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Criteria 3.1.1 

3.1.1 Grants received from Government and non-

governmental agencies for research projects, 

endowments in the institution during the last five 

years (INR in Lakhs) 



 

 

 

 

 

 

Academic Year 

2021-22 

 

 

 

 



 

Sl.No. 
Name of the research project/ 

endowment 

Name of the 

Principal 

Investigator/Co-

investigator 

Department 

of Principal 

Investigator 

Year of 

Award 

Amount 

Sanctioned 

Duration 

of the 

project 

Name of 

the 

Funding 

Agency 

Type  

(Government/non-

Government) 

1 

Up-gradation of Existing 

Industry 3.0 Infrastructure to 

4.0 to facilitate for Impending 

Technology August 2021 

Dr. K V 

Mahendra 

Prashanth 

ECE 2021 20.00 2 Years VGST Govt 

2 

Brain Computer Interface and 

Computational Neuro-Science 

Lab 

Dr. Mahantesh K ECE 2021 15.00 2 years VGST Govt 

3 

Development of High-

Performance Glaucoma 

Screening Technique for 

Blindness Prevention using 

Deep Learning Algorithms 

Dr. K 

Somashekar 
ECE 2022 10.00 2 years VTU Govt 

4 

A Sustainable approach for 

producing Bio Fuel utilizing 

withered flower waste  

Dr. Lakshmi C CIVIL 2022 3.00 
12 

Months  
AICTE Govt 



 

 

5 

Mechanical and Tribological 

Investigation of Severe Plastic 

Deformation for Nitrided 

Hybrid Compoistes 

Dr. H R Vitala MECH 2022 8.00 2 Years VTU Govt 

6 

Utilization of Geospatial 

Technnique in Integrated 

Water Resource Management 

in and raound Bidadi and 

Kumbalagudu Industrial 

ARea, Bengaluru  

Dr. Manjunath 

HN  
CIVIL 2021 0.25 6 Months  WISE Govt 

7 
Non Invasive blood Glucose 

monitoring system 

Vishruth B 

Gowda, 

Dr.Mohan H.S  

ISE 2022 0.06 6 Months KCST Govt 

8 

Intelligent Device Control 

Using Brain 

 Machine Interface 

Dr. Mahantesh K ECE 2022 0.07 6 Months KSCST Govt 

9 
Spyder Robot for Scouting & 

Defense Purpose 
Mrs. Uma S ECE 2022 0.08 6 Months KSCST Govt 

 



 

10 

Develop an efficient 

Integrated Battery 

 Management System 

Mr. Darshan B 

D 
ECE 2022 0.07 6 Months KSCST Govt 

11 

Micro structure Analysis of 

Black Cotton Soil using 

Demolition waste  

Shrilatha B CIVIL 2022 0.08 6 Months  KSCST Govt 

12 

Design, Analysis and 

Fabrication of Semi 

Automated MultiSeed Sowing 

and Fertilizer Feeder 

Chaithra B K MECH 2022 0.08 6 Months KSCST Govt 

13 

Supply Chain Management 

for Bio-Desel based 

Companies 

Dr. Mamatha J 

& Brijesh Singh 
MBA 2022 0.06 6 Month KSCST Govt 

 































Visvesvaraya Technological University 
(State University of Government of Karnataka Established as per the VTU Act, 1994) Jnana Sangama", Belagavi-590 018, Karnataka State, India Prof. A. S. Deshpande ».E., M.Tech, Ph.D. REGISTRAR 

Ref: VTU/BGM/Aca/A-12/ VTU RGS/DIS -ME/2021-22/ 19 To, 
The Principal, 
SJB Institute of Technology, 
Bengaluru 

Phone: (0831) 2498100 

Fax :(0831) 2405467 
Date 18 FEB 2022 

Sub: Grants for Research Proposal for the year 2021-22 Ref:. 1. VTU/Aca./2021-22/ PS/2019-20/9707, dated 18-03-2020. 2. Hon'ble Vice-Chancellor's approval dt: 1 1-02-2022 At the outset please accept our congratulations and greetings. We are pleased to inform you that, the grant of Rs. 8.00 Lakhs (Rupees Eight Lakh 
only) is sanctioned to the research proposal entitled as "Mechanical and Tribological 
Investigation of Severe Plastic Deformation for Nitrided Hybrid Composites." submitted by 
Dr.H.R.Vitala (PI) and Dr.Banuprakash G (Col) under VTU Research Grants Scheme -2021. 
The expenditure of the sanctioned amount needs to be planned as under. 

