.. gold. gold-palladium. or
platinum).A spider coated in gold. having been prepared for viewing with a scanningelectron
MICTOSCOPE.

2.1.9Advantages

Advantages of a Scanning Electron Microscope include its wide-array of applications, the detailed
three-dimensional and topographical imaging and the versatile information garnered from different
detectors. SEMs are also casy 1o operate with the proper training and advances in compuler
technology and associated sofiware make operation user-friendly. Although all samples require
minimal preparation actions.

2.1.10Disadvantages

|
The disadvantages of a Scanming Flectron \Microscope start with the size and cost. SEMs are E
expensive, large and must be housed inan arca free of any possible electric, magnetic or vibration \
interference. Maintenance imvolves keeping a steady voltage, currents 10 electromagnetic coils \
and circulation of cool water. SEMs are limited 10 solid. inorganic samples small enough to fit \
inside the vacuum chamber that can handle moderate vacuum pressure.

2.1.11 Applications
SEMSs have a variety of applications ina number of scientific and industry-related fields. especially |
where characterizations of solid materials are beneficial. In addition to topographical, ;
morphological and compositional information. a Scanning Electron Microscope can detect and '|
analyze surface fractures, provide information in microstructures, examine surface contaminants, |
reveal spatial variations in chemical compositions, provide qualitative chemical analyses and

identify crystalline structures
2.2 Thermo-Gravimetric Analysis

< Introduction



% Instrumentation - |
& Factors affecting results |
+» Advantages 'i
< Limitations

%+ Applications

2.2.1Thermo-Gravimetric Analysis

Thermo-Gravimetric Analysis or Thermal Gravimetric Analysis (TGA) is a method of thermal

analysis in which the mass of a sample is measured over time as the temperaturemust be

prepared before being placed in the vacuum chamber, most SEM samples changes.
Three types of thermo-gravimetry

< Isothermal or static thermo-gravimetry: In this technique the sample weight is recorded as

function of time at constant temperature.

< Quasistatic thermo-gravimetry: In this technique the sample is heated to constant weight at

cach of series of increasing temperatures. B
In this technique the sample is heated in anenvironment

< Dvynamic thermo-gravimetry:
whose temperature is changing in a predetermined manner generally at linear rate.

2.2.2Principle
Ir thermo-gravimetric analysis, the sample is heated in a given environment (air, N2, CO2, He,

Ar. etc.) at controlled rate. The change in the weight of the substance is recorded as a function

of temperature or time.

This plot of weight change against temperature is called thermo-gravimetric curve or thermo-
aram. this is the basic principle of TGA.
2.2.3Instruments
% Recording balance
< Sample holder
<+ Fumace

< Temperature programmer /controller (thermocouple)

-
-
*

Recorder

2.2.4Recording balance
A microbalance is used to record a change in mass of sample/ substance. An ideal microbalance
must possess followine features. It should provide electronic sivnals to record the change in mass

using arecorder. The clectronic signals should provide rapid response 10 change in mass.

e e e e A e e i S SRR S W



2.2.5Sample holder |
‘od isplaced 10

The sample to be stud -
; ties of crucibl -
different varie 21es used. Some (i ffer ; ;
e. There arc Some differ in shape and siz¢

sials used. They are made up from, pl

Samp » . dC {(I I,'l" (& ?
le Il()ldEI luclb]c ]t lh d“ 1 ‘h - t AN '.] "I-Ii'”}. armn

while some differ in mate
er materials like

hite. stainl atinum, aluminum. quartz. or
yraphite, stainless stee

alumina and some oth grap ‘ S steel, glass efc

o < of crucibles. They are: Shallow pang(used ¢ _
% There arc different 1y pes of Pans(used for volatile substances)

’.0

- 1 eeale calcination
Deep crucibles (Industrial geale calemation)

e
& 1 oosely covered crucibles (selt generated atm. Studics)
. ‘ -

& Retort cups (Boiling point studies)

2.2.6Furnace
The furnace should be dcsigned in such way that it produces a lincar heating range. It should have
1 hot zone which can hold sample and crucible and its temperature corresponds to the temperature

of furnace. There are different combinations of microbalance and furnace available

2.2.7Temperature programmer/controller

I emperature measurement is done in no. of ways thermocouple is the most common technique.
I'he position of the temperature measuring device relative to the sample is very important. The
major types are

<+ The thermocouple is placed near the sample container and it has no contact with the sample

container. This isn’t a good arrangement where low-pressure are employed.

