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From
Director's Desk

CSIR-Advanced Materials and Processes Research Institute (AMPRI), Bhopal is a
constituent laboratory of Council of Scientific & Industrial Research, carries out
advance research in frontier and multi-disciplinary areas of lightweight metallic and
polymeric materials, smart and functional materials, advanced radiation shielding
materials, cement free concrete and hybrid green composites towards industrial
benefitforthe masses.

During the last few years, this institute has focused on the institute —industry
interaction and commercialization of technologies through NDAs, MOUs and
technology transfer. The sustained efforts in this direction have resulted in transfer of
technologies for commercialization in recent times which include cement free concrete
to M/s JSPL, Raigadh ; Hammer tips for Sugar Mills to M/s Asugar Pvt. Ltd Pune,
High performance Hybrid Composite Materials to M/s Chauhan Fly Ash Products,
Ballarpur, Silicon Carbide Reinforced Composite to M/s Exclusive Magnesium,
Hyderabad, Hybrid Wood Substitute Composite Materials (CM-Wood) to M/s VSM
Industries Pvt. Ltd., Surat, Advanced Hybrid Composite Wood and Wood Substitute
Materials (AC Wood) to M/s Eco Bright Sheet Company Pvt. Ltd., Bhilai; Nano
Alumina adsorbent based water filter for Arsenic and Fluoride removal, Marcus
Projects Private Limited, Lucknow, Defluoridation of drinking water using nano
adsorbent based domestic filter to M/s MSW Social Enterprises Pvt. Ltd., Indore, A
novel process for making advanced radiation shielding materials for board application
spectrumtoM/s ASSURAYS, Noida,U.P.,

Besides these, the Scientists of this Institute are also actively involved in mission mode
activities for improvement of the livelihood of the society through various interactive
programs, adoption of particular villages under CSIR-800 program and strategy for
socialdevelopment.

The dedicated team of Scientific, Technical and Administrative staff strives for
achieving excellence and contribute to the needs of the industry, social sector and the
Nation at large. We expect to keep this spirit high in the coming year also and make
every effort to take CSIR-AMPRI, Bhopal to newer heights and to positionit globally as
aleading materialsresearchlaboratory.

Dr. Avanish Kumar Srivastava
Director
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CSIR - AMPRI: An Overview

Advanced Materials and Processes Research Institute (AMPRI), Bhopal was instituted in May
1981 as “Regional Research Laboratory” (RRL) and officially started functioning from CSIR, New
Delhi. The institute was then shifted to Bhopal and was located in Bhopal (now Barkatullah
University campus). It subsequently found a place in the present premises in December 1983. The
laboratory initially had about 15 scientists, with 10 of them specialized in metallurgy/materials
science. This was the core strength of the institute at that time.

The institute was initially started R&D on the synthesis and characterization of aluminium-
graphite metal matrix composites and natural fibres. Gradually the scope of R&D broadened to
include waste to wealth (building materials and wood substitute), mineral processing,
environmental impact assessment, water resource modelling and problems related to
agricultural, mining, sugar mill and thermal power plant machinery components. Health
assessment, improvement and failure analysis of engineering components/systems and
development of lightweight materials/components/products and processes for the automobile
sector constituted other activities of significance. The work was extended with FEM simulation
and modelling which became an integral part of the studies in many cases. Through its activities
on water resource modelling, surface treated agricultural implements, bell metal artefacts,
handicrafts using sisal fibre, use of fly ash for building materials and agricultural soil reclamation,
etc., CSIR-AMPRI became visible as a promising institute for rural technologies related to the
specific problems of Madhya Pradesh.

The Governing Body of the Council of Scientific & Industrial Research renamed all its five Regional
Research Laboratories (RRLs) to enable them to reflect a futuristic outlook. The changed profiles
of the laboratories with respect to their direction of growth, orientation of expertise and
accumulated excellence have all been weighed in while rechristening them. The name changed
from Regional Research Laboratory, Bhopal to Advanced Materials and Processes Research
Institute (AMPRI) with effective from March 6, 2007. In consonance with the new identity, R&D
programmes in lightweight materials such as Al and Mg alloys, metallic and polymer based
composites, foams, and functional materials, microfluidics for point of care diagnostics,
nanomaterials, new materials based on industrial wastes such as fly ash and red mud, and CSIR-
800 projects of societal relevance have been undertaken. These programmes have an
industry/user link from inception stage. A state of the art processing and characterization facility
and simulation modelling capabilities are being set up to trigger new materials development,
innovations and improvements.

Current Programmes And Future Perspectives

The present manpower includes 39 scientists (against the sanctioned strength of 100) that are
well trained in different disciplines of material science and other related areas along with 86
supporting staffs. The number of scientists is planned to increase to ~80 in the near future in view
of the widened range of R&D activities. AMPRI is equipped with modern facilities for material
synthesis, processing and property characterization such as SEM, pressure die casting machine,
semisolid processing unit, rolling mill, Mg melting unit, FESEM, Electromagnetic forming/joining
unit, cryomilling unit, DTA, XRF, FT-IR, Raman Spectrophotometer, X-ray attenuation testing
machine, electrochemical analyzer, UV-Visible spectrophotometer, AAS and those related to
nanoscale R&D have been added in past few years.

The current activities of AMPRI are broadly categorised under:

* Lightweight Materials
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« Nanostructured Materials

« Smart and Functional Materials
+  Wasteto Value added Materials
+ Jigyasaand Skill Development Activities

In the category of lightweight materials, important activities are related to Al metal matrix
composites, polymer matrix composites, Al foam and Mg-based alloys. CSIR-AMPRI has laid a
major emphasis on lightweight materials development like Al foam, Mg-based alloys, in-situ
MMCs and nanostructured materials. Also, activities on electromagnetic forming, smart and
functional materials, steel and Ti foams, and materials modelling and design are being carried out
since thelast 12th Five year Plan.

Under the research theme of nanostructured materials, lab is constantly working for the
development of nanostructured material for different applications like nanoadsorbent, capacitor
application, energy related areas, for sensors etc. Under this theme the lab has already
established a process for the bulk scale synthesis of nanoalumina by a cost effective process.
The developed nanoadsorbents possess significantly high fluoride and arsenic adsorption
capacity. The sediment domestic water filter device has also been developed using this
nanoalumina and the know-how is transferred to the industries.

In the area of Waste to Wealth, the institute is mainly engaged on the utilization of fly ash and red
mud. The institute has developed wood substitute technology using red mud, fly ash and natural
fibres and has potential applications for making doors, panels, partitions and furniture. CSIR-
AMPRI has developed radiation shielding materials from red mud and holds a US Patent on the
work. The potential applications of this technology are for the shielding of gamma and neutron in
nuclear power plants and for diagnostic X-ray shielding in X-ray and CT scan rooms. This material
has been started to use by the hospitals to shield diagnostic X-rays.

CSIR-AMPRI has worked on various rural development and dissemination activities which will
have large implications for CSIR-800. During 11th Five Year Plan, the institute has taken up a
project under Rural Sector Projects — Sisal Fibre Technologies for Rural Employment Generation.
Sisal plant produces the hardest vegetable fibre which will have applications in cordage and
handicrafts. The yarn and textile made out of this fibre is used for making composites for
applicationsin sectors like housing, automobile, geotextiles, etc.

CSIR-AMPRI has actively engaged on microfluidic electrochemical & fluorescence based
biosensors which have recently been advanced for portable point-of-care diagnostics by
integrating lab-on-a-chip technology and electrochemical analysis. Institute have developed
several automated procedures for electrochemical detection of biomarkers, pharmaceutical and
environmental samples using micro liquid, capillary gas chromatographic and capillary
electrophoretic separation techniques and micro-chip based separation under the concept of lab-
on-a-chip. The microfluidic electrochemical & fluorescence based biosensors approach offers a
new platform for a rapid, miniaturized, and sensitive diagnostic sensor in a single device for
various human diseases.

The overall objective of AMPRI is to achieve a world-class status in the area of engineering
materials, component and process development. Accordingly, the HR Profile and S&T
infrastructure would aims to address the needs of both fundamental and applied research,
technology development and business development in the area of materials of the future. The
present resource base being created would not only provide commercial tractability for the
present but also provide a root for more lucrative, elite and innovative areas for the future. It is
envisaged to make the institute a place of pilgrimage for top material scientists and the
stakeholders.
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Vision
CSIR-AMPRI, Bhopal as one of the world's class leading institute amongst research institutes in
the area of advanced, novel materials made through conventional and advanced processing

technique with its proven expertise and facilities ultimately contributing to the CSIR mandate to
fulfillthe Nations' need and expectations.

Mandate

+ Creating end products from more projects to substantiate industries and society's needs
*  From supportingcompanies to create start-up industries

+ Fromphysicalinstitutes to world class competitive collaborative institutes

+ Collaborationto co-create for scientific,economic and societal advancements

Organization Chart

Director General

Management Council m Research Council
Administration S&T Management

.. . Planning Performance
Light Weight Metallic Materials < — General Administration — — &I\gonitoring

Engineering Services < —» Information Technology
Advanced Construction Material <—|

Human Resources

Guest House Services < —> Development

Nano & Radiation
Shielding Materials

Dispensary < —> ISTAG

Smart & Functional Materials <
—> Finance & Accounts

Integrated Approach for Design
& Product Development —> Stores & Purchase

Water Resource Management
& Rural Technologies

‘_
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Research Council

Dr. S. K. Salwan Chairman
Vice Chancellor, Apeejay Stya University
Palwal, Gurgaon, Haryana

Dr. Navin Chandra, Member
Director General, M.P. Council of Science &
Technology, Bhopal.

Shri Shripadraj Ponkshe Member
General Manager, Tata Motors Limited

Pimpri, Pune.

Prof. Vikram Jayaram Member

Department of Materials Engineering
Indian Institute of Science Bengaluru.
Prof. John Philip Member
Professor, Homi-Bhabha National Institute
Indira Gandhi Centre for Atomic Research

Kalpakkam

Dr. Samir V. Kamat Member
Director General, DRDO (NS&M)
Visakhapatnam

Prof. C.V.R. Murty Member
Director, Indian Institute of Technology

Jodhpur Jodhpur

Prof. B.B. Dhar Member

(Former Director, CIMFR)
D-20, Pamposh Enclave

New Delhi.

Dr. I. Chattoraj DG-CSIR Nominee
Director, CSIR-National Metallurgical

LaboratoryJamshedpur.

Dr. S. Basu Member

Director, CSIR-Institute of Minerals &
Materials Technology, Bhubaneswar
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Management Council

Director Chairman

Dr. S.A.R. Hashmi, Chief Scientist Member

Dr. P. Asokan, Senior Principal Scientist Member

Dr. Meraj Ahmad, Senior Scientist Member

Dr. Deepti Mishra, Senior Principal Scientist Member

Dr. Edward Peter, Principal Technical Officer Member

Dr. Rakesh Kumar, Director, CSIR-NEERI, Nagpur Member

Shri A.K. Goel, Head, ESD, CSIR Cx, New Delhi DG's nominee
Head, RPBD/PME Member
CoFA/FAO Member
COA/AO Member-Secretary
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Ongoing & Completed Project

. . Project Sponsoring| Start Date & | Cost Rs.
20> B O AR Code Agency Duration Lakhs
Bulk Utilization of Red Mud for
Making advanced Ligno-Silico- 17/08/2016
1 Aluminous (LSA) Geoplymeric GAP0078 MOEF 36 month 63.91
materials
Manufacturing light weight high
9 strength_ and glo_ssy finish GAPO0T79 DST 15/12/2016 315.96
polymeric  composites  from 36 month
marble and granite waste stream
Development and dissemination
3 of technologies for sustar_nv_a_ble GAP00SO DST 05/07/2016 20.12
Ruras Development of primitive 36 month
Bnaria Tribal in Patalkot Valley.
Up Scaling of technology for
making advanced non toxic
4. radiation Shielding materials of| GAP0081 | DST & CSIR 05/07/2016 279.88
. . 36 month
strategic importance, utilizing
Industrial wastes
Light weight foam as an 27/09/2016
= electrode for Lead acid batteries GAP0082 DST 60 month 83.00
Development of multielementally
and nano morphologically
modified advanced light weight
6. carbon nano tubes based| GAP0085 DST 23/02/2017 24.95
oo e 36 month
radiation  shielding bandage
useful for broad application
spectrum
7 ngrlcatlon_ of high performance GAP0086 DST 21/12/2017 99 57
piezoelectric nano-generators 24 month
Durable water repellent and stain
resistant  super hydrophobic 18/04/2018
& textile finishes based on polymer GAP0087 DST 24 month 26.51
nano-composite
Fabrication of high dense
9 sintered Red Mud X ray a_md GAP00SS MPCST 02/08/2018 8.40
Gamma ray shielding 24 month
applications
Development of metal
pyrophosphate electrolytes for
10. | proton conducting ceramic| GAP0089 SERB 10/10/2048 23.24
o 24 month
electrolytes fuel cell operating in
100-400 C
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Tetravalent metal
pyrophosphate-alkali carbonate
11. | composite electrolytes for fuel| GAP0090 SERB zggr:]/ozn(ﬂ]s 58.53
cells operating in intermediate
temperature range
Development of open cell .
12. | aluminium foams for heat sink| GAP0091 '\I<I/|Iir:1-eosf Oggé/c)zn(i:]s 30.00
and EMI Shielding applications
Morphology controlled copper
sulphide decorated with
13. graphgne sheets_ as an eIe_ctrode GAP0092 SERB, New 13/03/2019 39.94
material for Na-ion capacitor in Delhi 36 month
aqueous and  nonaqueous
electrolytes
Development of joining process
14. | for industrial components| GAPO0093 DST zgéorigznqc:]g 49.40
through electromagnetic forming
Up Scaling of technology for
making advanced non toxic
15. | radiation Shielding materials of| MLP0104 CSIR 0%0;/02;1:]6 279.89
strategic importance, utilizing
Industrial wastes
Development of Solid state
16. electrpmagnetlc _Joining |\ 55705 CSIR 22/07/2018 96.90
technique for materials of 24 month
interest in aerospace/space
Electromyogram (EMG)
Controlled below Elbow
17 prosthesis-"Light weight Shape| MLP 106 CSIR ngorf]/OZn(iLS 55.00
" | Memory Alloy (SMA) wire
actuated prosthetic hand
Development of multilayer
18 sandwich panel for defence| MLP 107 CSIR 18/08/2018 155.00
" | applications 24 month '
19 Red mud based lead free materia MLPO108 CSIR 24/08/2018 53.20
; for X-Ray and CT Scanner rooms 12 month
Design and development of MLPO109 CSIR 429 60
bamboo structures 04/08/2018
20 (Bamboo/Composite sections & 24 month
" | joints) (Joint project of CSIR
AMPRI, CSIRIHBT, CSIR-CSIO and
CSIR-CBRI)
Centre for Morphologicalf] MLP0110 CSIR 850.00
21. Compositional and Structura Z%Or?w/oznqc:\S
analysis employing  Eelctror
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Microscopy and Electron
Electroscopy (FPC)
Additive manufacturing of MLPOTT1 CSIR 62.88
\ 28/08/2018
22. Graphene reinforced metal and
: 24 month
polymer composites
Hierarchial Reinforcement MLPOT12 CSIR 96.00
: 28/08/2018
23. approach for improved ILSS of 24 month
CFRP
Advanced Geopolymeric coating 49.00
24. material for structures of mild MLP0113 CSIR Ogﬁo,afn(ﬂf
steel (AGCM)
Up scaling of Advanced Solid MLP0114 CSIR
25. form Geopolymeric Concrete for 03/09/2018 287.00
SO 24 month
road applications
Development and Manufacturing
of hybrid green composites using
26. industrial and agro wastes in pilof MLP0115 CSIR 03/09/2018 203.54
ey 24 month
scale and facilitating
entrepreneurship
Electrical Insulating Hybrid CSIR 06/09/2018
27. Composite sheet using industrial] MLP0116 64.40
. : 24 month
inorganic wastes
Development of metallic foam for
28. biological, thermal and MLPO117 CSIR 12/03/2018 | 251.40
) : o 24 month
engineering application
Prospects in development of
29. Magnesium alloys for engineering MLPO0118 CSIR 18/09/2018 141.00
. . . 24 month
and biological applications
High performance metal matrix
30. composites for transportation MLPO119 CSIR 20/09/2018 24579
defense, aerospace and 24 month
engineering sectors
Development of flay ash based MLPOT20 CSIR 01/12/2018 110.60
31. geopolymeric materials for broad
L 24 month
application spectrum
Pilot scale production and
demonstration of closed cel
32 alumlnlqm composite and hy_brlc MLPO12] CSIR 17/12/2018 160.0 .
composite foam for automobiles 24 month
rail, ship, buildings, defense and
construction sectors
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Utilization  of waste through
33. appropriate  technologies  for MLP0122 CSIR 19/02/200i9 48.75
) 13 month
developing value added products
Manufacturing light weight high
34, strength_ and glo_ssy finish OLPO115 CSIR 15/12/2016 135.00
polymeric ~ composites  from 36 month
marble and granite waste stream
Development of Artificial
Intelligence (Al) controlled Lineat
35, Displacement  Actuator (LD_A) HCPO013 CSIR 20/03/2018 7912
based on thermoresponsive 24 month
smart materials (SMAs/SMPs
'SMAILDAS'
Development of open cell
36. aluminum foam for sink and EM| OLP 0116 CSIR 04/12/2018 9.00
o L. 24 month
shielding applications
37. CSIR Integrated Skill Initiative NWP 100 CSIR 12/03/2019 168.50
12 month
38, Jigyasa-to inculcate sc_:lentlﬁc NWP 101 CSIR 12/03/2019 49.10
temper amongst school children 12 month
Leach_ablllt)_/ study_ of Fly Ash Bharat 29/01/2018
Dumping Site and its Impact on
water and Soil Quality of the Oman 15 month
39. : ) SSP0048 Refineries 27.24
Surrounding Region of M/s Limited
Bharat Oman Refineries Limited, Bina '
Bina, District Sagar (M.P) '
Development of solid-state
40. magnetic pul§e weldlng techmqge SSP0050 RRCAT, 05/06/2018 20.00
for materials of interest in Indore 18 month
accelerator program
Carrying out feasibility study for Tata Power 10/01/2019
41. | value added products and| SSP0052 Company 15.00
; : 06 month
technology transfer using fly ash Mumbai
. Ordinance
42, Design, _d_evelopment and supply SSP0053 Factory, 13/03/2019 30.00
of Aluminium foam 18 month
Medak
Water Source Sustainibility study Adani Infra Z]ZQO;/Oan[LB
43 for Ganga water source for CNPO113 Limited, 1750
' proposed 2X660MW thermal Ahmadaba '
power project at Mirzapur d
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Patents
Filed in India
S No NFNO Title Inventors Application
No.