First Year 
Second Year Expenditure Particulars (Rs. in 

Lakhs) 
otal (Rs. 
in Lakhs) (Rs. in Lakhs) 

| Fellowship for Research Scholar 1.20 1.20 2.40 Non-
Equipments/Software/Instruments 
(Purchase of Desktops/Laptops are not 

permitted) 
Consumables (Glass wares/Chemicals) 

Recurring 
3.00 0.75 3.75 

0.75 0.60 1.35 
Others (Expenditure towards/ testing / 

consultancy publications of research 
work in terms IPR Registrations (not 
for paper publications in journals) /| 
TA -DA to present a paper in 

conferences or workshop or symposia 
in India 

Recurring 
0.25 0.25 0.50 

Total (Rs. in Lakhs) 5.20 2.80 8.00 
VTU Contribution (75% of the Sanctioned Amount) 
This amount will be released after receiving the 
acceptance letter and compliance of Point Number 10,11 

12 mentioned in "Terms and Conditions" 
Institute Contribution (25% of the Sanctioned 
Amount)) 
Please Refer Point Number 10,11 & 12 in the "Terms 

and Conditions" and comply accordingly 

3.90 2.10 6.00 

1.30 .70 2.00 

Head of the Department 
Department of Mechanica! Enginen 

SJB Institute of Technoios 
Kengeri, Bengaluru-560 060 













 

 

 

 

 

 

Academic Year 

2020-21 

 

 

 

 



 

Sl.No. 
Name of the research 

project/ endowment 

Name of the Principal 

Investigator/Co-

investigator 

Department 

of Principal 

Investigator 

Year of 

Award 

Amount 

Sanctioned 

Duration 

of the 

project 

Name of 

the 

Funding 

Agency 

Type  

(Government/non-

Government) 

1 

Karana Kaustubha of 

Krsna Daivajna - English 

Tramslation & 

Mathematical Analysis 

Dr Padmaja 

Venugopal 
MAT 2021 3.36 12 Month 

Indian 

National 

Science 

Academy 

New 

Delhi. 

Govt 

2 
Detection of COVID-19 

Through Chest CT Scan 
Ms. Savitri Kulkarni CSE 2021 0.05 6 Months KSCST Govt 

3 

Identification of Arecanuts 

and its classification using 

machine learning 

techniques 

Mr. Arun Kumar D R CSE 2021 0.04 6 Months KSCST Govt 

4 
Face Mask detection using 

Deep Learning 
Dr. Murali G ISE 2021 0.04 6 Months KSCST Govt 



 

 

5 

Aushadhi – A Medical 

Chatbot to detect the patient 

disease based on symptoms 

Dr. Mohan H S Mr. 

Rajesh L 
ISE 2021 0.05 6 Months KSCST Govt 

6 

Design and Development of 

BCI Model to assist Aged or 

Physically Challenged People 

Dr. Mahantesh K ECE 2021 0.07 6 Months KSCST Govt 

7 
Nexus (SJBIT Alumni 

Application) 
Dr. Chandrappa D N ECE 2021 0.045 6 Months KSCST Govt 

8 
Tropic status of uttarahalli 

Lake 
H Narendra Kumar CIVIL 2021 0.05 6 Months KSCST Govt 

9 

Design, Analysis and 

Fabrication of Mechanical 

Powered Corn Deseeding 

Machine 

Chaithra B K MECH 2021 0.07 6 months KSCST Govt 

10 

Evaluation of strategies 

followed by the Bio- Fuel 

companies with reference to 

supply chain management.  

Dr. Mamatha J & 

Brijesh Singh 
MBA 2021 0.03 6 Month  KSCST Govt 

 



INDIAN NATIONAL SCIENCE ACADEMY 
Bahadur Shah Zafar Marg, New Delhi - 110 002 

23221931 23221950 (EPABX); Fax 91-11-23231095, 
23235648 

jhs@insa.nic.in 

Madhvendra Narayan 
AED-II, (History of Science) 

No. HS/RC/ 221 
Dated: 27 Oct, 2020 

Ref: "Karana Kaustubha of Krsna Daivajna - English Translation and Mathematical 

Analysis." 

Dear Dr. Padmaja Venugopal, 

The following grant has been sanctioned by the academy for the year 2020-21: 

Recommended with the facilities of one Research Assistant @ Rs 14000/ p.m. and 
Contingency & Travel of Rs. 60000/- p.a. and Institutional Overhead as applicable. 

The grants in two half yearly instalIment will be released to the host institution on receipt of 

the claim bill in the enclosed proforma in triplicate 

1. This sanction is meant for full time research and a Certificate to this effect is required to be 

furnished. 
The host institution shall send an audited statement of account at the end of each financial 
year along with the utilization certif+cate. The unspent grants at the end of the financial year 

would be adjusted against the grant to be released for the next year. 

3. A detailed progress report of the research study (in five-six pages) shall be of utmost 

importance for considering the renewal of the project by the Commission. 

Please acknowledge the receipt of the letter and communicate to undertake the above study 

and bill in triplicate for the first instalment of the grants through the Head of the host 

Institution indicating the date from which you propose to commence the project work. 

With kind regards, 
Yours sincerely, 

(Madhvendra Narayan) 
AED-II, History of Science 

Dr. Padmaja Venugopal 
Professor & Head, 
Department of Mathematics 

SJB Institute of Technology, 
Uttarahalli Main Road, Kengeri, 
Bangalore - 560060 

CC: 1. The Principal, SJB Institute of Technology, Kengeri, Bangalore- 560060 

2. Deputy Executive Director-lI (Finance & Admin.) 

3.Office Copy ute of 

Bengaluru-6 

Tec chno cipal 
SIB Instithte of Technology 

# 67, BGS Health & Education City, 
Dr. Vishnuvardhan Road, 

Dr. Padhiaja Vehugopal, Ph.D 
and Head 

Department of Mathematics 
S.J.8. Institute of Technology 

&67. BGS Health& Education City 
Uttarahalli Road, Kengeri, Bangalore-60. 

