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FOREWORD 

 

 

 

As we all know, waste is a wasted resource, but gainful utilization of these wastes as a raw material is 

a challenging need to achieve clean India and make in India Mission. The annual generation of solid 

wastes generated in India is about one billion tons. Out of which, about 500 million tons are organic 

wastes arising from agro and domestic sector and the remaining about 50% is inorganic wastes, arising 

from industrial sector.  Safe management of huge quantity of these solid wastes is a real problem to 

safeguard our environment. To address these challenges, efforts are being made for efficient recycling 

of all these solid wastes and converting them into a wealth for a sustainable and environmental sound 

management.  Scientists from CSIR labs have developed many know-how processes, products and 

technologies to maximize the use of waste materials and convert them in to value added products.   

 

Advances in scientific innovations on solid waste management have resulted in introducing alternative 

composite materials for use in civil and construction industries. Several technologies have been 

developed by CSIR- institutes for waste recycling with great commercial opportunity. These 

technologies have direct impact to Clean India, Make in India, Skill India and Waste to Wealth program 

of Government of India. Now, there is a need to consolidate the efforts already made by CSIR institutes 

to commercialize marketable technologies for cross sector and pan industry waste exchange.  This I 

connect- industry meet is being organized to provide a common platform to industries, entrepreneurs, 

and start-ups to gain the knowledge on solid waste recycling technology and create new business on 

waste management.  

 

Realization of all these technologies would contribute to sustaining a greater use of country’s resources 

and provide a sustainable solution to maintain clean and green environment followed by enhancing the 

economy of our country. We trust, participation to this industry meet, learning from plenary & keynote 

speakers and technology presenters, gaining knowledge from the speakers and special invited and 

experts on Waste to Wealth will accelerate to address the immediate need on Waste to Wealth in Civil 

Infrastructure Engineering. The outcome of this meet is expected to open avenues for R&D 

transformation to increase Nation’s economy, enhance employment, improve livelihood of poor’s, 

safeguard & sustain the balanced eco system thus to contribute in achieving Government of India Goal 

on Atmanirbhar Bharat and United Nation Sustainable Development Goals thus celebrating Azadi ka 

Amirth Mhotsav. 

 

 

 

 

 

 

Dr. Asokan Pappu           Dr. Avanish Kumar Srivastava 
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It is my great pleasure and honor for me to organize a mega-series of iconic 75 Industry 

connect (i-connect) events on Waste to Wealth (WW) under the Civil, Infrastructure, and 

Engineering (CIE) theme at CSIR-AMPRI, Bhopal to showcase the achievements in various S&T 

areas, especially for application in civil and infrastructure sector from 5th to 15th July 2022. The 

objective of this event is to foster a strong Atma Nirbhar Bharat by providing indigenous 

technology on waste to wealth by forging a partnership with industries. Various plenary talks and 

a keynote address from industries including Steel Research and Technology Mission, NovoCrete, 

NTPC Limited, Re-Sustainability Solutions Pvt, Ltd Hyderabad, Advanced Construction 

Technologies (P) Ltd., Chennai, HUDCO, New Delhi, MSME, New Delhi, MSME, Haryana and 

plywood industries. In this program, various technological presentations (TRL > 6) from scientists 

of CSIR Labs including AMPRI, Bhopal, CBRI, Roorkee, IMMT, Bhubaneswar, NML, 

Jamshedpur, CRRI, Delhi, SERC Chennai, and CSIR TMD, New Delhi are actively participating 

and sharing their technologies.  

The four days sessions will be conducted on the 5th, 7th, 11th, 14, and 15th of July to create 

a significant pathway for transforming CSIR technologies and creating a new platform for 

connecting industries, entrepreneurship, and startups for a collaborative program and long-term 

association for mutual benefits. A panel discussion is scheduled on 15th July (i-CEN-47) to 

deliberate the opportunities for conversion of waste to wealth and create an industry interface for 

facilitating entrepreneurs and startups. A large number of delegates from industries, professionals, 

entrepreneurs and startups, and stakeholders are expected to join in this panel discussion along 

with the scientific paternity of CSIR to deliberate on S&T and industry intervention to create a 

business opportunity in achieving the Government of India Mission on Atmanirbhar Bharat. 

I extend my sincere thanks to the Ministry of Science &Technology and Ministry of Earth 

Sciences, Govt of India for their joining efforts to organize this unique mega event. I also thank 

DG, CSIR, Directors of participating CSIR laboratories, CSIR TMD, New Delhi, and nodal 

director and coordinator of the CIE theme for their active involvement to make this program an 

effective and fruitful event. I wish for a very grand successful event. 

                                                                                                                     
(Avanish K Srivastava) 

Message 
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Waste to Wealth 

Civil Infrastructure and Engineering Theme 

Day 1: Session Theme

Organized by

High-performance civil infrastructure 

materials and structures from inorganic 

industrial waste
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Day 1: Technology Presentation Title

Organized by

Disaster resistant lightweight 

prefabricated building systems

(Dr. J. Prabhakar, Chief Scientist, CSIR-SERC, Chennai)

Proceedings of  i-CONNECT 2022 | WW-CIE Theme | (i-CEN 40, 42, 44, 46 & 47)             5, 7, 11, 14 & 15 July 2022 06



 

  

  



  

  

  



  

  

  



  

  

  



  

  

  



  

  

  
 

 

 

 

 

 

 



 

Buildings with Light Weight Panels 

  
Technology Transferred to 

M/s. Synergy Trishlington, Mohali, Chandigarh. 

M/s. Consortium Techno Solutions Pvt. Ltd., Hydrebad. 

M/s. Level9 Biz Pvt. Ltd., Mohali, Chandigarh. 

For Further Details please contact  

The Director ,  

CSIR-Structural Engineering Research Centre 

CSIR Campus, Taramani, Chennai. 

Tel.: 91-44-22549201; director@serc.res.in; 

http://serc.res.in 

https://www.facebook.com/csirserc 

https://twitter.com/csir_serc 

Dr. J. Prabakar , 

Chief Scientist & Project Investigator,  

CSIR-Structural Engineering Research Centre 

CSIR Campus, Taramani, Chennai. 

Tel.: 91-44-22549169; prabhakar@serc.res.in; 

 



Organized by

Manufacturing high performance & hybrid 

composite wood using inorganic wastes

(Dr. Asokan Pappu, Chief Scientist, CSIR-AMPRI, Bhopal)

Day 1: Technology Presentation Title
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Hybrid Building Materials & 

Manufacturing Division,

CSIR-Advanced Materials and 

Processes Research Institute (AMPRI)

Bhopal – 462026 (M.P.)

OPPORTUNITIES

 Transforming waste in to 

wealth

 Create entrepreneurship, start-up, 

employment and enhance the 

economy

 Contribute to Atmanirbhar Bharat

 Technology is ready for 

commercialization

Utilization of Marble, Stone, Granite & 

other Mineral wastes for Manufacturing 

Hybrid Green Composite Materials

CSIR-AMPRI Technologies for 

Entrepreneurship

CSIR-AMPRI

CSIR-AMPRI



Hybrid Composite Material from Marble, Granite 

& Stone Waste

Alternative to:     Timber,  MDF,  Particle Board,  Plywood,  Teak wood,  Plastic,  New wood 

Granite Waste Composites

Stone Waste Composites

Multifunctional applications:

Floor & Wall Tiles,  Partition Panels, Furniture and Architectural Cladding Panels 

CSIR-Advanced Materials and Processes Research Institute (AMPRI), Bhopal has

developed technology for making Advanced Hybrid Composite Wood as an alternative to

timber and synthetic wood from waste stream.



Societal Impact : This is a new class of green composite material. Commercialization of this

technology would lead to employment generation, of both rural and urban masses and the

population living near the TPP. This technology will further help to achieve the target of

Atmanirbhar Bharat.