1 0022NF2018/IN | High performance glossy | Asokan Pappu, Gupta 201811016873
finish green hybrid Manoj Kumar, Mishra
composites with variable | Alka, Peters Edward,
density and an improved | Kulshreshth Ajay,
process for making Rathore Sanjai Kumar
thereof Singh, Srivastava

Avanish Kumar

2 0121NF2016/IN | Nanoadsorbent based Indra Bhushan Singh, 201811019279
user-friendly household | Archana Singh, Swati
filter for the purification | Dubey, Akshay Singh
of fluoride and arsenic Tomar, Priyanka Arya,
contaminated drinking Avanish Kumar
water Srivastava

3 0076NF2018/IN | Nano alumina-nano Indra Bhushan Singh, 201811025675
silver-activated carbon Archana Singh,
composite based Surender Kumair,
domestic water purifier Avanish Kumar

Srivastava
4 0128NF2018/IN | A glossy finish sandwich | Asokan Pappu, Gupta 201811047389

composite and process
for preparing the same

Manoj Kumar, Mishra
Alka, Peters Edward,
Kulshreshth Ajay,
Rathore Sanjai Kumar
Singh, Srivastava
Avanish Kumar

Filed in Foreign Countries

SNo | NFNO Country | Title Inventors Application No.
1 0022NF2018/WO | WO High Asokan Pappu, | PCT/IN2019/050107

performance Gupta Manoj

glossy finish Kumar, Mishra

green hybrid Alka, Peters

composites Edward,

with variable Kulshreshth

density and an | Ajay, Rathore

improved Sanjai Kumar

process for Singh,

making thereof | Srivastava

Avanish Kumar
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S.No NFNO Title Inventors Application No.
A process for making light Mondal Dehi Pada, Das
1 0164NF2007/IN wgight cenosphere Igeir%forced Satyabrata, Kodukula 0184DEL2010
metal syntactic foam Udaya Bhaskar, Narayan
Rao Ramakrishnan
An improved sol-gel process Indra Bhushap Singh, Om
2 | 0042NF2010/iN | for thenano structured Prakash Modi, Gazala 3446DEL2012
corrosion resistant alumina Ruhl,A.H.Yegneswaran,
coatings Anil Kumar Gupta
A process for making open Das Satyabrata, Mondal
3 0173NF2007/IN cell aluminum foam using Dehi Pada, Ramakrishnan 0523DEL2008
melt route Narayanrao
Granted in Foreign Countries
S No NFNO Country Title Inventors Grant Date Patent
No.
1 0018NF2016/US us A novel process | Amritphale 10/Apr/2018 9938414
for making Sudhir
advanced nano Sitaram,
phosphatic Mishra
hybrid inorganic | Deepti,
organic Singh
geopolymeric Archana,
corrosion Anshul
resistant Avneesh,
coating material | Das
for mild steel Satyabrata
substrate
2 0088NF2016/US us A novel Amritphale 17/)ul/2018 10023497
multifunctional Sudhir
material for Sitaram,
workability of Chouhan
geopolymeric Ramesh
system and its Kumar,
process thereof. | Mudgal
Manish,
Verma
Sarika, Das
Satyabrata
3 0070NF2014/US us An apparatus Hashmi 28/Aug/2018 10060833
for testing Syed Azhar
shape memory Rasheed,
effects in liquid Bhargaw
bath Hari
Narayan,
Ajay Naik,
Pandey
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4

5

Jagdish
Prasad,
Yadav
Mulayam
Singh, Navin
Chand
0209NF2015/US us Advanced non - | Amritphale | 25/Dec/2018 10165713
toxic radiation Sudhir
shielding Sitaram,
materials from Anshul
tailored brine Avneesh,
sludge and a Verma
process for the Sarika, Khan
prepration Mohammed
thereof Akram, Das
Satyabrata
0193NF2015/US us A novel process | Amritphale 26/Feb/2019 10214453
for making Sudhir
“advanced Sitaram,
cement free Verma
concrete and Sarika, Khan
panels” by Mohammed
utilizing sea Akram,
sand and sea Padmakaran
water. Prabha,
Anshul
Avneesh,
Das
Satyabrata
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Technology Transfer

01 | Sisal potential for Rural | Panchayats & Rural | 26/06/2018 15.00
employment and making | Development Department,
hybrid composite wood | West Bengal Govt, Kolkata

materials using fly ash

Patent No. 176843
0120/NF/2016

02 | Nano Alumina adsorbent | Marcus Projects Private | 18/09/2018 13.50
based water filter for | Limited, 55, Dayal Enclave,
Arsenic and Fluoride | Sector 9, Indira Nagar,
removal Lucknow

MoU with Academic/R&D Institutions

S. No.| Name of Organization Date
1 Indian Institute of Technology, Guwahati, Assam 07/05/2018
2 Tezpur University, Tezpur, Napaam, Sonitpur, Assam 14/05/2018
3 Agriculture Skill Council of India (ASCI), Gurugram, Haryana 24/05/2018
4 Dr. Harisingh Gour Central University, Sagar , Madhya Pradesh 18/07/2018
5 Indian Institute of Technology, Ponda, Goa 30/07/2018
6 Maulana Azad National Institute of Technology (MANIT), Bhopal 18/09/2018
7 Indian Institute of Technology (Banaras Hindu  University), Varanasi, 19/09/2018
Uttar Pradesh --221005
8 Indian Institute of Technology Bombay, Mumbai 09/11/2018
9 King George’s Medical University, Lucknow, Uttar Pradesh 18/05/2018
10 Mahindra and Mahindra Limited, Gateway Building, Apollo Bunder, 15/01/2019
Mumbai -400 001-NDA
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10.

11.

12.

13.
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Research Publications

Singh B,Devi N,Srivastava AK,Singh RK,Song S),Krishnan NN, Konovalova A,D Henkensmeier, High
temperature polymer electrolyte membrane fuel cells with Polybenzimidazole-Ce0.9Gd0.1P207
and polybenzimidazole-Ce0.9Gd0.1P207-graphite oxide composite electrolytes, Journal of Power
Sources 401(2018) 149.(IF#6.94)

IH Kim, B Singh, Y Naumgung, SJ Song, Spatial distribution of oxygen chemical potential under
potential gradients and performance of solid oxide fuel cells with Ce0.9Gd0.102-X electrolyte,
Solid State lonics 324 (2018) 150.(IF#2.35)

Saxena A., Gupta S., Singh B., Dubey AK, Improved functional response of spark plasma sintered
hydroxyapatite based functionally graded materials: An impedance spectroscopy perspective,
Ceramics International 45 (2019) 6673.(IF#3.05)

H. Bae, ). Hong, Singh B., Srivastava A. K., J.-H. Joo, S.-J. Song Investigation on Defect Equilibrium,
Thermodynamic Quantities, and Transport Properties of La0.5Sr0.5Fe0O3-d, , Journal of the
Electrochemical Society, 166,2019 F180.(IF#3.662)

Nimanpure Subhash, Hashmi S.A.R, Kumar R., Nigrawal Archana Bhargaw H.N. and Naik A., Sisal
Fibril Epoxy Composite—A High Strength Electrical Insulating Material, Polymer Composites, DOI
10.1002/pc.24527,2018(IF#1.943)

Nimanpure Subhash, Hashmi S.A.R, Kumar Rajnish, Bhargaw H.N., Kumar Rajeev, Prasanth N. and
Naik A., Mechanical, Electrical and Thermal Analysis of Sisal fibril/Kenaf fibre Hybrid Polyester
Composites,Polymer Composites Vol 40,Issue2, February 2019, Pages 664-676 (IF#1.943)

Singh Pradeep, Abhash Amit, Yadav B.N., Shafeeq M., Singh I.B., Mondal D.P., Effect of milling time
on powder characteristics and mechanical performance of Ti4wt%Al alloy, Powder Technology,
Volume 342,15 January 2019, Pages 275-287(IF#3.23)

Pandey Ashutosh, Birla Shyam, Mondal D.P,, Das S., Venkat A.N.Ch, Compressive deformation
behavior and strain rate sensitivity of Al-cenosphere hybrid foam with mono-modal, bi-modal and
tri-modal cenosphere size distribution, Materials Characterization, Volume 144, October 2018,
Pages 563-574(IF#2.89)

Jain Hemant, Gupta Gaurav, Kumar Rajeev, Mondal D.P., Microstructure and compressive
deformation behavior of SS foam made through evaporation of urea as space holder, Materials
Chemistry and Physics,Volume 223,1February 2019, Pages 737-744(IF#2.21)

Mondal D.P,, Goel M.D., Upadhyay Vartika, Das S., Singh, Mulayam, Barnawal A.K., Comparative
study of microstructural characteristicsand compression deformation behaviour of Alumina and
Cenosphere reinforcement Alumina Syntactic Foam Made through Stir Casting Technique,
Transactions of the Indian Institute of Metals,March 2018, Volume 71,Issue 3,pp 567-577(IF#0.91)

Sahu S.,Mondal D.P.,Cho J.U., Goel M.D., Ansari M.Z., Low-velocity impact characteristics of closed
cell AA2014-SiCp composite foam,Composite part B: Engineering,Volume 160,1March 2019, Pages
394-401(IF#4.92)

Agrawal Pinki Rani, Kumar Rajeev, Teotia Satish, Kumari Saroj, Mondal D.P.,Sanjay R., Lightweight,
high electrical and thermal conducting carbon-rGO composites foam for superior
electromagneticinterference shielding, Composite part B: Engineering, Volume 160,1March 2019,
Pages 131-139(IF#4.92)

Kumar Rajeev, Mondal D.P., Chaudhary Anisha, Shafeeq Muhamed, Kumari Saroj, Excellent EMI
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shielding performance and thermal insulating properties in lightweight, multifunctional carbon-
cenosphere composite foams, Composites Part A: Applied Science and Manufacturing, Volume
112,September 2018,Pages 475-484 (IF#4.51)

14. Yadav B.N.,Verma Gaurav, Muchhala Dilip, Kumar Rajeev, Mondal D.P., Effect of MWCNTs addition
on the wear and compressive deformation behavior of LM13-SiC-MWCNTs hybrid composites,
Tribology International,Volume 128, December 2018, Pages 21-33(IF#3.24)
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Smart & Functional Materials Division

ATg-IHTG 11 TS gl ' oR 31menfyd $iw gigaar & e A fFfa A
a1 & fAR AT TagUeR
RIS &5 382
o W yad & YR R fBld vang -Afd &P favemH vaquer Rver vdhled fAdse
3UHRUT b 1 T fdhrT
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Development of Artificial Intelligence (Al) controlled Linear Displacement
Actuator (LDA) based on thermo-responsive smart materials (SMAs/SMPs)
‘SMAILDAS’

Project Objectives

« Todevelop Smart Material based, Al position-controlled Linear Displacement Actuator
System (SMAILDAS) [device with integrated controller]

« Linear bi-directional displacement actuator for micro-positioning of 3D printer
head/bed with Actuation and sensing together due to electrical resistance variation
property of smart material.

Summary:

Shape memory alloys (SMA) are a class of smart materials that can recover their original
shape by heating above a transformation [

temperature. Due to transformation of phases,
shape memory alloy shows unique electrical
properties like electrical resistance (ER)
variation. Replacing the conventional actuators
with shape memory actuators can provide
significant advantages in terms of size, weight
and complexity. The aim of the project is to
develop a Linear Bi-Directional Displacement
actuator with Al based positioning sensing dully
controlled by Al based position estimation and
feedback. This Smart actuator system
incorporate functions of sensing, actuation,and
control to describe and analyze a situation, and
make decisions based on the available data in a
predictive or adaptive manner. Due to highly

Fig1: SMA Actuator mounted in
3D printer print head
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nonlinear behaviour of the SMA, a neural network would be suitable tool to predict the

position estimation of the actuator using ER. In this SMA actuator,SMA wires are arranged
antagonistically for bidirectional movement. The length of wire is 165 mm, 0.381 mm in
diameter with 70-90°C transformation temperature. The transformation temperatures
were achieved by controlled electrical heating using PWM (Pulse Width Modulation)
signal. The actuator was designed in mechanical designing software and initially
fabricated and tested on 3D printed prototype (Figure 1). The focused application area of
the deliverables are the 3D Printing industries, where the 3D Printer Bed/ Nozzle could be
controlled with the developed actuator for Positional displacement in the range of 5 mm
@ 3% strain recovery & Positional resolution up to 200 microns along with the capability
to hold the load up to 500 g. However it can be extended in other possibilities in robotics,
space applications and instrumentation. Sensor-less (without external bulky and heavy
sensors feedback) linear position control of the SMA actuator system will be the major
benefit to the targeted industry and other positional control applications. The project is
collaboratively taken by CSIR-AMPRI, Bhopal and CSIR-CEERI, Pilani under the CSIR-Al
Mission as well as industrial partners M/s Additive Manufacturing Pvt. Ltd, Secunderabad
arealsoinvolved.

SARIMAARI (EMG) | AR &1 a1 -t & = & FHRAPT : 3cauR
A9 AHR U™ (SMA) TR | Tefeld $RA g1

3327

S BTH BT 3 3898 EMG A T3 SMA AR 1 fabRT 3R f3sTe o1 8, foRad i g1 enfiret
&

SMATTYEEI R faeIR &d gU ITfeidl o felu SMA Taru ey b fdepr|

. BIYDIBRIGHAT D [0 EMG TR 31eRd A0 guTel o1 fasb|

. SoOaRi-D SI8aR fARed 3R JifAd g1 i f3sgH & fadmm|

e ALIMCO & gdlT 3UPTehd1 o Y1101 b AT fSaTS¥ o1 UehlIdhruT AR TRiguT|
IR BT ARG

CSIR- AMPRI, 19TcT CSIR ¥aRe fAeM & dgd 23 IS URGT1 H A &, foRThT 3897 394 &2
@ TApRId ATUR SARIEIATH (EMG) I IR A9 AHIRY 31T a1l VRO SR &b TadPT d Hanl
& 19 A e Afthal Y faT 37eft 31t 3R 377d1fdieh HIfY B dhelet ol B 3191 6 HIegH
QA AF-fF YR B 1A SR 37 STa D I[uTard H GYUR 11 & | TRANSHI o BeRawy b fa-
gfcfe 3 A Bl o fAue & 7ag e i

RIS 3 IcTE Il B TR, WM T 3IHE Brifcl HiHH g1 e fSd Uil bl HHi bl
TR 1 371 {3 3R SMA (9 FHRT 316RT) TR 3R vaues] I fsafad feu s & (R 2) 1318
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A9 AHRY VAT aTel TR eR I -374Td I 2f8 T Ueh goch daf- dTetl 3iR 3= fth I URYui3gasul
&, 37 Tf /et FRIfAd v Tasd & 3R 31fard dldd &Y 9T % Wbl &1 Ig DC Hiex 3R
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GHeAT & 16 379 37T Wi &d &1 Ueh IRePeaHT I 318 ¢ 1o & 1cT 50,000 TIIl Y P &1 bl
STeRd g1 faesfard cteor el (9 A 37T UaUeRr) WR 3R Sciae AR (EMG) $e-t &
1 a1el pREAPT/IRARIT A TR Eleh Ig 3T HfABAH 80 mm dlet S-S & HfdehdH2
{3 T & UR B gg- § F&H P11 3R HTIRIT-dleest 1T 7.2 diee P11 cleur Al iR
3TTETRA S PAH &1 BT IRATIAd et doTH T 900 ITH &P | fABRAd deb-i1eh! bl JAPTLATAT 3R
AcIfAE TR & H1egH A AlIMS 3R ALIMCO BHYR &1 FERIAT I A0 fasam SresT | el &
19 & HHEAPT aTel fAs i 350 70 Gl &I U RIdh! §diaR Ul & d1G ALIMCO gIRT 31feRrguT i 1
BT

s 2: Pfaw g1 & WY SASTIR™T SMA

Electromyogram (EMG) controlled Below Elbow prosthesis: Light weight
Shape Memory Alloy (SMA) wire actuated prosthetic hand.

Objectives:

The main objective of this work is to design and development of EMG controlled SMA wire
actuated prosthetichand whichincludes:

+ Development of SMA actuator for digit/fingers, considering the SMA parameters.

» Development of EMG based control system for hand functionality.

» Development of electronicdriver system and mechanical hand design.

+ Integration andtesting of device with user’s trials in association of ALIMCO.
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Project Summary:

CSIR- AMPRI,Bhopal is involved in this national project under health mission of CSIR which
aims to improve the quality of life to below elbow amputee patients with indigenously
developed light weight electromyogram (EMG) controlled shape memory alloy actuator
for individual finger movement prosthesis with variable speed and proportional grip force
control. The outcome of the project would help in restoring their day to day routine
activity work. The outcome of the project will fill the gap of the need of indigenous high
end functional prosthetic devices at affordable price which is to be activated by light
weight SMA (Shape Memory Alloy) based actuators (Figure 2). The Shape Memory Alloy
actuator is one of the light weight and high power to weight ratio that can actuate the
motion/displacement and generate required forces. This is a novel application for the
actuation of prosthetic hand for replacing the heavy actuators based on DC motors and
pneumatics etc.

In India, about 4 lakhs accident takes place every year and about 3 lakhs people get injured
and 10-15% of the people lost their limbs during accident. It has been envisaged that
50,000 people need prosthetic hand every year. The developed smart material (Shape
Memory Alloy Actuator) based electromyogram (EMG) controlled below elbow prosthesis
would be able to hold max load of 2 Kg with maximum object diameter 80 mm and
operating voltage will be about 7.2 volt. The proposed total weight of the smart material
based prosthetic hand would be about 900 Grams. The developed technologies will be
validated through lab and clinical trials with the help of AIIMS and ALIMCO Kanpur. The
manufacturing of the developed below elbow prosthesis may be taken up by ALIMCO
after technology transfer.

Fig2: SMA Actuator coupled with the Prosthetic Hand
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Al-Al Joining (Set-1)
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Development of Solid state electromagnetic joining technique for

materials of interest in aerospace/space
Project Summary:

In this project, it was aimed to join similar and dissimilar material by electromagnetic
technique.The combinations that were taken for study are Aluminum to aluminum joined
as similar material and aluminum to stainless steel joined as dissimilar material. Different
parameters such as design of coil, field shaper, stand-off distance for Al-Aland Al-SS joining
were optimized by simulation in LS-DYNA and validate with experiment results.

Study related to coil and field shaper design was carried out. Various types of coil were
designed and change in parameters e.g.inductance were analyzed. FEA study was carried
out to design the coil system.Figure 3 shows the FE model and contour of relative velocity.
Figure 4 shows variation of velocity and Lorentz force due to change in voltage/energy
and length of web of field shaper for Al-Al combination of material. So design of the whole
process can be carried out with the help of both experiment and FE simulation.
Mechanical testing (pull out) test of joint samples of Al-Al and Al-SS was also carried out to
see the effect of energy and number of capacitor bank on joint strength (Figure 5). The
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test shows that in all the conditions, material fails at parent metal zone and joint zone is
safe conforming good joining between the materials. Further work on joint design and
mechanical testing (Fatigue) is going on.