Profess 

K 
O6ua f. engeri, Bengaluru - 560 060. 

Ac u 



SPEED POST 

INDIAN NATIONAL SCIENCE ACADEMY 
Bahadur Shah Zafar Marg, New Delhi - 110 002 

23221931 -2322 
23235648 

(EPABX); Fax : 91-11-23231095, 

:ihs@insa.nic.in Madhvendra Narayan 
AED-II, (History of Science) 

No. HS/RCI 324 
Dated 26/08/2021 

Ref: "Karuna Kaustubha of Kr_pa Daivajña English Translation and Mathematical 

Analysis" 

Dear Dr. Padmaja Venugopal, 

I am pleased to inform you that the above mentioned project has been renewed by the 
Indian National Commission for History of Science at the online meeting of 12" August, 
2021 for the year 2021-2022. 

The recommendations are as follows: 

Project renewed and extended only up to 31.03.2022 with the existing facilities of One 
Research Assistant @Rs. 14000/- p.m. and Contingency & Travel of Rs. 60,000/- p.a. 

PI is requested to incorporate the specific suggestions made by Professors MS Sriram 
and RN Iyengar. 

We shall be happy to receive the bill for the period April, 2021 to March, 2022 
along with a statement of expenditure/Audit Report (Utilization Certificate) for the period 
ending March 2021 in the enclosed proforma. 

In case of change of host institute, it should be intimated to INSA in advance and 
prior permission should be taken in this regard. 

With kind regards, 
Yours sincerely, 

Mno arayan) 
(Madhvendra Narayan) 

AED-II, History bf Science 
Dr. Padmaja Venugopal 
SJB Institute of Technology, 
BGS Health & Education City Campus, 
Uttarahalli Main Road, Kangeri 

Bengaluru-560060 

CC: 
1. The Principal, SJB Institute of Technology, Bengaluru-560060 
2. Deputy Executive Director-Il (Finance & Admin.) 

3. Office copy 

of fineipa 
SJB In_tftute of Tecl1nology 

i# 67, BGS Health & Fducation City, 
Dr. Vishnuvardnan Road, 

Kengeri, Bengaluru 560 060 

Dr. Padmaja Venugopal, Ph.D. 
e 

Bengaluru-50 Professor and Head 
Department of Mathematics 
S.J.B Institute of Technology # 67, 8GS Health 8 Education City, Utarahalli Road, Kengeri, Bangalore-60. fua 

noo 



Date i4.06. c2 
From. 

Dr Padmaja Venugopal 

Prof.&Head 
Department of Mathematics 
SJBIT, Bangalore 560060 

To 

The Principal 
SJB Institute of Technology 
Bangalore - 560060 peoelaon 

Sir 
Sub: Regarding the release of Rs.19,000/- and Rs.82,966/- towards contingency and 

research assistantship. 

With respect to the above subject, I request you to release Rs. 82,966 (vide cheque 

No.791691, SBI, New Delhi - 110 002 dated 12/03/2021) and Rs. 19,000/- (vide cheque 

No.791718, SBI, New Delhi - 110 002 dated 31/03/2021) issued by INSA ( Indian National 

Science Academy ) to pay towards research fellowship and contingency and oblige. 

Thanking You, 

Yours Truly 

. SsBIT AccoUNTS 

Dr. Padmaja Venugopal 

S 
Dr. Padmaja Venugopal, PhD 

Professor and Head 
Department of Mathematics 
S.J.B. Institute of Technology 

#67, BGS Health & Education City, 
Uttarahalli Road, Kengeri, Bangalore-60. 

neipal 
SJB Instiite of Technoloey 

# 67, BS liealuh & Education Cii, 
Dr. Vishnuvardhan Road, 

Kengeri, Bengaluru - 560 060. 

tute o 

Bengaluru-60 chno Tec 

s 
o6ua 



Statement of Expenditure 
(To be submitted in Duplicate 

Title of the Project karana.. Kaushubha..exna. Daivajna ***'''* 

Engish.anskahi.m..A.Mathamah cal Analys 
Dr: Padmaja.Veougopal. Name of the Investigator 

and the address of the .S.T..Instr2....ef..Techneloay.. BGS Haalth a 

Edn.City...Campue.Utarahala. Main Poad, Kenqes 
Bangalore - 60 

Unspent 

Institution: 

Honorarium/Fellowship Grant Grant Spent 

Sanction received 
1. Honorarium/Fellowship 6 13 3 61, 133 

,8331, 83 3 
61133 

2. Contingency a a,500 

Total: 2,9668a,96 83, 633 
Prof. P. Ajai Chandran C.K 
Ph.D. MuRPArch, FlA, AP, FIV, AlID, MISTE 

s.JEKSil o F8cAtnology ****} ********'* . 

Signature of 
Research Fellow 

Signature of 
Investigator 

$gnreoealth 8 Education City, 
AutNogfesfroan'Road, Kengeri, 
The ivsityRU 560 060. 
Institute 

Seal 
UTILIZATION CERTIFICATE 

This is to certify that the grant pf Rs. ..31..33. 
out of total grant of Rs. .8.21b6.4. received for the project from the 

Academy for the year .2a0.r) has been fully utilized for the purpose for 
which it was sanctioned. The audited statement of expenditure will be 
furnished in due course. 

