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“Soil A Soil Health Assessment and Physio-Chemical Characterization of Soil in
Patur Region”

N—__—_
ABSTRACT

Soil is the mixture minerals, organic matter ,gases Jiquid and soil is formed
partially by the breakdown of rocks and minerals on the surface of the earth. The
reminder of soil is composed of organic compound from the decomposition of plant,
animal. insects, bacteria, mold and fungi. The basis of status of soil we decide

requirement of fertilizer to increase the fertility of soil.

In the experiments study including various physical and chemical parameters
with the help of requirement of soil chemistry the chemical composition of soil
sample varied from region to region and different soils can very greatly in their
composition ,proposed indicator include soil depth to a root restricting layer, available
water-holding capacity. Penetration resistance, organic matter, N,P.K electrical
conductivity etc. After these differences can be used to identify soil sample and gives

information to their conversation

\—w__—_———_———_——
P.G. Dept. of Chemistry, H. N. Sinha College, Patur Page 1
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1
lNTRODUCTlON

Soil is a mixture of organic matter mineral gases liquid and organism that

together support life earth body of soil called the pedosphere for four important
function'.

* As a medium of plant growth as mean of water storage supply and
purification.
* Asamodifier of earth atmosphere.

e As a habitat for organism.

The pedosphere interfaces with the lithosphere the hydrosphere the
atmosphere and the biosphere. Soil consists of solid phase of mineral and organic

matter as well as porous phase that hold gaseous.

Soil is a product of several factor the influence of climate relief organisms and

the soil parent material interacting overtime.

Nutrients :-

Sixteen element of nutrients essential for plants growth and Reproduction.
They are carbon hydrogen, oxygen, Nitrogen, Phosphorus, potassium, Sulphur,

Calcium, Magnesium, iron, boron, manganese, COpper, Zinc, Molybdenum, Nickel.

chlorine?.

Nutrients require plant to complete their life cycle are cansidered essential

nutrients.
Soil Fertility:-

Soil fertility is the ability of soil to provide the nutrient needed by plant crop

grow primary nutrient plant take up soil include nitrogen phosphor potassium calcium

magnesium frequently we need to supplement soil nutrient by addend fertilizer

from soil

add

manure of compost of good crop growth plant take up many other nutrient
there as usually enough to these secondary nutrient in soil to there is no need to

. . 3
more soil pH another important aspect soil fertility pH is not plant nutrients’.

P.G. Dept. of Chemistry, H. N. Sinha College, Patur Page 2
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Soil texture is an important soj] characteristic that influence m

. any aspect soil
quality texture cla

s of soil is determined by the percentage of sand slit and clay. Soil

are usually made up of a mix the particle size. Sand particle relatively large clay

particle are very tiny in comparison to sand, Slit particle is medium sized”.

Soil can be classified four major texture classes. 1] Sand . 2] Silks , 3] Clay ,

4] Loams then are preparation of particle sized found in each soil.

Compaction:-

Soil compaction occur when soil aggregates are pushed closed together and
pore space strink this usually occur when heavy factor strink and of the machine and
drive over soil particularly if soil are wet soil are become compact and surface put
also layer of soil just below the depth soil sillage plant have difficulty growing in

compacted soil become soil aggregate pass together living little pore space of air and

water”,
Soil biological activity:-

Fertility of soil free mind with living organism bacteria fungi insect etc. all
these living things go through their life cycle they perform many function that help
improve quality of soil organism decompose fresh organic matter such crop residue

earth worms tunnel through opening of path way for air and water move into soil®

P-G. Dept. of Chemistry, H. N. Sinha College, Patur Pige3
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SIGNIFICANCE

Soil is essential for life in the sense that they provide the medium for plant

growth habitat. for many msect and other organism act as a filtration. System for

surface water carbon store and maintenance of atmospheric gases. Let us take closer

look at these
Medium for plant growth :
1) Soil support for root and kept them upright for growth.

2) Soil provide plant with essential mineral and nutrient.

3) Soil provide air and gases exchange between roots and atmosphere.

4) Soil protects plants from erosion and other destructive physical, biological and

chemical activities.

5) Soil hold water and maintain adequate aeration.

Soil plays a vital role in the survival of living beings on earth. It provides

| Soil fertility: Fertile soil supports. [n-turn these plants produce vital needs to

humans like food, clothing, furniture, medicine, etc. Even other animals, insects

receive food by grazing on plantss.

") S __ o . . N .
2. Soil microbiology: It provides support for the survival of many algae, etc These
bacteria and microbes present in soil help in environmental balance like retaining of

1 S - arve - - ~ . "
moisture, the decay of dead bodies of animals, plants, etc., scavenging of waste and

other toxic chemicals including plastic.

e —

G. Dept. of Chemistry, H N. Sinha College, Patur
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Top Soil Uses:

I. Agriculture: Topsoil is used for agricultural production of crops necessary for

human and animal food and clothing needs. The soil has fertility like essential

minerals and organic matter needed for cultivation.

2. Microbial growth: Soil texture is suitable for cultivation of bacteria, fungus, etc.

These bacteria are suitable for fixing nitrogen and fertility in the soil. Further, these

microbes produce medicine like antibiotics'

3. Water harvesting: When there is rain, soil absorbs water. This water goes into 2
deeper layer of soil and is available for Plants and forest to grow. Further, this water is

also available as groundwater for drinking and cultivation (by bore wells).

4. Soil supports germination: Without soil, the earth would have lacked plants, trees
and forests. When a seed from tree falls on to the soil. Soil gives safe protection
and environment for its growth. Hence it is useful for germination of seeds to grow
into plants. Without soil, there would have been no trees and plants on the earth. More

than 95% of trees in this world are grown naturally by soil without man sowing the

seeds'?.

Page 6
P.G. Dept. of Chemistry, H. N. Sinha College, Patur
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REVIEW OF LITRATURE

‘ 16 - . : , : .
Reddy et al™ Conducted a field SXpenment i versitol to study the =ffect of

p residue incorporation and tillage operation on soil physical properties and they
concludad that incorporation of crop residue
with fertilizer

e

like wheat strew 5 ton ha in combination
application resulted in improvement of soil physical characteristics Suik
density in filtration rate hydraulic conductivity water

stable aggregates and moisors
retention along with available nutrient status.

A filed experiment conducted by Ravankar et al'” To show the effect of
organic manure and in organic fertilizer on yield and stability of nutrient under whesr
sequence and they oversexed that the application of full recommended does NPK+-
FYM ha recorded highest yield of wheat.

Rajkanan' revealed that among the tillage treatment chiscling regisered
significantly high grain yield of 3948 kg ha followed by mould card ploughing while
the lowest yiled 3506 kg ha was recorded under the contry ploughing.

Solappan'® carried filed experiment on effect of orgenic fertilizer orgsnic
manure on cotton rotation in rain versatile to show that combine spplicstion of

organic fertilizer significantly resulted I higher seed cotton and gain.

Patil et al™ Conducted a field experiment to study the respomse of genotype ©
diferent level of nitrogen in veritol under dry land condition and observed thar
application of nitrogen 50 Kg N ha or 75Kg significantly increases the graim and staw
yvield of rabhi.

The expenment conducted to study the effect of village practical and green
manure crop on productivity of rabbi under rain fed cropping system by pacharme ot
al revealed the village practical like disc ploughing. Also incorporation of givricidiz
registered significantly higher grain and odder yield followed by dhaincha™.

A filed experiment conduct by Kushwaha et al™ To study the performance of
Kharif under intergrated nutrient management system revealed that application of
gertilizer level at 100% RDF enhanced number of grain per year head grain weight
Per year head, yiled an economic over 75% and 50% RDF.

—_———




unfertilized carrot.

P.G.p ~—
ept. of Chemistry, H. N. Sinha College, Patur Page 8




Chapter 2

Experimental Part

Material and Methods
Results and Discussion
Conclusion

f




“Soil A Soil Health Assessment and Physio-Chemical Characterization of Soil in

+

MATERIALS AND METHODS

Description of the study area:

The studies areas located in the province of Akola between latitude 022 43
longitude 077 00 E

Collection and preparation of soil sample:

To take a soil sample decide which tests you are requesting the most critical
step in the soil testing is collecting the sample. It is important that you take the

necessary stpes to obtain a representative sample; a poor sample could result in
erroneous recommendations.

The important of having a representative sample can be well realized because
of only a small fraction of soil mass of the field is used for analysis while collecting

sample the following point are to be born in mind.