#  Temperature measurement is done in number of ways, thermocouple s the most common

technique. The position of the temperature measuring device relative 1o the sample s ver

important.

2.2 8Recorder

Ihe recording systems are mainly of 2 lypes

Iime-base potentiometric strip chart recorder
* r r
% X-Y recorder.
orders or onc recorder
. recorde
1C pl.lp‘u

In some instruments. light beam g
loto
ves having p

alve ster yoraph o
anometer, photogrdf fweights

Wi - i Ao ot ¢
ith two or more pens are also used. In the X-Y recorder, W€ get cur

direetly against temperatures



2.2.9Factors affecting TGA

. 's which
Factors affecting the TG curve The factors may affect the TG curves are classified into

two main groups.:
& Instrumental factors

1) Furnace heating raté
2) Furnace atmosphere.
< Sample characteristics includes

1) Weight of the sample

7) Sample particle size.

7.2.10Advantages of TGA
A relatively small set of data is to be treated. Continuous recording of wéight loss as a function

of temperature ensures Equal weightage to examination over the whole range of study. Asa single

sample is analyzed over the whole range of temperature, the variation in the value of the kinetic

parameters, if any, will be indicated.

2.2.11Limitations of TGA

The Chemical or physical changes which are not accompanied by the change in mass on heating
are not indicated in thermo- gravimetric analysis. During TGA, Pure fusion reaction, crystalline
transition, glass transition, crystallization and solid state reaction with no volatile product would

not be indicated because they provide no change in mass of the specimen.

2.2.12Applications of TGA

From TGA, we can determine the purity and thermal stability of both primary and secondary

standard. TGA is used to study the kinetics of the reaction rate constant. Used in the study of

catalyst: The change in the chemical states of the catalyst may be studied by TGA techniques.

(Zn- ZnCrO4) Zinc-Zinc chromate is used as the catalyst in the synthesis of methanol. Analysis

of the dosage form. Oxidative stability of materials. Estimated lifetime of a product.

2.3X-Ray Diffraction
¢ Introduction

% Generation of x-rays

. - s
**  Principle
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Figure 2.4 : Fourier transform infrared analysis.
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techniquesLiquidSamp
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Solid Samples
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2.4.4.1The Interferometer

The beam enters the interferometer where the “spectral orerd: . s
the: et e m bectral eneoding” (ake] place. The resulting

interferogram signal then exits the interferometer.

2.4.4.2The Sample
The beam enters the sample compartment where it is transmitted through or reflected off of
the surface of the sample, depending on the type of analysis being cccomplished. This is
where specific frequencies of energy, which are uniquely characteristic of the sample, are

absorbed.

2.4.5The Detector
The beam finally passes to the-detector for final measurement. The detectors used are

specially designed to measure the special interferogram signal.

2.4.6Advantages of FT-IR =
2.4.6.1Speed
Because all of the frequencies are measured simultaneously, most measurements by FT-IR

are made in a matter of seconds rather than several minutes.

2.4.6.2Sensitivity

Sensitivity is dramatically improved with FT-IR for many reasons

2.4.6.3Mechanical Simplicity

Thus, there is very little possibility of mechanical breakdown.
2.4.6.4Internally Calibrated

These instruments employ a HeNe laser as an internal wavelength calibration standard.

These instruments are self-calibrating and never need to be calibrated by the u
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ermo gravimetric analysis):

Time Temp TG

min Cel %
0 21.1122283 99.8681481
0.04 21.1755065 99.7861052
0.08333333 21.2075099 99.6969316
8 0.12666666 21.2824764 99.6072543
0.17 21.3547053 99.5151648
: 0.21333333 21.4144706 99.4 198147
0.25666666 21.5058116 99.3230598
0.3 21.5829601 99.2257746
0.3433333321.6768837 99.1276942
0.38333333 21.7446861 99.0368241
0.42666666 21.8116092 98.9386112
0.47 21.9118328 98.8406103
0.51333333 22.0268859 98.7412575
0.55666666 22.159692798.6418518
0.6 22.3017520 98.5423134
0.64333333 22.4346485 98.4414497
0.68666666 22.5753803 98.3394991
0.73 22.7310371 98.2371244
0.77 22.8662052 98.1430202
fl 0.51333333 23.0079650 98.0403009
4 0.8566666623.1512928 97.9368394
0.9 23.3936462 97.8331923
0.94333333 23.647350% 97.7285113
4 0.98666666 23.8015155 97.6222929
1.03 23.9830093 97.5147491
S | 07333333 242171573 97 4055843