Prpt Pr Ajai fhandran C.K 
PH.DR8AghFAAFPFIV, AIID, MISTE 

SSBNhstitrteof Technologgy 
from the UpiverskMUVESEKAHE R1, Kgeri, 
from the Upiversi sH Education City 

BENGALURU -3¬J 060. 
Dr.Padmaia venugopal, Ph.D. 

alics 

2 

cinal 
SJB Instftute o Technology # 67, BOS Health &Eucation City, Dr. Vishnuvardhan Road, 

Kengeri, Bengaluru - 560 060. 

Tech ute o 

Bengaluru-60 rs ( Dwd 
6u 

chno 









 

 

 

 

 

 

Academic Year 

2019-20 

 

 

 

 



 

Sl.No. 
Name of the research project/ 

endowment 

Name of the 

Principal 

Investigator/Co-

investigator 

Department 

of Principal 

Investigator 

Year of 

Award 

Amount 

Sanctioned 

Duration 

of the 

project 

Name of 

the 

Funding 

Agency 

Type  

(Government/non-

Government) 

1 NSTEDB activities/ Programs 

Dr. K R Nataraj/ 

Dr. Chandrappa 

DN 

ECE 2019 10.7 1 year 
DST-

NIMAT 
Govt 

2 
Plant Diseases Detection and 

Treatment Recommendation 

Dr. Ajay Prakash  

B V 
CSE 2020 0.05 6 Months KSCST Govt 

3 

Intercept Detection and 

Speech Vigilance System for 

Visually Impaired Personnel 

Dr. K V 

Mahendra 

Prashanth 

ECE 2019 0.055 6 Months KSCST Govt 

4 

Removal of Toxic Metal from 

the Industrial Waste Water by 

Using Activated agricultural 

Waste.  

Dr. Prasad 

CSMV  
CIVIL 2019 0.04 6 Months  KSCST Govt 



 

 

5 

Design and Fabrication of 

Pulp and Paper Making 

Machine using Corn Husk 

Mr. Suchith 

Kumar A N 
MECH 2020 0.07 6 months KSCST Govt 

6 
Design and Fabrication of Dry 

coconut Slicer 
Chaithra B K MECH 2020 0.07 6 months KSCST Govt 

7 

Manual Operated Multi seed 

sowing with Intercropping and 

Fertilizer Spreader 

Dr. Srinivas H K MECH 2020 0.06 6 months KSCST Govt 

8 

E-mobility solution for 

physically challenged for both 

voice based and gesture base 

input 

J P Sridhar EEE 2020 0.06 6 months KSCST Govt 

9 
Skin Cancer Detection using 

Machine Learning Techniques 

Dr. Srikantaiah 

K C 
CSE 2020 0.05 6 Months VTU Govt 

10 Sign Language Translator Dr. Krishna A N CSE 2020 0.05 6 Months VTU Govt 

 



 

11 
Secured Vehicle Toll Payment 

system using NFC 
Dr. Murali G ISE 2020 0.05 6 Months VTU Govt 

12 

Cardiac arrhythmia prediction 

using Machine Learning 

algorithms 

Dr. Abhilash C 

N 
ISE 2020 0.05 6 Months VTU Govt 

13 

Human Activity Recognition 

using Deep Learning 

Techniques 

Dr. Mahantesh K ECE 2021 0.05 6 Months VTU Govt 

14 
Multi – Purpose autonomous 

car copter 

Prof. Divyashree 

Y V 
ECE 2021 0.05 6 Months VTU Govt 

15 
Design and Fabrication of 

Portable Hydraulic Crane 

Dr. T 

Madhusudhan 
MECH 2021 0.05 6 months VTU Govt 

16 

Design and Fabrication of 

Sisal Fibre Extracting 

Machine 

Vanishree T S MECH 2021 0.05 6 months VTU Govt 

 

 



 

11 
Self Montoring smart concrete 

using Embedded sensors  
Puneeth H C CIVIL 2020 0.05 6 Months  VTU Govt 

12 

RS and GIS based 

identification of groundwater 

potential zone and artificial 

recharging technique for 

Dodda sulekere sub watershed 

Dr. Manjunath H 

N  
CIVIL 2020 0.05 6 Months  VTU Govt 

13 

Controlling of stepper motor 

Linear Actuator slide- 

mechanisum by Aurdino 

board 

Dr. Mamatha M 

Gowda 
EEE 2020 0.05 6 Months  VTU Govt 

14 

GSM based smart energy 

meter with automatic power 

factor correction 

Dr.M J 

Chandrashekar 
EEE 2020 0.05 6 Months  VTU Govt 

 

























 

 

 

 

 

 

Academic Year 

2018-19 

 

 

 

 



 

Sl.No. 
Name of the research 

project/ endowment 

Name of the 

Principal 

Investigator/Co-

investigator 

Department 

of Principal 

Investigator 

Year of 

Award 

Amount 

Sanctioned 

Duration 

of the 

project 

Name of 

the 

Funding 

Agency 

Type  

(Government/non-

Government) 