First divide the field according to slop, colour, depth, texture, management,

and cropping pattern. After demarcation of filed into uniform portions each of this

must be sampled separately.

Then Divide each portion into two parts Draw the zigzag line having about 8

to 10 corners on both side of middle line so that it will cover the whole area.

Where the corps has been planted, collect the soil samples between the lines.
Do not sample unusual area. Avoid area recently fertilized, old bunds, marshy, spot,

here, trees, compote heaps or other than non-representative locations.

Use proper sampling tools like auger soil tube, phawada (spade) or khurpi
(Trowel) core sampler before taking the sample scrap away surface little or any stone
etc. collect the soil sample from 10 to 20 spots in the depending upon the area. At
each corner of zig-zag line takes the samples by auger at the depth of 15to 20 cm or
with the help of trowel and spade by digging the “V” shaped pit up to plough depth
(9-20 cm). Than cut out uniform thick 2cm. slice of soil surface of “V” shaped pit.
Collect the sample on the blade or in your hand and place it in clean bucket. Collect

the entire sample from the uniform area into the same bucket.

wa
P.G. Dept. of Chemistry, H. N. Sinha College, Patur .




«Soil A Soil Health Assessment and Physio-Chcmical Characterization of Soil in
Patur Region”

thoroughly. Discard by quartering. Excess soi and collect approximately 1 kg. of soil.

To quarter the sample, mix well divide into four equal parts and reject opposite

quarters. Mix the remaining two portions and repeat the [procedure as many times as
necessary to arrive at the desired size of sample, it the sample is wet or moist, dry it in
the shade before putting into a plastic bag. Fill the sample to laboratory immediately

for analysis. it should be properly labeled with respect to Field number or local name

of the filed date of sampling, depth or sampling and name of cultivator along with

complete postal adder.

Page 10
P. G. Dept. of Chemistry, H. N. Sinha College, Patur
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Methods: Physical and Chemical Analysis

Determination of soil pHi

The determination of pH in soil is important as it plays a great role in
availability of nutrients to plants. This determination can be done more accurately in
the laboratory by electrometric method pH determination is useful  for soil
classification on the basis of acidity and alkalinity.

Principle;

The electrometric determination of pH meter is based on measuring the e.m.f
(milivolts) of alkalinity pH cell both a reference buffer and then with a test solution
The change in the potential difference at 25°C for unit is 59.1 mV. The pH of soil is a
measure of the hydrogen or hydroxyl ion activity of soi1l —~water system. It indicated
whether the soil is acidic, neutral or alkaline in reaction. By shaking a certain amount
of so1l with a certain amount of liquid, soil suspension is brought in equilibrium with
a supernatant solution. In the supernatant solution the pH is measured
pottentiometrically on a direct reading pH meter using a glass electrode with saturated

KCI - calomel reference electrode.
Reagent:

Standard buffer solution of pH 4.00, 7.00 & 9.2 pH

P. G Dept. of Chemistry, H. N. Sinha College, Patur Page 11



I. PH meter with electrode
2 Glass beaker -100m]

3. Measuring cylinder

4 Glass rod

Procedure:

1. Weight 20 gm of 2.0mm air dry soil into 2 beaker. Add S0 ml of  cistilled

wmaandﬂkwiﬂlag!assrodﬂnc@lyfmabmimhxeszﬂi@ﬁx
half an hour.

2. hﬂzmtﬁnemﬁrpﬂmam,aﬂowitmﬁzmnpﬁxlmm
stanimdizeﬁaeglassdectmdemingstm@dhﬁerofpli=7a:mﬁhﬁe
with the buffer pH =4 OR pH=92.

3. Dip the electrodes in the beakers containing the soil water spspension with
constant stirring and record the pHL

4. Remove the electrodes from soil suspension and wash adhering soil particles
on the electrode with a fine jet of water. Wipe the electrode with the tisspe

paper or muslin cloth and proceed for the next sample.
Result:

The pH of the soil sample was found to be 6.9

eeseseeesses——
P.G. Dept. of Chemistry, H. N. Sinha College, Patur thee12
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Determination of Electrical Conductivity of Soil

Determination of electrical conductivity of soil salted soils are classified on
the hasis of two critenia; one is on the basis of total soluble salt [TSS] content and
another is exchangeable sodium percentage {ESP} OR MORE RECENTLY
SODIUM Absorption ration [SAR]. lons in water conduct electrical current: therefore
electrical conductivity is fast, simple method of estimating amount of total soluble salt

[TSS] in soil sample. Electrical conductibility is expressed in ds'm.
Principle:

The electrical conductivity of water extract of soil gives a measure of soluble
salt content of the soil. Pure water is very poor conductor of electric current, whereas
water containing the dissolved salts in soil conductance current approximately in
proportion to the amount of soluble salts present. Based on this fact the measurement
of electrical conductivity if an extract gives a satisfactory indication of the total
concentration of ionized constituents. The conductivity of the soil is the soil is the
specific conductivity at 235 of water extract obtained from a soil and water mixture of
a definite ration It is measured on a conductivity meter and normally reported ds//m or
milliohms /cm and the value gives information on the total amount of soluble salts
present in soil on the degree of salinity.

Reagent:

1 Standard potassium chloride solution 0.01N

2 Conductivity water
Apparatus:

. Digital conductivity meter

2. Conductivity cell

3. Glass beaker [100ML]

4. Glass rod

N@na;g——-——'—_—_
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Determination of Bulk Density

Determination of Bulk Density Bulk density is a measure of a soil mass per
unit volume of soil. It is used as measure of soil wetness, volumetric water content.
And porosity. Factor that influence the measurement includes; organic matter content.
The of the soil. arxi the soil structure these factors will intern control hydraulic
conductivity, The bulk density is calculated on the basis of measured weight and the
bulk volume. The bulk volume is determined by means Of a tube where a chip sample
is allowed to fall to the bottom of the tube under the influence of the gravity the
height of the chip column thus formed is multiplied by the inner Cross-section area of
the tube. When the chip sample is weighed and the dry matter content i, determined.

The bulk density is calculated.

Apparatus:
1. Beakers
{ 2. Volumetric flask
! 3. Thread
Procedure:
i L Firstly ovens dry the soil sample, and then weight it.
.‘E 2. Wax the oven dried soil sample.
3. Bind the sample with the thread and weight it.
4, Dipped the soil sample bind with a thread into a beaker completely filled
with water.
H Collect the water in a measuring cylinder flowing after dipping the soil
sample.
6. Note the amount of water collected in a measuring cylinder.
Observations:

Weight of oven dried soil sample = 19.612

I Weight of soil sample + thread = 27.8

P.G. Dept. of Chemistry, H. N. Sinha College, Patur
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2. Vohume of water collected in measuring cylinder = 322
Calculations:

Balk density = mass'volume =278 322

Bulk density = 0.863kg lit

given soil sample was found to be 0.863 kg lit.

P.G.Dent of Chos 11 N Sinha College, Patur ~ Pagel6
P.G. Dept. of Chemi _H. N. Sinha College, Patur



I —————

«Qoil A Soil Health Assessment and Physio-Chemical Characterization of Soil in
w Patur Region”
E

Determine the Organic Carbon Content of Soil

Beside its value as a source of plant nutrient, organic matter has a favorable
effect upon soil physical properties. Organic matter also content the carbon in soil
serves indirectly as measure of available nitrogen. The organic matter content of a
typically well drained mineral soil is low varying fromIto 6% by weight in the top
soil and even lessen the subsoil. The influence of organic matter [ohm] on soil

properties and consequently on plant growth is far greater even though the percentage
of organic matter. Is less in the soil?
Principle:

Organic carbon is oxidized with potassium dichromate in the presence of
concentrated sulphuric acid. Potassium dichromate produces nascent oxygen ,which
combine with carbon of organic matter to produce CO; The excess volume of
K3Cry05 is trotted against the standard solution of ferrous ammonium sulphate in
presence of H3POy4 using ferroin to detect the first appearance of unoxidised ferrous

iron and thus volume of K,Cr,O7 can be find out which is actually required to
oxidize organic carbon.

