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Development of Composites from Beverages of Tetra Packs

Packaging plays a valuable, often resource conserving role in the modern distribution of food, beverages 
and other good and to maintain that a large and perhaps growing fraction of packaging is wasteful or 
environmentally problematical. Tetra Pack Aseptic is a commercial packaging material that is used 
to keep foods without spoiling and it consists of layers of carton, polyethylene (PE) and aluminium 
(Al).  Carton layers provide stiffness, polyethylene layers provide durability and aluminium layers 
provide strength to the food against the effects of light and oxygen. Now a day’s tetra pack based 
packaging system has been increasing largely, it is the main source of packing of liquid food products 
such as fruit juices and some beverages. Keeping this in view, IPIRTI explored a study to utilize this 
waste tetra packs for value addition. This project involved producing the useful products from the solid 
waste which can be a substitute for the veneer board for application in furniture and construction. 
The process parameters for making composites using tetra packs particles by incorporating resins 
and without resins have been optimized. The strength properties of all tetra pack waste composites 
confirms to the required physical and mechanical properties of IS 3087-1985 “Particle boards of 
wood and other lignocellulosic materials (medium density) for general purposes -Specification”.

The complete details are available in IPIRTI Research Report No. 208, “Development of Composites from 
Beverages of Tetra Packs” by Sujatha. D. and Co-workers.
 Please contact: IPIRTI, Bengaluru for complete report



Development of Plastic bonded Bamboo mat-board (BPC) and Plastic bonded plywood 
(PPC) from waste recyclable plastic material 

Plastic waste materials such as low-density polyethylene (LDPE), high-density polyethylene (HDPE), 
polypropylene (PP), polystyrene, polyvinyl chloride (PVC), polyethylene terephthalate (PET), 
along with engineering plastics used by the society are major problem due to its resistance to natural 
decomposition and resulted in landfills. While the service life of some plastic products is less than 
one year, some products can have a lifespan of 50 years and more. Nevertheless, recyclability makes 
plastic waste a potential resource that can further be exploited as a new feedstock. Unless recycled and 
reused, the entire plastic produced is going to be a waste posing environmental concern. Recycling and 
reusing plastic in such a scenario is not only important economically but ecologically beneficial too. 
Other hand Bamboo-mat based molded products, plywood panels bonded together with resin-phenol 
formaldehyde, petroleum based product responsible for various environmental and health hazardous. 
Replacing phenol-formaldehyde resin with discarded plastics pouches, containers helps to address major 
environment concerns. This method of upscaling plastic material for the development of Plastic bonded 
Bamboo mat board and Plastic bonded plywood for construction and packing units is under progress 
in IPIRTI. This study is sponsored by Department of Science and Technology, Government of India.



Wood–Plastic Composite Technology

Wood–plastic composites (WPCs) are a form of composite combining wood-based elements with polymers. 
The processes for manufacturing WPCs include extrusion, injection molding, and compression molding or 
thermoforming (pressing). Newer manufacturing processes for WPCs include additive manufacturing via 
fused layer modeling and laser sintering. An important constraint for polymers used in WPCs is requiring 
process conditions (melt temperature, pressure) that will not thermally degrade the wood filler. Wood 
degrades around 220 °C; thus, general-purpose polymers like polyethylene and poly vinyl chloride are 
typically used for manufacturing WPCs. Wood fibers are inherently hydrophilic because of the hydroxyl 
groups contained in the cellulose and hemicellulose molecular chains. Thus, modification of the wood 
fiber via chemical or physical treatments is very critical to making improved WPCs. The most abundant 
profiles made from wood–plastic composites are boards or lumber used in outdoor decking applications. 
Although early WPC products were mainly extruded for profiled sections, nowadays, many injected parts 
made of WPC are being introduced for various industries, including electrical casings, packaging, daily 
living supplies, and civil engineering applications. Mold and mildew and color fading of WPCs tend to 
be the durability issues of prime importance for WPCs. Most recent research on WPC durability focuses 
on studies to better understand the mechanisms contributing to various degradation issues as well as 
methods to improve durability. Most WPC products in the USA are utilized in building materials with few 
exceptions for residential and commercial building applications, which means that building codes are the 
most important national rules for the WPC manufacturers. New developments are being made especially 
in the area of nano additives for WPCs including nanocellulose. Recently, the trend of patent registrations 
for WPCs has shifted to new products or applications instead of the materials itself. Full article is available at:
https://link.springer.com/article/10.1007/s40725-015-0016-6



Characterization of wood-plastic composites made with different Lignocellulosic mate-
rials that vary in their morphology, chemical composition and thermal Stability