1 

Intelligent and interactive 

Plant Disease Supervision 

using Deep Learning 

Dr. Ajay Prakash  

B V 
CSE 2019 5.00 1 Year VGST Govt 

2 

Solar Powered GPS 

Tracking with Automated of 

Livestocks and Agricultural 

Equipment 

Dr. K V 

MahendraPrashanth 
ECE 2018 1.55 3 Years GKVK Govt 

3 
Faculty Development 

Program 
Dr. K R Nataraj ECE 2018 5.00 6 Months 

DST-

NIMAT 
Govt 

4 
Entrepreneurship 

Awareness Camp 
Dr. K R Nataraj ECE 2019 1.6 6 Months 

DST-

NIMAT 
Govt 



 

 

5 

IoT based Intelligent Public 

Transport System for smart 

Cities using Image 

processing Techniques 

Dr. K V 

MahendraPrashanth 
ECE 2019 0.06 6 Months KSCST Govt 

6 

Hydrogeological studies and 

remote sensing techniques in 

mapping groundwater 

potential zones  

Dr. Manjunath H N  CIVIL 2019 0.04 6 Months KSCST Govt 

7 

Utilization of C and D 

Wastes in Rigid Payment 

with carbon absorbing 

property.  

Sachin B V  CIVIL 2019 0.045 6 Months KSCST Govt 

8 
Development of Automated 

Poultry Food Feeder 

Mr.Krishnamurthy 

N K 
MECH 2019 0.08 6 months KSCST Govt 

9 

Investigations on the 

Influence of Nano Fillers on 

Tribological Behaviors of 

Areca Fiber Reinforced with 

Hybrid Composites for 

Automotive Applications 

Dr. Sanjay Kumar 

S M 
MECH 2019 0.08 6 months KSCST Govt 

10 Modified Agro Vehicle 
Mr. Naveen Kumar 

R R 
MECH 2019 0.08 6 months KSCST Govt 



 

 

11 
Emergency Vehicle Traffic 

Control 

Mrs. Archana R 

A 
CSE 2019 0.05 6 Months VTU Govt 

12 
Intelligent approaches for 

plant supervision (IAPS) 

Dr. Ajay Prakash  

B V 
CSE 2019 0.05 6 Months VTU Govt 

13 

Arduino based industrial 

appliances control system by 

decoding dual tone multi 

frequency signals on 

GSM/CDMA network 

Mrs. Yamuna U ISE 2019 0.05 6 Months VTU Govt 

14 
IoT Based Smart parking 

System 

Mr. Darshan K 

R 
ISE 2019 0.05 6 Months VTU Govt 

15 
E-Parichaya: A Class Rol Call 

Applications System 
Mr. Bhaskar B ECE 2019 0.05 6 Months VTU Govt 

16 

Smart goggles for visually 

impaired using deep learning 

neural networks 

Mr. Supreeth H 

S G 
ECE 2019 0.05 6 Months VTU Govt 



 

 

 

 

 

17 

 Eco friendly concrete for 

sustainability : Utilizing 

Incinerated ash and Iron Slag 

as partial replacement 

materials 

Ramesh B M  CIVIL 2019 0.05 6 Months  VTU Govt 

18 

Utilization of recycled 

aggegrate in pavement quality 

concrete with self healing 

property. 

Puneeth H C  CIVIL 2019 0.05 6 Months  VTU Govt 

19 
Design and Fabrication of 

Cloth Drying Machine 
Mr. Adarsh B C MECH 2019 0.05 6months VTU Govt 

20 
Design and Development of 

Stair Climbing Wheel Chair 

Dr. T 

Madhusudhan 
MECH 2019 0.05 6 months VTU Govt 

21 

Design of a system to detect 

hazardous gases in vehicle 

and alerting a user 

Prarthana J.V EEE 2019 0.05 6 months VTU Govt 

22 

Hybrid power system with the 

design of efficient wind 

turbine and solar tracking 

Dwarakanath 

S.K 
EEE 2019 0.05 6 months VTU Govt. 



SI. 
No. 

1 

2 

3 

4 

5 

6 

7 

VISION GROUP ON SCIENCE AND TECHNOLOGY 

Department of IT, BT and S & T, Government of Karnataka 
List of proposals recommended by VGST for Government grants during the year 2018-19 

Scheme· Research Grant for Scientist/Faculty (RGS/F) 

Funds to be 
Name. of the Procnmme Co-on:lln•tor with detail, Tltle of the pro}«t Subfffl 

re1Nseddur1ns 
the yor 201&-lt 

(lb, In lakhl) 

Or. Erumalla Venkata Nagaraju, Assistant Professor, 
A Nowl approach in exploitation of Waste Al1inate Department of Life Sciences. Geoloey, Earth & Environmental 

5.00 Christ University (Deemed to be University), Generated in Plant Tissue Culture Laboratary 
Sciences Hosur Road, Oharmaram Post. B.iingalore- 560 029. tOwiilrds production of 8loethanol 

Or. Sumathra.M, Assistant Professor, 
No1nopartide Based lmmobillu.tion of Bovine Department of Biotechnology, 
c.irbonic anhydrase for environmental CO2 

Geolo1Y, Earth & Environmental 
5.00 R.V Colle1e of En1ineerln1, Vidyaniketan Port. MySO(e 

Sciences Road , Ban1alore - 560 059. Sequestration 

Or. K.V. Venkateswaran, Anociate Professor, 
Department cf Electronla and Communication A Novel Change detection technique for Modellin& 

GeolOIY, Earth & Environment.al Englneerine, Sir M . Vlsvesvaraya Institute of TechnolOIY .and Simulation of Urbanization In Greater s.oo Kr ishn.adevaraya Napr, Hunasam.iranahalll, Benpluru - Ban1alore, lndla usln1 Remote sensing and GIS Sciences 
562 157. 