K>Cr 04+ 4H,SOy ————» KsSO4+ Cr (SO4); + 4H,0 + 30
3C+6(0) ——» 3C0;,

Reduction:

KiCr07 + 6FeSO4+ 7TH,S04 — K2SOy4 + Cry(804); +3Fex(S04)5+7H,

i.e. every molecule of K,Cr,0, gives out 3 atoms of nascent oxygen in
Presence of and three atoms of carbon will require six atoms of nascent oxygen for

oxidation which will be released from two molecules of K>Cr,0,
2 molecules of K>Cr;07=6(0) =3C
2x294 g of K>Cr,04 (12) 3g carbon

1000ml of INK,Cr,0,= 3g carbon

@
G. Dept, of Chemistry, H. N. Sinha College, Patur Page 17
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7, Titrate the contents of the flask against 0.5 N ferrous ammonium sulphate

solutions (i1l the colour changes from brown-green-blue to finally red.
g Run the blank simultaneously without soil.
Observation:
| Weight of soil taken = 5¢
2. Volume of 1N potassium dichromate added = 50ml

3. Volume of 0.5N FAS required for soil to neutralized 10ml of IN
K,Cr,07 solution (blank without soil) = xml =29ml

4. Volume of 0.5 N FAS required for solid t neutralized 10ml of 1 N K,2CrO7

solution for soil sample =Y ml =25.8ml

Percent organic Carbon }_9_(_13:—'—“-)—— M——
ani =
° B wtof soil taken

. 10(60 — 29) 0.003 x 100
Percent organic Carbon = __————5-6————‘ X __._-—g————

= 0.30 %

Result:

%% of organic carbon in the given soil sample was found to be 0.30%

- =~ <Qinha Colleg Patur Page 19
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7. Tirate the contents of (he fask

against 0.5 N ferrous ammonium sulphate
solutions il the colour changes from brown-green-blue 1o finally red

K. Run the blank smmlmncuuxly without soil

Observation:

Weight of soil taken = 5g

2. Volume of IN potassium dichromate added = 50m|
3. Volume of 0.5N FAS required for soil to neutralized 10ml of IN
K2Cr,04 solution (blank without soil) = xml =29m|
4. Volume of 0.5 N FAS required for solid t neutralized 10ml of | N K,Cr0-
solution for soil sample =Y ml =25.8ml
" i ic Carbon = 10(B—-T) " 0.003 x 100
ercent organic Carbon = B wtof soil taken
) 10(60 — 29) 0.003 x 100
Percent organic Carbon = &0 X B
= 0.30 %
Result:

% of organic carbon in the given soil sample was found to be 0.30%

: S —— age 19
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Determination of Calcium Carbonate

(Rapid titration method)

Alkaline earth carbonates that occur in significant amounts in soils consist of

calcite, dolomite and possibly magnetite and occur commonly in the silt size fraction.

These are important constituents of alkali soils; they constitute a potential source of
calcium and magnesium. Lime aids in preserving soil structure and may serve as a
source of calcium in the reclamation of alkali soil. Zonal soils of arid regions usually
contain accumulation of lime at some point in the profile. Calcareous soil contains an
accumulation of calcium and magnesium carbonated 1n varying proportions
throughout the soil profile. In calcareous soils if CaCO3 is present in problematic
amount improvement may be done by drainage of sub-soil for breaking the hard pan
formed due to CaCOs accumulation at lower depth and leaching. Acid forming

substances like S, FeSOa, Aly(SO4)3 may also use followed by leaching.

Principle:

Soil is treated with an excess of standard hydrochloric acid, destroying

carbonates The amount of excess acid 18 determined by titration with standard

sodium hydroxide after separation from the soil by filtration OF centrifugation. The

unt of iron and aluminum from oxides and soil materials

acid dissolves @ certain amo . -
and these metals are precipitated as hydroxides when the pH 11s€S towards the end ©
the filtration with alkali. The amount of acid destroyed in dissolving the metals 1S
" pitate their hydroxides, SO no error

equivalent tO the amount of alkali us€ the prect _ ith primar minerals
ises from these source HoweVer: acid is lost bY reaction With P 4 '
arises from :

n pH also de h neutralization by sodium
Alkaline soils of high pH 2

stroy SOme acid throug

carbonate.

Reagents:

1. Hydrochlori¢ acid 05N

2. Standard 025N NaOH

|tern
3. Indicator Bromothymol blue or @

p—

50 Dent. of Chemistry> H
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1. Glass beaker 100 ml
> Conical glass flask 250 ml

Glass funnel

‘s

4. Volumetric flask (100 ml)

5. Measuring cylinder

6. Glass rod
Procedure:
1. Exactly 5 gm of soil is placed in 250ml conical flask.

[

Add 100 ml of 0.5 N HCI by means of pipette.

(FY)

The content are then stirred vigorously several times during a period of

one hour.
4. Allow it to settle and filter.

Pipette out 25 ml filtrate into another conical flask.

6. Add about 3-3 drops of Bromothymol blue or Phenolphthalein indicator.
1. Titrate against standard 0.25 N NaOH until the colour change to blue
(bromothymol blue)/pink (phenolphthalein).
8. Runablank (without soil) with 25 m] of 0.05 N HCI.
Reaction:

L g 28— CaCly + H,0 +CO,

The reaction indicates two molecules of HC) are required to neutralized o
ed one
molecules of CaCO;

2 molecules of HCI =1 molecule of CaCOy
(ie. 2 eq. wt, of HC)

G.[)ep\
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Determination of Available Nitrogen in Soil

Soil nitrogen occurs largely in (he organic form (97-99%). The
of micro-org
(NHs-N and NO3-N). The nitrification rate of

availability of
N is associated with the activity anism which develops the organic matter

“a soil is measure of the rate of rele

ase of
atter in the soil.

available nitrogen from the organic m

A discrete fraction of the soil organic nitrogen is attacke

d by KMnO, and that
this fraction was most readily susceptible to biological mineralj

zation. This forms the
basis for determination of available percentage of nitrogen b

y alkaline permagnete
method ( Subbiah and Asija,1856).

Principle:

The organic matter in the soil is oxidized by KMnO, in presence of NaOH.

The ammonia released during oxidation is absorbed in boric acid to convert the

ammonia to ammonium borate. The ammonium borate formed is titrate with std.

H;SO4. From the volume of std. H,So, required for the reaction with ammonium
borate, the nitrogen is calculated.

Reagents:

1. Potassium permaganete (0.32%)

2. Sodium hydroxide (2.5%)

3. Boric acid (2%)

Mixed indicator 9 bromocresol green = methyl red.
5. Std. Sulphuric acid 0.02 N

6. Liquid paraffin

7. Glass beads

Apparatus:

1. 1000 ml Round bottom flask

2. Kjeldhal Digestion Unit

3. 100m] conical flask

\_—_————_—__-];a—g-e?
w
P-G. Dept. of Chemistry, H. N. Sinha College, Patur
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4 TFunnel
5. Beakers
6. Rod

7. Burette
Reactions:

1. 2KMnO, K20 + Mno, + 3(O)(nascent oxygen)

The oxygen evolyeq from the KMnOy oxidizes.
2. Organic matter + 3(0) R-NHz(amines)

3. R.NH2+H20

Procedure:

particles of soil  do not Temain stuck to the sides of the flask.

ping and 1m| of liquid paraffin to
prevent frothing

Add 25 m] of potassium permanganate (0.32%) and 25 ml sodiym hydroxide
solution (2.5%) to the flask.

G. Depy of Chemislry I

H.N. Sinha Collcgc. Patur Page 24
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Determination of available phosphorous

Next to nitrogen, phosphorous is most critical essential element in influencing
jant growth production throughout the world. Among the more significant functions
p

& qualities of plants on which phosphorous has an important
Effect 158 —
1) Photosynthesis
2) Nitrogen fixation
3) Crop maturation -flowering and fruiting including seed formation
4) Root development

5) Protein synthesis

Thus, it is essential to calculate the available phosphorous present in the soil.
Itis determined by Olsen's Method.

Principle:

Under neutral to alkaline soil conditions, Olsen's P (0.5 M NaHCO; solution at
pH 8.5) is the most widely used extractant for estimation of available phosphorous in
soil. The reagent is designated to control the ionic activity of calcium through the
solubility product of CaCOj in case Of neutral and calcareous soil. In this process the
most effective form of "P" is extracted from the phosphates of Fe, Al & Ca present in

different type of soils. The extracted phosphorous is measured calorimetrically

Reagents:

I. 0.5M NaHCO; Solution pH - 42.0 gm NaHCO0; in One liter adjust pH with
0.IN NaOH.

2. Activated Charcoal - Darco G-60.

3. Solution A-

a] Dissolve 12 gm ammonium molybdate in 250-300 distilled water.

b] Dissolve 0.291 gm antimony potassium tartarate in 100ml distilled water.

.G, Dept, of Chemistry, H. N. Sinha College, Patur Page 26



Working P solution: Take 10mi stock solution (100 ppm P) in a 500ml

volumetric flask. Make up the volume. This is 2 ppm solution of P (2
microgram per ml).

Apparatus:

1.

Conical flask -150 ml.

2 Funnel.
3. Pipettes.
4, Volumetric flask.
5. Reagent bottles.
6. Spectrophotometer.
Procedure:
Extraction:

1.

2.

Take 2.5g soil in 100ml conical flask.
Add to it a little of darco 60g followed by 50 ml of 0.5N of NaHC04
solution,

Cork the flask and shake it for exactly 30 minutes on platform type shaker.
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4 Filter the contents immediately after shaking and collect the filtrate.
Estimation:
| Pipette out Sml Of the NaHCO, extract into 25ml volumetric flask

). Add two drops Of 2.4-paranitrophenol add 5N H,SO, drop by drop with

interminant shaking.

3. Dilute the contents to about 20 ml With distilled water then add 4.0ml reag

4. Make up the volume and measuring the intensity of blue colour at 730-840 nm

on spectronic 20 or using red filter (660 nm) on Klett Sumerson Colorimeter.
Calculation:

(Rx F) X Total vol. of extract

1
wt of soil

Phosphorus (ppm in Soil) =
Atiquot taken (ml) X

. (25x0.48) x 25
Phosphorus (ppm in Soil) = 1

5X§

Phosphorus (ppm in Soil) = 12 ppm

k
Available Phosphorus (ﬁ) = 12 x 2.24

Resyjy.

- The available phosphorus was found to be 26.88 kg/ha.



ugoil A Soil Healthh ATERIIERT 4ba Fiysio-4 hemical Characterization of Sl m

Patur m yon”

Determination of available Potassium

The total potassium content of soil varies from 005 - 2.5% only 2 smzll
fraction of total potassium is held in exchangeable form, while the rest rernzin i Sxed
or non-exchangeable form, when the crops exhaust the supply of exchamgeic
potassium. More potassium released from fixed reserve on the contrary, i pAzssiEn
is added to the 50il, 2 major part of it enters into non-exchangesbic form.

Principle:

The available potassium includes both ie. exchangeable and water soluble
form of potassium present in soil. Nutrient ammonium acetate extracts both of fhese
forms from s0il. Ammonium iron provides 2 sharp and rapid extraction of potassimm
exchange complex. The potassium in extracted by name Photometrically.

Reagents:

| 1. Neutral ammonium acetate solution.
2. Standard potassium solution.
Apparatus:
1. Conical flask -150 ml,

2. Funnel,

3. Pipettes.

4. Volumetric flask.

5. Reagent bottles.

6. Spectrophotometer
Procedure:

Extraction:

L Transter 5 £ %0il in 250 ml conical flask

6. Dept, of Chemistry, H. N. Sinha College, Patur Page 29



ugoil A Soil Health Assessment and Physio-Chemical Characterization of Soil in
' Patur Region”

7 Add 25 ml of ammonium acetate

3 Shake the content after 5 min on mechanical shaker

4. Filter the contents immediately through ordinary filter paper and collect
Filtrate in a beaker.

5. Dilute 5 ml of filtrate to 25 ml with distilled water.

6. Atomize the above diluted extract to flame photometer and note the reading,

Calculation:

(RxF) x Vol.of extract x 2.24 x 10°

Available Potassium (kg/ha) = Wt of soil X 106

(64.3x5) x 5 x 2.24 x 10°

Available Potassium (kg/ha) = 5% 106

Available Potassium (kg/ha) = 144.032 kg/ha
Result:

The available potassium was found to be 144.032 kg/ha.
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RESULT AND DISCUSSION

Result all of the parameters of g samples are given as o)

and chemical data are present in table no. 1.

low. The physical

Table 1: Some Physical and Chemical properties of soil.

Sr. No Particulars v alue$ o
—
1 HMC O_lour Black
e
. 6.9
3 EE‘E E)ensity 0.863 kg lit
4 |EC@smh 0.24 ds.m.
5 Organic Carbon (%) 0.30 %
6 Calcium Carbonate 12.5 %
7 Available Nitrogen (kg ha™) 158.05K g/ha
8 Available Phosphorous (kg ha™) 26.88_kg/ha.
9 Available Potassium (kg ha™) 144.032 kg/ha.
Table 2: pH ranges and characterization of soil
Sr.No. | Rating pH Range | Characterization
I Extremely Alkaline |>9.0 Characteristic of highly alkaline
— soils requiring reclamation
2 Strongly Alkaline 84-9.0 measures.
i 7.6-83
> Hedmately oilsalius Suitable of many of the agril crops.
4 Slightly Alkaline 71-175 ph beyond 8 to 8.3 can be tolerated
. by crops like rice, luserne
5. | Nearly Neutral 70-6.5
: i 6.0-6.5 Characteristic of many red and
}6\.—§1§h-tly - lataric soils indicating deﬁciengy of
7. Moderately Acidic | 5.3-6.0 calcium and low in base saturation
\——h‘ I 45-52 Characteristics of soils of the humid
8\. S,tronglyﬁildli, : regions where annual rainfall
9. Extremely Acidic >4.5 exceeds 80 inches
I I i ——

PG, Dept. of Chemistry, H. N. Sinha College, Patur
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2 DISCUSSION

pH:

The PH. Of soil sample was found 6.9 from the above reference table

indicating that soil is slightly acidic in nature.

Electrical Conductivity:

The electrical conductance of soil is 0.24 ds.m” indicating the good soil.

Organic carbon:

The percentage of carbon content of the sample was 0.30% from the above
reference table indicating that organic carbon is moderately high.
Available phosphorous (Kg/ha):

The available Phosphorous in the soil is 26.88 kg/ha. which is in good health
or in required range i.e. 60-150 kg/ha

Available nitrogen (Kg/ha):

The available nitrogen in the soil is 158.05 Kg/ha which is in good health Orin
required range 170-225 kg/ha.

W
LS

P.G
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CONCLUSION

After collecting the soil sample from Akola area and observed all the
parametet it is conducted that all parameter which good for the agricultural crops. The
pi. Soil sample which slightly acidic and characteristics of many red and lateritic
ils. Electrical conductivity indicated the good soil. From the percentage of calcium
crbonate it is concluded that the caco3is present in less amount which is good for soil
health, 1f it is present in excess quantity it may affect the crop yield.

Organic carbon determine shows the carbon content is moderately high which

indicate beneficial for supplying water to plants and good for soil health. Bulk density

of s0il shows which is present in beneficial for holding the water.

From N,P,K study ie Nitrogen, Phosphorous, Potassium is observed that all
the parameters are in required range which indicate tht soil is good health. But the

potassium in the soil sample which is present in slightly poor condition.

S the farmers are suggested that do not use much fertilizer because excess

use of fertilizer may decreases the crop yield but also, slightly increases the content of

potassium in the fertilizer from.
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Abstract

/

A act

Soaring prices of petroleum has turned into a serous global concern. As an

outcome, researchers have been looking for biobased replacements which can

potentially be converted into versatile products which have analogous properties to
petroleum derived analogue. Among the biobased materials, natural oils are
considered as most powerful renewable materials for the preparation of polymers.
Biobased epoxy thermoset resins were developed from Ricebran oil. Ricebran
oil was first epoxidized using H>O: and acetic acid. The ricebran oil and epoxy
ricebran oil as characterized by FT-IR and 'H-NMR spectral technique. This
epoxidized oil was then reacted with biobased acid. citric acid to obtam fully biobased
epoxy resins (bioepoxy CA). The so formed epoxy resins were characternized by using
FT-IR spectral technique. The chemical resisuvity of resin was studied in different
protic as well as aprotic solvents and results revealed that the bioepoxy resin CA 1s

resistant to all solvents except alkali.
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Chapter-1

Introduction and Literature Review

Biomass is the promise and hope that vou don’t have 1o use 2
food resource or amything mear food resource, to create 2 greater
food. You cam use agricultural material that would be thrown
away. It would be a great way to lower the cost. and it’s really

the bottom liné ..ocewe. AN Tucker



Plagtics play an important tole i o diily Tven. They me ane ol the s

aseful muterinls ever crented, Mluution cun be tubbery o tgid and an be shapred st
an endless variety of objects, ranging from cat bimpers (6 weezable bottles and sofl
fabrics  Plastic products, eapecinlly thone waed by industrios, aften have » wgeful 1ife
ol many years, According (o thetr stracture and behaviour, plastios can be classifiod
as thermoplastics and thermonetting plastics or thermonsets

Thermoplastics golten or melt on heating and can be converted into any shape
before they cool down (o a solid Melting and solidification of these polymers are
reversible and they can be reshaped by the application of heat and pressure,  oach
cycle causing some deterioration in propertics. Their polymer chaing consist of lincar
or branched chain molecules having  strong intramolecular bonds but v ik
intermolecular bonds. They are semi-cryutalline or amorphous in structure snd the
chaing can move freely cach time the plastics are melted or softencd. They generally
require less time o solidify compared (o thermonets which undergo a cross-hinking
reaction before solidification. Important commercial examples include polyethylene,
polyvinyl  chloride, polystyrene, —polypropylene, — polyamides, polycarbonale,

polyacetals and polyesters,
Sustainable Development:

Sustainable development is the organizing principle for meeting  human
development goals while at the same time sustaining the ability of natural systems to
provide the natural resources and ecosystem services upon which
the economy and socicty depend. Polymers were created — synthetically Decades ago,

to perform multiple roles in industrial processes. Polymers are large molecules formed

by the bonded chemical subunity called monomers, They are used for the synthesis of

plastic, rubber, adhesive and Styrofoam. Synthetic polymers release hazardous
chemicals in the environment which are responsible for pollution and chemical
poisoning. Synthetic polymers are used in our day to day life such as Teflon in non
stick pans, polyvinyl chloride in pipes, the common PET bottles are made up of
polyethylene terephthalate. These synthetic polymers are no cco-lriendly. Therefore

they need to be repluced by biobased or renewable polymeric materials [1].

#
IntroductionandLiteratureRevi Page 2



Chapter 1

With this concern there is need for sustainable development. The best

examples are biopolymers, They are produced from living organisms/ renewable

materials, These polymers are cco-friendly polymers. These includes polymers

obtained from renewable resources and are used in the manufacture of bioplastics.

Self sortficent and
AT S P27 o

Sustainable
o, Development

1S OUr 8¢ )al

Figure 1.1: Sustainable Development

Renewable resource based polymers:

Pollution is increasing day by day and the use of synthetic polymers is on¢ of
the reasons of this increasing pollution, Polymeric materials play an important role in
our day-to-day life.

Nowadays, most commercially available polymers are obtained from non-
renewable resources which account for 7 % worldwide oil and gas use. Concerning
the environmental issues researchers are increasing more attention and efforts to the
utilization of rencwable resources as raw materials for the production of polymeric
materials,

Following are examples of some renewable resources.

A) Vegetable oils:

Biological c.g. vegetable oils arc good raw materials as renewable resources
for new monomers and polymers. Most of the oils are triglycerides 1.e. esters of fatty
acids and glycerin. Some oils like cashew nutshell oil are not. Generally oils are
considered as non reactive raw materials and to make them reactive, introduction of
functional groups is needed. There are various sites in triglycerides molccule for

chemical reaction (o oceur,

IntroductionandLiteratureRevi Page 3
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The renewable resources based polymers market survey:

There has been substantial interest in the advancerment and production of
biodegradable polymer to solve the current problem of pollution triggered by the
continuous use of synthetic polymer of petroleum origin. The likelihood of producing
these bio- polymers commercially and at comparable cost has been the key foous in
this Era. The most promising way of making plastics from other abundant renewable
sources like corn, soy beans, sugarcane etc. is the avenue of Bio plastics. Researchers
are trying to substitute conventional petro-plastics be the new-age degradable and
renewable bio-derived polymers [3]. Following figure shows the usc of different

renewable resource based biopolymers in the market.

Bioplastics Market Share

Cellulose acetate » Polylactic Acid (PLA)
Extruded Starch Thermoplastic Starch/ Blends

® Polyhydroxyalkanoates (PHAs) and others

Figure 1.2: Bioplastics market share (Source: Google Images)

Natural oils - composition and chemistry:

Natural oils which are obtained from both plant and animal sources are
regarded to be the most important class of renewable sources owing to their broad
diversity of worldwide feasibility possibilities for chemical transformations, and
reasonably low price. Plant oils, fish oils and algae oils can be used as raw materials
to facilitate the preparation of polymers. Plant oils are cheaper having different

degrees of unsaturation whereas fish oils have high degree of unsaturation [4].

_
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Chagter 1

The life cycle of natural oil based polymers is shown in Figure 1.5. According

to this. the biomass from plant derived resources is extracted in order to yield the

natural oil. After this step, the oil is forwarded to chemical modification for the

purpose of improving its reactivity towards a certain form of polymerization approach

[10]. Polymers are then made accessible to the consumers and once used, they turn

into waste which, after degradation and assimilation is reused as biomass thus

restarting the cycle again.

& Vegetable Oil 5,

7, ,' Q’ .
/"f/'o o
%

Rt
2. %, I %“
%, Y, L Waste

Figure 1.5: Life cycle of polymeric material based on vegetable oils (Progress in

Polymer Sciences, 2006, 37. 633-670).

Natural oil comprises mainly of triglycerides that can be either directly or

indirectly synthesized into a range of polymers. The approaches that have been

applied to derive the polymeric materials from natural oils can be categorized mto 3

groups:
1) Direct polymerization
2) Chemical modification of double bond
3) Chemical transformation of natural oils to produce platform chemicals.

Typically via conversion of the triglycerides into mono/diglyceride or into

simple fatty acids
A brief description to some of the important techniques ts given below.

IntroductionandLiteratureRevi Page 10
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Chamer I

1) Direct polymerizations:

Direct polymerizations of natural oils have been used in coating since long for

different applications. During polymerizations, triglycerides play an imperiant tole

providing many active sites that are susceptible to chemical reaction These active

sites can be casily used to polymerize triglyceride directly. As evident |
es contain C=C bonds that are capable

tom the

structure of vegetable oils: triglyceride molecul
of being polymerized. These double bonds can be polymerized through cationic
mechanism or a free radical mechanism depending on the applications Major
research has been focused on direct cationic polymerization of C~C bonds in the

natural oils in the presence of petroleum derived co-monomers Li et al. also

conducted extensive research on cationic polymerization of soybean oil and low

saturation soybean oil with various petroleum derived cross linking agents [11].

2) Chemical Modifications:

Direct polymerizations (especially cationic polymerization) of natural oil Jeads to
good products; however it is not generally applicable to all natural oils (especially
non-conjugated oils) as the internal double bond in the triglyceride molecules are not
suitably reactive for any viable polymerization processes. Direct polymerizations of
such oils usually give materials with poor propertics owing to reactivity of both
double bond and secondary hydroxyl groups in oils such as castor oils, So, in order to
overcome the shortcoming of direct polymerization, considerable efforts are being
devoted to modifications that could facilitate subscquent polymerizations to produce

polymers with improved propertics. These modifications consist of

1) Introduction of diffcrent reactive groups into the aliphatic chaing which would

ease maximum polymerization.

2) The reductions of the triglycerides to monoglycerides through glycerolysis or
chemical transformation to produced platform chemicals for succeeding polymer

synthesis

Epoxidation of Triglycerides:

The most significant modification of oils is epoxidation. Epoxidation can be
carried oul in several ways in very efficient manoer. The methods for converling
natural oils into epoxidized polymer resing are well documented in the literature. At

IntroductionandLiteratureRevi Page 11
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(Ihnl)lcr 1

present, there are generally fou methods of producing epoxides from olefinic
(=" bond) Epoxy ring 1s

molecules (unsaturated compounds having ot least one
preparation of thermosetting

valuable for further chemical modifications and for the
resins by cross-linking with anhydrides, acids or amines [12].
done using organic and inorganic peroxides together i presence
and also by 1 situ epoxidation with percarboxylic acid

A suitable method for clean and efficient epoxidation of natural oils is that which
Resin (AIER)

Fpoxidation can be

of a metal catalyst

is carried out i situ with percarboxylic acid using Acidic Ton Exchange

as the catalyst 1t s possible to use either acetic acid or formic acid i cpoxidation

process. Peroxy acid is created by the reaction between hydrogen peroxide and

carboxylic acid. The reaction can be controlled by the quantitative determination of

oxirane rings and iodine number [13]. A schematic example ol natural oil epoxidation

reaction is shown in Figure 1.6,

0 O o
< 9 Formne acetic acd | J(J)\ (E "
O ANANANANAANA ———-———'—"c.“{m » 0 AN "é &
Om ) \ NN Perovide 0-“\/\,/\,\\5\,/\/" &
0

Figure 1.6: Epoxidation process of triglyceride (Source: Google images).
Natural oils and their polymeric applications:

Among natural oils, vegetable oils are mainly used as food and feed. In the
food market the residual (used) oils are mainly composed of palmitic, stearic, olec,
linoleic and linolenic acid. Depending on their specific use, different oils have
different compositions. For instance, common margarines have higher proportion of
triglycerides composed of saturated fatty acids while cooking and salad oils are richer
in triglycerides having mono and poly unsaturated fatty acids respectively [14].
Natural oils are also used in other arcas like the production of biofuels, lubricants,

paints, coatings, inks, plasticizers, agrochemicals, pharmaceuticals and construction

materials.
In chemical industry, natural oils stand for highest usage of rencwable raw

materials, since they offer wide-ranging possibilitics for biocompatible applications
that the petrochemical industry cannot able to provide for the all time [15]. The broad
spectrum of possible applications that natural oil based products offer is determined
by the composition of fatty acids contained in the oil. For instance, coconut and palm

IntroductionandLiteratureRevi Page 12



Chapter 1

kemel oils are suitable for further processing to surfactants in the manufacture of
washing and cleansing products as well as cosmetics, since they consists mainly of
short or medium chain fatty acids (12 to 14 carbon atoms). In turn, palm, soybean,
rapesced and sunflower oils are particularly employed as raw materials for polymer
applications and lubricants since they are generally contained long chain saturated and
unsaturated fatty acids [16].The applications of natural oils in the polymer field make
use of oil derivatives such as epoxides, polyols and dimerization products. These are
based on unsaturated fatty acid contents depending on whether it is desired for plastic
additives or components for composites or polymers like polyamides and
polyurethanes [16]. Natural oil based polymers have applications in paints. inks and
coatings, photoresist processes[17], toughening agents in PVC, epoxy resins [18],
foams [19, 20], composites, adhesives [21] and among others. All these applications
can be derived from biobased oils using synthetic techniques similar to those used

with petroleum derived analogues.

Natural oils based resins:

Currently the use of natural oils is still mainly dependent on the carboxyl
functionalitics, although the transformations involving the alkyl chain of faty acids
are gaining more and more importance since they are mainly responsible for
increasing the number of natural oil based products [15]. Wide varieties of natural oil
based polymeric materials are described in the literature. Recent contributions in this
field include the critical appraisal by Xia and Larock [22] on “vegetable oil-based
polymeric materials: synthesis, properties and applications™ and the review by Meier
et al. “oils and fats as renewable raw materials in chemistry™ [23].

The future development of polymers from natural oils will surely be focused
on the rising use of natural oils as rencwable materials in the chemical industry. The
designed natural oil based polymers should have sustainability, resource availability,
land use, biodiversity, environmental impact, energy efficiency. soil conservation, and
consumer demands. This area will continue to face many challenges in handling and
converting this renewable feedstock into industrial matenals as well as in controlling

the properties of the ensuing polymers on the basis of performance, economical and

environmental aspect.

#
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Kpoxy resin:

ant class of materials which are used extensively in

lipoxy resing are an import
automobile, electrical and other applications on account of their excellent chemical
resistance, oufstanding adhesion to a variety of substrates, high tensile strength,
clectrical  insulation propertics and superior fatigue strength [24]. Linear or

crosslinked epoxy polymers are obtained by the reaction of epoxy monomers with
curing agents (hardeners) and/or initiators. Epoxy groups can react with many
functional groups, including amines, phenols, mercaptans, isocyanates and acids [25].
Crosslinked epoxy resins are cohesively very strong but, their brittleness reduces therr
efficiency in many applications, especially that requiring high impact strength [25]

Today, in most cpoxy thermosets polymer formulations, the major

components used, is originated from petroleum based derivatives. However resins and
composites incorporating renewable resources are increasingly being used in various
arcas of manufacturing because of the heightened awareness of environmental issue.
Till date, these biobased resins only represent a very small percentage of entire
plastics market and widespread application of biobased materials is still limited due to
the accessibility of materials plus their comparably high cost of production.

Approximately 90% of all non biobased epoxy in the market 1s based on
diglycidyl ether of bisphenol A (DGEBA) derived from epichlorohydrin and
bisphenol A. Commercialized since 50 years, BPA is commonly used in epoxy resin
to manufacture adhesives, laminates, structural composites, protective coatings and
many other products. BPA resins are also found in everyday life as filling materials or
sealants in dentistry. Conversely. these polymers are susceptible to hydrolysis and
leaching of BPA leading to prevalent human exposure as reported by numerous
studies [26]. Furthermore a high BPA level in human fluids and tissues has been
found which can be responsible for health damages [27].

The current awareness on hazardous cffects of BPA on human health and
environment implies that essential changes in the field of epoxy resin system are

necessary. For this reason, the development of cost effective biobased materials from

abundantly available renewable resources is of great interest to prevent reliance on

finite petroleum resources.
Natural oils are one of the widely used renewable resources for manufacturing

of epoxy resins. Natural oils can be partially blended with petroleum epoxy and a

IntroductionandLiteratureRevi Page 14
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Chapter 1

High biobased content resin system € lear, peneral use

designed for composite, coating resin for com

and adhesive epoxy applications adhesive zpplicatior

Figure 1.7: Biobased epoxy resins different application (Source: Website of entropy

resin company).
Ricebran Oil:

Rice Bran Oil is a unique vegetable oil produced from the outer brown layer of
rice which is removed in the form of rice bran during the polishing process of the rice
milling industry. It is having an almost ideally balanced fatty acid profile and 1s rich
in natural antioxidants. A number of scientific studies conducted in India & abroad
have well documented that the rice brain oil is better in properues lowering

cholesterol as compared to other conventional vegetable oil [32, 33].

Kingdom Plantae
Division Magnoliophyta
Class Liliopsida
Subclass Commelinidae
Order Cyperales
Family Poaceae

Genus Orya

Species Orya sativa

Rice bran oil is high in fatty acids and unsaponifiables and contains about
1.5% of gammaoryzanol. The high antioxidant property of gammaoryzanol has been

widely recognized. Studies have shown several physiological effects related to

IntroductionandLiteratureRevi Page 16
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gamma-oryzanol and related rice bran oil components. These include its ability 1o
reduce plasma cholesterol. 1. Rice bran oil contains significant levels (approzimately
500 ppm) of tocotrienols. 2. These occur in at least four known forms and are similar
to the tocopherols in chemical structure. They belong to the vitamin E family and are
powerful natural antioxidants.

Rice Bran Oil is extensively used in Japan, Korea, China, Taiwan and
Thailand as premium edible oil. It is the conventional & the most favourite cooking
medium of the Japanese and is popularly known as "Heart Oil" in Japan. It has
acquired the status of a "Functional Food” or a "Health Food” in Western Countrics.

India is the sccond largest producer of rice in the world next to China, having
potential to produce about 13,04 lakh MT of Rice Bran Oil per annum. Indiz produces
140 Million MT of paddy and 93 Million MT of rice. Currently, the industry is
processing about 44 lakh MT of Rice Bran producing about 8.30 lzkh MT of Rice
Bran Oil per annum, out of which 8.0 lakh MT are of edible grade and the balance
0.30 lakh MT is of non edible grade[32, 33].

1.12 Present Work:

Biobased epoxy thermosets resin has been developed from ricebran oil. Firstly
the ricebran oil is converted into the epoxy ricebran oil by the method of epoxidation.
After this, the epoxy ricebran oil is reacted with biobased citric acid which is
abundant and eco-friendly, low cost dicarboxylic acid. These fully biobased epoxy
resins were characterized by using spectral technique and 1ts chemical resistivity.

D e
IntroductionandLiteratureRevi Page 17

. |



Chapter-2

Materials andMethods

“There s little doubt that the use of vegetable oils as a source of
original polymers will incregse progressively in the near future both
- quantity and in the variety of novel macromonomers, and this
Will not constitute a problem with respect to changes in the global
agricultural strategy because, contrary to what i being perceived
With the much more massive biofuels domain, the needs of raw

materials will always pe Very modest relative to ¢he essential food
and feed requirements

Alessandro Gandini, M

acromolecules 41 (2008) 9491-9504
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Materials and Methods:

2.
d either from SD Fine

de chemicals/rcagents Werc acquire .
fication. The

further puri
aharashtra and used as

All laboratory gra

Chemicals or Spectrochem. India and used as such with no

Ricebran oil was obtained from Local market, Akola, M

recerved.

Synthesis of epoxidized Ricebran oil:

The experimental procedure was performed as described earlier [34, 35]. The
synthesis was carried out in a2 200 mL three necked round bottom flask equipped
through a mechanical agitator, a thermometer sensor and a septum. pierced with an
injection needle to equalize the pressure. The entire system was kept in water bath to
maintin the temperature of 75 °C. 10 g (0.11mol) of Ricebran oil, 5.00 mL  of
toluene, 2.50 g, of amberlite 15-wet (strongly acidic, polymeric catalyst) and 1.50 g
(0.03mol) of glacial acetic acid were added into the round bottom flask. With
continuous stirring, 9.00 mL (0.15mol) of 30% H>0; were added gradually through a
separatory funnel for the period of half an hour. This preventative measure was taken
to stop overheating of the system due to exothermic na idati
reaction was continued further for preferred time period. Thn:Za;f lepofldau'on. oy
from time to time, taking into consideration that the completi S

pletion of H>0; addition as

zero ume. The collected sample was th
en extracted with 2-5 mL
2 of ethyl acetate

Ricebran oil i di
s e 1
represents in Figure 9.1 ebran oil from
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Synthesis of bioepoxy resins:
The bioepoxy resins were synthesized by solution polymerization method. A
typical experimental procedure is given below:
To a 250 mL three necked round bottom flask equipped with overnezd surrer,

% condenser transferred 2 2.00 g citric zcid

t weight ratio of 1:1 (34, 35] and 20 mL of
10

nitrogen gas inlet, thermometer and reflu

epoxy equivalent weight: acid equivalen
y stirred to dissolve citric acid. Into it add

equivalent weight 311 g/mol, The compicie
phere at 50 to 70 °C for 30 min. After 30

THF. The reaction mixture was constant]
g of epoxidized Ricebran oil with epoxy

mixture was agitated under nitrogen atmos
eaction mixture was cooled to Foom

cterized for GPC (used before curmg).

n, the solution became viscous. The 1
ure disconnected from the flask, chara
glass plates (10x10 em’)

mi
temperat
The thin film
which had been earlier
shock when the liquid resin was
additional at 80 °C for 6 h after whi

perature (28 °C) the films were peeled 0
and moisture from th
Ims were further post cured 2t

s were casted onto 2 piece of freshly cleaned
heated in a force-draft oven at %0 °C. in order to zvoid thermal
poured onto it. The oven temperature was mainizined

ch the glass platc was taken out and cooled w0

ut from glass plates by dipping inio

room tem
e films were removed by

water. Lastly any remaining solvent
constant weight. The fi

drying on a vacuum OVen till
post cured films were further used for their

room temperature for 48 h. The fully

structural, chemical resistivity.
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Figure 2.2: Synthesis of Bioepoxy resin from Ricebran oil

23 Secd germination method of bioepoxy resin CA:

Black =y=d peas (Vigna unguiculala) Were purchased from local supplier.
Bisepoxy resin CA w2 wrashed before using for experiment as reported in literamure
136]. The biocepoxy Tesin Was sested for possible environmental friendly plani grown

-
13536 UF >

method. In this expeniment garden pea seeds were SOWD

nles of fresh biocpoxy resin CA. The soil sample was used for  garden pea

2s control. All the samples Were watered as required Seed

o orrimation was recorded daily for 7 days.




Chapter-3

Results andDiscussion

“The main goal for the researchers in coming years is to

produce viable polymersfromthe naturalresources.”
V. Sharma and P. P. Kundu, Progress in Polymer Science 31 (2006) 983-
1008
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more 'am:}ntum towards utilization «of biodegradable vegetable oil products. But
recently t :’rr was a great debate on food versys polymer and there was 4 serious
::1(::: t ,fr epoxide feedstock may compete with food supply in long term.

e n‘ was thought prudent 1o synthesize cost cffective and biodegradable
epory resin from a cheaper feedstock. Ricebran oil is having unsaturated fatty acids

and th cidation reaction &
and the epoxidation reaction is favoured by the presence of unsaturated sites.
3.1Ch y
aracterization of Ricebran ofl, epoxidized Ricebran oil & bioepoxy resins:

Table 3.1: Some basic propertics of fatty acids and their composition in Ricebran
oil and allow some important properties to be determined.

Fatty acid of % | Molar | Number | Moles of double | Moles of
Ricebran oil Fatty | Masses of bonds per 100 g | fatty acids
acid (g/mol) | double oil /100g oil
bonds
Oleic acid 344 26246 | 0.135 0.135
Linoleic acid 344 280.45 2 0.245 0.122
Linolenic acid 2.20 278.43 3 0.023 0.007
Palmitic acid 21.5 256.42 0 0.000 0.083
Stearsc acid 2.90 284.4% 0 0.000 0.010
Myristic acid 0.60 228.38 0 0.000 0.002
“Total 100 - r 0.403 0.359

The equation for determining the molar mass (MM) of triglycenide of

Ricebran oil from table 3.1 is as follows:

Mol double bond _ Number of doublebondperfattyacid * %Fattyacid Molar
100 g ol mass of fatty acid

Fyuation 1:

Faquation 2.0 08 fatty acid o % Fatyacid__
106 g ol Maolar mass of fatty acid

f
Results andDiscussion Page 21
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Equation 3: Molar mass offrecfattyacig = 100 g oil

Z (mol fatty acid per 100 g oil)
Equation 4: Moles of double bond per moles of triglyceride

0.433moldoublebongd i
_ n 100 g oil ., 3 mol fattyacid
100 g oil 0.352 mol fatty acid I moltriglyceride
= 3.36 double bond per triglyceride
Equation 5: Molar mass of triglyceride

=3 xMolarmassoFfreefattyacids +Molarmassofglycerol =

3 x Molar
mass of water = 3 « 282.48 + 92 09 — 3 x18

=885 g/mol

Where the molar masses are; glycerol (92.09 g/mol), water (18 g/mol), and for
each Fatty acid in Equation 5 the molar mass can be found in Table 3.1.

The epoxy oxygen content is an important property in the characterization of
epoxidized natural oils. Considering complete epoxidation from FT-IR and '"H NMR

results the physicochemical characterization of Ricebran oil and epoxidized Ricebran
oil is furnished in Table 3.2.

Table 3.2: Physicochemical characterization of Ricebran oil and epoxidized Ricebran

oil.

l

Entry Acid value Molecular Epoxy equivalent

(mg KOH/g) weight (g/mol) weight (g/mol)

[Ricebran oil 2.05 885 -
Epoxidized Ricebran 0.09 038 280
oil

e




3.2.  Fourier transformy infrareg Spectroscopy (F1-1R);
The FT_[R spectroge S . ; 1
C Spectroscopy is simple bu influential technique to study the curing

of bioepoxy resins. For example epoxidized Ricebran oil was reacted with the citric
acid. After curing for 24 h o ambient temperature, the cured biocpoxy CA sample
was studied by using FT-IR to monitor the characteristic stretching adsorption bands
of ester carbonyl, hydroxyl etc,

The FT-IR spectra of Ricebran oil (RBO),

epoxidized ricebran oil (ERBO) and
bioepoxy CA represents in F

igure 3.1. In the FTIR spectrum of Ricebran oil (Figure
3.1a.) the vibration band at 3010 ¢! occurred is due to the -CH stretching related to
=C-H bonding .This band is of main concern in this research as it’s a double bond that
1s consumed to produce an epoxy group. Successful epoxidation is measured to be one
that consumed this entire band, suggesting that the almost all epoxy groups may have
formed. Two highly pronounced bands observed at vibrations 2926 cm” and 2854 cm’
'and are common to most triglyceride oil spectrums. They are result of -CH
asymmetric and symmetric stretching vibrations respectively. A strong band observed
at vibration 1745 cm™ and corresponds to -C=0 ester groups stretching vibration.
This group 1s present in all fatty acid chains and occurs adjacent to where the fatty
acid chain joins to the glycerol molecule [35, 37].

FT-IR spectrum of epoxidized riccbran oil (Figure 3.1b), the typical band
which doesn’t appear in ricebran oil occurs at 822-823 cm™ . This band is assigned for
the epoxy group. During the epoxidation process, a side reaction such as oxirane ring
opening may occur with water or acid. The vibration band at 3470 ¢m™' is indication
for the formation of hydroxyl group byproduct in ERBO [35, 37].

The FT-IR spectrum of bioepoxy resin CA (Figure 3.1c) shows a most
important ester band vibration at 1728 cm™ due to newly formed ester functionality
from citric acid. The stretching vibrations at 3496 cm™ is of hydroxyl group ring
opened by citric acid. The absorption band due to ester present in Ricebran o1l confer
the stretch at around 1745 ¢cm™ which is in the same region to that of newly formed
ester moiety due hydrogen bonding from -OH groups. The successful completion of
reaction the band at 822-823 cm™ of epoxy group in epoxidized Ricebran oil is

completely removed as can be seen in the bioepoxy resin CA spectrum [35, 37].

e ———————— e —————————
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Figure 3.1: Comparative FT-IR of a) Ricebran Oil (RBO), b) Epoxy Ricebran

0il (ERBO) and ¢) Bioepoxy Resin CA.
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Nuclear magnetic resonance speclroscopy ('H-NMR)-

| ~ -
H-NMR spectra of ricebran o1l and epoxy ricebran oil were recorded on
Agilent 400 MHz spectrometer by using deuterated

chloroform (CDCIs) as a solvent
and tetramethylsilane (TMS) as an internal standard

'H-NMR Spectra of Ricebran o] (KO), e
represents in Figure 3.2,

In the

poxidized ricebran oil (ERBO) was

1

H NMR spectrum of Ricebran ojl (Figure 3.2a) revealed peak in the
range of 5 0.88-0.90 PPM was assigned to protons of terminal
and protons of internal -CH, g

ppm. The peak at § 1.72-] 73
allylic and double allylic proto

-CH; of long fatty chain
'oups of long fatty acid chains appeared at & 1.24-1 38
ppm and § 2.22-2 4 ppm are characteristic peaks for

ns of -CH, groups respectively. The peak at § 3.20 ppm
is due to the protons adjacent to the C=0 ester group of fatty chains. The protons of

glycerol centre and olefinic moiety appeared at § 4.12-4.32

ppm and & 5.46 ppm
respectively [35,

37]. The peak at § 5.56 ppm associated with the protons of C=C-H
of ricebran oil.

However in the "H-NMR spectrum of ERBO (Figure 3.2b), The peak in the

range of § 0.88-0.90 ppm was assigned to protons of terminal

-CH3 of long fatty chain
and protons of internal -CH,

groups of long fatty acid chains appeared at § 1.24-1.38
ppm. The peak at § 1.72-1.73 ppm and § 2.22-2 40 ppm arc characteristic peaks for
allylic and double allylic protons of

-CH, groups respectively. All these peaks are
similar with the RBO.

The peak at § 5.56 ppm associated with the protons of C=CH disappeared with
formation of new peak at & 2.80-3.10 ppm corresponding to the protons of epoxy
groups. It confirm that C=C-H bonds have been transformed into epoxy groups

135,
37). This indicates the completion of epoxidation reaction of ricebran oil into the

€poxy ricebran oil.

Results andDiscussion
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Figure 3.2: Comparative 'H-NMR Spectrum of a) Ricebran oil (RBO), b) Epoxidized
Ricebran oil (ERBO).

Results andDiscussion

Page



- ~ Chapter 3

Bioepoxy resin resistance (o chemieal fye

tors test:

The resistances (o che

mical fuctors « as _
. o : ' clors study of bioepoxy resins were evaluated
using thin films in a series of differe

nt protic plus aprotic solvents such as NaOH,

trachlor . : :
- - ride, castor oil and dimethyl sulphoxide ctc., (Table
3.3) The pieces of bioepoxy resing w

HaS04, xylene, carbon te

| ere released in different solvents for 7 days in an
unopened jar and the results were monitored at a period of 24 h by observing the

change in their weights. 1t was found that both bioepoxy CA is resistant to all solvents

_— lh 8 Y c POCT o )
except IM NaOH. The poor resistance to alkali solution is due to a hydrolysable ester

aroups in bioepox S1 i
groug CPOXY resins while petroleum epoxy resins are inert to all solvents

Wi i : ; A
showing greater chemical resistance compared to bioepoxy resins. The decrease in

resistance to the chemical factors in bioepoxy resins may be duc to presence of

triglyceride moiety.

Table 3.3: Chemical resistivity data of bioepoxy and petroleum epoxy resins

Solvents Bioepoxy CA
Acetone #

Ethyl methyl ketone

| M NaOH
| M HaSO4

Xylene

Mineral turpentine

Castor o1l
Methanol

Chloroform
DMSO

Distilled water #

Note: “+’ is Soluble, ‘-’ is Insoluble and ‘#' is Swelling.

w
Results andDiscussion Page
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Chapter 3

geed germination of polyurethane foams:

increasing the demand for greenhouse commodities subscquently increases the
p—" for environmentally friendly plant growth substrate. With this background,
arch 18 spotlighted on searching some alternatives. With this concern, a

he 1ese
:llrcdmnc pased recyclable plant growth substrate (UBS) particularly designed as an
Jlrerative for some of the non environmentally friendly plant growth substrates.
Keeping this in mind, Huber et al. reported the production of hydroponic cucumber
ssing urethane foam as a growth substrate [36].

In the same way, bioepoxy resin CA was tested for seed germination and plant
growth. The growth rate of bioepoxy resin CA was compared with the soil. Seed
germination was observed in bioepoxy resin CA within 3 days. Further the plant
growth in bioepoxy resin along with soil was tested for 7 days. The results observed
that plant growth rate of bioepoxy resin were similar with rate of control sample in

soil. Seed germination indicates that the bioepoxy resin is used as a suitable plant

grown substrate. The seed germination data of bioepoxy resin is as shown in Figure

33

Figure 3.3: a) After 3" day b) 4" day and c) 5" day seed germination of bioepoxy

resin CA as a plant growth substrate compared with soil.
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biocpoxy resin:

\ppllmllml of

rhe appheation of boepoxy resing have been demonstrated and shown in
Figure 1.4 such as fully post cured thin film with a very high optical transparency,
| -
jearly ghowing the Image beneath it Biopolymer coatings are found sustainable
Pt

rernalives (o common petrochemical coatings. In this sense, we are trying to use
AHee ’
obased gpoxy resin CA for coating to paper and observed the effect of dust,

IS, microorganisms ete. It showed that there was no effects dust, moisture,

picrooTganISMS on coated paper.

The another application is encapsulation of printed circuit board (PCB) for
protection of it from moisture and dust and all the parts of PCB can be easily
visualized due to high transparency of bioepoxy resin.

The next application of bioepoxy resin have been demonstrated and shown in
Figure 3.4(d) s that the different ecoftiendly, commercial cast resin articles such as

plane and colored prepared using ecofriendly die.

Fi e _ _
'8ure 3.4: Applications of bio-epoxy resins a) thin film, b) paper coating, c)

Cnca g ) )
psulation and d) different cast resin articles based on ricebran oil.

Regyyg e —
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— qummary and Conclusion

The stone age did not end for lack of stone, and the oil age

yil end long before the world runs out of oil."
Sheikh Zaki Yamani Former Saudi Arabia Oil Minister




aw materials for the

yils is that they

oils are onc of the important renewable r

- chemicals and polymers. The advantages of natural ¢

ormed product will be biodegradable in nature. In the present

atC ¢
arv

fforts were done 0 develop the polymer such as bioepoxy resin.
C o

oarch
r"h(m" 2 2 ¢ 2 4 y
) ils used in this study are ricebran oil. Bioepoxy resins have been

Narural ol
om ricebran oil. The formed bioepoxy resins are biocompatible in nature.

prepared 11
process is more resourceful, more economical

and less expensive.

The developed
ased products are flexible, clastomeric. The various industrially

Biocpoxy resin b
cast resin

apphcable products were

articles, encapsulation and paper lamination.

developed from bioepoxy resin such as thin films,

Future Prospects:

The polymeric materials developed from renewable resources namely natural
oil derivatives are occupying an important place in main stream plastics. Though there
are many advantages associated with these biobased materials, the main shortcomings
in these materials are the properties, chemical stability and price of final products.
These dr . il ; ;
| s :};fbacks are the major challenges in biobased polymeric materials. Among

. . ; ; ; . .
p.SI e lines of pursuit of this work, it would be interesting to tackle the
following topics:
I Availability of raw material (renewable resources)

mprovement in properties of materials to compete with fossil fuel based

materials.

| 3 A .
ceeptance of biobased materials and price of finish goods

Despite this i
15, biobased material ini
s : .
Materigl are gaining market share and will be vital future

Sum
Mary
A Conclusion and Futyre

Page
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