Hybrid Composite Material from Fly ash

Hybrid Composite Material from Red mud/Bauxite

Hybrid Sandwich Composite Material from Agro/Industrial Wastes

 Durable, cost effective and maintenance 

free product

 Ecofriendly products & technology

 Resistance to moisture, termite, fungus, 

corrosion & weather

 Fire self-extinguishing nature

Uniqueness of Technology:

Avoid deforestation, save energy and environment, reduce global warming and contribute to Clean

India & Make in India programs

Applications: Door, Furniture and Modular kitchen materials



Performance of Hybrid Composite Materials

For More Details Contact

Dr. Avanish Kumar Srivastava
Director
CSIR-AMPRI, Bhopal, M.P.
Ph: 0755-2457105 (0)
E-mail: director@ampri.res.in
Wensite: www.ampri.res.in

Dr. Asokan Pappu
Chief Scientist & Chairman 
Business Development Cell
CSIR-AMPRI, Bhopal, M.P.
Ph: 0755-2489402 (0) 9425600260 (M)
E-mail:asokanp3@yahoo.co.in CSIR-AMPRI

Two international Patents Granted: (i) A glossy finish sandwich composite and process for preparing the same 

(Grant No. 201811047389, WO 2020/121319A1) & (ii) High performance glossy finish green composites with 

variable density and an improved process for making there of  (Grant No. 201811016873. W02019/211862A1)

Technology is ready for commercial scale manufacturing medium and high density 

hybrid green composite boards and roofing sheets

IPR Status: 

Material
Tensile

Strength
(MPa)

Tensile 
Modulus

(GPa)

Flexural 
Strength

(MPa)

Flexural 
Modulus

(GPa)

Impact 
Strength
(kJ/m2)

Water 
Absorption

(%)

Density
(g/cm3)

Marble 12.8-89.4 4.4-6.2 37.2-136.0 6.3-12.9 2.7-14.8 0.09-0.56 1.56-1.63

Granite 26.7-38.8 3.7-4.5 44.9-76.2 7.9-9.0 1.5-2.8 0.09-0.10 1.68-1.75

Stone 21.0-31.3 3.6-5.0 52.1-55.6 7.7-9.1 1.3-2.4 0.15-0.19 1.50-1.69

Fly ash 20.0-23.0 - 80.0-92.0 - 2.4-3.6 1.15-1.35 1.60-1.68

Red mud 18.0-24.0 - 78.0-95.0 - 2.0-3.5 1.15-1.50 1.60-1.76

Sandwich 23.2-37.5 2.6-7.2 53.2-66.5 7.1-8.0 9.1-19.4 8.70-28.9 0.82-1.26

Beneficiaries: Building & Civil Infrastructure, Transport Industry, Furniture Industry, Marble, Granite & 

Stone Industry, Thermal Power Plants, Aluminum Mining Industry

Applications: Roofing Sheets,  Architectural Cladding Panels, Furniture

High Performance Composites from different Mineral Wastes



Organized by

Fly ash based advanced geopolymer 

concrete for infrastructural applications

(Dr. Manish Mudgal, Sr. Principal Scientist, CSIR-AMPRI, Bhopal)

Day 1: Technology Presentation Title
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Red Mud based Advanced Gamma 

Ray Shielding Aggregate & Heavy 

Density Concrete

Red Mud : Aluminium Industry Waste
World Generation ~   175 Million T /Yr

 India Generation ~ 9 Million T/Yr

Chemical Analysis of 

Red Mud 

(HINDALCO, Renukoot)

Constituents %

Fe2O3 34

TiO2 16

SiO2 8

Na2O 4

CaO 2.7

Al2O3 25.9

V2O5 0.03

LOI 9RED MUD

XRD of Red Mud

FE-SEM of Red Mud

FTIR of Red Mud

Specific Gravity: 3.2

pH : 9.8

Typical Chemical 

Composition



Introduction : 
Conventionally shielding concrete are based on a merely physical
mixtures of iron metal shots, hematite ores and cement etc.
Further, the large variations in the densities of these constituents
requires very special cares in obtaining homogeneous shielding
matrix. The multi-component, multi phases containing advanced
Syntheitic shielding aggregates is developed by chemically
formulating, mineralogically designing & Ceramics Processing of
industrial waste namely red mud from aluminum industry.
The developed Synthetic Shielding aggregates were used for
making radiation shielding concrete which can replace
conventional Hematite Ore aggregate concrete.

Development of Red Mud based Synthetic Aggregate



Radiation Shielding Mechanism :
The ceramic processing of the red mud with appropriate additives enable
formation of varieties of ceramic phases with multi elemental
compositions and multi layered crystal structure namely, barium
aluminates- called celsian and silicates of barium, iron, titanium namely
bafertisite - possessing radiation shielding properties.

Development of Radiation Shielding Concrete 
using Red Mud based Aggregate

Salient Technical Features
 Non Toxic – Lead free & Hematite Ore Free
 Specific Gravity of developed Red Mud based Synthetic Aggregates : 

4.12 
 Density of Advanced Radiation Shielding Concrete: 3640Kg/m3

 Compressive Strength : 35 MPa
 Flexural Strength : 4.5 MPa
 Shielding – High energy Radiation : Gamma Rays 
 Attenuation factor for  Gamma Source  137 Cs : 5.73 & 60Co:4.29

 12 % higher than Hematite  ore based concrete for 137 Cs 
 10 % higher for 60 Co ( BARC)



Radiation Attenuation Test Results for Developed   Concrete

( Tested  at BARC, Mumbai )

S.

N

Sample 

Details

Dimensions

(cm.)

Density

(Kg/m3

)

Gamma 

Attenuation 

Factor
137Cs

Gamma 

Attenuation 

Factor for 
60Co

Digital X-ray

(300 KeV )

Exposure 

1

Hematite Ore 

Cement 

Concrete 

30X30X

7.2
3372 5.01 3.73

2

Red Mud 

based 

Synthetic 

Aggregate 

Concrete

30X30X

7.2
3658 5.72 4.22

Dr. Avanish Kumar Srivastava
Director, CSIR-Advanced Materials & Processes  
Research Institute  (AMPRI) 
Hoshangabad Road, Bhopal 462026 (MP), India
Tel : 0755-2457105 ,    Email: 

director@ampri.res.in Web: www.ampri.res.in

Dr. (Er.) Manish Mudgal
Senior Principal Scientist &  Head
Centre for Advanced Radiation Shielding & 
Geopolymeric Materials (CARS&GM), 
CSIR-AMPRI, Bhopal 462026 (MP) India 
Tel : 0755-2488562, Mobile :9425019217
manishmudgal@ampri.res.in,
mmudgal1969@rediffmail.com

Summery : Radiation Shielding Concrete Technology
 The high density M-30 grade cement concrete mix design was developed using advanced red

mud based synthetic aggregates.
 The mix design was carried out as per IS-10262-2019 by taking different compositions.
 The advanced cement concrete slabs of dimensions 30cmx30cmx7.2cm was casted in the

laboratory and the sample were cured for 28 days.
 The density of developed concrete found to be 3658 kg/m3 which is at par with Hematite

ore aggregate concrete.
 The samples were exposed to digital X-Ray ( 300 KeV) at Bhopal and radiation attenuation

properties carried out at BARC, Mumbai for Gamma rays using 137Cs & 60Co radio active
source.

 The result shows that the developed Synthetic Aggregate based Cement Concrete achieved
around 10 to 12% higher attenuation for high-energy Gamma radiation source, i.e. 137Cs as
compared to conventional hematite ore-based Cement concrete & 8-10 % higher
attenuation for high energy Gamma radiation source i.e. 60Co as compared to conventional
hematite ore based Cement Concrete

APPLICATIONS
Developed Radiation Shielding concrete having Gamma ray shielding properties have applications in :
Nuclear Power Plants
Bunkers for Strategic Sector
Medical  Diagnostic Installations

mailto:director@ampri.res.in
http://www.ampri.res.in/
mailto:manishmudgal@ampri.res.in,mmudgal1969@rediffmail.com
mailto:manishmudgal@ampri.res.in,mmudgal1969@rediffmail.com


Organized by

Utilization of Jarofix for road embankment 

construction 

(Dr. A.K. Sinha, Sr. Principal Scientist, CSIR-CRRI, New Delhi)

Day 1: Technology Presentation Title
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JAROFIX WASTE MATERIAL FOR THE ROAD 

CONSTRUCTION 

  
 

 

Jarosite is a waste material produced during extraction of zinc from its ore 

by hydrometallurgy operation. After mixing 2% cement and 10% lime, it 

becomes a stable material called “Jarofix”. Presently, it is being dumped 

near the plants without uses. About 60 million tons jarofix is already 

dumped as hillocks (60 m high) at Chittorgarh and Udaipur, Hindustan zinc 

limited. Accordingly, CSIR-CRRI has carried out detailed physical, 

chemical and geotechnical investigation on jarofix for application in road 

construction and inferred that it has potential for road construction. 