(a) (b)
Fig. 3 FEM model showing (a) coil-workpice assembly and (b) contours/fringe of relative velocity in
workpiece during deformation

ALGO61-AIG061 Joining 3 Al 6061-A16061 Joining
600
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s -
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400 Z
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H ]
E e Lmm web 16KV g st -
e === L web 20V N ’ == Lo web- 1KY
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—Smm web-20kV
[ L,
o 2 4 6 8 10 1 14 16 ° 2 4 6 8 10 12 14 16
Time (ps) Time (jis)
(a)Velocity (b) Lorentz force
Fig. 4 Velocity and Lorentz force in Al-Al joining with 8 mm and 10 mm web width by FEM
simulation

Al-Al Joining (Set-1)
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Fig.5 (a) Electromagnetically joint Al-Al samples (b) results of pull out test in Al-Al samples at various
energies and number of bank
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Development of solid-state magnetic pulse welding technique for
materials of interest in accelerator program

Project Summary: The project aims to optimize joint design and process parameters for
magnetic pulse welding to obtain hermetically sealed and sound welds between following
materials of interest in accelerator program:

1. Titanium or Ti-alloy/Type 316L SS
2. Niobium/Type 316LSS

It has been attempted to join SS-Nb and SS-Ti. Such combination of joining finds many
applications like SRF cavities.Figure 6 shows initial geometry of the samples with drawing.
Many samples of both SS-Nb and SS-Ti were joined at various parameters and analysis was
carried out to evaluate the joint. Result of pull out test of both the combinations of
materials is shown in Figure 7 and 8. The test reveals that there is failure in parent’s metals
and joints are safe. The microstructure analysis and EDS of joining interface shows the
diffusion of materials into each other. Both the materials diffuses approximately 20
micron into each other. It also shows that there is mechanical interlocking between both
the materials. It is evident from wavy nature of the joint T interface. The Helium leak proof
test was carried out at RRCAT Indore and it was found that SS-Nb and SS-Ti can sustain up
to 1.2e-10 mbar-Is-1and 1e-5 mbar-Is-Trespectively.

Mild Steel

[ TitaniumfNiobium/ Copper / Stainless Steel 316 L

Fig. 6 SS-Ti and SS-Nb joining sample
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Fig. 7 (a) Pull out strength test and (b) Micro structure Examination of SS-Ti joint
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Fig.8(a) Pull out strength test and (b) Micro structure Examination of SS-Nb joint
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Design, development and supply of aluminium foams

Aluminium foams are an emergent material for multifunctional applications in various
areas such as automobile and strategic applications because of their lightweight and
excellent combination of other physical and mechanical properties. CSIR-AMPRI is actively
engaged in development of Al-foam and nanoparticle reinforced hybrid foam technology
forlarge scale production.

The energy absorption of foam materials depends upon the cell wall properties and pore
size distribution.The area under the stress-strain diagram gives the energy absorption by
the foam material. The AlI-SiC-CNT hybrid aluminium foam was observed with high energy
absorption under static and dynamic loading conditions ascertaining the potential of
nanoparticle reinforcement. Ordinance Factory Medak (OFMK) is searching for light
weight blast resistance materials for their next generation Infantry Combat Vehicle (ICVs)
development programs. One project was taken up from ordinance factory Medak for
design, development and supply of aluminium hybrid foams to be used for mine blast
résistance applications of next generation infantry combat vehicles

The aluminium hybrid foams AA 5083+10 wt % SiC + CNT were processed through liquid
metallurgy route. Initially AA 5083 +10 wt % SiC composite was made through stir casting
followed by CNT addition during foaming. Microscopy and also compression tests at quasi
static conditions were conducted for different densities of the foam and the resultant
stress-strain curve and the micrograph of foamis shown in figure 9.

—s+—Densty - 0834
——Deonsky - 0.723
—— Donsky - 0.7 12
—s— Dansly - 0652

40 4 SR 0.01

Compressive stress |MPa)

* ——
€6 01 02 03 04 OF 08 07 OF OF
sirain

Fig. 9 Micrograph and compresive stress strain deformation of hybrid aluminum foam

The results indicated that increasing density has increased plateau stress and energy
absorption with slighlty decrease in densification strain.
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High performance metal matrix composites for transportation, defense,
aerospace and engineering sectors.

Processing of the reinforcements:

Metal hollow spheres were made using lost core technique. Polystyrene balls were used as
abase/core in this method and these balls were coated by metal powders with the help of
binder. Polystyrene balls were dipped into metal slurry and the slurry was coated into
polystyrene balls. Now these coated balls were heated for melting the PVA. Polystyrene
balls were removed from the system and green metal spheres were achieved which were
further sintered in a vacuum furnace to get metallurgical bonding. Wall thickness of these
hollow spheres were measured using SEM. Figure 10 (a) shows broken metal hollow
spheres and Figure 10 (b) shows SEM image of measurement of wall thickness.

High-vac. SED PC-std. 15kV 7 2/5/2019 000010
aluming o

um

(a) (b)
Fig. 10: (a) Metal hollow spheres (b) Wall thickness measurement in SEM
Nanoparticle dispersion and Up-scaling the process:

(i)  The process for making Al-composite and hybrid composite foams have been
developed at ascale of 35 kg insingle heat.

(ii)  Process for making in situ foam filled tubes have been developed and characterized
indetailed.

(@) ‘ (b |,

Alloy{LM13)

T | @]

100

o 0.05 01
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(a) (b)

Fig. 11(a) Raman shifts in different hybrid composites (b) Compressive stress strain curves of hybrid
composites
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Applications

Functioning of aerospace and aircraft power systems significantly depend upon
electronic systems, which require to be shielded against electromagnetic interference
(EMI). Traditional radiation shielding materials include aluminum, boron, tungsten,
titanium, silver, copper, or some combination of these materials etc. But these materials
have disadvantages like high density, corrosion and difficulty in processing. There is critical
need to develop lightweight, effective and practical EMI shielding materials. Recently,
CSIR-AMPRI has developed open cell aluminum foam by impregnating of aluminum
powder into a substrate polyurethane foam template for use as an EMI shielding and
thermal management materials (Figure 12). The properties of aluminum foam are
lightweight, low density (0.2-0.5 g/cc), high open porosity (>80%), large surface area, high
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strength (>7 MPa), high EMI shielding (> -40 dB) and good electrical and thermal
conductivity. The foams with high EMI shielding with specific absorption have application
in radar, antenna, covers of electronic equipment’s, cones of missiles, torpedoes, missiles
etc.
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Density size (%)
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Fig. 12 (a) Optical image (b) SEM image, (c) EMI shielding and (d)
Compressive strength of open cell aluminum foam
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Lightweight carbon foam for EMI shielding and electrode for lead acid
battery

The present grid-scale energy-storage sector is dominated by lithium-ion batteries,
because of their higher energy density & specific power and long cycle life. However, there
are some serious concerns regarding Li-ion batteries, such as safety risk, limited resource
supply,high cost and lack of recycling infrastructure. This necessitates the development of
an alternate battery system with lower environmental concerns, economical and higher
energy density. In this concern, lead acid batteries are still one of the most reliable,
economical, and environmentally friendly options. However, electrodes in the lead acid
batteries suffer from the problem of heavy weight, corrosion, poor thermal stability and
diffusion of electrolyte in one dimension which ultimately affect the output power.
Recently, CSIR-AMPRI has developed lightweight carbon foam with the density of <0.3
g/cc, highly porous (> 85%), good mechanical strength, highly resistive to corrode, good
electrical and thermal conductivity (5100 W/m.K) with high surface area and have recently
attracted alot of attention owing to their potential applicationsin various field (Figure 13).
The aim of the proposed work is to develop the suitable light weight porous carbon foam
and this foam is coated with active materials (lead oxide) and improved output power of
lead acid battery. Beside this, in CSIR-AMPRI, we are applying this multifunctional carbon
foam in various fields such as heat sinks in power electronics, EMI shielding in aerospace,
hydrogen storage and electrode for lead acid batteries.
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Fig. 13 (a) Optical image, (b-c) SEM image of carbon foam showing open cell structure, (d)
Compressive strength, (e) Cyclic voltammetry, (f) Specific capacitance and (g) EMI shielding
performance of carbon foam.
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Magnesium alloys for Engineering and Biomedical Applications

Magnesium alloys using flux assisted melting technique has been used for synthesis of
magnesium alloys. Methodologies have been established for alloying different alloying
elements. In order to improve creep resistance and corrosion resistance of the alloy rare
earth and transition elements are being attempted. The flux assisted technique for
magnesium alloy will avoid use of SF,, CO, gases as well as sulfur for melt protection which
causes toxic gases. When Mg-melt is gently handled the severe burning can be avoided
and can easily be cast either through gravity and pressure die cast. In case of gravity cast
bottom pouring would provide better results.

The alloys were also synthesized through powder metallurgy route and exhibits excellent
results. Attempts have been made to make Mg-foam through powder metallurgy route
which can be used for bone scaffold applications.
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Fig. 14a Tensile stress strain curves of AZ91and AZ91+0.3wt% Si alloys and their microstructure. The
alloys were synthesized using flux assisted melting technique
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Fig. 14 b: Microstructure of Mg-0.8Zn-4.0 Ca Fig. 14 c: Microstructure of Mg- foam
Alloy made through powder metallurgy route with porosity of 90%
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Materials for Radiation Shielding & Cement Free Concrete Division

T 3R WA TR Bat & foreve 7 smenfa i b uaref

Hgcdyut Ut

. 9 TR W SEAH eIl Pl fopAT-ad b1 IR & {818 Hedt aret fAf3d g1 Baso, 3R
Ba(OH), 3 A1 H& YAIPT ! fAfAd 3g5rRifaid are, fg Hiere 31k 10 HHl x10 H# aredl erseli &
foTQ arit b1 A1 & gIRT fobanf=ad fasarm 1T | TS el & IR Reb 3T § 11 IR-IT iR 900°C
ATIHT OR 19 3R &4 gU We! H 11|

. C1gcl $ efto Aaeht faATdr3T o1 gRieror fA1 STl 6 mm Hiers arell ergal & &ftor 3[u1 0.9
mm 118 & JHEET (100kVp) AT 100 kvp ddb B aRReor Heeh 816 deg fd--1 (HVT) 3 HHl
1.6 mm g SN BihIc P 15 mm B IATGBI BT 8 |

. H AYhb P TI & folU fAfia Tgehepl o gRT Wil &b CGCRI TRACLH ek § A4l grgeie
e IR WR 31 & fosanfad fasam s

o {941 301g areit fafdsvur aRReroT &b ST HoT gR1 R o §1G TRHTY] 35511 (7D dIS (AERB) &
ATES] &b 3RTR SHb UT-&H 1 fARquT fasam |

- YSHE 3R Bi,0, P ITIPT B §U TAPI bl HRIwY fad1 /I € Y2R 800°C d 1100°C ATIHH
R el a5 tete dIR fahT U 1900°C 37R 1100°C TR 3TH gaTd 31 el I gcd 1 hHS3.2
gm/cc 3R 3.6 gm/cc BFTIRITIR

. IRIH Aehe P Ugel A B 3¢ IUAPT Bl o1 H Ig ePTHT 0.5 gm/cc AT & | Bi, 0, BT 3TAPT
B P HTHA B 3 8T 3 AR (HVT) 1.62 mm A Fedbr 1122 mm 81918 (R 15)

. H S fafiee, 34, §as & A1 JTahd I I8l & 3R STe &l Wil & g¥diarur 6l 3nfia
gl

oS! HURDBICIT AT HIRST (ASSURAYS) TS 110 el x10 It x 101 bt 2500 erged
ST e FR Ve RO 1. A1, 37EAeR, HerTg & fAffd sk renfa Hi g

o AT TR, I IR H 3R ATSE 2o R Us T Urgde fol. 3eAePR, HeRIg &l b
e H 221 Bl 97 37 TP AERB GRTURIEI0T R HJHIGA fasam i |

AMIfoTE U4 : fasmRa i d IEd 8idl €, 39 ISR I Aciiaud ¢ |egd-fAafor & 98

AB-1h Uk W caIdisi § | T8 ST 31R GATeRUT &l 3 Bl Res Ve -¥ I ST & GG dcil & o1l

TN 3R W IR BRI A Apead &1

3nfees YuTq : B d il ¥E Ae (A1 RS TR 31menid 87 A APTd-eTd! & S Togsif-= 3ehT

H1 3719 110 Wl x10 At 1 At arelt wfa ersd 1 3RfAd AP 5. 250 81
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YTaROT IR THT4 : 37 YHR HeIaieid 3c1E Bl g P folt 38 HE T HIRY 31T 9IfaRui gef &l
icfid gl

|

U3 fAsH s a1, fafies, i, §a8 & 91 Judh
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Red mud based lead free material for X-ray and CT scanner rooms.
Significant Achievements:

. Optimization studies were carried out in the lab level. Several experiments were
performed with two different high Z metal compound BaSO, and Ba(OH), by varying
applied pressure, varying thickness and amount of water for preparation of tiles of
10 cm x 10cm . Prepared tiles were dried in oven and placed in furnace by giving
program of heating up to 900°C temperature.

. Attenuation characteristics of tiles were tested 0.6 mm thickness of the tiles
possess attenuation characteristics (100 kVp) equivalent to 0.9 mm lead. Shielding
thickness at 100 kVp in terms of half value thickness (HVT) is 1.6 mm which is
equivalent to 15 mm of concrete.

. Studies were also carried out on semi pilot plant level at CGCRI extension centre at
Khurja by varying binders to select appropriate binder.

. Designing of joint free radiation shielding tiles completed and characterization was
done as perthe norms of Atomic Energy Regulatory Board (AERB).

. Experiments were carried out using Bi,O, and red mud. Pellets were prepared by hot
pressing and sintering at temperature of 800°C and 1100°C. Density was foundto
be 3.2 gm/cc and 3.6 gm/cc by hot press and sintering at temperature 900°C and
1100°C respectively. It is about 0.5gms/cc higher than whatever found previously
using Barium Sulphate. Eventually half value thickness was found to decrease from
1.62mmto 1.122 mm in case of using Bi,O, (Figure 15).

. Interaction with Prism Johnson Limited, Pen, Mumbai is under progress and
technology will be expected to transfer soon.

. Up scaling was done by M/s. Assurays Noida. 2500 tiles of size 30cm x 30cm x 1cm
were manufactured and installed at M/S Saideep Healthcare and Research Pvt Ltd
Ahmednagar,Maharashtra.

. Tiles installed in X-Ray, CT scanner rooms and Cath Lab of Saideep Healthcare and
Research Pvt. Ltd. Ahmednagar, Maharashtra and it was tested and approved by
AERB.For detailed certificate and reports kindly see the are attached herewith

Social Impact: Developed material is lead free thus nontoxic, the technology for tiles
manufacturing is a green technology. It helps to protect public and environment from the
harmful X-ray which comes out of X-ray and CT scanner rooms.

Economic Impact: Developed material is cost effective as based on red mud which is a
waste of aluminium industry. The expected cost per tile of 30 x30x 1cmiis Rs.250.
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Environment Impact: Bulk utilization of red mud to fabricate value added product thus
addressing environmental concern.

Interaction with President Prism Johnson Pvt. Ltd., Pen, Mumbai
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SrIfamie va fAnfor areh & Qe & fAv TrE 021 3R Y8 A8 &1
CEE P ICER T
qRASHT B1382T

. TATS Q91 3R Y8 HE WR 3neRd fAnfor A & fasry 8 i3l diferdRes gfdsar o 3udir o aam
ST aTet Fai-{pel TR Bl aRyTRId BT

. MY g famrgIfafafaR &1 fharaa

. [BioRI-BAPd, PBIep, U] o [ABRIT UIhdT bl ST B P feTU Tells VLT AR S 7S
P faudr o1 fARTuT B3A1

. TS VI T Y8 HE TR 3NTRA orRiifemNeG AT P Rl &TRII SORP BT 3TIPT a3 b TTAT D
fIAAT3T & Wy H H A 3R UHNGRUT AMGE! S Ufafed I1siep, dTasm 3nfe & 3ugwh
FREATHT-fALATAT3 b IAfAIA 31 peT gRT faBRId fpaT ST RET 8|

. foRivifemHRe a1Esv % BRI & fATU IfbarTd AT9es ol 3rfald 3 gei fbaT ST IeT 8

. Sdifemi® #ftaa PI fABRid ov- & AU IRUNG R TR 3RS BT 3TAPT b Tells
V1 37R Y8 78 B URG -1 WfaI2rd T 3uiPT as3ds A= T1aoT U s R &

. fSiferR a1EER & ARt & folv et 38 3 oiad fridifamRe Afdet & 39dhT R a8t
T H GIIT 3R TR0 e I8 & 3R AP 2Afeh o felv S epT e i fB AT S b1 8

WA Ygns - oo v SRIOGARG Y8 HE - TS |
ISR & & T fo3ifeARe arges &I
q1d 21fth BT Jerdich

. 7.06 3 x 7.06 HHfi x 7.06 T} 3MHR & AFS €4 3,7, 14 37 28 el F diges ofth & fav gt
31U 31K YR1&T0T fhU 37T | 31 811 &l 60°C TR 48 &l & felv 371a & a7 I 31K fOhv uiaror & feq
A YRAA & ATIH IR a1 3T | 28 &A1 & 37 100% TS U2, 90% TedTs 02 + 10% V8 TS,
80% TRATS V2l + 20% V8 18, 70% TATS V2l + 30% V8 18, 60% TeATS U + 40% V8 HIag 3R
50% TS VLT + 50% 38 1S A2 54.1MPa, 68.2MPa, 65.9MPa, 39.4MPa, 35.6MPa 37 26.0
MPa e 37T |

. Sifemive AieRR 37k Hichie & fdewm # IR & S8 3B & ot UPIe B wIfd T
EREE R
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Bulk utilization of Fly Ash and Red Mud for development of Geopolymeric
Building Material

Objective of the project:

To define the most favorable conditions enabling the utilization of the
geopolymerization process in the development of construction materials based on Fly
Ash and Red Mud

R&D Activities carried out:

ANNUAL REPORT 1 2018-2019

Characterization of Fly Ash and Red Mud is carried out for physico-chemical, inorganic,
properties to examine the suitability for developing geopolymeric matrix.

The Fly Ash-Red Mud based Geopolymeric matrix is being developed by optimization
of suitable compositions of raw materials and processing parameters such as additives,
temperature, etc., with respect to the required characteristics using liquid Alkaline
Activator.

Optimization of process parameters is being carried out for development of
Geopolymeric Binder

Different trials are being carried out using variable percentage of Fly Ash and Red Mud
using conventional liquid Alkaline Activator to develop Geopolymeric Matrix.