In this study, four kinds of lignocellulosic fibers (LFs), namely, those from Chinese fir (Cunninghamia 
lanceolata), Taiwan red pine (Pinus taiwanensis), India-charcoal trema (Trema orientalis) and makino 
bamboo (Phyllostachys makinoi), were selected as reinforcements and incorporated into high-density 
polyethylene (HDPE) to manufacture wood-plastic composites (WPCs) by a flat platen pressing 
process. In addition to comparing the differences in the physico-mechanical properties of these 
composites, their chemical compositions were evaluated and their thermal decomposition kinetics 
were analyzed to investigate the effects of the lignocellulosic species on the properties of the WPCs. 
The results showed that the WPC made with Chinese fir displayed a typical M-shaped vertical density 
profile due to the high aspect ratio of its LFs, while a flat vertical density profile was observed for 
the WPCs made with other LFs. Thus, the WPC made with Chinese fir exhibited higher flexural 
properties and lower internal bond strength (IB) than other WPCs. In addition, the Taiwan red pine 
contained the lowest holocellulose content and the highest extractives and α-cellulose contents, which 
gave the resulting WPC lower water absorption and flexural properties. On the other hand, consistent 
with the flexural properties, the results of thermal decomposition kinetic analysis showed that the 
activation energy of the LFs at 10% of the conversion rate increased in the order of Taiwan red pine 
(146–161 kJ/mol), makino bamboo (158–175 kJ/mol), India-charcoal trema (185–194 kJ/mol) 
and Chinese fir (194–202 kJ/mol). These results indicate that the morphology, chemical composition 
and thermal stability of the LFs can have a substantial impact on the physico-mechanical properties 
of the resulting WPCs. Full article is available at: https://www.mdpi.com/2073-4360/9/12/726 



Development of bamboo polymer composites with improved impact resistance 
Reinforcing thermoplastic polymers with natural fibres tends to improve tensile and flexural 
strength but adversely affect elongation and impact strength. This limits the application of such 
composites where toughness is a major criterion. In the present work, bamboo fibre reinforced 
polypropylene (PP) composites were prepared with bamboo fibre content varying from 30% to 
50% with improved impact resistance. Homopolymer and copolymer PP were used as the matrix 
polymer and an elastomer was used (10% by wt.) as an additive in the formulation. Copolymer based 
composites exhibited superior elongation and impact strength as compared to homopolymer based 
composites. The adverse impact of elastomer on tensile and flexural strength was more pronounced 
in homopolymer based composites. The study suggested that the properties of the bamboo composites 
can be tailored to suit different applications by varying reinforcement and elastomer percentage. 
Full article is available at: https://journals.sagepub.com/doi/10.1177/09673911211009369 

Rice husk reinforced polypropylene composites: mechanical, morphological and thermal 
properties

Rice husk–Polypropylene (RH–PP) composites were prepared using four level of filler loadings (10, 20, 
40 and 50%) incorporating maleic anhydride grafted Polypropylene (MAPP) and m-isopropenyl α–α-
dimethylbenzyl-isocyanate grafted Polypropylene (m-TMI-g-PP) coupling agents. Mechanical properties 
of the composites indicated that m-TMI-g-PP coupling agent performed better than that of MAPP. Tensile 
and flexural properties of composites prepared with coupling agents were found to be superior to controlled 
samples. However, Impact strength of the composites decreased with increasing filler loadings in all the 
composites. Fourier transform infra-red (FTIR) spectroscopy of the composites revealed effective coupling 
between rice husk and polypropylene. Scanning electron microscopy indicated improved adhesion between 
rice husk and Polypropylene in case of coupled composites. Thermal stability of pure PP was higher than that 
of rice husk and RH–PP composites. Use of coupling agent had no significant effect on thermal stability of the 
composites. Full article is available at: https://link.springer.com/article/10.1007%2Fs13196-018-0212-7 



Changes in colour and mechanical properties of wood polypropylene composites on 
natural weathering

This comparative study focused on understanding the effect of coupling agent and particle size on 
weathering behaviour of wood polypropylene composite. Two coupling agents, namely maleic anhydride 
grafted polypropylene and m-TMI (m-Isopropenyl-α,α? dimethylbenzyl isocyanate) grafted polypropylene 
were used in preparation of the composites. The composites were exposed to outdoor conditions for one 
year and changes in surface colour and mechanical properties were measured after 2, 4, 8 and 12 months 
of natural weathering. During the initial four months of weathering considerable colour change was 
observed with increase in lightness. Mechanical properties were unaffected largely for the initial four 
months and thereafter started declining. Overall, tensile strength decreased by about 15 % and flexural 
strength decreased by about 8 % after one year of weathering. The flexural modulus also decreased by 
about 10 %. Wood particle size was found to affect the aesthetic and strength of the composites after 
natural weathering. Coupling agents had a positive impact on mechanical properties however their 
influence on weathering degradation was not noticeable. Full article is available at:
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-221X2020005000307&lng=en&nr
m=iso&tlng=en 



Wood–Plastic Composite 

A wood–plastic composite (WPC) is a common term referring to wood-based elements such as lumber, 
veneer, fibers or particles that are combined with polymers to create a composite material. In the process 
lignocellulosic elements will be combined with thermosetting or thermoplastic polymers.

Polymer type Wood elements WPC types
Thermoplastic polymers Lumber, veneer, fibers, particles, 

flour, etc.
Extruded lumber, injection-
molded automotive components

Thermosetting polymers Lumber, veneer Polymer impregnated wood 
(impreg, compreg)

  
The first industrial experiment of WPC is the automotive interior that to as a gearshift knob for Rolls 
Royce in 1916 where wood flour was combined with phenol–formaldehyde resin to create a composite 
material. Over the period WPC materials developed gradually in the first crude rough look wood fiber 
utilised WPC to full co-extrusion coated decking, surface is coated with sarin resin passing through fine 
fibered second generation and 

WPC is next generation material and started capturing market impressively and the growth in WPC 
market is significant Global Wood Plastic Composites Market was valued at $2,551 million in 2016, and 
is expected to reach at $6,584 million by 2023, registering a CAGR of 12.6% from 2017 to 2023.



Patent for manufacturing of multi layered particle board using rice husk 

A patent on invention titled “Multi layered particle board using Rice Husk and a method of manufacturing 
the same” has been granted on 5th October 2021 bearing patent number 378658. The team of scientists 
involved in this invention are Ms. Sujatha, D, Dr. Mamatha.B. S, Mr. Uday.D.N., Dr. Sushil Kumar Nath 
and Dr. B. N. Mohanty. The main objective of this invention claim was to propose an improved refined 
process for the manufacturing of particle board from rice husk. In the invention, IPIRTI has refined a 
technology for manufacturing multi-layered particle board (particularly three layered) using modified 
phenol cardanol formaldehyde resins. The strength properties of the panels conform to the requirement 
of IS 3087: -2005 Specification for Particle Boards of wood and other lignocellulosics materials (Medium 
Density) for general purpose”. The boards pose high termite decay and fire resistant. The boards have 
smooth finish which can be further laminated to give aesthetic look.



 



Conference-cum-Expo on New Urban India: Transforming Urban Landscape as a part of 
Azadi ka Amrit Mahotsava

Shri Amitava Sil, Officer-In-Charge, IPIRTI, Field Station, Kolkata as a delegate participated in Conference-
cum-Expo on New Urban India: Transforming Urban Landscape Aatma Nirbhar Bharat initiative of 
Government of India held on 05-07 October 2021 at the Indira Gandhi Pratishthan Lucknow, Uttar 
Pradesh (UP). A model of elevated bamboo shelter for disaster mitigation was displayed in the exhibition. 
The housing model and other bamboo composite like bamboo mat board, bamboo mat corrugated sheet 
reviewed special attention of Hon’ble Prime Minister of India.  This event was live telecasted in several 
national news channels including Doordarshan. 

 



Online Training Programme on “Entrepreneurship Development and Capacity Building 
on Bamboo” for women empowerment

IPIRTI Field Station Kolkata had successfully organized one-day online training programme on 
“Entrepreneurship Development and Capacity Building on Bamboo” on 1st October 2021. 29 participants 
from two organizations namely Garibulla Khadi Boyan Shilpo Samiti and Nawapara Laxminarayan Khadi-
O-Gramonnayan Mahila Sanstha, West Bengal attended the training programme. The training was mainly 
focused on preservation technique of bamboo, making of agarbati sticks from bamboo and bamboo 
Housing for disaster purposes. 

Dr. Abhinav Kant, NECTAR, Tripura along with IPIRTI scientist Dr. Vipin Chawla, Mr. Amitav Sil and Dr. 
N. Murthy were the resource persons for the training sessions. 

Gandhi Jayanti celebration

Staff of  IPIRTI Bengaluru, Kolkata and Mohali celebrated 152nd birth anniversary of Mahatma Gandhi 
“Father of the Nation.” Staff and Students participated in a brief programme including sharing thoughts 
about life of Mahatma. On the occasion as a tribute to Gandhian principle cleanliness drive was also 
conducted. 



 

Iconic week celebration on avoiding use of Single Use Plastic

As part of the plastic free week under azadi ka amrit mahotsav initiative, IPIRTI has organized a talk on 
"Avoid the use of Single Use Plastics" by Environmentalist Shri. Ram Prasad, Bengaluru. 70 participants 
including students, industry and academia has participated in the event