 

 

 

 

                                                                               

                                                   

OPPORTUNITITES 

 Transforming solid wastes into wealth  

 Cost effective Construction   

 Contribution to Atmanirbhar Bharat 

 Technology is ready for commercialization 

 

 

GEOTECHNICAL ENGINEERING DIVISION 

CSIR-CENTRAL ROAD RESEARCH INSTITUTE (CRRI) 

NEW DELHI-110025, INDIA 



JAROFIX WASTE MATERIAL FOR EMBANKMENT & SUBGRADE 

CONSTRUCTION 

 

GEOTECHNICAL CHARACTERISTICS OF JAROFIX AND MIX  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JAROFIX WASTE MATERIAL AS A RETINED FILL OF FLYOVER 

CONSTRUCTION  

Geotechnical 

Parameters 

Embankment Sub Grade 

Jarofix Jarofix: Soil (50:50) 

Max. particle size, mm > 1 > 75 

LL, % 59 34 

MDD, kN/m3 16 18 

OMC, % 35 20 

FSI, % 10 5 



Mix of jarofix:soil (30:70) was used as a retained fill for the construction of 

different flyovers along National Highway- 76, Udaipur -Chittorgarh 

section.   

FIELD STUDY AND PERFORMANCE MONITORING OF JAROFIX 

A pilot study was carried out by using jarofix in the construction of 

embankment and subgrade with or without mechanical (local soil) 

stabilisation at State Highway- 9, Chittorgarh to Udaipur section. Three 

sections were constructed using jarofix, mix of jarofix:soil and soil 

(standard section). Pavement performance monitoring was carried out by 

measuring structural and functional behaviour for three years.   

PERFORMANCE  EVALUATION  RESULTS 

 

 

 

 

 

 

Parameter/ 

Embankment Fill 

Modulus of 

Elasticity, MPa 

In-situ 

CBR, (%) 

BI, 

mm/km 

Deflection, 

mm 

Jarofix (100%) 13 13-20 3362-3838 0.49-0.699 

Jarofix + Soil (50:50) 36 17-25 2068-3599 0.66-0.699 

Conventional Soil 23 18-39 3455-3898 0.588-0.67 



 

 

 

 

 

 

 

 

 

CONCLUSIONS ( TRL- 8) 

 Jarofix material should be used in the construction of embankment. 

 This material should be also used in the construction of subgrade and as a 

retained fill of flyover stabilised with local soil.  

 Conventional construction techniques/quality control procedures can be 

adopted for application of jarofix in the construction of road.  

 Performance of this material is as good as soil.  

 No sprinkling of water is needed during construction as natural moisture 

content is about OMC.  

 

PUBLICATIONS  
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jarofix waste material 

embankment. 

Proceedings of 

the Institution of 

Civil Engineers – 

Construction 



materials. https://doi.org/10.1680/jcoma.18.00003. 

A.K. Sinha, V. G. Havanagi and J.T. Shahu (2018).  Characterization of jarofix for usage in geotechnical 

projects. Proceedings of the Institution of Civil Engineers – Geotechnical Engineering, 171(5), pp 439–

450. 

A.K.Sinha, V.G. Havanagi, V. K. Arora, A. Ranjan and S. Mathur. (2013). Characterization of Jarofix 

waste material for the construction of road.  Journal of Highway Research Board, Indian Road Congress, 

Vol. 6 (2), pp 35-43. 

A.K.Sinha, V.G. Havanagi, V.K.Arora, A. Ranjan and S. Mathur. (2012) Recycling Jarofix waste as a 

construction material for embankment and sub grade. International Journal of Solid Waste Technology 

and Management, vol. 38(3), pp 169-181. 
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PHOSPHOGYPSUM WASTE MATERIAL FOR ROAD 

CONSTRUCTION  

  

Phosphogypsum is a waste material generated from different fertilizer 

industries during the production of sulphuric and phosphoric acids by using 

sulphur and rock phosphate ores. It is mixed with 1.5% hydrated lime and 

becomes stable material which is called Neutralised Phosphogypsum. Its 

production is 12 million tons/year and already deposited about 100 lacs 

ton at PPL Odisha. Presently, about 40 % is being utilised and remaining 

dumped in designated pond near the generating plant. Accordingly, CSIR-

CRRI has carried out detailed physical, chemical and geotechnical 

investigation on phosphogypsum for application in road construction and 

inferred that it has potential for road construction. 

 

       
 

 

 

 

 

OPPORUNITITES 

 Transforming solid wastes into wealth  

 Cost effective Construction   

 Contribution to Atmanirbhar Bharat 

 Technology is ready for commercialization 

GEOTECHNICAL ENGINEERING DIVISION 

CSIR-CENTRAL ROAD RESEARCH INSTITUTE (CRRI) 

NEW DELHI-110025, INDIA 



PHOSPHOGYPSUM WASTE MATERIAL FOR EMBANKMENT, 

SUBGRADE AND GRANULAR SUB BASE CONSTRUCTION 

 

CHARACTERISTICS OF PHOSPHOGYPSUM 

 

Geotechnical Parameters Value 

Grain Size Analysis <75µ=84% 

Liquid Limit, % 49 

MDD, kN/m3 14.8 

OMC,% 17 

FSI, % 0 

CBR, % 26 

 

 

 

 

 

 

 



FIELD STUDY AND PERFORMANCE MONITORING OF 

PHOSPHOGYPSUM 

 

A pilot study was carried out by using phosphogypsum in the construction 

of single lane embankment with or without slope cover with soil, subgrade, 

granular sub base and standard section using conventional materials in 

the campus of PPL, Odisha. Five sections were constructed using 

phosphogypsum. Pavement performance monitoring was carried out by 

measuring structural and functional behaviour for three years.   

 

 

 

 

 

 

 

 

 

 

FIELD AND PERFORMANCE EVALUATION RESULTS 

 

 

 

CONCLUSIONS 

Parameter/ 

Embankment Fill 

Modulus of 

Elasticity, 

MPa 

In-situ 

CBR, % 

BI, 

mm/km 

Deflection, 

mm 

Phosphogypsum 16-26 24-32 2084-3761 0.643-0.809 

Conventional Soil (sand) 11-21 12-16 3430-3599 0.853-0.928 



 Phosphogypsum waste material should be used in the construction of 

embankment, subgrade and granular sub base. 

 Conventional construction techniques/quality control procedures can be 

adopted for application of phosphogypsum in the construction of road.  

 Performance of this material is as good as soil.  

 No sprinkling of water is needed during construction as natural moisture 

content is more than OMC.  

 

 

PUBLICATIONS  

A K Sinha, V G Havanagi and G.S.Parvathi (2019). Phosphogypsum waste 

material for road construction. National seminar on alternative highway 

construction material, Ranchi, Jharkhand. 

V. G. Havanagi, A. K. Sinha and G.S.Parvathi (2018). Feasibility study of 

phosphogypsum in road construction. Indian Geotechnical conference 

Bangalore.  
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CSIR-NML

Quick Repairing Material

Green Sustainable Process

Recycling of Industry Waste

Secondary & Resource Utilization Group 

Metal Extraction & Recycling Division

CSIR-National Metallurgical Laboratory (NML)

Jamshedpur- 831007, India.

Workability: 15 - 30 minutes

Ready for light traffic in 4-6 hours

Open to heavy traffic in 12 hours



CSIR-NML

Dr. I. Chattoraj 

Director, 

CSIR-NML, Jamshedpur

Phone: 91-657-2345209

Email: director@nmlindia.org

Dr. S. K. Pal

Head RPBD

CSIR-NML, Jamshedpur

Phone:  91-657-2345205

Email:  skp@nmlindia.org

TECHNOLOGY READY FOR COMMERCIALIZATION: TRL-8

 An environment friendly, cost effective and time-saving 

solution to potholes, edge deformation, trench work etc.

 Metallurgical and thermal power plant waste are used as 

primary raw materials.

 Technology successfully transferred to Industry.

 Received CSIR-NML “Altekar Award for Best Technology” in 

2018.

Setting 

Time (in 

minute)

Compressive Strength (in MPa)

Shrinkage
1 Day 7 Days 28 Days

Min. 40 Min. 20 Min. 40 Min. 50 Nil

Min. 30 Min. 25 Min. 45 Min. 55 Nil

Product Datasheet

Application areas-

§ Repairing of the common defects occur in roads such as pot

holes, cracks and uneven patches.

§ Repairing of cracks in wall and other structures.

Less cost compared to available products.

Import substitution.

High shelf life, can be stockpiled for months.
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PRECAST FERROCEMENT TOILET CORE UNIT (PREFER TOCO)  
 
 

Novel solution to construct Precast, lightweight, rapid-built and durable toilet super structures  
 
 
 

CSIR-Structural Engineering Research Centre (CSIR-SERC) has developed precast ferrocement prototype toilet 

core units to construct sanitation requirements. The present technology aimed to satisfy the industrial requirements 

on construction of toilets for the Swachh Baharat mission. The present technology combines the site work for base 

work and the precast ferrocement technology for superstructure. The precast toilets developed with good design, 

convenient size, with high quality and strength. The technology is well suitable for mass production of toilets. The 

precast toilet comes with ferrocement water tank and septic tank.  
 
 

        FEATURES / HIGHLIGHTS 
 

 

High quality                                              Precise technology 

Corrosion resistant                             Rapid construction 

Suitable for Indian/Western closet  Good ventilation 

Stable integrated system   Aesthetic look 

Low cost toilet (Less than Rs.10000) Speedy Construction            

Technology with Fully or Partly precast with minimum site work  

Easy maintenance    Longer Life span  
 
 
 

TECHNICAL DETAILS 
 
 Four types of precast ferrocement toilet systems have been developed to scatter different affordability. 

 Reduced Cement usage by replacing with Industrial Wastes like Fly ash, Granulated blast furnace slag 

of up to 30 percent. Improved durability and strength. 

 The type1 and type4 PreFer TOCO model components are prefabricated entirely and assembled at 

site. These technologies offer high ventilation and air circulation. Suitable for single and multiple 

integrated units. 

 The type2 and type3 PreFer TOCO are partly precast and partly cast at site for local resource utilization 

reduced components number and cost effectiveness. 

 The type2 super structure is a segmental type, where “c” with lips and lightweight sandwich roof have 

been assembled and firmly integrated with foundation. 

 The type3 super structure is a ferrocement wall panels comes with end ribs. The wall panels have 

integrated to form a self-stable structure.  

 The lightweight sandwich roof panel is placed over this stable wall structure. 

CSIR-SERC Technology 



  
 

Type1-Assembling 

 
Type1-Single toilet core unit 

(Cost of toilet: Rs.16000) 

 
Type1-Multiple toilet core Unit 

(Cost of 2  toilet units: Rs.28000) 

 

Type2-Assembling 

 

Type2-Assembling 

 

Type2-Single unit (Cost 

of 1 unit Rs.22500) 

 

Type2-Assembled 
Multiple Units 

(Cost of 2 units Rs.22500) 

 

Type3-Model1 Assembling  

Type3-Model2 Assembling 

 

Type3-Single Toilet Unit 

(Cost of 1 unit Rs.9000 

 

Type4- Single Toilet Units (Dry joint mechanism) 

(Cost of 1 unit Rs.9000) 

 

Type4- Modified for Security Cabins  

(Cost of 1 unit Rs.6000) 

 

 



a
r 

 

APPLICATIONS 
 
 Alternate Technology for conventional brick masonry service core units  

 Can be assembled in the existing old and new building 

 Suitable for buildings with leaking service core area 

 Multi skin Low cost housing technology 

 

TECHNOLOGY TRANSFER 
Type I Products are demonstrated at CSIR-SERC and SERC-TTRS. 

Type-2 Products are transferred and demonstrated at CSIR-CLRI 

Type-3 Products are demonstrated at CSIR-SERC and the technology is transferred to following 
1. M/s. Lakshmi Srinivas Engineers, Plot No.101, Phase-I, road No.12, I.D.A., Mallapur, 

Hyderabad-500076. 

2. M/s Fractal Enterprise, Door No. 58-15-11/4/1, Flot No. 601, Shantinagar, 
Vishakhapatnam, AP-530009. 

3. M/s Natural Waste Management Technologies Pvt. Ltd, 3-28, Gollapalli, Nuzvid 
(Mandal) Krishna dist, AP, India- 521111 

Type-4 Product are demonstrated at CSIR-SERC and SERC-TTRS 
 

ALLIED TECHNOLOGIES AT CSIR-SERC 
Cost effective precast shell integrated floor system 

Lightweight EPS infilled building blocks 

Lightweight low-cost SECROBuilt sandwiched panels for wall and flooring system for housing. 

Lightweight Ferrocement water tank with thermal insulation 

Precast Ferrocement water tanks – Precast as whole tank or assembled by multiple part for handy 

Precast Ferrocement septic tank – single and multiple in series for continuous usage 

Plastic waste bottles infilled wall and roof panels for commercial and housing buildings 

Plastic waste carry bag infilled wall and roof panels for commercial and housing buildings 

Coconut shell / Bamboo / Reed infilled wall and roof panels for commercial buildings 

Ferrocement Compound Walls 

 

 

 

 

 

 

Dr. N. Anandavalli  
Director 
CSIR-Structural Engineering Research Centre 
CSIR Campus, Taramani, Chennai - 600 113  
Tel.: 91-44-22549201;  
director@serc.res.in; http://serc.res.in  

 

Dr. K. N. Lakshmikandhan 
Sr. Scientist, ACTEL 
CSIR-Structural Engineering Research Centre 
CSIR Campus, Taramani, Chennai - 600 113  
Tel.: 91-44-22549176; +91-8248086922 
kandhan@serc.res.in; http://serc.res.in 
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A novel technology for producing eco-friendly geopolymer concrete (GPC) blocks with zero Portland cement 

 
CSIR-Structural Engineering Research Centre (CSIR-SERC), Chennai has developed ambient temperature cured concrete 
blocks using geopolymer technology. These blocks are of different types - building blocks, paver blocks, hollow 
blocks and lightweight blocks. This technology offers a speedy, cost-effective and environment-friendly alternative 
to conventional Portland cement based blocks. The production of GPC blocks lead to a scientific, systematic and 
eco-friendly utilization of industrial wastes. The technology has been already demonstrated in pilot scale. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  APPLICATIONS  
• Alternate to conventional Portland cement based blocks 

 
• Can be used in buildings, landscaping, container yards, foot paths, parking lots, pavements, etc. 

  TECHNOLOGY  TRANSFER  
 

• Technology transferred on non-exclusive basis to:  

1. M/s Kiran Global Geocements Private Limited, Chennai,  

2. M/s KPS Bricks, Erode, Tamil Nadu  

3. M/s Vasavi Concrete Solutions, Kurnool, Andhra Pradesh  
 

• Technology is available for transfer to other interested players in the industry 
 
 

• Environment-friendly and sustainable 
 

•  Complete replacement of Portland cement in concrete 
with cementitious materials such as fly ash and ground 
granulated blast furnace slag . 

 
• Water not required for curing 

 
• Less energy requirement and low carbon footprint 

 
• Good mechanical and durability properties 

 
• High early strength 

 
•  Better life-cycle cost when compared to Portland 

cement based concrete 

FEATURES / HIGHLIGHTS 

ECO-FRIENDLY GOEPOLYMER CONCRETE BLOCKS 

CSIR-SERC Technology 



CSIR-SERC 

2 

 

 

 
 
Title: 

Ecofriendly geopolymer concrete building / 

paver blocks 

 
Author / Designation / Company: 

CSIR-Structural Engineering Research Centre, Chennai 

 
Creation Date: May 2009 

Technology Type: Process / Design / Material / 
Software/ Others (specify) – 

 Process and the product: Ambient 

Temperature cured geopolymer 

concrete  blocks 

 
Desired Mode of Technology Offer: 

Technology (Knowhow) Transfer / Production License 

/ OEM Manufacturing / Joint Venture / Others 

 Technology Transfer 

 

Promotional Description: 

This technology is for the production of an ambient temperature cured geopolymer concrete blocks. Some of the 

key features of the technology are: 

 Blocks are of different types - building blocks, paver blocks, hollow blocks and lightweight blocks

 Speedy, cost-effective and environment-friendly alternative to conventional Portland cement-based blocks / 
bricks

 More versatile in terms of structural efficiency, durability and consumption of energy–intensive material

 Technology for converting waste to wealth

Geopolymer Concrete Paver Blocks 
 

 
Technology Benefits Summary, Differentiation & Uniqueness: 

 Ambient temperature cured geopolymer concrete completely eliminates the need of water for curing

 Portland cement free binder lead to reduction in the carbon footprint and embodied energy

 Eco-friendly utilization of industrial wastes

 Faster rate of strength development at early ages

 Sustainability by way of utilizing industrial wastes

 IS codal requirements satisfied: Building blocks (IS 2185(Part 1):2005 (Reaffirmed 2015), IS 

2185(Part 2):1983(Reaffirmed 2015)); Paver blocks (IS15658:2006 (Reaffirmed 2017))
 

 

 



CSIR-SERC 
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Major Waste Material/materials Utilized 

Fly ash, biomass ash, blast furnace slag, micronized biomass silica, copper slag, slag aggregates, recycled 
aggregates 

 

Application & Potential Advantages: 

 Alternative to conventional Portland cement based blocks 

 Cost-effective and environmentally sound alternative to conventional walling materials

 Technology easily customizable to suit the special needs of micro- and small-scale building material 

producers and construction companies

 Large application areas including buildings, landscaping, container yards, foot paths, parking lots, etc.

 
Development Stage & Development Status Summary: 

 The technology has already been transferred to an entrepreneur on non-exclusive basis and is readily 

available for customization, transfer and commercialization to the interested parties on non-exclusive 

basis.

 TRL 7

 
Intellectual Property / Patent Summary: 

Not patented 
 

 
Technical Details: 

 Technology consists of the procedure along with the technical specifications for making ambient temperature 

cured geopolymer blocks using indigenous source materials (industrial byproducts) suitable for construction 

applications; based on the demand from the industry.

 Low water absorption
 

 Paver blocks:

o Thickness: Min. 50 mm and Max. 120 mm 

o Grade: M30 – M55 suitable for non-traffic, light, medium, heavy and very heavy traffic 

o More affordable compared to conventional cement concrete paver blocks 
 

 Building blocks:

o Hollow (open and closed cavity); Solid; Lightweight (load bearing and non-load bearing) 

o Nominal dimensions 

o Length: 400, 500 or 600 mm 

o Width: Range between 50 and 300 mm 

o Grade: Up to M50 
 

 Customisation possible for

o Grade: Up to M100 

o Different  geopolymeric source materials and 

o shape, size and other similar parameters 

 



CSIR-SERC 
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Collaboration Description, Terms & Restrictions & Seller Support (technical / training / documentation etc.): 
 

 Technology on Eco-friendly geopolymer concrete bricks/blocks is available with CSIR-SERC 
 

 Technology transfer will be affected on non-exclusive basis as per relevant CSIR guidelines applicable from time- 

to-time 

 Standard documentation on the technology and training support by CSIR-SERC scientists form part of 

the technology transfer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONTACT INFORMATION 

Dr. (Ms.) N. Anandavalli 
Director 
CSIR - Structural Engineering Research Centre  
CSIR Campus, Taramani 
Chennai 600 113 
INDIA 
Email: director@serc.res.in 
http://www.serc.res.in 

Dr. (Ms.) P.S. Ambily 
Principal Scientist & Head 
Advanced Materials Laboratory 
CSIR - Structural Engineering Research Centre  
CSIR Campus, Taramani 
Chennai 600 113 
INDIA 
Email: ambilyps@serc.res.in 
Phone: 044-22549153, 9444042805 (M) 

 
For further details: 

 
http://www.serc.res.in 

https://www.facebook.com/csirserc https://twitter.com/csir_serc 
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COPPER SLAG WASTE MATERIAL FOR ROAD 

CONSTRUCTION 

 

Copper slag is a waste material generated during extraction of copper 

metal from its ore. Presently, it has limited application of about 20 %.  Its 

production is about 5000 tons/day and its total accumulation till date  is 

about 7 million tons. Balance copper slag is dumped as a waste material 

in and around the plant premises. Accordingly, CSIR-CRRI has carried out 

detailed physical, chemical and geotechnical investigation on copper slag 

for application in road construction and inferred that it has potential for 

road construction. 

  

 

 

 

 

 

 

OPPORUNITITES 

 Transforming solid wastes into wealth  

 Cost effective Construction   

 Contribution to Atmanirbhar Bharat 

 Technology is ready for commercialization 

 

 

GEOTECHNICAL ENGINEERING DIVISION 

CSIR-CENTRAL ROAD RESEARCH INSTITUTE (CRRI) 

NEW DELHI-110025, INDIA 



COPPER SLAG WASTE MATERIAL FOR EMBANKMENT & 

SUBGRADE CONSTRUCTION 

GEOTECHNICAL CHARACTERISTICS OF COPPER SLAG 

Geotechnical 

Parameter 

Copper Slag Pond Ash Copper Slag: Pond 

Ash (50:50) 

Grain size, mm 

Plasticity 

Classification 

> 75mm 

NP 

SP 

> 75 mm 

NP 

ML 

> 75 mm 

NP 

ML 

MDD (kN/m3) 23.2 12.4 18.8 

OMC (%) 7 21 9 

FSI (%) 0 0 0 

CBR (%) 35 3 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD STUDY AND PERFORMANCE MONITORING OF COPPER SLAG 

 

A pilot study was carried out by using mix of copper slag and pond ash in 

the construction of embankment near Sterlite Industry, Tuticorin along 

National Highway 45B (Madurai-Kanya Kumari Expressway), Tamil Nadu. 

Copper slag was mixed with pond ash in 50:50 proportions. Pavement 

performance monitoring was carried out by measuring structural and 

functional behaviour for three years.   

 

FIELD AND PERFORMANCE EVALUATION RESULT 

 

Parameter/ 

Embankment Fill 

Modulus of 

Elasticity 

(MPa) 

In-situ 

CBR (%) 

BI 

(mm/km) 

Deflection 

(mm) 

Copper Slag +  

Pond Ash 

13-17 22-32 1896-

5197 

0.307-

0.547 

Conventional section 11-14 NA 1920-

4230 

0.239-

0.477 

 

 

 

 

 

 

 

 

 

 

 



CONCLUSIONS (TRL-7) 

 Copper slag waste material mixed with pond ash should be used in the 

construction of embankment and subgrade. 

 Conventional construction techniques/quality control procedures can be 

adopted for application of copper slag in the construction of road.  

 Performance of this material is as good as soil.  

 

PUBLICATIONS  

V.G. Havanagi, A.K.Sinha and A. Ranjan. (2015). Fine copper slag as an alternative 

marginal material for road construction. Journal of Indian Highways, vol. 44(1), pp 25-33. 

V.K.Arora, V.G. Havanagi and A. K. Sinha (2013). Characterisation of copper slag and 

jarofix waste materials for road construction. Proceeding of international conference on 

world academy of science and technology. International science index issue 84, Melbourne, 

Australia, pp 1353-1358.  

V.G.Havanagi, A.K.Sinha, A Ranjan and S. Mathur (2012). Characterisation of super fine 

copper slag for construction of embankment. Proceeding of Indian geotechnical conference, 

New Delhi, Vol.2, pp 878-881.  

V. G. Havanagi, A. K. Sinha, V. K. Arora and S. Mathur (2012). Design and Stability 

analysis of copper slag embankment. Journal of Indian Highways, vol. 40(10), pp 17-23. 

V. G. Havanagi, A.K.Sinha, Sudhir Mathur and Prema Prasad (2008). Experimental study 

on the use of copper slag wastes in embankment and pavement construction. Proceeding of 

National symposium on Engineering of ground and environmental geotechniques, 

Hyderabad, pp 259-264. 
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Eco-Friendly X-Ray Radiation 

Shielding Lead Free Green 

Doors and Panels

Recycling Technology for Bulk Use of Bauxite  Red Mud 

Waste for High End Application

HYBRID BUILDING MATERIALS AND MANUFACTURING GROUP

CSIR-ADVANCED MATERIALS AND PROCESSES RESEARCH INSTITUTE (AMPRI)

BHOPAL-462026 (M.P.), INDIA

HYBRID BUILDING MATERIALS AND MANUFACTURING GROUP

CSIR-ADVANCED MATERIALS AND PROCESSES RESEARCH INSTITUTE (AMPRI)

BHOPAL-462026 (M.P.), INDIA

➢Low Energy consuming high performance polymeric 

radiation shielding materials   

➢ Create start-up, entrepreneurship &  employment generation

➢ Transforming red mud into high value added product

➢ Technology is ready for commercialization

➢ An efficient cost-effective X-ray radiation shielding products

Opportunities



Red mud, a solid waste produced in the process of alumina

production from bauxite. More than 13 million tons of red mud is

generated annually in India only. (e. g. NALCO, HINDALCO) Fe2O3

~ 30.9 %, Al2O3 ~ 14 %.

Red Mud is produced during the process for alumina production

and about 1- 2.5 tons of red mud is generated per ton of alumina

produced which is 6.25% of world‘s total generation India

produces about 13 millions ton.

Raw Materials:  ❑ Red Mud ❑ Polymer

MANUFACTURING PROCESS  

RED MUD WASTE PARTICULATES

Processing of the  Raw red mud wastes

Processed red mud wastes in 

polymeric system

Casting of composites under compression  

Moulding

Final products

Testing and quality assessment

X-Ray Radiation Shielding Panles

Properties of Red Mud
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Full Scale X-Ray Radiation
Shielding Panel 12 mm Thick



Performance of  Red-Mud X-Ray Radiation Shielding Panels

Physical Properties Values

Particle size (µm) 0.5 - 170

Bulk density (g/cc) 1.25 - 1.8

Specific gravity 2.2 - 3.4

Porosity (%) 45 - 68

pH 4 - 12.5

Water holding capacity (%)
< 45

Electrical conductivity (µmohs / 

HP)
450 - 800

X-Ray Attenuation Coefficient 

I = I0e
-(μ/ρ)ρx

Density: 1.4– 1.6 g/c

Tensile Strength: 25 -120 MPa

Flexural Strength: 35-120 MPa

Water Absorption: 0.25- 0.30 %

Peak Voltage 

(kVp)

Lead    HVL

mm 

Concretes  (mm) AMPRI Radiation 

Shielding Product

mm

100 0.27 15.10 4.9 

• Durable and stronger, Lead Free

• High strength to weight ratio

• Resistance to weather, termite, 

corrosion 

• Fire retardant, Self Extinguishing

• Maintenance Free, Green 

composite

• Cost-effective than lead panels

▪ Multifunctional applications in 

Hospital and Nuclear Sector

▪ Converting red mud into high 

end products

▪ Carbon sequestration, control 

air and water pollution

▪ Contribution to reduce global 

warming and climate change 

issues

▪ A new class of material to X-

Ray room and health care 

system

Novelty Environmental & Social Impact
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Product Performance



TECHNOLOGY READY FOR COMMERCIALISATION: TRL-6

▪ Technology transfer for commercialization of the technology

▪ Demonstration of full scale radiation shielding door at KGMU, Lucknow and product 

validation at KGMU and AERB. 

▪ Convert lab research & Create start-up industries

▪ All essential testing have been done as per the BIS and ASTM standard and 

confirmed the suitability for potential applications.

▪ Energy saving & eco friendly products and technology

▪ Transforming bauxite red mud waste into wealth for medical sectors

▪ Convert lab research & Create start-up industries

▪ Enhance  economy & employment

▪ Process know-how, Make In India, Aatma Nirbhar Bharat

IPR Status

Title: Radiation Shielding Red Mud Based Hybrid Composite Panels And Process For Preparing The

Same

Inventor: Manoj Kumar Gupta, Asokan Pappu, Sanjai Kumar Singh Rathore, Avanish Kumar,

Srivastava, Teerthraj Verma, Anit Parihar

Patent Number: 0052NF2019. PD040919PCT, Filed In USA, India and Europe (19 Feb, 2020)

CREATE BUSINESS FROM RED MUD ON CSIR-AMPRI TECHNOLOGY

CSIR-AMPRI facilitate R&D business for large scale utilization of red mud wastes for manufacturing 

durable hybrd X-Ray radiation shielding doors/panels

Dr. Avanish Kumar Srivastava

Director

CSIR-AMPRI, Bhopal, M.P., India

Ph.: 0755-2457105 (0)

Email: director@ampri.res.in

Website : www.ampri.res.in

Dr. Manoj Kumar Gupta

Scientist

CSIR-AMPRI, Bhopal, M.P., India

Ph.: 9977360351

Email: mkgupta@ampri.res.in

Website : www.ampri.res.in
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Commercial Opportunities

Radiation Shielding Red Mud  Door
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Cost effective durable water tanks using 

flowable cement mortar

(Dr. J. Prabhakar, Chief Scientist, CSIR-SERC, Chennai)
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Technology Transferred to 

M/s. Consortium Techno Solutions Pvt. Ltd., Hydrebad. 

For Further Details please contact  
The Director ,  

CSIR-Structural Engineering Research Centre 

CSIR Campus, Taramani, Chennai. 

Tel.: 91-44-22549201; director@serc.res.in; 

http://serc.res.in 

https://www.facebook.com/csirserc 

https://twitter.com/csir_serc 

Dr. J. Prabakar , 

Chief Scientist & Project Investigator,  

CSIR-Structural Engineering Research 

Centre 

CSIR Campus, Taramani, Chennai. 

Tel.: 91-44-22549169; 

prabhakar@serc.res.in; 
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Process know how for making building 

components from construction & demolition 

wastes

(Dr. Santha Kumar G, Sr. Scientist, CSIR-CBRI, Roorkee)
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Construction & Demolition 
Waste as Raw Materials 

for Low Cost Construction 
Products

CSIR-Central Building Research Institute, 
Roorkee, Uttarakhand (247667)



Construction & Demolition Waste

Benefits of Recycling & Reuse

Indian scenario of C&D waste
• MoHUA estimates that 100 million tonnes of C&D Waste is the closest approximation

for nationwide generation (Source. Ready Reckoner released by BMTPC, 2018)
• According to  survey of BMTPC, 165-175 Mnt per annum during 2005-2013

Country No. of  
plants

Population 
(million)

India 4 1324.17

Germany 220 81.28

France 50 64.75

Netherland 70 16.99

UK 120 65.22

Belgium 60 11.43

Denmark 20 5.67

Italy 43 59.86

Major city C&D wastes
(tons/day)

Mumbai 2500

Delhi 4600

Bangalore 875

Hyderabad 750

Chennai 2500

Ahmedabad 700

Pune 750

Surat 400

Kolkata 2000

Place No. of Plants

Burari, Delhi

Total 4 
Operating 
Plants

Sastri park, 
Delhi

Ahmedabad, 
Gujarat

Vikhroli,
Mumbai

Indian Scenario :



Production Process of Recycled Aggregates

Why  Recycling ?

 Global Warming 

 Scarcity of raw materials

Major issue of disposal of C&D 
wastes  due to non availability  of 
dumping ground 

Sustainability demand in   
construction sector 

Basic Characteristics of RCA

Paver Blocks from Natural and Recycled Aggregate (IS: 15658-2006)

 Size of blocks: 200 x 160 x 80 mm
 Prepared by compaction technique
 Cured under water at 27 ± 2o C for a period of 28 days

Blocks made with RCA & RFA

 Strength could be achieved up to 45 MPa at 100%of RA
 Strength of blocks prepared with RA is  about 12% less 

as compared to control blocks
 It can also be recommended for medium traffic 

purpose as these are satisfying the  minimum strength 
requirements of M-40 grade as per IS:15658.



Demolition wastes as Raw Materials for Low Cost building Products

Demo park at CSIR-CBRI

Twenty thousand Paver block of size 200 mm x 160 mm x 80 mm have been
casted using recycle aggregates and used in pavement of mass housing site

Compressive Strength: 42 MPa
Water absorption : 3.8 %
Flexural Strength : 4.5 MPa

 100% replacement of natural aggregate with
recycle aggregates

 Prepared by compaction technique
 Cured under water at 27 ± 2o C for a period of 28

days

 It can also be recommended for medium traffic 
purpose as per IS:15658.

Commercialization of Technology 

The efforts were made towards
commercialization “Process know how to
develop paver blocks and other building
components from construction and
demolition waste”.
Recently this technology has been
transferred to M/s Disha Ecoloc Pavers,
Nagpur

For more details please contact

Dr. G. Santha Kumar
Senior Scientist,
CSIR-Central Building 
Research Institute, Roorkee
Phone:
E-mail:

Dr. N. Gopalakrishnan
Director,
CSIR-Central Building Research 
Institute, Roorkee
Phone:
E-mail:



Waste to Wealth 

Civil Infrastructure and Engineering Theme 

Day 4: Session Theme

Organized by

Industrial & agro wastes recycling 

technologies in green building 

Materials
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High volume use of Parali- paddy stubble 

(Agrowaste)- a raw materials for 

manufacturing hybrid particle boards

(Dr. Asokan Pappu, Chief Scientist, CSIR-AMPRI, Bhopal)
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  ADVANCED PAVERS BLOCK 
FROM COPPER TAILINGS 

     KEY FEATURES 

• Converting ‘Waste to Wealth’. 

• Environment friendly and economically 

viable new material. 

• Opportunity to generate entrepreneurship 

and small scale business. 

• Technology ready for commercialization. 

INDUSTRIAL WASTE UTILIZATION, NANO & BIO MATERIALS DIVISION 

CSIR- ADVANCED MATERIALS AND PROCESSES 
RESEARCH INSTITUTE (CSIR- AMPRI)  

BHOPAL - 462026, (M.P.) INDIA 



 BACKGROUND 

WHAT ARE COPPER TAILINGS? 

Solid waste material left during the purification of the precious copper from 
the copper ores. 

WHY COPPER TAILINGS? 
 More than 60 Million Tonnes of copper tailings stocked at Hindustan Copper 

Limited Malanjkhand, Dist. Balaghat (M.P.) 
 Presently no application potential of copper ore tailings. 
 Major problem of safe disposal, environmental hazard and utilization of 

copper tailings. 

WHY RIVER SAND REPLACEMENT? 

 Great demand for ‘sand substitute’ material. 
 Prevention of ‘Illegal Sand Mining’ through novel approach. 

 

PROCESS FLOW CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SALIENT FEATURES                                                                                                                                                                                                  

 

 Tailings contain around 85.0% Silica, 6.0% Alumina followed by Lime, Magnesia etc. 

 Paver Blocks prepared according to M-25 Grade. 

 Average Compressive Strength of Pavers Block made from copper tailings found to 

be 27.0 MPa as compared with conventional Pavers Block having Average 

Compressive Strength of 25.3 MPa. 

 Developed process enables “in-situ” mineralization of toxic elements in advanced 

matrix ensuring safe utilization of copper tailings. 

 

NOVELTY 
 

 Replacement of river sand with copper tailings in the conventional concrete 
mechanism. 

 Environment friendly and economically viable material.  
 Addresses serious environmental concerns pertaining to illegal sand mining.  

  

BENEFITS 
 

 Product with remarkable benefits having total replacement (100%) of conventional 

river sand by use of copper tailings. 

 Advanced copper tailings Pavers Block 10-15% economical than conventional Pavers 

Block.  

 Product is easy to cast. Contains opportunities to generate small scale business. 

 Being precast does not require additional efforts and complex engineering. 

 ‘Good Aesthetics and Value Added’ product. 

 Wider application spectrum for civil engineering and infrastructure application.     

 
 
 

Technology Ready for Commercialization: TRL-6 



 

 
 

 

 

  

 

  

Keeping mould for drying for 
24 hrs  

Finished Pavers Block  Vibrating the Pavers block 
mould filled with materials 

 

         Raw materials and preparation of pigment     

 

         Dr. Avanish Kumar Srivastava                                                   Dr. Mohd. Akram Khan 
         Director,                                                                                         Sr. Principal Scientist,  
         CSIR-AMPRI, Bhopal (M.P)                                                         CSIR-AMPRI, Bhopal (M.P) 
         Website: https://ampri.res.in/,                                                Email: mohdakramkhan@rediffmail.com 
         Email:  director@ampri.res.in                                                   Phone: 9425373429 (M). 0755-2485078 (O) 
         Phone: 0755-2457105 (O)                                                                    

For details please Contact: 

 
Around 5000 Pavers Block made from Copper 
Tailings made and demonstrated at Residential 
Premises of CSIR-AMPRI, Bhopal. 

 

 

Demonstration of CSIR-AMPRI’S ‘Know-How’ at 
Hindustan Copper Limited, Malanjkhand Site  

 

‘Know-how’ transferred on “Advanced Pavers 
Block from Copper Tailings” to M/s 

Hindustan Copper Limited, Malanjkhand, 
District Balaghat (M.P.) 

 

TECHNOLOGY DEMOSTRATION 
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Textile reinforced concrete prototyping 
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   Textile reinforced concrete prototyping technology

.

Features / highlights
• Completely avoids the conventional way of concrete construction, 
    which makes use of moulds

• Various products for structural and non-structural applications can 
    be produced from this single technology

• Less fabrication cost with increased production rate

An all-in-one technology for production of various textile reinforced concrete products

Textile reinforced concrete (TRC) is an upcoming non-conventional construction material consisting of fine grained 
cementitious binder and non-metallic textile reinforcement. CSIR-Structural Engineering Research Centre (CSIR-
SERC) has developed textile reinforced concrete prototyping technology (TRCPT), a precast technology to produce 
TRC components for which an Indian patent has been filed (Filing no.: 2751DEL2014). TRCPT can serve as an effective 
indigenous technological solution for pre-cast construction industry to achieve economical mass production of TRC 
products. 

technical details
•	Using	this	technology,	prototyping	is	done	by	placing	the	TRC	sheets	over	the	shape	to	be	constructed	soon	after	the	
			production,	and	it	adapts	to	the	specific	configuration

• The mechanical properties of TRC products are controlled while producing the TRC sheet itself, and this convenience 
   leads to less variability of its properties

• Scale up and scale down of this technology is possible for in-site applications

• TRCPT technology also helps to increase the speed of manufacture of TRC products
 

CSIR-SERC Technology

Production of TRC roofing sheet using TRCPT



TRCPT

applications

•	 Production	of	standalone	components	such	as	sandwich	panels,	facade	elements,	industrial	flooring	tiles,	street	
				furnitures,	canopy	structure	partition	walls,	noise	barriers,	roofing	elements,	manhole	covers

•	 Production	of	nonstructural	components	such	as	flower	pots,	wash	basins,	door	and	window	frames,	door	panels,	
    etc.

For further details:

 Dr. N. Anandavalli                  Dr. Smitha Gopinath
 Director                                  Principal Scientist, TCML Group
 CSIR-Structural Engineering Research Centre                   CSIR-Structural Engineering Research Centre
 CSIR Campus, Taramani, Chennai - 600 113                CSIR Campus, Taramani, Chennai - 600 113.
 Tel.: 91-44-22549201; director@serc.res.in; http://serc.res.in           Tel.: 91-44-22549193; smithag@serc.res.in; http://serc.res.in

Allied technologies at csir-serc

•	 Light-weight	TRC	tiles	for	wall/flooring	applications

• Mobile construction unit for producing TRC products

• TRC non-load bearing panels

• TRC load bearing wall panel system

Lining of a damaged canal using TRC produced from TRCPT

Demonstration of strengthening of RC beam using TRC produced from TRCPT

technology transfer
• Technology is available for transfer to interested players in the industry.

TRC products produced using TRCPT

applications
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Enhanced utilization of blast furnace slag 
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Enhanced utilization of  blast furnace slag 
(granulated) and fly ash in 

blended cement

Inspite of all above, majority
of cement plants are not able
to use more than 25% fly ash
(BIS allows up to 35%
usage)
And not more than 65%
GBFS in composition (BIS
allows up to 70 % usage)

Significance of fly ash in PPC and GBFS in PSC
o Today, out of total cement produced, ~50% is PPC and ~25% is PSC
o Addition of FA and GBFS reduces the heat of hydration in cement and

improves the durability of resulting concrete

Challenges

1 Can we use FA beyond 35% in PPC ?

2 Can we use GBFS beyond 70%  in PSC ? 



STRATEGY Mechanical 
Activation

Attrition mill (wet)
Vibratory mill (dry)

1 3 7 280

5

10

15

20

25

30

35

40

45

50

Hydration Time, days

 IC-A
 AMS 50%
 AMS 60%
 AMS 70%
 AMS 80%
 AMS 95%

Attrition milled slag for 10 min mixed 
in various proportions with clinker

Vibratory milled slag for 15, 60 and 120 min 
mixed in various proportions with clinker

With mechanical activation of fly ash, 
incorporation of fly ash up to 65% is 
possible

For more details >> 

Dr. Indranil Chattoraj
Director
CSIR-NML, Jamshedpur
Phone: 0657-2345209
Email: director@nmlindia.org

Dr. S. K. Pal
Head, RPBD
CSIR NML, Jamshedpur
Phone: 0657-2345205
Email: skp@nmlindia.org
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Cold Setting Fly Ash Brick Technology 
developed by CSIR-IMMT
CSIR-Institute of Minerals and Materials Technology, Bhubaneswar-751013

CSIR-Institute of Minerals and Materials Technology, 
Bhubaneswar is actively engaged in development 
of innovative, energy efficient green processes for 
utilization of various industrial and mining solid 
wastes in manufacture of building materials such 
as brick, block, concrete and aggregate etc. A 
considerable research work on fly ash has been 
done to develop processes for manufacture of 
cold setting building brick and block by mineral 
cementation method. The mineral polymerization 
reaction develops cementation property which is 
very effective to develop the binding strength in 
the product.

Under this R&D activity, CSIR-IMMT has also 
created pilot plant facility for brick and block 
manufacturing to demonstrate the process for 
development of commercial technology. This 
facility has been used for demonstration and 
training to the licensees during technology 
transfer for manufacturing of cold setting building 
brick and block. This process has been adopted 
commercially in MSME sector (17Nos.) and major 
industries (4Nos.) for manufacture of cold setting 
building brick containing up to 70 % fly ash. This is 
a new development for use of pozzolonic materials 
in manufacture of building bricks.

CSIR- Institute of Minerals and Materials Technology, Bhubaneswar - 751013, www.immt.res.in

Mineral Cementation Process

Non-fired cost effective process, where oxides and hydroxides of SiO2, Al2O3, Fe2O3, CaO, MgO, 
alkali and sulphate bearing minerals react in presence of a novel chemical activator at atmospheric 
temperature and form hydrated chain silicate binding matrix which develops strength in the product 
like Portland cement.

Presently, this process has been transferred to 21 entrepreneurs in the country on non-exclusive basis 
for manufacture of bricks ranging from 10,000 to 1, 00,000 bricks/day. 

We provide the composition of chemical bond material which will be used for brick making. The chemical 
for bond material is readily available in the market.



The details of the Mineral Cementation process are as follows: 
 
a) The fly ash brick confirms to the BIS specification IS 12894:2002.
b) Bond material developed by CSIR-IMMT is used 12%-16% by weight of the fly ash mix for manufacturing 
    of brick.
c) The process is flexible to use any types of fly ash (40-70%) along with bond and locally available waste 
    materials including sand, stone dust, polish stone dust etc.
d) The brick requires only 2 to 3 times of water curing in 3 days of interval from date of manufacturing. 
     The brick is ready for sale within 7-10days depending upon the fly ash quality and weather conditions.
e) It is possible to adopt hydraulic, vibration cum hydraulic, vibration cum hand mould press for 
    manufacture of brick.
f) The cost of bond material for a brick of 230x110x75 mm size may range Rs2.20 to Rs2.40 depending 
    on the quality of fly ash and other additives materials.
g) The bricks are lighter and strong having 75 to 120 kg/cm2 of wet crushing strength and 8 to 12% of 
    water absorption.

Terms and conditions for transfer of fly ash brick manufacturing 
process 
For Major Industries:

The technology cost for major Industries is Rs 5,00,000/- + GST @18% & Training and demo fee is Rs. 
10,000 /- + GST @18%

The above charges are for process demonstration and training at IMMT Bhubaneswar. 

Requirement of following original documents for signing of confidential agreement and technology 
transfer:

a)  Deposit of Demand Draft of Rs. 6,01,800/- in favour of Director, CSIR-Institute of Minerals and 
Materials Technology, Bhubaneswar.
b)  Copy of District Industries Centre (DIC)/MSME registration & ID proof of unit.
c)  Rs.100/- Non-Judicial stamp paper (2nos) for signing of confidential agreement.
d)  Letter Head/Pad and stamp of the unit.

For MSMEs:
 

The technology cost for Micro, Small and Medium Enterprise (MSME) Sector is Rs 50,000/- + GST @18% 
& Training and demo fee is Rs. 10,000 /- + GST @18%

The above charges are for process demonstration and training at IMMT Bhubaneswar. 

This is a special consideration only for MSME units.
Requirement of following original documents for signing of confidential agreement and technology 
transfer (MSME units):

a)  Deposit of Demand Draft of Rs. 70,800/- in favour of Director, CSIR-Institute of Minerals and Materials 
Technology, Bhubaneswar.
b)  Copy of District Industries Centre (DIC)/MSME registration/UAN & ID proof of unit.
c)  Rs.100/- Non-Judicial stamp paper (2nos) for signing of confidential agreement. 
d)  Letter Head/Pad and stamp of the unit 

CSIR- Institute of Minerals and Materials Technology, Bhubaneswar - 751013, www.immt.res.in



FLY ASH BRICK LICENSEES

M/s Maa Sales Private Limited
Flat No. 607, Block A, Krishna Tower
Nayapalli, Bhubaneswar
Mob-9437033824

M/s Maa Kalua Fly Ash Brick Industries
Plot No. 110, Khata No.396/153
Ballipada Mouza, P.S & Tehsil -Berhampur
 Dist-Ganjam, Odisha-760008
Mob-8018652817

Mr Ashok Kumar Behera
Vice-President(Projects)
M/s Indian Metals and Ferro Alloys Ltd. (IMFA)
IMFA Building, Bhubaneswar-751010
Mob-9937288066

Mr. Amarjeet Singh, Director
M/s JAVS Eco-Friendly Building Materials Pvt. Ltd
6097, Block C-6, Vasant Kunj
New Delhi-110070
Mob-9717280820

Sr General Manager, Power Plant
M/s Jindal Steel and Power Limited
Post Box No. 16, Kharsia Road, 
Raigarh-496001, Chhattisgarh
Email-mansoori@jspl.com

M/s Sun Shine Fly Ash Bricks
Indrakhi, Dist-Ganjam, Odisha-761008
Mob-9937187029

M/s Quick Brick Building System L.L.P
C – 6 , Kirti Nagar, New Delhi-110015
Mob-9810469644

M/s Radha Krishna Fly Ash Bricks
Suktapalli, Bargarh

Mr Sanjay Kajaria, Director
M/s Aryan Eco-Brick Private Limited
52A, Shakespeare Sarani,  Kolkata-700017
Mob-9830011513

M/s Jaya Durga Fly Ash Bricks
Balakrushnapur, Mouza-Baghajhari
Po-Dakhinapur, Ganjam
Odisha-761008

M/s Gouri Fly Ash Unit
Plot No. -76, N.H-5
Bhaganpur, Po-Patrapada
Bhubaneswar-751019

M/s Ruhil Industries, 
45 KM Stone, N.H-10
VPO_Rohad, Bahadurgarh(Jhajjar)
Haryana

M/s MPD Infrastructure Pvt. Ltd
Parthasarathi Complex
Madhusudan Nagar
Unit-4, Bhubaneswar-751001
Mob-9437045165

M/s Maruti Enterprises,
At-Bikash Nagar, Turanga, Dist- Angul
Odisha

Mr Hardik Patel
M/s Bravo Industries Limited
5/28, V.T Industrial Park
Ahmedabad-Mehsana – Highway
Po-Jagudan, Dist-Mehsana, Gujrat-382 710
Mob-9687695913

M/s Bhatta Fly Ash Bricks
Plot No.108, Ranasinghpur
Bhubaneswar-751019
Mob-90900 00040 / 96581 30141

M/s Ojas Blocks and Fly ash Bricks
Village-Baruhi, Po- Choki Minar
Distt: Una, Himachal Pradesh
Mob-6805556600

M/s D.N.Enterprises
NOHAR ROAD (Near Dayanand School)
NATHUSARI CHOPTA, Dist-Sirsa, 
Haryana125110
Mob-9416489939

M/s NextGen Tech Impex Ltd.
Vill- Mahajpura, PO/PS- Bikram
Dist-Bikram, Dist-Patna
Bihar

CSIR- Institute of Minerals and Materials Technology, Bhubaneswar - 751013, www.immt.res.in



If the party is interested for process demonstration of their own sample, then the party has to supply 
their sample, otherwise, we can show the demonstration on the raw materials (fly ash from NTPC, 
Kaniha, Odisha) available with us.

Depending upon the production capacity, the brick plants available in the market can be selected by 
the entrepreneur as per his own convenience.

Hope your organization can avail this opportunity by adopting this green and cost effective process for 
utilization of fly ash in manufacture of cold setting building brick as per BIS requirement.

CSIR- Institute of Minerals and Materials Technology, Bhubaneswar - 751013, www.immt.res.in

Prof. Suddhasatwa Basu
Director, CSIR-IMMT, Bhubaneswar
Mail id: dir@immt.res.in
Website: www.immt.res.in
Tel -0674-2379401

Dr. S.M. Mustakim
CSIR-IMMT, Bhubaneswar
Mail id: mustakim@immt.res.in
Tel -0674-2379402
Mob-9439190757

For further details, please contact: 
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