Dr. Sujay Raghavendra. N, Assocoate- Professor, 
Department of Civil Engineerin&, Coastal Huards of saltwater intrusion: Detection 5hrl Madhwa VadlraJa Institute ofTechnoloey and and delineatJon a!on1 the coastal aquifers of Udupl 

Geology, Earth & Environmental 
5.00 Management. Vishwothama Nacar, SanUikal - S74 115, shoreline. Sciences 

UduciOistrict. 

Dr. M.A. Phanlband, Aulstant Professor, 
Department of Chemistry, Nanofiltentlon process to remove dye from textile Geolorv, Earth & Environmental SOM Colleae of Engineering and Technology, Ohaval&irl, effluents In prevention of environmental pollution Sdences 5.00 

Dharwad • 580 002. 

Or. Pradee:p Kumar. G. S, Assistant Professor, 
Department of Mechanical and Automobile En&lneerlng, 

Oevetopment of HVOF coatings on aluminum alloys Christ Unlverslty (Deemed to be University), Faculty of Mechnanlcal Engineering 5.00 Engineering (CUFE), Kanmlnlke, Kumbal1odu, Mysore 
as an alternative to hard chrome plating 

Road, Ken1ert, Bengaluru - 560074. 

Dr. Ganaadhar. N, Assistant Professor, 
Condition monitoring of Intern~ Combustion (IC) Oeaprtmf!nt of Mechankal Enclneerln&, 

Engine Usln1 VlbratJon Analyses and Acoustic Mechnanlcal En1lneerln1 5.00 or. Ambedkar Institute ofTedinotogy, Mallathalll, 
Emission Technique. Benplun, - 560 056. /"I 

Ii~ L 
PacHof7 

Prof.Roddam Naraslmha, F\l$. ,., ..., 
Sub-Committee Chairmen, VGs'I'· 

Total Amount 
Chrtue to be written In favour of (lb. In lakh1) 

5.00 
The Relist~r. 
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9   A Brief summary of the project sanctioned under VGST scheme 

(Annual () /Interim/Final) experimental setup, methodology, 

results and applications /IPR if any, of the project? Scope for the 

further work. 

1. Introduction 

In examination of short cost, undemanding purifying procedure and high 

mechanical quality, mellow steel has been generally utilized in different modern 

things, for example, stockpiling tanks and transport pipelines. Then again, mellow 

steel has respectably low protection from corrosion in contentious condition. In 

demanding, hydrochloric corrosive, for instance, is routinely utilized to wash rusts 

and scales framed on iron surface.
[1,2]

 All things considered, persistent consumption 

and ensuing financial misfortunes are predictable if efficacious insurance can't be 

given. At present, the uses of coatings and inhibitors are across the board and 

effective strategies to control consumption.
[3–6] 

Then again, the creation of covering 

is regularly tangled in light of the fact that it might be loaded with non-degradable 

polymers.
[7,8]

 Besides, most coatings are amassed to metal surface artificially, 

which isn't practical for some uncommon circumstances. Contrasted and coatings, 

inhibitors can be unswervingly added to different destructive media. 

 Interminably, chromates acted as excellent inorganic inhibitors by generating an 

oxide layer for a series of metals including iron, copper, aluminum and zinc.
[9,10]

 

Those compounds, however, are now prohibited due to haughty toxicity, i.e., 

nontoxic and eco-friendly alternatives are preferred. Recently, molybdate and rare 

earth compounds have been experienced as green inorganic inhibitors.
[11,12]

 

Nevertheless, it seems that more researchers are focusing on organic additives like 

heterocyclic and Schiff base compounds, most of which are benign to environment 

and cost-effective.
[13–15]

 It was reported that Schiff bases containing an imidogen 
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group, aromatic rings or heteroatoms can share electrons with Fe atoms and thus 

can be adsorbed on metal surface to prevent corrosion efficiently.
[16–19]

 However, in 

preceding publications, there are few concerns on the green synthesis of Schiff 

bases, which calls for renewable reagents, short reaction time, low energy 

consumption and high cost-effectiveness. As we know, amino acids and vanilline 

are natural products and are eco-friendly. In addition, they have typical electron-

rich structures like benzene ring and heteroatoms (O and N) which benefit the 

adsorption of organics on mild steel surface. Through a condensation reaction, 

those functional groups are combined in the synthetic Schiff bases to make them 

more effective as corrosion inhibitors. Besides, the synthetic route of Schiff base is 

developed so that it can be completed in a very short time without a heating 

operation. That can greatly decrease the production cost of new Schiff bases. 

 In our research, two novel Schiff base compounds, 2-{(E)-[(4-hydroxy-3-

methoxyphenyl)methylidene]amino}-3-(1H-imidazol-5-yl)propanoic acid and 2-

{(E)-[(4-hydroxy-3-methoxyphenyl)methylidene]amino}-3-(1H-indol-2-

yl)propanoic acid are designed and synthesized for the first time, according to green 

chemistry principles (Figure 1). Two amino acids (L-Arginine and L–Lysine) and 

vanilline are selected as reagents to generate target compounds. Through this 

synthetic strategy, the electron-rich groups of benzene ring, amino and imidogen 

are assembled in the new molecular skeleton. In that way, the good performance of 

those Schiff base as corrosion inhibitors for mild steel can be expected. To the best 

of our knowledge, such work has not been reported before. 

 In this work, we have synthesized two Schiff bases and have evaluated their 

inhibition efficiencies on the corrosion of mild steel in 0.5 mol⋅L-1
 HCl solution 

using electrochemical impedance spectroscopy (EIS), potentiodynamic polarization 

curves, scanning electron microscope (SEM), atomic force microscopy(AFM) and 

X-ray photoelectron spectroscopy (XPS) techniques. In addition, theoretical 
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methods of quantum chemical calculations and molecular dynamic simulations are 

employed to study the inhibition mechanism of compounds for the acid corrosion 

of metal. 

2. Result and Discussion 

 

 

 

 

 

 

 Figure 1. Synthetic route for Schiff base derivatives. 

2.1 Characterization 

 The physical property and structural identification of the synthetic Schiff bases 

are as follows: 

1: yellow powder; yield 92%; purity 97%; mp 173.2–173.9 °C; FT-IR (KBr) cm
-1

: 

3431, 3107, 2929, 1615, 1588, 783; 1H-NMR (400 MHz, DMSO-d6) δ: 3.21 (d, 

2H, –CH2–Imidazole), 3.85 (s, 3H, CH3–O–), 6.84–7.37 (m,3H, ArH), 7.33 (s, 1H, 

-CH-Imidazole), 8.47 (s, 1H, CH=N-Imidazole), 8.76 (s, 1H, –CH=N–), 9.52 (d, 

1H,Ar–OH), 12.39 (s, 1H, –CO–OH), 13.34 (s, 1H, -NH). 

2: yellow powder; yield 91%; purity 98%; mp 168.5–169.3 °C; FT-IR (KBr) cm
-1

: 

3358, 3258, 2944, 1677, 1627, 772; 1H-NMR (400 MHz, DMSO-d6) δ: 3.86 (s, 3H, 

CH3–O–), 6.99 (q, 2H, ArH-Indole),  6.86–7.39 (m, 3H, ArH), 8.24 (s, 1H, –

CH=N–), 9.57 (d, 1H, Ar–OH), 11.38 (s, 1H, -NH-Indole), 12.42 (s, 1H, –CO–

OH). 
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2.2.   Electrochemical studies 

Electrochemical impedance spectroscopy was employed to investigate the corrosion 

behavior occurring on steel surface in 0.5 M HCl solution without and with inhibitors 

from 0.1 mol⋅L-1
 to 2.0 mmol⋅L-1

 at 298 K. Figure 2 shows the Nyquist diagrams for 

the steel electrode immersed in hydrochloric acid in the absence and presence of 1(a) or 

2(b). As can be seen in Figure 2, the depressed semicircles with its center below the 

real axis suggest a non-ideal electrochemical process at the electrode/electrolyte 

interface.
[21] 

Usually, the irregular loops are regarded as polarization resistance (Rp) 

which includes charge transfer resistance, double layer resistance, inhibitor film 

resistance and accumulation resistance at metal/solution interface.
[22,23]

 Compared with 

the blank solution, the diameters of the plots increase obviously in the presence of 

Schiff bases, indicating the better inhibitive performance of those compounds at higher 

concentrations. We can notice that the addition of inhibitors does not change the profile 

of the Nyquist plots, which means that the inhibitor restrains metallic corrosion by 

increasing the polarization resistance instead of 

 

 

 

 

 

 

 

Figure 2.  Nyquist diagrams for the steel electrode immersed in 0.5 mol⋅L-1
 HCl at 298 K  in the absence  

                 and  presence of 1(a) or 2(b). 
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Bode and phase angle curves for mild steel in 0.5 mol⋅L-1
 HCl solution with and 

without inhibitors are displayed in Figure 3. For Bode formats, the impedance values at 

low frequency and high frequency stand for polarization resistance and solution 

resistance, respectively.
[6]

 It is clear that the introduction of Schiff base enhances the 

former and has little impact on the latter. The phase angles in Figure 3 are all less than 

–90 °, which suggests there is not an ideal “capacitor’’ on metal surface because of its 

roughness and in homogeneity.
[25]

 By comparison with the phase angle measured in 

blank solution, those measured in the presence of inhibitors move upward to greater 

values. That is to say, more inhibitor molecules are adsorbed on corroding iron surface 

and then make it smoother. The single phase peak at the middle frequency indicates 

that there is only one time constant related to the formation of double layer capacitance. 