Using optimized Geopolymeric Matrix (binder), the large number of experiments and
trial runs were carried out for the development of Geopolymer binder and has been

evaluated for compressive strength.

Raw Materials Filling the Moulds Cube Samples of Red Mud- Evaluation of Compressive
Fly Ash Geopolymer binder Strength of Red Mud-Fly Ash
Geopolymer binder

The standard cubes of size 7.06 cm x 7.06 cm x 7.06 cm were casted and tested for
compressive strength at 3, 7, 14 &28 days. The cubes were oven cured at 60°C for 48
hours and then kept at ambient temperature till the testing day. At 28 days average
compressive strength using 100% Fly Ash, 90% Fly Ash + 10% Red Mud , 80% Fly Ash
+20% Red Mud, 70% Fly Ash +30% Red Mud, 60%Fly Ash + 40% Red Mud and 50% Fly
Ash+ 50% Red Mud was found to be 54.1 MPa, 68.2MPa, 65.9MPa, 39.4MPa, 35.6MPa and
26.0MParespectively.

Experimental work for optimization of matrix for development of Geopolymeric
Mortar and Concrete is under progress.
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3T d g ¥8 HE TR 3nmenfd fafesorafiwaor yaret

PG VD G2 U ST HHY 3, ITHMS3IR - TR gfAbRD HRRA-R Y8 He Ueg -1 £8feae
T 8T8 TSN X- 3iR y-ray dTeh URREUT TSl 3R AT 91 BI BRI B el &l g 3R fawy
S 818 St IR & fafa as-ufaerdd & e ergal & Arar-erar S91= I=77| 9 -
HUdeE Sl P8 Heaqul thall & 3178e- Pl &2 3R SO,37R CO, 3R M3 31 & 341 Bl
GaTH & fel? 900 - 1150°C dATTHM IR ez HI 778 (R 16) 1 Tad - fethare o S fasa s faalwor
e TR BiFeO, (8.33g/cc) 3R BaTiO, (6.02g/cc) SRIBTS o Uil bl IR I YHIOIA el gl

difciet 1. Tag-Y 2fior R &1 ARier (100 Hdidt) 3R oire ) 6 ergell &1 gl

Tiles Attenuation HVL TVL Density
Coefficient (mm ) (mm) (mm) (g/cc)
Red mud:Barium-1 0.32 217 7.201 1.404
Red mud: Barium-2 0.435 1.59 5.27 2428
Red mud: Bismuth 0.67 1.04 345 3

Blctifas, e IR fdgl & 91 o BRUT fAdhId ersel &l g-cd g gar 9 a3, 31t e & R
CaCO,, Al(OH),, 31k FeOOH (goethite) & 3198 & GRIF &1 TPBd & 1100 kVp X-ray B~ Bl
3UGPT dRb TS b X-ray &NUT el fad13il o1 313 fI1 -1 16 mm A 28 H 0.9 mm
of1s 2fie i aftor aTefl faQIeaTi Eicf €, 51 5 T A1t dheble & aRTeR Bl &1 39 TR I8 Wit agd
DH HICTS TR URRETUT Y& &= bl ¢ 81 degd ok (HVL) 3R fApad Arsht bt o dog el ot
dfeien A& fasaT 5T 8138 78 IR 3NeTRd fafdbvur o uarel ois effe & qet=m & afi= A1 R
USdl g1 381 eTsall Bl WRPT ASAY bR Uisde fAffics, 38HEPR, TeRT¥ & ol Uad~
SRR, U UIET TR $&l 31R U 2 oid Pl doak o3 o 01U faaT I |

T8l I I IR & 1o 31t Aread 3R f3Red arex & 28 &l a6 fpi & 916 oft 15 9Y dd
EcTehR SB AT g3 T8l I | fadh R 2rget! & 33% e e, 5il fafesvur afvarur & feiv g Re &
| 3ecig-ar & o5 it ot fafeseor 3 Tefad eRu=-fRAANam g9 31K RAT T R 3afAd ik
& safelu, 3 Z Arht & 3BT 37 BT S Hall & fobeeciidar Ul bl dgral o b farw iR Ht
A P 37T B3 AARTA & T B YR & 10 3R TR fpu e & 18T €1 7 4 g/cc & 3108
g/ccarcii \e HE &l eTgl fadhiid PI 378 & 37 878 Yoied & g RIeRAT dT9HH & W1 ST Il

ST 404
1.,
E 251 ; t 1
2.0 .73‘5) K
7 16. R a1umT & W1 Y8 78 & Ueie & g A gfg o gaIfar &, ¢ iR a1 &) sg R Tele i
Hiers Al B gerfardl
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High Dense Red Mud based Radiation Shielding Materials

Since more than a decade, CSIR-Advanced Materials and Processes Research Institute
(CSIR-AMPRI) has been working on the conversion of hazardous iron rich red mud (alumina
industrial waste) into high energy X- and y- ray shielding tiles and blocks. The tiles were
fabricated by adding various weight percentages of high Z materials like Barium and
Bismuth.The green compacted tiles were then sintered between 900 - 1150°C to avoid the
decomposition of some of the important phases and thereby to suppress the evolution of
greenhouse gases like SO, and CO, (Figure 16). The thorough X-ray diffraction analysis
confirms the formation of high dense phases like BiFeO, (8.33g/cc) and BaTiO, (6.02g/cc)
upon sintering. However,the density of the developed tile was found to be poor due to the
formation of pores upon sintering, which may form during the decomposition of CaCO,,
AI(OH),,and FeOOH (goethite) upon sintering. The X-ray attenuation characteristics of the
tiles were studied using 100 kVp X-ray photons. The 6mm thick tile possess the
attenuation characteristics of 0.9mm lead sheet, which is equivalent to 5cm thick
concrete. Thus this material can provide shielding at very less thickness. The half value
layer (HVL) and tenth value layer of the developed materials are summarized in Table 1.
Red mud based radiation shielding materials are three times cheaper than the lead sheet.
The same tiles were used to cover two X-ray diagnoses,one CT scanner and one Cath lab of
Saideep Healthcare Pvt Ltd,Ahmednagar,Maharashtra.

Table 1. Summary of the X-ray attenuation characteristics (100 kVp) and the
density of red

Tiles Attenuation HVL TVL Density
Coefficient (mm ') (mm) (mm) (g/cc)
Red mud:Barium-1 0.32 217 7.201 1.404
Red mud: Barium-2 0.435 1.59 5.27 2428
Red mud: Bismuth 0.67 1.04 3.45 3

It is worth to point out here that no heavy elements were found to leach even after
soaking it for 28 days in acidic medium and distilled water. The developed tiles were found
to have 33% of porosity, which is detrimental for radiation shielding. Noteworthy, the
radiation attenuation characteristics of the materials are highly depend on the density
and atomic number. So, further efforts have been taken to improve the density of the
material by varying the composition of high Z material and sintering condition to
promote the crystallization of high dense phases. Very recently,red mud tiles with greater
than 4 g/cchave been developed.And the density of the pellets was found to increase with
thesinteringtemperature. 4o

Density (g/cc)

800 900 1000 1100 1200

Temperature (°C)
Fig. 16 Depicts the increase in density of the red mud pellets with the sintering temperature, insert
depicts the decrease in thickness of the pellet on increasing the sintering temperature.
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Design, Development and Demonstration of diagnostic X-ray radiation
shielding tiles for Saideep Healthcare Pvt. Ltd, Ahmednagar, Maharashtra
Objectives:

i. Designing of joint free radiation tiles.

ii. Optimization of chemical composition and other parameters for fabrication of lead
freeradiation shielding tiles at laboratory level.

iii.  Characterization of lead free radiation shielding tiles as per AERB parameters.
iv.  Largescaleproduction of tiles (2000) by outsourcing agency.

V. Testing of tiles, Transportation up to the site of Saideep Healthcare Pvt. Ltd.,
Ahmadnagar, Maharashtra, supervision of installation work in X rays and CT scan
rooms at Ahmadnagar by outsourcing agency.

Work Carried Out:

CSIR-AMPRI has prepared radiation shielding tiles by mixing red mud with appropriate
amount of high Z metal compound and binder and subsequent sintering at 900°C. The
attenuation characteristics of developed tiles indicated that 6mm thickness of tiles
possess attenuation characteristics (100kVp) equivalent to 0.9mm lead. Shielding
thickness at 100 KVp in terms of half value thickness (HVT) is 1.6 mm which is equivalent to
15 mm of concrete. Developed tiles are installed in 2600 sq feet area of X-ray & CT scan
rooms and Cath Lab of one of the biggest hospital, M/S Saideep Healthcare Pvt Ltd,
Ahmednagar in Maharashtra for attenuating X-rays by M/S ASSURAYS, Noida, Uttar
Pradesh

Radiation survey report where radiation shielding tiles involved indicated that radiation
levels are below permissible limit and radiation shielding provided is as per AERB norms of
permissibleradiation levels.

-
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e TIAT IR IQTS 31 dlell IR & F®q 7 Wrd fSradifamie geref &1
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N PR TGHT | aiftid gewhl Wil Tiel bl URI&I0T ae o fAfd (ASTM G1) gRI3RISH 21fth
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Advanced Geopolymeric Coating Material for Structures of Mild Steel
(AGCM)

Mild steel is used as structural steel in pipes, wire, marine applications, nuclear powered
transportation, fencing, metal-processing equipments etc. all over the world. It is
subjected to adverse environmental conditions which causes corrosion and resulting in
decreasein life of mild steel based structures.

In order to address this problem, CSIR-AMPRI, Bhopal has developed different
compositions of geopolymeric coating material utilizing class F fly ash, alkali activators,
additives/organic resin and hardener by novel process at laboratory level (Patent No.
9,938,414 B2 granted in USA in 2018) and coated them on cleaned and treated mild steel
plates by spray and paint brush coating techniques.

Coated mild steel plates were tested for adhesion strength (ASTM D 4541), fire protection
(Australian standard 1530.4), porosity (ASTM G62), scratch resistance (IS 101-1988), water
resistance (IS 101-1989), corrosion resistance properties by weight loss method (ASTM G1).
Accelerated corrosion test was performed in salt spray chamber (ASTM B117). Results
indicated that adhesive strength of coated mild steel plates were found in the range of
2.5-4.0 MPa.Inhibition efficiency of coated mild steel plates was found to be around 80 to
90%. Electrochemical measurements were performed for testing of corrosion resistance
using an anodic polarization method. The small passage of current through geopolymer
coated mild steel plates confirms the strong resistance of the coated materials towards
corrosion.Results of accelerated corrosion test indicated that onset of corrosion occurred
after 22-24 h confirms again the strong resistance of the coated materials towards
corrosion. No pin holes were detected in coated plates. Thickness of coating was found to
be in the range of 90 to 150 pm. Material has been demonstrated at NTPC Simhadri site.
Successful results have been achieved. Concept has been proven at the laboratory level
and optimization studies to bring it to commercial level are under progress in FTT project.

Benefits:

The advanced geopolymeric coating materials are advantageous over conventionally
used materials like organic coatings as they are:

« Basedon flyash and commercially available Raw Materials.

No toxic chemicals are involved in their formation.

In addition to corrosion resistant they are also fire protective.

For making coating material by CSIR-AMPRI’s process, only ball mill, paint brush and
spray gun are required. Thus no huge capital investment for machinery and manpower
arerequired for the process.

The coating can be done by skilled labour on appropriate training to them. Thus
resulting in source of income for them and improvement in quality of their life.

User Agency: NTPC,Steel Industry,|IOCL,Naval Research Board
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378 39S P SR 20 T & T Tasdl fobv 970 & | 5990 3tcTal =R rsit, 91 eng FerRor 3R
STgicl dcdl & JRId ol Ufeha AT ifarfIcT dovaed ellfeia YIfISR (TCLP) & wRieior & faiv 13 g
&b T, 04 FelTs VA & T Y Uebdl fabU 3701 305 3HetTan, f2siTecs 3iiaRiTs (DO), S HioRdtsH
frig (BOD) 3R BfAdbet 3Rl f3Hig (COD) & felt Uit & HA TP b 37T fa QT s
IR G 3 B oo RTaI bl & |

YA &b HTYR W, I& YR IR {5 T 49t HAg & UMl &b T 3TE0H b AR HIADI bl
BRI W1 2296-1982 (IRURSD IUAR & fo-T1 G4 o UT-t b1 Hid cifdb PHlerufeied & a1g) &
MR 2, STafes Tt 33Tel & T BRI WA S Wk A1 A & g & fAIv YRAT 7S (BIS:
10500, 2012)% 3R 3R 41 3R T 3TIPT I o0 3T & | AR & Tect 3R 916 b IR &
foTe g fseme! fAopTetT 11 asdT & fob 8 Bl STeT-[UTarT FHT R0 ¥ T6R ¢ 37R Tt 09T Sty aee
37k BORL, §H1 &5 Weiel fc2rep, gRT 3HTeNfIdh UfohdT IaTer- o BRUT 8 b STcd-[0Terdl 3R gt &bl
IOTST R Pl Yfcigpel TUId &l ST T & | BORL ST b el § URASHT bl THlal dodb
BN ECEAREE

AqfedT dAlPB2E W DO fFaRIM fafgd dlib2AT AAQM TR 3UHRUT Y IATIAT

ANNUAL REPORT | 2018-2019



CSIR - AMPRI

Leachability Study of Fly Ash Dumping Site and Its Impact on Water and
Soil Quality of the Surrounding Region of M/s Bharat Oman Refineries
Limited, Bina.

Summary

The project has been awarded to CSIR-AMPRI Bhopal by M/s Bharat Oman Refineries
Limited, Bina, District Sagar (M.P) to assess the impact of leachate from fly ash dumping
site by conducting detailed study on impact of leachate potential on water and soil quality
of the surrounding region and possible impacts, if any, arising out of the leachate from
existing fly ash dumping site. The objective of the study is to analyse different physico-
chemical properties at 4 locations of surface water and 16 locations of ground water in
nearby villages of BORL, Bina during pre-monsoon and post-monsoon season
respectively. In all, 20 water samples were collected during the study period. Apart from
this, 13 soil samples, 4 fly ash samples were also collected for mineralogy, heavy metal
characterisation and Toxicity Characteristics Leaching Procedure (TCLP) test. In addition,
water samples were collected and analysed for dissolved oxygen (DO), Biological Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD). The assessment in both the seasons
has been completed.

Based on the study, it was found that almost all the surface water samples were within the
acceptable limits of standards as per 15:2296-1982 (Drinking water source without
conventional treatment but after disinfection) whereas all ground water samples were
within the acceptable limits as per Indian Standards for drinking water (BIS: 10500, 2012)
and is suitable for drinking and domestic use. It can be concluded for pre-monsoon and
post-monsoon seasons that the water quality of the region is overall healthy and no
adverse impact is observed on the water quality and soil quality of the region due to fly
ash dumping site and industrial process operations of BORL, Bina. A project review
meeting under the Chairmanship of Managing Director, BORL Bina has also been
conducted.Final projectreport has been submitted to the sponsoring agency.
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AE HTIAPT & fArv TelTs VeI aR e fSridifamie uared &1 fasn

= URASTAT B eTd fridifariies eerdrs 31 fAidfeds vaitie & faery 3 fare vadidid arse s
VI & TS AT B 3UAPT Bl IRGBeT1 &1 718 g1 571 B Wible S0 SET, 37 Asell Fells 02l &
G & THI BT 3TFWT AN b ®Y H foba1 STTdT & R TIPS o5 30T 3 3Te/R TR 371 3UIPT JeiTeH b
e & fore fSrifemies Sgrdie 51  fasdn STesT | g 3crg TAddR fafies, dara il ave
qTeR %M (SGTPS), faRRIETR, M.P., Garrdl 3R JmeivT fdesrT favpT, 9f 3 STTel ol IRPBR 3111 &
JEPT 3 & & 71 & ers 37 A1 & TReI0T 3 foTu agd 3uFPR EPTI Uast & Hivd 3R ofd ddr
3YaTE & WUTd I S99 & falv ugref wRTa 3R SahdTie’ & &Y § 4} SUBT ST T 11 JbdT 8
CeTUTE BT IUIRT ATHIT 8131 H ASPTR-GoT 37K 28R & Al Tdvo7 & foTu fasm iresT|
THAT-TE 37R 5390 eI @810T & A1 WiAST-2iifces (Ul & 31 ol IR fasarr I 2 |
10T a5 3R TR AT IR fBATIRTE 1 T-8135” (Know-how) BXdTaRUT & fel SRRT WPTfd R 8 |

IRFATQR § Hie E3fifR (311.) & a1 Fies RAfSie 317 3mfSid 96, 25.01.2019

Development of Fly Ash based Geopolymeric Materials for Broad

Application Spectrum

Summary: The project envisages bulk utilization of NTPC silo fly ash for the development
of advanced geopolymeric tetrapod and synthetic aggregates. Synthetic aggregates shall
be made from silo fly ash using sea water as additive and based on the properties of
aggregates they shall be used in making geopolymeric tetrapod for comparative study.
The product shall be very useful for industries like NTPC Ltd., Sanjay Gandhi Thermal
Power Station (SGTPS), Birsinghpur (M.P.), Panchayats & Rural Development Department,
Govt. of West Bengal etc.for prevention of canal bed scouring and river bank protection. It
can also be used as breakwater to protect anchorage from the effect of weather and long-
shore drift and as filling material. The tetrapod shall be used for employment generation
inrural areas and for city beautification & aesthetics.

Sample collection and its physico-chemical characterization along with the mineralogical
studies have been completed. Based on the characterization, sample preparation has
been done.Efforts for ‘Know-how’ transfer isin progress.
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Field visit & meeting held with Chief Engineer (Gen.) at SGTPS Birsinghpur, 25.01.2019

w1d fa-RAfae-vegfafAas (vevwe) rdifantis ggrel a9 & fav

VS HS HBIdoI AETH 3TN

el q fasra A worfa

. TS QL1 GRS Tfafafe) 95 feiv FAagsT 2we draR wiie , aRuft, S, 7ed U&er A 304 Fls
VA B IEIH HIS B

. Y HS: Uistae IfAfdfe & felv A feqRd UegHIfaH SRUR2M (HINDALCO) 37eed faget yd
U[he (F4) A U1 gE e HE H U I TE &l

. TS V91 3R Y8 HE U fRthae M &l fAWaTy vag X f2fhaeM (XRD) I Tdfad 31e-i, Fieg
UM IhT Selae- AI8HRB (FE-SEM), UAst-3wffd (EDX) dd-ids, gdl Hed Us
AR TSIST (TCLP) & AAS f3N0T &1 3UAPT b STTd Pl 318 3R 3iTaarss pursier ot
fafaftfa fasarsm=m

. - (LS) MR Ufdeder &1 fasbRT: feia-RAfeie! (LS) fRIT Ufaederl ol iy 319y
T ATaet oY 4, R AT 37R U111 b1 U1 hrab [AhRd fban |

. [ABRAT TATH (LS) R UfqedeR] &l 31AAUH TRd-Y f3lhaM (VRI3TRST) |, thies UAM
T Selde [ HIShRBIY (FE-SEM) 3R Tsi-3mfia (EDX) dd-1d BT 3TART dvch fowdl
I

‘ " Element Atomic%
. cK 569 9.15
| OK 50.52 61.02
3 i NaK 24.66 20.73
H 1 AIK 053 038
§ e —
Ml SIK 1148 790
il | - KK 033 016
UL 25 3 AuM 680 067
* " & A o Scale 2524 cfs Qrsar 0000 __Totals 100.00
28: degree

e -Y f2thaeM hies UM T saae HISH RS (FE-SEM) 3R vasii-f3wfifa (EDX) deie

ANNUAL REPORT 1 2018-2019



/ CSIR - AMPRI

. forn-fAfee)- el vfdeder &1 3UAPT &3 ¥8 HS-UelTs U1 3menfvd wrd fSRiifer R AR
1 {3 AR HieR &) oets V21,38 18 37K foar-RAfas!- &I ufdeaes &1 3udPT s
IR 3531 33T, WE U8l dodicl o bl IR fasT ST AT 100% UeATs U1 BT 3UNT fasT 1T 2T
3TR 916 I TeTs 020 1 38 HS fcATH: 1 a1 IR 138 A8 FT Ufald 10-50% I 10% & AR &
1] S adl g | fSiferR AleRk & fawry & foru a8t T § w-inT 31k a1eTor 91e] 38 3R
s e 21fth & Tt Jeics fasT ST g1 & 17.06 THT x 7.06 WHI x 7.06 TH WIS dTel AHG 8-
STAITU 31R 3,7,14 31R 28 &1 §f Idtees 21fth & falv glaqur U 301 8 8 Y 60°C TR 48 Edl &
feTQ 31Ta A g fosan 3 3R fOhv 918701 S & ceb TRARPTA dTaHT H 3T 37T |

. NEHS-YATS O TR HIER & 31pford FAfAd AA & felv 30.1MPa P 31fadan28 fai bt
PRI BT DI TS |

foridiferR AielR
Bulk Utilization of Red Mud for making Advanced Ligno-Silico-Aluminious
(LSA) Geopolymeric Materials
R&D Progress Made:

« Fly Ash: The Fly Ash generated from Satpura Thermal Power Plant Sarni District-Betul
(M.P) has been identified for project activity.

Red Mud: The Red Mud generated from M/S Hindustan Aluminum Corporation Limited
(HINDALCO) Aditya Birla Group Renukoot (U.P) has been identified for project activity.

« The Fly Ash and Red Mud was characterized using X-Ray Diffraction (XRD) studies, Field
Emission Scanning Electron Microscope (FE-SEM), Energy-dispersive (EDX) technique,
AAS analysis of Heavy Metal and Leachability studies (TCLP) and oxide composition was
alsocarried out.

« Development of Ligno-Silico(LS) Alkaline Activator : The Ligno-Silico (LS) Alkaline
Activator was developed using Agro waste i.e.Rice Husk,alkaline chemical and water.

« The developed LS Alkaline Activator was characterized using X-Ray Diffraction (XRD)
studies, Field Emission Scanning Electron Microscope (FE- SEM) and Energy-dispersive
(EDX) technique
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Element | Weight% | Atomic%
: CK 569 9.15
0K 50.52 61.02
i NaK 24.66 2073
i AIK 053 038
11 k} (1 ;; u.; L‘”‘
: SUMMIL s :5 0 AuM 680 0.67
% p s Totals 100.00
8:degree

X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscope
(FE- SEM) and Energy-dispersive (EDX) Technique

« Development of Advanced -Red Mud-Fly Ash based Geopolymer Mortar using Ligno-
Silico-Alkaline Activator:

Geopolymer Mortar was prepared using Fly Ash, Red Mud, and Ligno-Silico-Alkaline
Activator firstly control batch was casted i.e.using 100% Fly Ash and afterwards the fly ash
was reduced by red mud. The percentage of red mud varies from 10-50% with an interval
of 10%. The large number of experiments and trial runs were carried out for the
development of Geopolymer Mortar and has been evaluated for compressive strength.
The standard cubes of size 706 cm x 7.06 cm x 7.06 cm were casted and tested for
compressive strength at 3,7,14 & 28 days. The cubes were oven cured at 60°C for 48 h and
then kept atambient temperature till the testing day.

The maximum 28 days compressive strength of 30.1 MPa was achieved for optimized
blended sample of Red Mud-Fly Ash based mortar.

Geopolymer Mortar

3PP 3afAT B IWRAT A TS Hgdd 91 WId IR -fAurh fafdsor
Haguere 9917 & fav v=nfiH 13534

AT IHR- U, HIUTeT 3 UogHI=H 3T &5 ¥8-HS ol 3uAPT Hd g fafdsvor uiweror ffdfes
WiRTe & faprT & foTu e Ufosa fadsRid 61 &1 fasid Uil IRIRS U 3 T-Ith eHelee 3G
TIBIE 1 WA P foIRTesT 39T fAfdseor aRRemT dishle S & fow fasam i1 3@ 8189 ¥ He
3R RS IiRReroT Uaiiie &1 3uiiT fafesur aRveuT dhchic o faehra o feTu fasdm a1 57t vt -
¥ 37R 7T fSRUT AT fafasRuT aRRaTUT 6 7 warH | fashRid fafdsvur aRReuT dschie b faffia &l &
RTYe 3TFRIPT & Tahel & S1: IRHT0] 35511 T, JuTifaes 8 & forv dasw, FRifdscar Aarfes &= 3nfe|

3293 R 9fews fafesvuraivem witie & fasrr & fav menfid w1393 |
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Heayuf 3uafa:

o -SRI ¥8 HE TR TR A d T+ gcd aTel (Ao d Tl & 3aa- ! Ui weifia aR gl

o YSHS IR TR (HATeD THPICH BT 3TN b URT Hd fAfdbr0T TRR &0 Bebic ol fah

. faefad Riafew afeverur vslitie &1 3UAPT o Hife 3Med YR g dbehle & Ao f3atsd
FRPa B UfrI A g

o faefard fapu aTu e fifesa wafiole o1 3uAPT vd gU Ver 31menRd HIY 8 aTct fSiadifera?
aehic o Fells U bl i fEsig o1 fdepra

. 30 I x 30 I x 7.2 T & Seble TAd B FHA B NUARI (BARC) Has H fafdsvor afivr
TR1&0T 3 fTU TRIR [T IR 57 3P R 2019 FHEA A Ao G &

. TTISHR (CSIR ) Tedh & dgd ATH3S3TR- VST 19T § 9T fafdsor afeeeior anh dog &
LM ufsar Il gl

N s .
I I, J!| = ) ‘: \Tf‘: !.‘ Mﬁ!!’\khi .‘!‘:"%‘.l

e & AT B B weIfd

Upscaling of Technology for Making Advanced Non-Toxic Radiation
Shielding Materials of Strategic Importance, Utilizing Industrial Wastes

CSIR-AMPRI, Bhopal has developed a process for development of Radiation Shielding
Synthetic Aggregate utilizing Aluminium industry waste Red Mud. The developed
aggregate will replace conventionally used hematite ore aggregate being used for
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making radiation shielding concrete. These Red Mud based synthetic shielding
aggregates was utilized for the development of radiation shielding concrete capable for
shielding X-ray and gammaray radiations. The developed radiation shielding concrete can
have wide applications in various sectors like: Nuclear Power plants, Bunkers for strategic
sector,Medical diagnosticinstallations etc.

Objective: Upscaling of technology for development of Synthetic Radiation Shielding
Aggregates.

Significant Achievement:

« Upscaling process for development of non toxic red mud based heavy density synthetic

aggregateisunder process.

Development of heavy density radiation shielding concrete using red mud based
syntheticaggregates
« Development of mix design of cement based heavy density concrete using developed
syntheticshielding aggregate is under process

« Development of mix design of fly ash based heavy density geopolymer concrete using
developed syntheticshielding aggregate is under process

« The concrete slab samples of size 30cm x 30cm x 7.2 cm has been casted and ready for
radiation attenuation test at BARC Mumbai which is planned in the month of Aug 2019.

« Under CSIR component establishment of Centre for Advanced Radiation Shielding
Materials at CSIR-AMPRI,Bhopal is under process.

Perspective view of Centre Progress of Centre Construction Work

ANNUAL REPORT 1 2018-2019




/ CSIR - AMPRI

ITEPT Aded & fav 3wEpfl ag-rife 3R A4
%ﬁmmﬁmﬁamwwm:ﬁm FET A SE R
3enfid fafavor paa desT o1 fae™

SRR VaRg-X 3 30T & ATd QRIR & fotu 9 sHm onfiie &, 51 1fdeRas fafdsor g € |
URURE 4NRe10T BT 3 T-icd URETOT U] 31 3 0 & 3770 31TyRINT bl fafad e Sar 8 | re 341
& (CNTs) A 3RIROT i, AT 37R fAgd I[01 &1d & 37K 53 UbR 34 el # IH ueref -,
1S TAT, IS AIR, Foll SR GBI B I 3T &HdT aidl &1 Jei dob fob A1
gclacif-e 3uaul 37R fafasvur aReror 7 oft | i A1 egall Y I8 gReuT fadvdr gdb 7S
JATER (RAfeifgdaer) A1 ¥ahet 3THBIRG! UR 3TTEMRA & | TRURS TR0 AT &l fddhN dadl & 3=
e & g & 3R R g

fYUIE fU 30 BRI MWCNTSs &1 i a10T 81 dT ol e fed b G 31T § &Rl fds MWCNTSs TiRaTor
% BT Ao bl HICTS (HVT) & S5 3= A I THIA & 37K 39 818 Z A ofl Z deg dTed eTfedes Aifiep
HUT3E P 3-g AAVUT gRTITHTEH fEAT SITAT & 13 BUTSS 3Uh A1 MTebIRB! H PBla A1 all bl
STTPR SPTE Bl GIaRT TR BRI BRd 8, S AATFATaR A-TaIiched s ool A1 B 311G 59 eNer =
HTShIa 3MBR & WId  gard &l Aed)-olR, Aed]-Ufeiied, Hoel-that 3R A1 fdwfd &vd
3T08MTPHd B Bcd dTe deal o1 3UIT PRl GU fATHR0T TRRETOT UTed 3 & TeTHeT Jar- Hl 813
HAYROUN TR A1 3TBR H §§-URd dlel, §§-ifcde AR Ig-TRUTAT oo SR R IIA F9Te geref
YT P31 b el 3111 3P B1H faAT R 8|
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RIS o oo s g [l ,:Rt e
3ifquTss Auld g ¥ SeTeR A4 GaHasoi S & 3 U AISHRG
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Jg-dlfcdepdl 3R A1 3TBIRDT b HIAR 3118 BT 7T Bl IS b g4-30g AATT &q
TR B & ATSchIdd & JTY-AT1 3= 351 gRT UGrelf b HAWUT, 3PS dur3st Afiel &
fafi fHraeRY &1 3TPT b Alear e 3T TR 3R 3Teel-AifAd dab-id e gl 0
HUT3E NI HedUel dles Dia- Al &[d (MWCNT), 2TS e Aclellst TS & A1 U Alee 31 &ld
& 3T 3PBIai-e JPIPI S ergefam, digl, ARIm, sEifafaH, foRmy 3ifeares 3fe & AregdhH I
BN A1 ATBR db B ol

a) T~ fdad= b) FTIR c)FESEM d) EDS e) DSC f) TGA g) PL h) TEM i)XPS31Tfe; st fafdra afvsgpd

TR A1l Bl TP b AT A fOhiSTepl-HesAl, dbffaet 31k Irufafasor afveror &6
A3 Pl BRI B P forv fapiira i 1€ Amefl & gmRe, amaes IoT-AeRor 31k BAea
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AR 3788+ 351 11 <ob1 & 3R fasia Al & aawy fafdseor e [on &1 gdl o1 & fore
HIb TRI-Y 3511 YRIUT BT U] b fAfbR0T IRR(0T AT o Heich fasam I g1 2mey
31K fABRT 31R U St SR I AefAd Uee 31maT YRd H (0065NF2019) GRR BT TR—T g1 3T 19 3
- 3R A1 & fAPrT & felU U IR Wil & 3R I A1 311! & TRafcld I 3equR
DI A1 g e S0 thifesT 9851 S8 Uit WaeH & folu ITIPH 81 & J1Y HalHdb
TR X 31T BT ATHAT R I HIAD DI RATH [T g

Development of multi-elementally and nano morphologically
modified advanced light weight Carbon nanotube based radiation
shielding bandage useful for broad application spectrum.

The application of diagnostics X-ray involves complete exposures of human body, which
leads to harmful radiation effects. The high density of conventional shielding prohibits
their applications in the form of shielding bandage etc. Carbon nanotubes (CNTs) has
extraordinary mechanical, thermal and electrical properties and thus have high potential
in developing composite materials, smart structures, chemical sensors, energy storage,
nano-electronic devices and in radiation shielding too. This shielding characteristic of
carbon nanotubes is based upon its unique cylindrical nano scale morphology. The
conventional shielding materials are developed on the basis of theory of high density of
the elements

In the reported work, the shielding efficiency of MWCNTSs is increased by modifying them

as MWCNTs suffers from the very high value of half value thickness of shielding and this is
solved by in situ synthesis of high Z to low Z values metallic compounds on the wall of
cylindrical space of carbon nanotubes in appropriate desired nano morphologies eg.
Nanoflower (flower like nanoparticles) nano rods etc. Further, this research has enabled
obtaining radiation shielding even using relatively lower density elements by developing
multilayer, multi elemental, multi-phase and nano to micron size advance materials. The
concept is further extended to obtain advanced materials possessing flower like
structures having multilayer,multi elemental and multi phase in Nanosize.

TEM micrograph of spherical Nano particles of metal oxide impregnated advanced MWCNT based
radiation shielding material.
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The experimental work for the in-situ synthesis of multi-elementally and nano
morphologically designed advanced carbon nanotubes involves the synthesis of
materials by simultaneous interaction of microwave, ultrasonic techniques based on
solvo-thermal approach using varying precursors of organic compounds like multiple
walled carbon nanotubes (MWCNT), ethyl cellulose etc.and salts of inorganic compounds
like titanium, iron, cerium, gadolinium, bismuth oxide etc. ranging from micron to nano
size.

The Exhaustive Characterization and Chemical monitoring of developed materials for
obtaining desired different physico- mechano, chemical and homogeneous radiation
shielding characteristics using various sophisticated complementary techniques like a)
X-ray diffraction b) FTIR c)FESEM d) EDS e) DSC f) TGA g) PL h) TEM i) XPS etc. has been
studied and the radiation shielding characteristic is evaluated using standard X-ray
attenuation test for ascertaining homogeneous radiation attenuation properties in the
developed material. The patent application related to the R & D work has been filed in
India (0065NF2019). The work has opened up new avenues for development of multi-
elementally and nano morphologically modified advanced light weight carbon nanotubes
based radiation shielding bandage useful for broad application spectrum for the safety of
human beings undergoing diagnostic X- ray applications.

AT AIEHRB 3R AT WD BT BT FY IR,

AT Ud WIS fAuor dhg

S YA ded FEfoiad 3893 & foTu aRASPTa e T SR av-T 8

1. SiAedi GRS M HIShRPIYT b 3TER TR 3He o old HerIdT UG =T |

2. ugrf st & & H [AQsTdT, e, 81 U1 I ST 6Bl Heidh UG- BT |

3. ucr -3 & 30l 1 A S ddbrilah] Pl fadhRI AT |

4. SoloeA HISHRPM & 8F H sHeIfth & 9ffaid &= & fav Fafiid gfderr sries,

BRI 3R ST RN =T

IS wa A Ff1 YA AT R GfehAT3AT H 70 IRIVSTHI-IRATd Bl IR BT |

oo 5, Ui fariet A sl 3111S o1 318 |

AThIH I yaferd &g & Afead-auifaie Bl 3768 |

10T/ BIgeR /s gRT Fafeid d YT &Tq 3R Sgcich TR Hulfsie A |

cligede A 31 3R Hafiform e aTal Afdaa duifaie oI fad |

10. 9 AR &g aTal 3R difemRe gare 3R A, grgedis wiftht & IR S8 ugrelf o
el

1. 3 AT IR 3R IRl aRAST1311 3 ferv gfaemsii o favdR|

Aol STAfErRI

fAeT-FRATI BT BTH Tl 38T & 3R 3Tel $6 Al & Tg Ffaem aref el eh

© ® N o w

ANNUAL REPORT | 2018-2019



CSIR - AMPRI

Centre for Morphological, Compositional and Structural Analysis Employing Electron
Microscopy and Electron Spectroscopy

The major objectives are to use the project facilities for the followings:

1.
2.

10.

1.

Provide assistance to research based on electron microscopy by investigators

Provide expertise, interpretation, evaluation of fine scale information in field of
materials science

Developing new techniques in frontier areas of materials research

To organize regular training programs,workshops and symposia to train manpower
in the field of Electron Microscopy.

To formulate new project proposal particularly on innovative cutting edge
materials and processes

Study of bulk interfaces, epitaxial thin films etc.
Study of graphene reinforced metal matrix composites

Nanoparticle/fibre/tube reinforced advanced metal and polymer based composite
materials

Development of lightweight magnesium alloy and magnesium alloy matrix
composites

Shape memory metallic and polymeric materials and composites, dissimilar
materials joining through high speed forming

Extending thefacilities to other research institutes and consulting projects.

Significant Achievements:

The installation of facility is under progress and facility will be operational within few

months.
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Advanced Construction Materials Division
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RIST A A IRAM M (Rdiedlg, AsTHE, HaBTHI, 3GTFR, ST, fherr1g, 3R dier) 3R
T UG (he-, STHeTqR, WRTa) H s 37ci1-37ePT LTI bl A&7 fasdn 3R IR, I8, TR
& 39T Il UT, 5T 3R Y o THA) BT b1 H31E T & | Uapdl b0 31U 31 3 Aoy H FaTHReR JelT
o HIABIRET o A1 TATHR, f[AfAd e A Ic0= TITHIAR 37TAT Bl &RT TR, 39T 316 G,
yeier 37R Furfad TETem-l o foiv faaR 2 (U 310 | IR § TTHRER & 31UfAS a8 o 3UART
& foTU U U el 9 fArT onfiiet & | fAfrsansii & aufa o vifads (g, STeT ROt 81 dT, J9erdT,
BT 3TBR 3R A ATeTebd), I SAae - HIShIRPIYY, IRIFAD (FTIR FIINGbIdT, CHNS
difa® fadvor, aifce woRdT, 9vd (p H , gdifed IR, v~ Blhaem  de-ie @l
ARASe 30PT 3R AABIARTES A ATuT ddh-es BT 2t 3uhT IR d fBaT TR 2 |

WieN 1 &1 fAs 3R TR

JERANT HHIfSIE Uareli Bl Y—APTATET IR TR Fgeid TUTicell H HTehficd BIgeR & AT FHIHRAR /
JATSC & 37UFAT &I IYART e (A [T IR § 3R a1 3T & AT IRiete TuH R
v fRTd fopam IR &1 53 Sprifoie 3 wifdes 37K Jifdes JJunt &1 Hedias- fosaT 1T & 3R afvor &
fsepu & cTopal 3R AP cibal bl et H dgaR AP Hatedl, TiaR T UfaRYe, Pt quifaar
f3aTS 1S &1 4 dAp-1ep W 3eT & H1Y-J1Y JATST & MARYN 3R STPeahdT 9] - & v,
fAfo= NS, v, 317 THRIE Y 3mNfSid f3sam 1, 5781 Jefda 31K weré-31 gR1 2 esfse
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Manufacturing hybrid glossy finish polymeric composites from marble
and granite waste stream

Challenges for marble waste management and opportunities

Marble and granite are the most important natural rocks that have found significant
applications in building, construction and architectural industries. In India, about 16
million metric tons of marble waste is generated every year from marble processing
industries. Mismanagement of marble waste (dry powder and wet slurry) is causing
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massive adverse impact on ecology,human health, water and air quality, which essentially
needed immediate attention for holistic policy intervention for efficient waste
management. A team of researchers at CSIR-AMPRI Bhopal, has involved for effective
utilization of these mineral wastes for the development of hybrid polymer composite
materials and facilitating entrepreneurs for commercialization with the financial support
of DST New Delhi.The project aims to effectively utilize the marble and granite wastes and
convert them into a new class of hybrid composites for possible applications in civil
infrastructure as an alternative material to timber, wood, plywood, particle boards, etc.,
leading to avoid deforestation.

Field visits and activities performed

The project team has surveyed many different locations in the state of Rajasthan
(Chattisgarh, Rajsamand, Makrana, Udaipur, Jaipur, Kishangarh, and Kota) and Madhya
Pradesh (Katni, Jabalpur, Khajuraho) and collected marble, granite, stone wastes, water
and soil samples. Gathered data, in association with marble industries officials, on the
marble wastes stream generated from different industries and exchanged views for
waste generation retrieval, management and possible solutions. The project involves a
comprehensive R&D for use of marble waste stream. The characterization includes
physical (bulk density, water holding capacity, porosity, particle size and electrical
conductivity), morphological using scanning electron microscopy, chemical (FTIR
spectroscopy, CHNS elemental analysis, elemental hardness, pH, heavy metals content),
mineralogical using x-ray diffraction technique and thermal using thermogravimetric
analysis technique.

Development of technology and popularization

Hybrid composite materials have been developed using marble waste/ granite waste with
natural fibres in polymeric system in lab scale and demonstrated in pilot scale for possible
commercial production. Physical and mechanical properties have been evaluated for the
composites and the findings of the results have showed a better mechanical robustness,
environmental resistance, cost effectiveness as compared to wood and synthetic wood. To
generate confidence and awareness to the industry as well as society on this technology,
various seminars, exhibitions, and conclaves have been attended and organized where
hybrid composite products have been showcased and exploring for commercialization by
entrepreneurs and start-ups. The photographic view shows the current status of marble
waste disposal in Rajasthan,developed hybrid composite materials and attempt made for
possible commercialization.
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Marble waste powder and marble slurry dumped in open dumping sites in Chittorgarh

and Rajsamand districts of Rajasthan
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Hybrid green composites sheet panels manufactured using marble waste particulates
(left), superior mechanical properties of hybrid green composites as compared to
plyboard at different thickness (right)

31fA FOR Asiisafaed A-1svesi &I fAnfoT

wIfa 3R Ayl suafa

i i3 I BRI & folu arehiel disligaifaee Aioi-Rex! o1 fAuTuT fdbar a1 & 51 o @18
Med APlEA®e disiscifde® Na0.47K0.47Li0.06NbO, (NKLN) HATSthiad 3Mefd difiies arel
oTlel TS (NG) 3R g3 O fafde au1 S Srgaifae® wiRee, Uisiigafaed drsi Iulic 3R
RIgalfaeds I[0T &1 AT fasar s e & (R 17)|

FARTT f2ared 48 V & U a8 Repisaet UlsligaifRe 3113¢Ye dicest 3R 0.43 pA / cm’ &
3713y Fee SR & 1Y 3hs UG Uefefd ST €130 37eTdT, LiNb O3 AaRR Bl apTardt
gTEgITiet e BT 3UINT dwas TAN fasar a1 & 1 iferR 3 J@APT A LiNbO3 31emRd Ui (NG)
@ hisidee [T T & 37K 3% A= IOl HI sitar 6 77E & | fisigaifded 313eye dieest 3iR i Bl
gfédmet Adbfaet d-1d & dgd AT § | Y-doped ZnO AHISIFRERI &I MEAI30 /st (ITO/PET)
AT BT ITIPT B (A fasa 721 & 31 fafra derol sr3resor fosan s/ € (R 18) | ReiaRitad
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Fabrication of High Performance Piezoelectric Nanogenerators
Progress and Significant Achievement:

Flexible piezoelectric nanogenerators (NG) for harvesting mechanical energies are
fabricated such as lead free inorganic piezoelectric Na0.47K0.47Li0.06NbO, (NKLN)
microcubes based composite flexible NG and its various properties such as dielectric
constant, piezoelectric charge coefficient and ferroelectric properties have been
measured (Figure 17).

The flexible device exhibits excellent performance with a large recordable piezoelectric
output voltage of 48 V and output current density of 0.43 pA/cm’. Further, LiINbO,
nanowires are synthesized using cost-effective hydrothermal route. Polymer assisted
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LiNbO3 based NG is fabricated and their various properties have been investigated.
Piezoelectric output voltage and current are measured under vertical mechanical strain.
Y-doped ZnO nanogenerators is fabricated using ITO/PET substrate and various
characterization are carried out (Figure 18). Flexible graphene based piezoelectric zinc
silicate nanogenerator is fabricated and their output voltage and current properties are

measured under various strain and high outPUt voltage was detected.
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Fig. 18 Flexible nanogenerator based on graphene and zinc silicate nanogenerator

3N 3151a v & 3TAPTA §1 SR B sgfeT gfas Hmifore ofie
wifal 3R Ayl suafa

AR & ISR 154 &b 3N e [T A 3elfRh WHRER & 3UfAE HUll o T Uh fasU
3T 1 IPTRFR 39T & T & BT oba(®dee®) 3R difcad [Qawor &I sira 61 78, TR
TR fAac-39aR0T, ¥ {1 Sciae (4 ATShINGh 1Y (SEM) 37R $810d (EDS) 31 31T fasarm a1 (i
19)| fafg fleR SBASAA (10, 20, 40, 50%) & HTY VIR UiciHR H FITHAIHR 379fAE i fagld
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gIcIC aTelt puifaie ofte 1 fAffia qard 3R draar &R Jdifed McS 7= B 3uAPT Bdb daIR
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37fe A faid gxgeie efie 1 818 Tde 3R aTegH UfcRieidbdl 81 Bl 15 |
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27 19. 3N T TRER 31afre & 39T & A fagd s~geie H1 978 2ffe, R 3k Huifsie he Hi SEm
g1 31K fagga Sgaifen ersfas ofie & seafae s I

ATRBe Hdel 3UfAT W 3R SAfdede Sl giefag HRfaie & fav ufssan o1 3fashR
faarm s, o SORra Miess fAfd &1 39T f6am s/ 3R 34 itz ol S fos SRt se
§if=397, Ao Adhe ¢ 2, STTTaiyoT, e dhsfaefad) &l AT =T 8 |

Electrical Insulating Hybrid Composite Sheet Using Industrial

Inorganic Wastes
Progress and Significant Achievement:

Industrial marble particulates waste sample are collected from the industrial site of
Chhattisgarh, Rajasthan state of India. Morphological and elemental analysis of the
marble waste sample was investigated using, X-Ray diffraction tool, scanning electron
microscope (SEM) and EDS (Figure 19). Electrical insulating composite sheet of marble
waste in epoxy polymer with various filler concentration (10, 20, 40, 50 %) have been
prepared using compressive molding machine at various pressure and temperature.
Dielectric constant, ac conductivity, dielectric loss of industrial marble waste and fly ash
based hybrid composite sheet at various frequencies were measured and analyzed. High
surface and volume resistivity of the inorganic waste developed insulating sheet was

achieved.
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L Marble waste based Electrie Insulating sheet

Fig. 19 Electrical Insulating sheet developed using industrial marble waste, SEM image of marble
and composite sheet and dielectric properties of electrical insulating hybrid composite sheet

Process for electrical insulating hybrid composite based on nanoscale marble wastes were
invented using compressive molding method and their various properties such as
interfacial bonding, mechanical strength, water absorption, thermal conductivity are

measured.
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Water Resource Management & Rural Technology Division

UTdTciebIe 911 & Aad Arfior ARy & fav dsnfAs exady

THR, WY 379 dSiTAeh XA &1 3UAPT B Y Hcld ATHITT [T Ifdfafd & feiv ehidr &g
ST b AT TP 3T & | OB, HITeT “HTRET A1 371feH ST b Held fdhRI & fAu B B IET &,
A YTATCTahIe TS H @PTHRT 3500 thie -a RAA T8, H31H, RAdgR 3R aRTeATia) H3gd & | §ART
IR 362 ATHIUN DI IRTAT VST 3ucTe] BRIAT 3R ATHUT ASPIR 3R 317-Go & fav Raa
3R b1 BT BRI BT & | UTdTeAbIe &3 &b IUT-IRF H Ueh Haia PRI Whfeids fAddm
& 3R I8 IRI AR WS, TPPT ciaad Telisdl o fERTE31 & | WIRAT oflP1 399 3131 &7t H e e aredt
3T ST & &, F7eht J1aRar o1 ¥ Ay &, SRizen # ikTae a fR2Rdr & 3R & das-iies A
IR DI HR A1 FU A USS1 g8 &1 AT eh 7] & SR ATHIT bl &1t H TsTed bl 3R FHRAT b1
SATHAT 3T U8 8T & 1 307 OR) v A 3RAY 3R $8 WIe e g3ii o el & S orfefelf & g oft s &
efoT Hivget A, B ATaet, Yot Wie e g3, T 3R @ied IgHi I vhiAd HUst arel gfvd-
31¢[G IRURSP Hdl bl IT-t G4 & feiv sedr 2, 31 STeAsTf-d SH1RE] ol SRUT ST & | IR TIsTed
3R < 2MTerd & fa1 24 IRARY H eRITAR 1Y 3R 3T BT WeRT §H1 &1 & | S THRAT B ¥
B & fele vBlt 3 STefds-Riseh faxdga Tdern i & 3R 14 diees Ap, 4 319 Igaer 3R aui
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Scientific Intervention for Sustainable Rural Development in
Patalkot Valley

Advanced Materials and Processes Research Institute (AMPRI), Bhopal is continuously
engaged with great passion for sustainable rural development activities using its
scientific intervention. AMPRI, Bhopal is working for sustainable development of the
primitive tribe called “Bhariya” residing in Rated, Kaream, Chimtipur and Charadhana
villages in Patalkot valley at around 3500 ft depth. Our main objective is to provide safe
drinking water to the villagers and implementation of sisal based technology for rural
employment and income generation. Patalkot area is characterized by a peculiar physical
characteristics and surrounded by steep, almost vertical hills all around. Bharias are the
primitive tribe residing in this deep valley having low level of literacy, declining or
stagnant population and having pre-agriculture level of technology and economically
backward. During extreme summer, the villagers are facing severe drinking water
problems in the valley. The villagers are totally dependent on the springs and the few dug
wells which also get dry in summer.The villagers were bounded to drink the contaminated
impure traditional sources of drinking water from the seasonal rivers, small ponds, open
dug wells, pits and seepage collected from fractured rocks, which causes water borne
diseases.Families without safe drinking water and hygienic toilets are constantly at risk of
illness and disease. To overcome this problem, AMPRI has done detailed hydrogeological
survey and constructed 14 boulder checks, 4 gabion structures and 2 recharge pits for rain
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water harvesting and for recharging the springs in Patalkot valley. Two small water
harvesting cemented tanks are constructed at hilly area to collect the spring water and by
making trenches the pipe line connection has been done from the source tank to the
villages. Through gravity, the water is transported and collected in Terafil filters. We have
installed 4 terafil filters in all four villages, so that the villagers can get safe drinking water.
Rain water harvesting is an essential aspect for ground water recharge and finally to
recharges the springs also because the springs are the main source of drinking water in
the valley. AMPRI has disseminated Sisal based technology in all four villages. 20,000 sisal
plantations have already been done as a source of sisal fibre. In this year, 2019 also we are
going to do 10,000 sisal plantation. AMPRI has given training to 26 villagers as a master
trainer for making sisal based handicrafts, yarn and rope making. Out ultimate aim is to
promote sisal yarn making and finally sisal fabric making activities which is used in making
hybrid composite products as a reinforcement materials. Sisal fabric has industrial
application and has great demand. These activities will link with industries and will
generate employment and income for the villagers.

= 1 ¥ i e

Training on Sisal technology in Rated village

Dr. Shkhar C Mande, Director General, CSIR

Dr. Avanish Kumar Srivastava, Director, AMPRI
visited training programme at AMPRI visited AMPRI’s stall during Indian Science

Congress 2019 at Phagwara, Punjab
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IR a2l & FASITYR & 9T STl & A TRATfad 2 x 660 AITIATE I AHe UTaR

IR TPP & faiv ares It IeAfaferdt (STadid RRBRdT) &1 31eaa-

I c1e) Y&, AR, 3Tk Uael § IRATfdd 2 x 660 HPTTaTe et UraR YIside (TPP) & folw "sTeT |id
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37 B, ARIMA Higd &I 39IPT gI8giciifsidal Higfell, STl & ufasmamft 3ik 39e-
feRmarTst Aee w1id a1 o foTv 352 1T &1 37629 3 g HPT & oIy, AR & 98l d a1G ardl
HITH & GRI 9T & A U U 310 31X 8T & 9afaRoT 37R 3MaN 12RH & folv IRdTfdd e
1M & YT &b &1 B U1t Bl I[UTa BT HThe d- o flv [A AT fasar ST &1 3 31T,
ST LRI 5 301 et IR SR & AR 37aciieb 32! I 09 IRART 3R 04 362l I Heifdd 22
TESell Yot bl 1 & 18 off | foraH FiiRe IRaR Y FeiI3TRIERR Yatiial i v oft & 31
R 8, A 1R S 78 | e FAATeR, HI-RIA b Yd 9 §1G H G TaRUT--Ad 101 §2b eliab - WR fabu T,
3T 31X ST AT I8 Jdhd & & 1o YR ISR St (TPP) 3 fore Tt & fAsRdt &
BRI S I R BIg HEqUi THId 8] G511 | ETelifch, STeiid St ob fell Ueh TR I- 37 14
H @R § U8 arell il b Yool o TReT0T 3R Juifdd @adv o RAfd & e g g fu
STTU3Y| 390 3TETTdT, BHSIR HIARE Tt BRI 1 519aR I 31 HS dab; 9t ur-t 39ctee] 8! arar g
SHTCTT HIRTH & GRTA 1T A1 3 U1 bt IR T gerra -1 & a7 & 37 a1 & fore ari
3T & foTU 3H5UR) W aifel H 9t STed-HeRoT JATAd o5 ST g e | aiv st a5 fore art
Bl ATTLIBATTY B 07 He I AT S 3 EHaR B GRT IT1 b1 BRI A g Y 51T Tl & | 39 39
& SRTF STCTIIRI &1 -1e) TaTg 3TUREH URaATad ot & wenifa =1ét &pm 37k veanfad iR St
feTe ar &bt Fcp Y 3 SR UT S1gTd H bl HEdqUT YHTd &l UsaTl|
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BIet (e & f): 791 Y (RSITQR) & ar$ 1€ fafdar wamifa &6 wesfort

RS Pl FAId ARG TR ABAdTgdD T BT IR 3R TR &1 BT YH10T 97 3R 319ri ga1e
e fbam

Water Source Sustainability study for proposed 2 x 660 MW Thermal Power
Project (TPP) at Village Dadri Khurd, Mirzapur, Uttar Pradesh

The project entitled “Water Source Sustainability study for proposed 2 x 660 MW Thermal
Power Project (TPP) at Village Dadri Khurd, Mirzapur, Uttar Pradesh” has been taken from
Welspun Energy UP Pvt. Ltd.(WEUPPL) with aim to ensure ecological and environmental
safeguard with the withdrawal of36 MCM (million cubic meters) water from Gangariver at
Mirzapur site annually for the proposed project. To fulfill the objectives of the project, the
team of water resources management and rural technology group from CSIR-AMPRI,
Bhopal has carried out study during the period June 2018 to December 2018 on various
aspects of the project such as water availability, river environment and habitat. The
purpose of water availability study was to ascertain the sustainability of water supply to
the power plant,impact of water withdrawal from the river Ganga.
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(b)

Photograph: (a) CWC Office Mirzapur (b) CWC Mirzapur Ganga river Monitoring Gauge station

In the study, ARIMA model has been used for hydrological modeling, prediction of water
availability and established the Depth-Discharge relationship. For the second part of
study, water samples were collected during pre and post-monsoon season and have been
analyzed to assess the water quality in the vicinity of proposed intake location for river
environment and habitat study. Further, in aquatic study 22 fish species belonging to 09
families and 04 orders were reported from our observation stations in Ganga River
Mirzapur. In which Clariasmagur species of Claridae family is falling in endangered
category was observed at station 1. Overall, pre and post monsoon environmental survey
conducted at the intake location, upstream and downstream locations suggest no
significant impact at these locations due to water withdrawal for the proposed Mirzapur
TPP. However, efforts for conservation of fish species falling in endangered and nearly
threatened condition shall be initiated for making a healthy habitat for aquatic life.
Further, adequate water is not available in the lean season i.e. 1st January to 31st May;
therefore, no withdrawal of water has been suggested from Ganga River during the
season and there should be sufficient storage ensured in upper Khajuri dam for the make-
up water requirement for the project. The water requirement of the project can be
fulfilled by withdrawal of water during 07 months i.e.June to December of the year.During
this period the river flow upstream of reservoir will not be affected by the proposed
withdrawal and there will be no significant impact in downstream due to water

Photograph ©: Public Consultation at MIRZAPUR (d) On spot fish catching in
with local farmers River Ganga (Mirzapur)
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(e) (f)
Photograph (e & f): Different fish species found in the Ganga River (Mirzapur)
The project has been successfully completed on due date and the certificate of
completion and the sectioned budget has been received.

HoTTSHR GRT v PHIGHd BITe Uaed HRIGH

dsTfes 3R JHTeNfe 3 e gy (RTIIEAR), 75 fdoet A Piere fabr 3R Jefd d31e™
&I T ISTHT BT UTe IR O foTU DIl dbrichH 21 fsa & foRTesT 389 'l YR’ 3 37194
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o JeM ST & 371 38 Ub JEaR AIp<l 81l PR § Hag Bl 3 & {1 FRA & fag,
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5. CSIR- EX1IeE Rbet SfAfAUfed WM & dgd Bl & |1 STEvaeR, CSIR-AMPRI HUTH &1 §2¥aeM
CSIRIntegrated Skill Initiative Program

Council of Scientific and Industrial Research (CSIR), New Delhi has introduced skill
program to comply with flagship scheme of the Ministry of Skill Development and
Entrepreneurship which aims to achieve its vision of a 'Skilled India'. The aim of this
program is to enable a large number of youth to take up industry- relevant skill training
that will help them in securing a better job. To fulfill the same, CSIR-AMPRI, Bhopal has
started different skill programs to make youth job oriented by imparting training in job-
oriented areas under CSIR-Integrated Skill Initiative program. Under the program CSIR-
AMPRI Bhopal is providing training in courses such as Surface Modification and
Electroplating, Heat Treatment, Mechanical Testing and Metallography, CNC Turning,
Conventional Turner, Welder, Fitter, Additive Manufacturing, Watershed Assistant,
Watershed Supervisor, Watershed Management and Hydrological Modeling, Rapid
Prototyping of 3D design/Modeling. During year 2018-19, total 125 candidates have been
trained.

3. CNC Turner Training 4. Electroplating Process Training
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5.Interaction of Director, CSIR-AMPRI Bhopal with students

under CSIR-Integrated Skill Initiative Program

I T 311S 3R - AR, WU 7 2018-19 & ERH ST HRIGH & dad fafta srf feu &1 37
sTfafafd § Agaqul STPRe bl feaw, FTHBIel 3adbiel BRichH, TS AR AT feaw, TS
T fasTH 19, 3R dsTah! Bl Ipel /313 BRishH, BT 18I BRIshH, 1! PBi drieme,
e fafre srfafaferl/siwrse wpT, gk fasr ey 3k AEia senfidh feaw e €1 g
BrRIchH H 772 a1l IR 2679 BT I faffia Tfafaferdl & wrT foram a1 2T TRUMHeRRY, el 3451
3ufieaR SrufAfad A =gl

1. 31ifewfay SrRikH

ST et e, T, aaaqgaﬂ? IR 8 % BT A e srfafafedy # upr o 3k @
BN, 3G f[Adh, 3 YeHAR fasRiselt )RR araf & lgd el Pl g oI Al
BT A G H Tlehd R F UPT ol & U 31941 3118 G| Taigd faerneta & 8 A IS dlel
ST BT P SR oid o1 oft ERT B 29 AH137N & SR el IRSATAN 3R Jsnfs-81F
Tt fie-BRigeH 3MRNfaTd fu au|

-‘ul' & .
2.9WR 952 HRIBH
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7. KV No. 1T WTet § ST Heor 8. KV No. 2 &I HIUTel H i HIeoT
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Jigyasa Programme

CSIR-AMPRI, Bhopal has undertaken various activities under JIGYASA program during
2018-19. These activities includes Important Awareness Days, Summer Vacation
Programmes, CSIR Foundation Day, National Children’s Science Congress, and Visits of
Scientists to Schools / Outreach Programme, Student Apprenticeship programme,
Teachers’Workshop, Lab specific activities / Onsite experiments, National Science day and
National Technology day. In this programme 772 teachers and 2679 student were
participated in different activities. As a result, total number of 3451 candidates have been
trained.

1. Apprenticeship Programme

Students of Kendriya Vidyalaya Sangthan, Bhopal, Jabalpur and Raipur regions
participated in various activities and they were happy to see the live demonstrations of
practical, product development, instrument demonstrations and scientist interactions.
Students showed their zeal to learn by actively participating in questionnaires. Students
from Navodaya Vidyalaya also visited lab during the National Children Science Congress.
Popular lecturers and scientist-student interaction programmes were organized during
these visits.

2. Summer Vacation Programme 3. Student Scientist Interaction Programme
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7. Popular Lecturer at KV No. 1 Bhopal 8. Popular Lecturer at KV No. 2 Bhopal

ANNUAL REPORT | 2018-2019



CSIR - AMPRI \

4B,

# e
“‘."E__..-—
o ""—":.':gn

o W8 LT
s LAt

11. National Children science Congress
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Important technological contributions

UHIAIH BIH (AMPRIALFOAM) & SR UfaRIel 9 ger & upfa dan
goh dsfaaer

eIl / 3nfaspR 6 g fadare

Ig UrenfIshl Biffs foifdag Aeet (Tegfafaam 3R 3 31cir) & =01 &R 3menid g, foas fed
g133188 SN BITH BRI & 3UIPT B R I3 RAufurge 37k a|™ 41 381 & s i
TRTHT I e 9 et STAT 8 | I 33 B 916, 39 BTt B! foTH BIH SR STAT 8, WS I JTeR
fATet fn S1TaT & 31K 3= ga1d H filRs TR i Ais®R fiegeR & H1ead J 337 {51 SirdT |
HRATA WA Bl & R AMA-TATe T 99 8l 81 pRATe HAd) B PR B 3R R B g &1
37K FGadl ¥edl & | BiH &1 dsi fig 0.2 gm/cc I 8.0 gm/cc ddb 0= Bial &1 hiH ARh It &
SR ARl § 3R STH T RY A T IRV Bl gl

ST ool 31K Igd AR B¢ & o BRUI, 37 AHIIT bl BIH DR I I HIH H W Hd &b &9 §
IR T3, eaf 3R U 3R, e 3R TRe GRS 3R heradAa 3w & fore
3UAPT B BT G AT 2|

U3TRU3MS (ARAI) U1 F I J 9% gh21 STarT T TR1I0T 5T IR1T 37 BR 31T RAD Cadhe b BRUI
BTG 81 3 F9 & T fid@Td gU 3pE URUMH Qv 370 | HivA3S3R-UBH 1000 B9 per kg
3R 150 kg/ f&A Pl &= T T TTA B (AMPRIALFOAM) &l ST AT 8|

- — 5 e vt T

defaa 89 )BRR RerEe, fodl weR &1 3 B fhes b2l died TR 31 el)

37a2iyoT TE, AI3S 31 arsder ST, gowl 351 ) 2000 I BIF 39 §aM & STell
(¥ a1 vegHifAad &1 g1 A 40 A 50% &) STTAT &, 3311 & 150 | 31fqH Bt

K) @\ 3/a2Nfid &3 & gam
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9 GRUT ATH:

eaf effuT, U 3TaHcH, Bh Iol 31K 29 bR 31fAs FHail B 9ad 1 s wis it = grsw S ar
TR ST AT IeTE T A2 el &1 3 SENfTehl & 31 2133 311 3csi 37K eafA yemur A el oy &
Teg P
SHI-3PIATAGT 3R ATdbe Nefad:

YRR &R WTe] ARAT BRY Bl JcTa PRl &1 PR HR T el b BRUI &R ATed ARII @Il b Hiel
S | ST IelH R oTRA! B T Bl &1 IR ST bl Jet=1T 8 4 ThIH S W & | Fedie BR bl oPIHT 2.0
3 3 kg B Bl ATTLIBAT &I &, dlfs IR BR-2H 3R gele1 I 51 571 T | &0 H &4 BIH Bl
ST STRE ISR ¢B, §oob goT- ad 37 goch dal dlct A~ STaTsil 311R dTg-1 & feTu fasa
ST AT €1 T PR b el bael 3000/- B b a2 I eI R& H BT JR 8111 I APl
AT &b 19 R TR & Hdie) H 8 Ul 781 &1 3PR cPT SRR Bl 8, dl HRd AR fagen A g %Il
13RI SioR BITSIR &
HHTST 311 TATaROT OR THTG: o111 o1 srTd 37 R, M3 31 3R e yeuur A it
I3HAdHY:

o JICHIETSE: IR, W TN GR, SIS, IR HR bl g

farg &1 fAmfor. U &Y B B & foTe e, a5 a1 S &1 8131377, 58 331 3R 3uaseun Hr fia
goth gof- dTct dTg b o feTU SgURd dTct hard

1 0 seRe SRS et IR vdre e

cTige ¢ Hefa< U, diet 31T U e, FelilRal, 51T, 3pE Ui ob H1-HT dgser 37K Ards-
gl

Aluminium foam (AMPRIALFOAM) for blast resistance and
crashworthiness and light weight sandwich structure

Salient features of the technology/invention:

The technology is based on foaming liquid metal (Aluminium and its Alloys) having
controlled viscosity and temperature using foaming agents like metal hydride which is
dispersed into the melt through mechanical stirring. After foaming the crucible in which
foam is made is ejected from the furnace and cooled through mixed air plus moisture
mixture at high pressure. The crucibles are split type and made of conducting materials.
Depending of the shape of crucible cavity the shape of foam ingot varies. The weight of
foamingot varies from 0.2 gm/ccto 8.0 g/cc. The foam materials float over water and have
fine uniform porosities.

Being so light and lots of pores, these materials have huge opportunity to be used as foam
core panels or foam filled tubes for light weight structures, sound and vibration arrester,
impact and blast resistance and crashworthiness applications

Foam filled crash boxes were tested at ARAI Pune and showed excellent results showing
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Sandwich panels (fire retardant, no moisture absorption, sound and vibration damping, light
weight (40 to 50% lighter than steel or aluminium). Foam filled Crash box bumper assembly (2000
gmfoaminserted in this section, capable of absorbing more than 150 K] of energy)

the capability of avoiding casualties due to accidental collision of the car. CSIR-AMPRI can
make AMPRIALFOAM at a cost of Rs 1000/- per kg and at ascale of 150 kg/day.

Environmental Benefits:

Sound attenuation, Vibration damping, light weight and thus more energy saving. No
green house gas or toxic gas or products are generated. The technology will help in
reduction in green house gas emission and sound pollution.

Techno-economics & Market Potential:

Indian produces millions of cars every year. Lakhs of people died every year because of car
and rail accident. Millions of rupees spent towards insurance claim. As compared to Air
bags these foams are very cheap. Each car would require around 2.0 to 3 kg of foam, to
avoid severe car dame and casualties. In defense, these foams could be used for blast
resistance tanks, light weight armour and light weight naval ships and vehicles. For each
car only investment of Rs 3000/- would improve the crash protection significantly. This
costis nothing with respect to the life of and health of people.If people get awarded, these
foams have billion dollar market in India and abroad.

Impact to Society & Environment:
Greater safety and security of people,reduction in green house gas and noise pollution

Opportunities:
« Automobiles: chassis,pillars.Door inserts,bonnets,bumpers and crash boxes
Ship building: gates, cover or housing of fans, foundation of large instruments and

equipments toreduce vibration
Multilayer armour for light weight vehicle armour
Blast resistance panels and antimine boots for army
Light weight sandwich panels, wall mounting panels, flooring, jetties, building with

excellent atheticview as well as vibration and sound free.
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IS 3R FARISS I §eM aTell AHIUEAAT Ussilde 3menf¥d arew
flheer

eIl b g faghaare

1. ISRy A I, IS fasTell bl ATaehdr el
2. U TeIRISS 3R 3G & 3= FAshra A gardr
3. AP dlel fA¥ed de-le
4
5

ER 37K BIC AR IR R 3GIPT B 1Y (80-100 A1)

3YIPIHRdl & 3HHd, S ftheer &b gcie b HTedH A gftid ITHl 31elT 3R flheer & 3eaie A
3UTRA

6. UHIHIFSGRI

7. OIS Il e Wi B e

8. AR 3IRdaIRATHI ot gern

qafaruiig am:

1. Aoy fos fed) fastelt bl 3aeadar 1l &

2. 3Rd3ulRITydeH

3. Uik gRAvEnfIh

CTHI-SHIATHET 3R ATdhe JUTFHAT : [ABRIA AR 5.700/ kg HY ARTA & A1 IS ARTA
g1l €1 U A & AR, URA H G & T &b FeiR188 R 3RITeh YGNUT I Pl 7 BRI Bl
3TTETET T &1 3R 8H Pt 10.40 fAfee aRary )3t 7 ffera=es 5 3 fauifaid &3 (B gt &
U IRAR H PRI 5 TEw! TR AR v €, a1 gid 7t & oY 38 &1 33 301G & A0 Foe 3uere
SI5TR )TAM (P11 10.40 fRfarga afkar gl

131 31K A faRoT 0= goTE:

ST H Tl 37R eI HHR-T ¥ shAgE 200 fAfetd 37K 137 fAfea A sfds b difed
&1 37AAP 7T H GR18S ) >Ippm) 31K 3T )>10ppb) & WY & 31 A SHRI 8l Fabd! 8, [y
®Y I g §, ifos 37T 3TURT &b Ufvael & Uil oH TaRLASGBIAT b BRYT| Ae! IUIR & folv &
&1 BRYT TAT &, &1 3T BT JHIH T & foITs TRUTHRGRRY G 6 AmHIfies-37ffe Rafd
BHHSIR BIcll & | SHBT FHIET FARTSS 3R 3TRIAD & UT1 b TR b IV ER, IRA, BH AP aTell
qTeR-fheeR UG &A1 ¢ | IAHH ddb-1ob 3]G AaNTuT Hl efd I AfeHe arer flhees R 3menRd & st
SRIPTHAT b 3B & fob PIs ol fheer P gcie & AreaH I gf¥id T STeT Febdl & 3R e’ &
3MT3ecIe I 3TN UTHI UTEd &3 bl &1 11 H FARTSS, 3P 3R 2fdf2 el Pl gem & 37etar, I8
T faset STt 3790271 35 UT-t o T 3779 WSl b1 SRePR Il & 3R SH 3 37ufAe Yeie
& 1 STl & 3T el eIl 81
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Nanoalumina adsorbent based water filter for arsenic and fluoride
removal

Salient features of the technology/invention:

1. Gravity operated,requires no electricity

2. High removal efficiency of fluoride and arsenic of water

3. Low cost filtration technology

4. Usable indomesticand small community level (80-100 people)

5. User friendly as simply put contaminated water viainlet of the filter and get treated

from the outlet of the filter
No wastage of water
Retaining of all essential minerals of water

Removal of viruses and bacteria too.

© o N O

Environmental Benefits:

10.  Noelectricityisrequired soenergy efficient
1. Proper waste management

12.  Overallgreentechnology

Techno-economics & Market Potential: The developed nanoalumina is highly cost
effective with cost of Rs ~700/kg. According to one estimate, a total of 7 crore population
is affected by fluoride and arsenic contamination of drinking water in India. If we consider
about 5 members in afamily than a total of 10.40 million families (i.e.7 million divided by 5)
are drinking contaminated water. So Total Available Market (TAM) for this product would
be about 10.40 million families.

Impact to Society & Environment:

More than 200 million and 137 million people are suffering from fluorisis and arsenicosis
problem in the world respectively. Exposure to excessive amounts of fluoride (>1ppm) and
arsenic (>10ppb) can cause illness, particularly in kids because of their lower immunity to
the surroundings. This causes expenses for treatment, loss of daily income resulting in the
low socio-economic status of the community. The solution is to provide domestic simple,
low-cost water filter for treating fluoride and arsenic water. The present technology is
based on novel adsorbent based sediment water filter that is user friendly that one can
simply put contaminated water via inlet of the filter and get treated water from the outlet
of the filter. Besides removing fluoride, arsenic, and turbidity in water it retains all
essential minerals of water without any water wastage and requires no electricity with
proper waste management.
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Ta-Y (X-ray) 3R W& (CT) IbR Fail & fore ¥ A8 e i ed
qeref

« AERB & HIFCS] b AR I8 HE MR Sligeshl AU TRREUT 2rgct f23TTg v Rl T |
TIST H AISTA3TR3MS ) CGCRI) fOdR dog H Al Urdele wiie o IR TR T 31e2rg b srn difes
TIcd B &R 81 30 3R T8 bl HICTs A &1 Fab | IRUTHT A Il Il b gl bl 6 mm HieTs A
0.9 mm o8 B RTER &fIUH fAATATY )100 kvp) BIeft €1 8T Jeg s )HVT) B3 7 100 KvP
R M BT 1.6 mm B ST dehle &5 15 mm B RTR &

o ZATIBRAA TS el oY U1 R AT A AT bR W1 [, 38HaPR, 7 TRI- (X-
Ray), HIeT (CT)RBR ®H 3R B-oid # AT 1RSI, A0S gRT B 75 2| A1 1 3R 370
i1 & A & 3R Ta fAfavor aRReror 1A fAfaeor ¥R & US3TRE )AERB) & HIHES! & 3R
gl

«  Bi,O, PI 3G B H& YAPT [T U 3R faesid ueref &1 8- 2.9gm/cc IR IRTI I8 aikgH

Fethe BT ITIPT A dTet Ugel bl a1 & 0.5gm/cc AT &1 Bi,0, BT 3TINT 3 & HHA A
37T 819 3o AT 1.62mm J T 1.122mm B TS|

. Osw SiAaA fafies, 39, gag 31k 9% JfeeT . f[affids, ivod A1y weeH 31k Weifiht &
EXATARUT & fov STad PIfd R E |

T U > S T

Red mud based lead free material for X-ray and CT scanner rooms

l. Joint free red mud based radiation shielding tiles designed and tested as per AERB
norms. Studies were also carried out on semi pilot plant level at CGCRI extension
centre at Khurja to further improve density and reduce the thickness of tiles.
Results revealed that 0.6 mm thickness of the tiles possess attenuation
characteristics (100 kVp) equivalent to 0.9 mm lead. Shielding thickness at 100 KVp
in terms of half value thickness (HVT) is 1.6 mm which is equivalent to 15 mm of
concrete.

ANNUAL REPORT 1 2018-2019 . -



/ CSIR - AMPRI

ii. Upscaling and installation of developed tiles in X-Ray, CT scanner rooms and Cath-
Lab was done at M/S Saideep Healthcare Pvt Ltd Ahmednagar, Maharashtra by M/s
Assurays, Noida. Radiation levels are below permissible limit and radiation
shielding provided is as per AERB norms of permissible radiation levels.

iii.  Some experiments were carried out using Bi,O, and density of developed material
was found to be 2.9 gms/cc. It is 0.5gms/cc higher than whatever found previously
using Barium sulphate. Eventually Half value thickness was found to decrease from
1.62mmto 1.122 mm in case of using Bi,O,

iv. Interaction with Prism Johnson Limited, Pen, Mumbai and Saru Smelting Pvt. Ltd,
Meerut for demonstration and transfer of technology isunder progress.

-

= £ ———

Installation of tiles in NS Saideep Healthcare Pvt Ltd, Ahmednagar,

919 & 1P aTet IRATHS ded

U 317 3R - UBR, HIITe S99 B STiSh 9! f25Te 3R ARy IR IS ddl & w9 &
BT B 38T &, 311 0 T & 31 dp S/ picTH & fABT & foTv TIPTITeT 36 91T R IR &1 SITesT|
S o1d b el IRATHD cd] Bl 99 3TTHBR o Icd b [eTU TRIT0T 37 [ Rd B &bl aTHAT g 198
37T Tl IRATHD dcd] bl ST TH, JUTAd Al S fos Tple, aRUST, - [T,
T 3TaTES T, TR, ATATH FRARAT TS BT 37697 3R J&R R D 3G9I DBdl &1 Ub IR
ARAfI® HTBR BT dcd a9 S &b J1G, 3HP 0N 3R 3P & foIw s3eh! [Adwar gt @nfeel
NP1 &1 veefd ea & faiv, 30T 839/L /A8 SRt dae /18 st weefa & fae
TR /RT3 # iH, ThH, 89 371fS S IRTTS dod Qe &) fod o ffd ameh & amy-
Y e / IUINA S 3R B dTct siiel 31 AT aTet 9T i FAufor 61 v 3neyfAcs wmeft &
®Y T Y91 5T ST & | IdHT GRS BT 329T S & pUIfIC bl ITAPT BP &R / LT / BH /
BT S 3 foTw R wU I MBS Widh / SH / PicH / 2 Bl ddb-1db ol f[ddbRT -1 6 | BRI
/ IRFI3T B WY & P13 3R AB-1h! 1 A S8R S ATRA BT UG e ATt / Acd b wa H aid
& foIv fasRId qafaRoT & 3rgpa ARl 3R dienfifsdl ot dgrar A # Heg BTl S3- AT
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RISPIR YT 3 10 IRT SR TaIBR0T AR WTdsfaids HRTe 3 WTa! 3Ug T H Heg fiehfi|

TS TSR O ER TH AR TR TV AT & | AT Gor™ & 3T ST BT ER oI35 8l & | dehfetd ®u ¥,
ST A TR 31 IRTAV 3718R— UG Bl & i YD St et & Tq1-T1Y et 3IRMERI®
BRI A @I APl & | 37 AP-i1eh 1 o WA H ASPIR FAA &1 |

Durable, Weather resistant, High StrengthDimensionally stable, Density 0.85g/ccEconomical

Bamboo Composite Structural Elements

CSIR-AMPRI, Bhopal has been working on the design and development of bamboo
composites as structural elements which would be ready at lab scale for the development
of beams/columns by the end of this year. These lab scale structural elements need to be
tested and developed for large size element. While making large dimension structural
elements, possible challenges such as shrinkage, warpage, density variation, local
undulations,uniformity,dimensional stability etc.,need to be studied and corrected.Once
actual size element is made, it should be characterized for its properties and applications.
In order to demonstrate the technology, structures such as demo houses/ stalls/sheds
would be made. The houses/structures for demonstration will consist of structural
elements like beam, frame, panels etc. containing bamboo composite materials as well as
of raw/treated bamboo and costumed joints and hinges projecting the bamboo as a
modern material of construction.The present project aims at development of technology
of regular profile planks / beams / columns / trusses suitable for making houses/ stalls/
frames/ fencing etc. by using bamboo composites. Demonstration of durable and
technically superior bamboo materials in the form of houses/structures would help in
promoting environment friendly materials and technologies developed for bamboo as
raw material/element. This will help in effective utilization of renewable natural resource
like bamboo for rural employment generation.

Unmet needs: Wood houses or bamboo houses are generally made. Wood is scarce and
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bamboo house are not durable. Alternatively, bamboo composite houses or structures
would provide shelter that can match modern lifestyle as well as durable comfortable
houses.This technology would create large number of employment.

Durable, Weather resistant, High Strength Dimensionally stable, Density 0.85g/cc Economical

S$316 + ATH A6 &l e 3D BUTS

3794 Fifes IOt (fafre 21feh ( Pl §T & felv ITeRT Fie 316L H ITehI- &bl fieT & faufAemsLm
BT IYAT fob=aT 37T T 911 H, AThI AT 6 & IR (AT 0%, 0.1% 3R 0.2 wt(% Bl e ie
/ I BRSNS FATA B T AT 311 3R TROTTHT B Jet1 g I e 316L 7! b A1 I TS
| BYIfSIE & Fifeh 0Tl UR S ATUCS] &b THTG &l o b el oot 2Afth (320 S H 400 S& deh(
3R TRIUISR A ) 100 p & 130 d( & e W IR T IR 350 10 | SUifSie 6l HoRdl
37R A=IAT-gR1eT0T qiRal &b dTgHT TR b 310 37R duifaie & 3[uT & 0.2 wt. JTThi & 12 1 g
S | S SUlfaie &l 318w UTed BoRdl AR Ao 3¢ 241 HV 3R 875 MPa & 31 A3 AT Eiel
316 UcT SLM =THAI Bl o1 & ShHE SHHEE 25% 37R 67% (b 2 |

Optimization of milling
parameter in order to maintain
morphology of powder and
avoid defect inclusion in

Graphene

()
=)
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Metal 3D printing of SS316 + Graphene composites

Renishaw SLM was used to incorporate graphene in stainless steel 316L in order to
enhance its mechanical properties (specific strength). In the experiment, two levels of
graphene content (i.e 0%, 0.1% and 0.2 wt. %) was chosen for making stainless
steel/graphene composite and results were compared with pure stainless steel 316L
samples processed by same method. Samples were prepared at various combinations of
laser power (from 320 W to 400 W) and exposure time (from 100 s to 130 pys) in order to
see the effect of these parameters on mechanical properties of composite. Hardness and
tensile test of composite were performed at ambient temperature and properties of
composite increase significantly with the addition of 0.2 wt. % graphene; maximum
obtained hardness and yield strength of composite is 241 HV and 875 MPa which is about
25% and 67% higher than bare stainless steel 316L SLM samples respectively.

Optimization of milling
parameter in order to maintain
morphology of powder and
avoid defect inclusion in

Graphene

(i)
(2]
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Important Events

4% g do AT W E81-sTa SrRieren

STHAT GRT TYeh ®Y A "E81-37H Th2A 371 99 ¢ Ao BT RIS BT I-AT| BRI 25-26
PRasT, 2019 I HTH3NSIR-USH & 3RAN{STd &1 378 | BRI Bl WRA-3TH fIs 318 Wefidhl g
(1GSTC) gRTfaaifyd fasarsrm |

BIRIATAT B GRTH, 29 ASTHDI J, 3T TFATS VLI, AT ST, TN 37T, SARE Tt T, TR, B
3T, 319 39T, §-319AE , TFRUTICIGRT 3TATT, 371 T 37fAY, IRHTU] 31AfAL , i P 3efie
39S, TR TERIAT I 379 5Tt 3UTR, 311fe 19 A7 379fAST 3 ATesie) 3ULPT IR BT B3 38
& 379 AT AU BRI B B8 ddbidh! T3 37R U deb-iidh! wraf I &1 g7 A IR 381, S
TSR faffies )Efean(, va vg 3R S )Efean( fedis, seRet, )Efean( 3R asfiaa
SiteAdtee ) S A fafda 37afAsi & 3ughT H Hisle A Pl Udd fasarn & | i3l & 31erdl, 140
FfafRN ol 59 BRI I eraTf=ad foeam I, 31 fafia 31afrs & TSR 3UIRT IR BH & 38
& | Tab-itch! T & ATaT, WY B 3191 BTH IR PR b fell 1 € BT GRe’ I 313 fobar
ST AT 146 FFATHTRIREI & GRS &Y H 3191 T4 Yl B= BT HIhl fAcT| S48 IR IS g ol
1A fopaT |

ABIh! T T3 &b R s JUIAd TERIS YRS IR Iaf 61 78 | 598 YR fgrarerh & o
STeT & faded o foTU Ueh Udhidhd oI 37UfIs Uee Aisd &l fddb, PR M 3k sia 3mfas d5ig

SeF &l R, Ui 3t 37afre 3 fae Aediud deg dal He-1 3G 2 |

Indo-German Workshop on Waste to Wealth

The “Indo-German Workshop on Waste to Wealth” was jointly organized by CSIR-
Advanced Materials and Processes Research Institute (CSIR-AMPRI), India and Martin-
Luther-Universitat Halle-Wittenberg, Germany and BauMineral GmbH, Germany. The
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workshop was held in CSIR-AMPRI premises from 25 - 26 February -2019.The workshop was
funded by Indo-German Science and Technology Centre (IGSTC).

During the workshop, 29 scientists who are working on the beneficial utilization of various
waste such as fly ash, red mud, steel slag, blast furnace slag, plastic, agro waste, bio-waste,
e-waste, municipal waste, other minerelogical waste, nuclear waste, glass industrial
waste, solar assisted waste water treatment, etc., have delivered their leacture. The
workshop had totally six technical sessions and five technical discussion sessions. The
detailed technical program can be found in annexure I.During those technical sessions, 29
technical lectures were given by the scientist who are working on the beneficial utilization
of various wastes. Among that the four industrialist such as NTPC LTD (India),H&R Johnson
(India) Division, ecoreco, (India) and BauMineral GmbH (Germany) have presented the
challenges exist in the utilization of various waste. Apart from the speakers, 140
participants were benefitted out of this workshop, who are working on the beneficial
utilization of various waste around India. Apart from the technical session, 1h poster
session was organized for the participants to present their work. 46 participants were
presented their work in the form of poster. Among that four best poster were identified
and awarded.

During the technical discussion session many possible collaborative projects have been
discussed. i.e. Development of an integrated solid waste management model for an
alternative to open burning in the Indian Himalayan Region , extraction of biofuels from
the municipal and agro-waste, Generating Multiple Value for Alumina Industrial Waste.
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RGN IR DI 3R 1. T < TR&TB, HElHa2ld, AUhNe, HidTe 3 391 IR<IIHS fewuft §
ISR HSY & a9 3R aciar A & sub! gRifedr & aR & o1d 6| 31 TH.U.3R. e, §e
dsTep, 37888l MRS 9aTel TER 3R RIAM-2018 = ISt & IR & IR FHRTE & g Afafd o
s e, s w3, A1 A8 3R Bieret fdbRT )¥ads U9R), Tpet fAel, Heal UGel IRPR 2,
cifdp1 9 3qHTe WARIE H eNfiet 18l & Tab | . g g vgdeh, Adere MANIT ard, ot gt
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E-3eF IRATSUTH 2018 7 &=IdTq YR fadT| 3quTeH ¥ Afed B8 ddb-ieh! 3R & TR Udfal
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¢/ 37 TR THT Bl TG A TReI-IRfA S felv T d fosam I | fseh & a1, 1. F U1 GRPJT A
U1 & foTU e=rare-ydra 3|
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1. A1 g Slsil AUPBINS HITTeT b H2l o HI-1 92 dh-1hI TR b IR LMAeT I

Two Days National Seminar on Recent Innovations in Advanced Materials

RIAM 2018’ under the theme “Physics of Advanced Materials” was organized jointly by
Materials Research Society of India (MRSI),Bhopal Chapter, CSIR-AMPRI Bhopal, [IM Bhopal
Chapter and M.P. Council of Science & Technology, Bhopal at CSIR-AMPRI, Bhopal on 18th -
19th September 2018. Dr. Avanish K Srivastava, CSIR-AMPRI, Bhopal welcomed all the
guests and emphasized the importance of material development and presented a brief
outline of the activities and achievements of CSIR-AMPRI. Dr. Navin Chandra Patron,
Director General, MPCOST, Bhopal, talked in his introductory remarks about the theme of
the National Seminar and its relevance in the present context. Dr. S A R Hashmi, Chief
Scientist, Chairman MRSI Bhopal Chapter & RIAM-2018 explained about the seminar. The
chief guest of the function was Shri Deepak Joshi, State Minister, Technical Education and
Skills Development (Independent Charge), School Education, Govt.of Madhya Pradesh but
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he could not attend the inaugural function due to urgent meeting of M.P. Government.
Prof. Narendra Singh Raghuwanshi, Director MANIT Bhopal, Prof Sunil Kumar, Vice
Chancellor,RGPV, Bhopal and Prof Rajiv Prakash, Dean R&D, IIT, Varanasi were the Guest of
Honour and they address on this occasion. A souvenir, containing the abstract, was also
released on this occasion. The programme was attended by large number of executives
and participants from various industries and institutes from all over India and was
sponsored by large number of industries and organizations. Dr. Rupa Dasguta and Dr. | B
Singh were felicitated for their outstanding R&D contributions in Physics and Chemistry
respectively. Technology on water purification was transferred. CSIR AMPRI Bhopal signed
two MOUs,each with IIT BHU and MANIT Bhopal on this occasion.Dr.S. Murali and Dr. Mohd
Akram Khan, principal Scientist were the convener and co-convener of the program while
Dr.D.P.Mondal chief scientist and co-chairman RIAM 2018 proposed the vote of thanks.Dr.
Sanjay Panthi, Dr. Gaurav Gupta, Dr. Meraj Ahmed and Dr. Deepti Mishra were the
organizing secretaries for this conference. There were six technical and two poster
presentation sessions including Inaugural session that witnessed eleven invited talks
apart from the addresses of Chief Guest, Guest of Honors and opening remarks etc.
Eighteen oral presentations and 70 Posters were arranged during this two day seminar. In
addition to technical discussion, possibilities of collaborative interactions amongst
participants were also explored and it is expected that a dozen of R&D collaborations
would take shape in coming days. Overwhelming response from scientific community and
students was observed during seminar.

Valedictory function was presided over by Dr. D. Sengupta. In this session panel included
Dr.Avanish K Srivastava, CSIR-AMPRI, Bhopal, Prof Rajiv Prakash,Dean R&D, IIT, Varanasi, Dr
S A R Hashmi, Chief scientist, Chairman MRSI Bhopal Chapter & RIAM-2018. Swati Dubey,
Divyank Sharma, Karthik R., Varsha Parmar, Ridham Dhawan and Sarika Verma were
awarded for the best poster presentation during valedictory function. After conclusions,
Dr.Rupa Dasgupta proposed vote of thanks to All.

A souvenir was published on this occasion contains messages of Dr. Avanish K Srivastava,

CSIR-AMPRI, Bhopal and Dr. Navin Chandra DG MPCOST Bhopal along with 92 abstracts of
technical papers.

ANefT 3@y R 3nenid 3MAS 3R wiR1ss geM & fav 37

2ite[ & fare Wizl &1 gxdidoT

IR dAb-1h Bl HI carIdlsiial 3R Tleideyd Urgde faiffics, wRa-3s> @ 18 fAdsR, 2018 &I
EXHATAR BT 3T | ATIS 2Mel B F1E, A 7 FARTSS 37R NS &l g2 & v 3Tsstde AdiRae
& ®Y H A1-URIA1 BUI o5 T AT0T Bl HH ePTd (~ 700 Rs/kg) ATt UishT fasid &1 g1 fasRid
AIUCIBAT P BUT 31 IPE AdE A IR & ~ 200 m2 / gm HR 91 & pH 6-8.5 & dgd FeARISS
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(15-20 mg/g) 3R 3FAE (20-25 mg/g) aTelt TUTGLAT AMNYUT-gHaT Bl fe@rn| fawRd
ANTSATSE Bl A-Tap11T A o1 3uhT Heas AfsHie e H Qi fasan a1 3iR I fOhees HisH &l
faeRd fa5a I 21l A A-vestiee 3nenRd ave] fMheer a8 GAfAd oar & 6 17 3k @
GebT & felu 3uTRd Tl Bl WU d retiR1es & ferv 9Ag WaTd 1 (<1.5 mg /1) 31k AR (<10
ug /|, 3P Hid B AqaRATA 50 pg / 1) P fore Tigar o - -t =nfde, s b 315 10500
g1 (e fomam I &1 3TeRifesT HerEiailst! & A1 & URURS Afshe fhees! & 3iaR sAdMNe
f&U 31T AUgsTde & ¥ & fAeRd fheer 6 fheeve Uiefih! agd Ive &, R I Aol
(37T BUT 3TBR 20 nm) B AR (f3G HTBR 3-4 nm) A I[ERA dTel THI e Eld &

T FARTSS Y 3 BRI Geral 3R ur-) 3 3 Wgues & A1 agd JuTd) &1 I8 R 3 Y-
1 Bl TGRS ¥R (80-100 1) & 39T fbU ST H1 &edi 3 d & | fa i fheer & fAvtic
B fIsTelt 1 3Taeardsar -1l i & 3R g agd 3uwinft &, Rl fheer I geie & ez I gt o
STCT SITAT & 31K 3-5 G’/ deT aTe &) 3 H1eaH 3 fheer & 313ecie 3 3URd UrH! ficTd & | PO &g
T IE JAIRAT 3R IR B 4t ¥ Fedl &1 fOhees arit & wofl 317a9des @S T SRR 3T §
3R U BT ot 1S 319 T8 1A ST 8 | fees A 3UiT fasw 370 vasteed 3-4 JAT RSReA H1I0T 8
3R 3T T & vegHifAzm &l et B HUaT R aRe A YT &

Technology Transfer for Nanoalumina adsorbent based water filter for
arsenic and fluoride removal

The above technology has been transferred to Marcus Technologies and Projects Pvt. Ltd.,
Lucknow on September 18, 2018. After carrying extensive research, the team has
developed low cost (~700Rs/kg) process of synthesis of nanoalumina particles as
adsorbent material for removal of fluoride and arsenic of water. The developed
nanoalumina particles passes excellent surface area of ~ 200 m’/gm and showed
impressive adsorption capacity of fluoride (15-20 mg/g) and arsenic (20-25 mg/g) under
pH 6-8.5 of water. The developed nanoadsorbent was incorporated in the sediment filter
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using nanocoating method and whole filter modem was developed. The developed
nanoadsorbent based domestic filter ensures that treated water consume for drinking
and cooking purposes should possess concentration below the permissible limit for
fluoride (< 1.5 mg/l) and arsenic (< 10 pg/l, absence of alternate source 50 pg/l) as
prescribed by IS 10500.

The filtration technology of the developed filter is very simple, as nanoandsorbent
incorporated into conventional sediment filter through nanocoating methodology, from
which water filter via passing through nanopores (pore size 3-4 nm) of the nanoparticles
(average particle size 20 nm). It is very cost effective with high removal efficiency of
fluoride and arsenic contaminant of water. It has the potential to be used in the domestic
as well as small community level (80-100 people). The developed filter requires no
electricity in filtration and very useful friendly, as simply put contaminated water via inlet
of the filter and get treated water from the outlet of the filter through 3-5 I/h flow rate. To
certain extent it removes bacteria and viruses too.The filter retains all essential mineral of
water and does not result in any wastage of water. The adsorbent used in the filter has 3-4
times regeneration quality and susceptibility of leaching of aluminium in treated water is
completely nil.
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