] | 11666666 24.4850139 97.25954997

Time Temp DTG Time Temp DTA
min Cel ugfmin min Cel uy
0 21.1122283 75.515625 0 21.1122283 0.0521700%
0.04 21.1755065 75.6679687 0.04 21.1755065 -0.0B04058:

0.08333333 21.2075099 76.0195312 0.08333333 21.2075099 0.1113277¢
0.12666666 21.2824764 77.2617187 0.12666666 21.2824764 -0.1398745%
0.17 21.3547058 79.6289062 0.17 21.3547058 -0.1671620¢
0.21333333 21.414470681.6796875 0.21333333 21.4144706 -0.1935954(
0.25666666 21.505811682.4296875 0.25666666 21.5058116 -0.2154086¢
0.3 21.5829601 B3.0976562 0.3 21.5829601 0.2379314t
0.3433333321.6768837 B3.5546875 0,3433333321 6768837 0.2581150¢
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0.6 22.3017520 85.1835937 0.6 22.3017520 -0.3695935(
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0.68666666 22.5753803 B6.8710937 0.68666660 22 5753803 0 4072393!
0.73 22.7310371 86.859375 0.73 22.7310371 0 4256818:

0.77 22.B662052 86.953125 0.77 22.B662052 -0.4438873%
0.81333333 23.0079650 87.6445312 0.81333333 23.0079650 046744142

0.B566666623.1512928 88.0429687 0 gsea6e66 23 151
0.9 23 3936462 0.51744341

943333313 23.6473503 0.5387295¢

31928 0.4947558¢

0.9 23.3936462 88.59375
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098666666 23.801515590'“2“3125 0986666860 13 4015155 0.5

3830093 -0.5985269¢
103 23.9830093 920507812 13.983

1.04
2 / i 1.1 573 0,629 a5

U7333333% 24,217 57389 34 25 ll"l.f.ii\\il F4.21712

1.07 : 24.217 393.16 oo i E-; 947 '

- g 94.32 12187 1 1 14 4850139 0.6605541%

39 94,347 3 s

1GGEHLG

- - A L
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24 F1BASE2 ———=

8 95.2851562 1.15665666 24

8 | 15666666 24.7164268 97.14243538 115666666 24.716426
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i 3. CONCLUSION

\ degradable nanocomposite hydrogel has been synthesized using laponite X1, asnanomaterial,

nd evaluated for mobility control and fracture-plugging applications in mature reservoirs. [t was

ibserved that gel strength increased with increasing nanomaterig] concentration. It was also

ibserved that longterm thermal stability of hydrogels was directly proportional to nanomaterial

‘oncentration. Tlie higher the nanomaterial concentration, the longer the thermal stability of the

1ydrogels. Post-degraded nanocomposite hydrogel viscosity measurements were 26 times higher
han those of hydrogels without nanomaterial. After degradation, LXLG nanocomposite hydrogel
1ad a post-degradation viscosity (4437 cp), whereas hydrogel without nanomaterial had a post-
legradation viscosity of 170 cp. LXLG nanocomposite hydrogel can be used for conformance
control applications because they have higher strengths and longterm thermal resistance than
hydrogels without nanomaterial.For secondary polymer flooding-mobility control applications,
we recommend using degradable LXLG nanocomposite hydrogels, since they have a high post-
degradation viscosity under anaerobic conditions. This product, when injected into the reservoir,
will initially act as a conformance control agent by plugging water thief zones and channels,
thereby directing injected water to sweep out oil from low permeability oil rich zones. After an
extended time period, this product degrades into a highly viscous polymer solution which then
moves deeper into the reservoir, mixes with flood water and increases its viscosity, and by so
doing improves water and polymer flooding processes by increasing water sweep efficiency,
thereby enhancing oil production. Thus, with a single product, we can

“* correct reservoir heterogeneity and improve conformance control.

% improve water flooding process.

< Boostpolymerflooding.





{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Book","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{ "type": "BusinessCard", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }

