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Abstract. India, a developed country with a bounty of resources, has
produced a large number of biopolymers that were employed in historical
construction. If these biopolymers are proven through research to have
positive aspects, it would eventually result in the development of
environmentally friendly, cost-effective, and long-lastingstructures.
Although many of the efficient inhibitors, like chromate and arsenate, are
exceedingly poisonous, the price of inorganic inhibitors is generally
inexpensive. As neem and turmeric extracts are readily available and may
be obtained year-round in concrete, they should be further investigated as
corrosion inhibitors in various ratios and combination. This experimental
investigation can be used to provide a corrosion inhibitor that is affordable,
non-toxic, eco-friendly, and user-friendly.The application of biopolymer in
concrete has been supported by the results of the feasibility study, which
additionally showed promising result for aexcellent corrosion inhibitor
from the phytochemical analysis and results for compressive strength.
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1 Introduction

In India, RCC is the primary building material used forconstruction, especially throughout
the last century. However, after 10 to 20 years of construction, these structures necessitate
repair. Due to the concrete's weakening, the steel reinforcement bars utilized in these
constructions are corroding, which is the cause of the early discomfort and degradation.
Research in this field has an abundance of potential because of the vast no. of structures that
require rapid repair and refurbishment.Metal can corrode due to chemical attack or reactions
with surrounding materials. Rust, which forms when steel corrodes, consume vast space
thanthe steel itself. Tensile strains imposed on by this expansion may eventually result in
spalling, delamination, and cracking in the concrete. In an effort to reduce or avoid rusting,
concrete corrosion can be decreased by applying coatings to reinforcement, galvanized
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reinforcement, enhancing metallurgy through the addition of copper and chromium,
Corrosion inhibitors, nonferrous reinforcement, concrete coatings, concrete quality
enhancement, and appropriate stacking and storage of reinforcing steel.The traditional
method of repairing the damaged concrete with regular cement composite failed because the
old concrete and the repair material did not bond properly for a variety of reasons, including
drying shrinkage, the application technique, material selection etc..On the other hand,
scientifically approached repairs utilizing high-quality, technically proficient materials (such
as epoxies) result in unfeasible fixes. Furthermore, these repair solutions lack the durability
necessary to endure the tropical climate we experience.

India, an economically prosperous nation with an abundance of resources, has produced more
number of biopolymers that had used in historical construction. If these biopolymers are
discovered through experimentation to have beneficial properties, it will pave the way for
durable, affordable, and environmentally friendly buildings.One of the popular
countermeasures is the application of corrosion inhibitors, as many of the more potent
inhibitor quite hazardous.Natural biopolymers are organic compounds derived from certain
plants- seeds and fruits extracts. Corrosion-inhibitors made from plant-extracts are
inexpensive, non-toxic, and environmentally benign. By adhering to the steelsurface and
creating a shielding layer, organic inhibitors provide defense.

A study to examine the inhibitory properties of curcuma longa L. extract at varying
temperatures (30, 35, and 40 °C) and in different dosage refinery wastewater (0.05% to 2%
by wt) was experimented by Aprael S et al [2]The findings shown that the adsorption-

process inMS surface and approx.. 1.2% (v/v) of curcuma-extract produced about
inhibition 84%, demonstrating its effectiveness on mild-steel corrosion in purified refinery
wastewater. Baggaetalusedpotentio dynamic polarization and (EIS) to investigate the
suppression of mildsteel corrosion in 1N H,SOj4 solution by Ficusracemosa (FR) extract from
stem. It came to light that inhibitory efficiency decreased with rising temperatures and
increased with increasing stem extract content at all temperatures[3]. The synergistic
combination of all the extract's adsorbed phytochemical elements is accountable for the
observed inhibition. In a 2016 study, Alaneme et al. examined the adsorption properties and
corrosion prevention of elephant-grass(Pennisetumpurpureum) extract on themildsteel in
IMHCI solution[7]. The loss in mass and corrosionrate were found to decrease as the
extractsconcentration was increased. The impact of using green corrosion inhibitors in
reinforced concrete was examined by Lisha C. et al. [9]. The greencorrosioninhibitor used in
this study were taken out of aloe vera and Azadirachtaindica, or neem. Azadirachtaindica, or
neem, has highcorrosion-inhibition efficacy than Aloe-Vera.Lots of research is going on the
sustainable development incorporating various industrial residues in
construction.[1,8,12,10,11] The carbon foot print mitigation is the key goal in infrastructure
development in the current scenario[13-23]. The present research aims to incorporate
biopolymers into concrete to enrich its performance.

2 Experimental Program

The sequence of work consists of material collection, preparation, phytochemical
analysis/study, solution preparation, application into concrete at various dosages, and testing
of concrete cubes.The details of mix proportion are explained in detail, the basic material
properties are found out from the experiments.
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2.1 Phytochemical Analysis

Phytochemical screening is done to know the profile of a specific- extract for its chemical
makeup, various qualitative chemical tests were done.Turmeric and neem powders that have
been dried are to be analyzed in a lab for phytochemical analysis. This will disclose the
chemical components found in turmeric and neem. The goal of this test is to detect the organic
species that have inhibitive qualities that improve the inhibitor's ability to bind to the steel
surface. The concrete is mixed with this chemical extract. This will prevent corrosion and
improve the structures' robustness and longevity.

Fig. 1. Neem leaves and Turmeric powder

2.2 Extraction Process Of Turmeric

Turmeric is procured dried and ground to powder. 10grams of turmeric is taken, weighted
and soak in 50mL of ethanol for 24 hours. The extracted turmeric and neem is represented
in figure 2.

Fig.2. Extraction of Turmeric and neem

2.3 Phytochemical Screening Procedures

To determine the chemical composition profile of a specific extract, various qualitative
chemical tests are made. To identify the different phyto components present in the extracts,

the following assays were run on them.

2.3.1 Detection of phenolic compound
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A few drop of ferric chloride 0.5% solution are to the extract. Phenol was represented by a
dark green color.

2.3.2 Detection of glycosides

Add 3-5 drops of pyridine and sodiumnitroprusside (half pellet) to the extract. The presence
of glycosides is indicated by a blood red hue.

2.3.3 Detection of terpenoids

Chloroform (2 ml) was added to the the biopolymer extract. To create a layer, 3 milliliters of
concentrated H2S04 was carefully applied. The interface's reddish-brown coloring suggests
the presence of terpenoids.

2.3.4 Detection of flavonoids

A minimal amount of 1% NaOH solution and a small amount of concentrated H2S04 were
added to the extract, respectively. A quick yellow color development indicates the existence
of flavonoids.

2.3.5 Detection of tannins

A few drops of 0.5% ferric chloride were supplementary to the extract, and its color was
checked for brownish green or blue-black hues.

2.3.6 Detection of steroids

A small amount of strong sulfuric acid was added to the extract after a small amount of acetic
anhydride. The progress of brown precipitate suggests a positive steroid result.

Fig.3. Phytochemiéais in Turmeric and neem

Table 1.Sieve Analysis

Sieve size Weight retained Percentage Cumulative Percentage
in grams retained Percentage passing
retained
4.75 mm 0 0 0 100
2.36 mm 38 3.8 3.8 96.2
1.18 mm 294 294 332 66.8
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600 microns 198 19.8 53 47

300 microns 257 25.7 78.7 21.3

150 microns 160 16 94.7 53
Pan 53 53 100 0

From Table 9 of IS 383:2016, the gradation of sand comes under Zone II [6]. The aggregate

properties are presented in Table 2.

Table 2.Aggregate properties

S.No. Parameters Fine aggregate Coarse aggregate
1 Bulk-Density(kg/m?) 1923 1915
2 Specific Gravity 2.66 2.71
3 Fineness modulus 2.68 3.98

2.4 Mix for concrete

M30 grade of concrete is selected for the experiment study and the table shows the mix design

for various ingredient in concrete. The mixed proportion is presented in table 3.

Table 3.Mix proportion

Cement Fine Coarse Water
(kg/m?) aggregate(kg/m?) aggregate(kg/m?) Ww/C
437.8 593.406 1130.976 197 0.45
1 1.36 2.58
2.5 Mix details

The trail combination of the biopolymers is the concrete mix is presented in table 4.

Table 4.Trial Mix

.No Sample Turmeric Neem
1 Control - N

2 BP1 0.5% -

3 BP2 - 0.5%
4 BP3 0.5% 0.5%
5 BP4 1% -

6 BP5 - 1%

2.6 Casting of biopolymer incorporated concrete cubes

The organic based biopolymers such as turmeric and neem are infused in the concrete at
various dosages and the 150mm x 150mmx 150 mm concrete cubes are cast. Figure 4

represents the casting of cubes With biopolymers.
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Fig. 4. Casting of cubes with 0.5% and 1% Turmeric powder
3 Results and Discussions

A vast series of experiments had been performed to evaluation the features of biopolymer
inclusion in the concrete[4,5]. The result of the tests conducted are presented.

3.1 Findings of the photochemical analysis

The photochemical assay is done to investigate the reaction of the biopolymers neem and
turmeric interacting with various chemicals. The results of the tests conducted are in Table 5

and 6.
Table 5.Phytochemical element present in turmeric
S.NO TEST RESULT
1 Glycoside Nil
2 Flavonoid ++
3 Tannin ++
4 Phenol ++
5 Saponi Nil
6 Terpenoid ++
7 Alkaloid ++
8 Steroid ++
9 pH 7.4

The test results of turmeric are positive for Phenols, Flavonoids, Tannins, Alkaloids,
Terpenoids and Steroids.

Table 6.Phytochemical element present in Neem

S.NO TEST RESULT

1 Tannin ++
2 Flavonoid ++
3 Alkaloid ++
4 Protein Nil
5 Saponin Nil
6 Glycoside Nil
7 Terpenoid ++
8 Steroid ++
9 pH 8
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The test results of neem are positive forFlavonoids, Tannins, Alkaloids, Terpenoids and
Steroids. Table 7 gives the results of the mechanical characteristics of the biopolymers under

compression.
Table 7.Compressive strength of cubes
S.No Sample Turmeric Neem Compressive Strength (\/mm?)
7 14 28
1 Control (CC) - - 1542 21.45 31.45
2 BP1 0.5% - 17.43 22.55 32.15
3 BP2 - 0.5% 18.01 24.75 33.45
4 BP3 0.5% 0.5% 20.15 28.45 36.78
5 BP4 1% - 17.45 23.60 32.15
6 BP5 - 1% 16.15 22.45 31.98

3.2 Results from the compressive strength

The results from the experimental study is represented in the figure 5.
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Fig. 5. Compressive strength representation

The results represented in figure 5 reveal that the maximum strength is noticed from the
biopolymer combination BP3. The addition of neem and turmeric biopolymer at 0.5% dosage
is yielding the maximum compressivestrengthas inferred from the study. This ideal hybrid
combination yielded a good combination rather than individual addition of biopolymers.

3.3 Results from the split tensile strength

The results taken from the experimental study for determining the tension effects in concrete
is denoted in the figure 6.
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Fig. 6. Split tensile strength representation
The figure 6 portrays the stimulus of the biopolymers as need and turmeric in M30 concrete
grade under the effect of the tensile forces. The figure gives a clear identity that the

biopolymer inclusion at 0.5% dosage enriches the tensile strength characteristics
meritoriously. The same has been in observed in past studies [24-29].

3.4 Results from the flexural strength

The results notice from the experimental study is signifiedin the figure 7.
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Fig. 7. Flexural strength representation

The figure 7 presents the characteristics of the biopolymers under the flexural characteristics.
The flexural strength is high for BP3 combination from the experiment. The results are 42%
higher compared with the control concrete specimen.
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4 Conclusion

The following findings are the outcome of a concise and thorough investigation into the
characteristics of concrete using biopolymers.

e The species of neem and turmeric has substantial quantities of alkaloid, total
phenolics, saponins,totalflavonoidandtannin in accordance with a quantitative
phytochemical examination.

e The incorporation of the biopolymer in the M30 concrete upto 0.5 percentage
greatly enhances the characteristics of concrete.

e The ideal combination of the biopolymer is recognized as 0.5 % neem and 0.5%
turmeric dosages.

e The compressive strength of the BP 3 mix recorded 16.9% higher strength
comparative to the control mix.

e The mechanical characteristic of the biopolymer inclusion concrete improved
significantly.

e Natural biopolymers are cost-effective and prove to bea suitable method for
enhancing concrete characteristics.
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