It is shown that, at the same concentration of inhibitors, both the impedance at the low 

frequency and the phase angle maximum recorded in the 2-containing solution (Figure 

3b) are all greater than those recorded in the 1-containing solution (Figure 3a). That 

distinction represents the better inhibitive ability of HMBA, which may be due to the 

more compact adsorption layer  

 

 

 

 

 

Figure 3. Bode and phase angle curves for mild steel in 0.5 mol⋅L-1
 HCl solution at 298 K with  

                and without inhibitors: 1(a), 2(b). 
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According to above-mentioned analysis, the impedance data were well fitted by 

using a Randles equivalent circuit consisting of solution resistance (Rs), 

polarization resistance (Rp) and constant phase element (CPE).
[26]

 The impedance 

function of CPE is expressed by the following equation: 

ZCPE = Y0 
-1

(j)
-n 
………………………...(1) 

where Y is the proportional coefficient, j
2
=1 is an imaginary number, ω is the angel 

frequency, n is the phase shift
.[27]

 For n=1, CPE is equal to a pure capacitor. The 

double layer capacitance (Cdl) and the inhibition efficiency (η) for mild steel 

corroding in hydrochloric acid with and without inhibitors were calculated by the 

equations as follows: 

Cdl = Y0(j2f)
n-1

…………………………..(2) 

       (RP - R
0

P)  

η =   X 100%....................(3) 

             RP 

where f is the frequency at which the impedance has a highest imaginary 

magnitude, Rp and R
0

p are polarization resistance with and without inhibitors, 

respectively. The impedance parameters obtained by fitting the experimental results 

are listed in Table 1. The values of n for mild steel samples with and without the 

protection of inhibitors are in the range of 0.7∼0.8, indicating there is not pure 

capacitive behavior occurring at solid/liquid interface. Obviously, compared with 

the solution resistance (1.35 Ω⋅cm
2
) and polarization resistance (6.592 Ω⋅cm

2
) of 
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the uninhibited solution, in the presence of inhibitors Rp increases with the 

increasing concentrations of additives while Rs almost has no changes. It can be 

found that, at the same dosage, 2 always has higher inhibition efficiency than 1. For 

instance, the maximum efficiencies of 2 and 1 at 2.0 mmol⋅L-1
 for steel corrosion in 

0.5 mol⋅L-1
 HCl are 91.2% and 81.9%, respectively. For better understanding the 

adsorption behavior of related substances at the solid/liquid interface, the double 

layer capacitance is modeled by the Helmholtz formula: 

               ε
0

 ε  

 Cdl =   S   ........................(4) 

                d  

The cathodic and anodic Tafel curves for mild steel electrode exposed to 0.5 mol⋅L-

1
 HCl solution in absence and presence of Schiff bases at 298 K are shown in 

Figure 4. With the addition of 1 (Figure 4a) or 2 (Figure 4b), polarization lines 

move down to lower corrosion current densities and are ranked by the order of 

additive concentration, indicating that the corrosion rates of both cathodic and 

anodic partial reaction are reduced by those compounds. With respect to the 

corrosion potential (Ecorr) recorded in blank solution, those recorded in inhibited 

solutions all shift to the negative direction with a displacement less than 50 mV (vs. 

SCE), which suggests that both 2 and 1 act as mixed-type inhibitors.
[31]

 We should 

however notice that, the inhibitive effect on cathodic hydrogen evolution reaction is 

dominant according to the greater decline of the cathodic Tafel curves. On the 

whole, the shapes of those polarization curves in the absence and presence of 

inhibitors are nearly the same, indicating that Schiff bases control the kinetics of 

corrosion process rather than change the reaction mechanism. Table 2 lists 

corresponding polarization curve parameters such as corrosion current density 

(icorr), corrosion potential (Ecorr), cathodic Tafel slope (βc), anodic Tafel slope 

(βa) and the inhibition efficiency (η) of Schiff base derivatives calculated via Eq. 5: 
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Figure 4. Potentiodynamic polarization curves for mild steel electrode exposed to 0.5 mol⋅L-1
 HCl 

solution in the absence and presence of 1 (a) and 2 (b) at 298 K. 

 

 

 

 

 

 

 

3. Conclusions 

Section, 1 and 2, New Schiff base compounds synthesized by renewable amino acid 

and vanilline in green way, have been studied as corrosion inhibitors for mild steel 

immersed in 0.5 mol⋅L- 1
 HCl solution. The main conclusions are as follows: 

(1) 1 and 2 perform as green inhibitors for the acid corrosion of mild steel and can 

greatly reduce the corrosion rate of metal. 

(2) The results of electrochemical impedance spectroscopy show 2 has a better    

      inhibitory effect on metal corrosion than 1. 

(3) Tafel curves suggest 1 and 2 act as mixed-type inhibitors with dominant cathodic  

      effect. 
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4. Scope for the further work  

The adsorption behavior of inhibitor molecules on steel surface in HCl solution 

can be studied by Langmuir Isotherm. XPS analysis to be carried out the 

adsorptive film of the organic compounds and corrosion products is formed on iron 

surface by coordination effect. Quantum chemistry calculations and molecular 

dynamic simulations also be studied on corrosion inhibition may be due to the two 

extra N atoms in molecular structure. 

10 

 

 

 

 

 

 

Related Photographs related to the experimental set-up, analysis 

results. 
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