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Swing Technology 

The Swing Technology (to process fresh/dry spices for essential oils, oleoresins and 
active principles) developed by the RRL-Trivandrum, was licensed to the two largest 
spice oleoresin companies in the country, namely M/s Synthite chemicals, Cochin, 
and M/s Plant Lipids, Cochin. The process was demonstrated for several spices 
including onions, garlic and chilli in the commercial facility of M/sSynthite chemicals 
as well as in the RRL, pilot plant. The licensing to M/s Plant lipids was followed by 
successful process demonstration on fresh turmeric and fresh ginger in their 
premises. Swing Technology has thus been accepted and appreciated as truly 
generic technology by the largest spice processors in the country. Swing Technology 
has been licensed to 7 industries. 

1.8.3 Human Resources Development 

CFTRI 

·  35 short-term training programmes were conducted including 8 custom-made 
programmes. 

1.8.4 Awards & Recognition 

Young scientist award by Association 
of Food Scientists & Technologists  

Shri S. Debnath, CFTRI 

Editor-in-Chief of Journal of Food 
Science and Technology, Association 
of Food Scientists and Technologists of 
India, Mysore 

Shri N.S. Mahendrakar, CFTRI  

Member of Plant Tissue Culture-
Association of India (PTCAI) 

Dr. N. Bhagyalakshmi, CFTRI  

 

1.9  HEALTH CARE, DRUGS & PHARMACEUTICALS 
CSIR has developed several cost effective and innovative processes for several 
generic drugs. Herbal drugs were standardized and pharmacopeial standard for 
Ayurvedic drugs were laid.  In addition CSIR is developing cost-effective and 
commercially viable technologies for a wide range of essential drugs, such as for 
anti-cancer, anti-virals, anti-bacterials, anti-glaucoma, anti-inflammatory, analgesics, 
and cardio-vascular among others. This has given much needed fillip to Indian drug 
industry to emerge as the largest producer of generic drugs in the world. CSIR 
laboratories are working in network mode within themselves and with some 
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pharmaceutical companies. Some of the significant achievements project-wise are 
given below: 

1.9.1  Progress made under Network Project 

I. Asthmatic and allergic disorders mitigation miss ion 

The emphasis is on to explore the mechanism of actions of the preparations / 
molecules on specific target sites to strengthen the claim with a view to mitigating 
asthmatic and allergic disorders covering biochemical, immunological, genetical and 
pharmacological aspects. 

Progress so far: 

Twelve lead molecules that inhibit one or more specific targets of bronchial asthma 
(i.e. 5-Lipoxygenase, cytosolic phospholipase A2, phosophodiesterase F4, 
cytokines) have been synthesized and purified. One of the molecules (5-
Lipoxygenase inhibitor) has been tested in-vivo in mouse model for anti-asthmatic 
activity.   Toxicity studies in animal model indicate high therapeutic window for the 
molecule (approximately thousand fold). Other lead molecules are being evaluated 
for in-vivo anti-asthmatic activity and toxicity. Predictive medicine and genetic 
polymorphism studies associated IFN-gamma and IL-4 with asthma in North Indian 
population.  Mustard seed and pollen have been identified as common allergens in 
Indian population. 

II. Newer scientific herbal preparations for global  positioning  

The project aims to develop effective standardized herbal formulations for use as 
health promoters, or for treating various disorders, adaptogens and 
immunomodulators etc. 

Progress so far: 

Twenty eight medicinal plants have been evaluated for adaptogenic, 
immunomodulatory, anti-oxidant & antilipidemic activities. Three Positive Health 
Promoter formulations (PHP-Anti aging/PHP-Cancer/PHP-Diabetes) have been 
designed from five identified promising plants in consultation with Ayurvedic experts. 

III. Predictive medicine using single and repeat po lymorphism 

It is proposed to build an Indian SNP (Single Nucleotide Polymorphism) database of 
common diseases and drug response related genes, which is in the larger interest of 
human health in general and predictive medicine & drug response in particular in the 
country. 

Progress so far: 

About 1700 samples belonging to 44 distinct endogamous populations for SNPs 
have been validated. 467 SNPs have been discovered representing all the major 
linguistic lineages and zones in the country. 950 non-overlapping genes have been 
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identified and located based on their relevance to various complex and monogenic 
disorders. 63 populations have been identified from different large and isolated 
subpopulations of 4 major linguistic lineages that are Indo- European, Austro-Asiatic, 
Dravidian and Tibeto-Burman from different geographical zones viz.North, South, 
East, West and Central.  Two genomic regions representing 140 SNPs i.e. 6 Mb 
region which could be potentially involved in schizophrenia and BPAD and  0.4 Mb 
gene involved in SCA12 has been analysed in 1695 samples.   

IV.  Drug target development using in-silico  biology 

The project aims to create and develop in-house capability in drug target 
development using in-silico biology; to design programmes for developing new 
software, which enables identification of therapeutic targets; to design and develop 
new tools for predicting toxicity and drug response in-silico; and to generate qualified 
and trained IT professionals for pursuing research in the area of bioinformatics. 

Progress so far: 

A comparative genomics method has been developed to identify non active site 
(structural determinants) of proteins as drug targets. Human micro RNA (miRNA) 
was identified as a potential therapeutic for HIV infection. Five new nontoxic targets 
have been predicted for Mycobacterium tuberculosis. A novel method for human 
GPCR protein prediction in human genomes has been developed. Potential 
candidate genes for Schizophrenia and Bipolar disorder using genetic information, 
pathway modeling and text mining software have been identified. 

V. Animal models and animal substitute technologies   

The project aims to influence the process of new drug development and toxicity/ 
safety evaluation of drugs/chemicals. It is envisaged to introduce state-of-the-art 
technologies for new drug development, which will reduce the average time taken for 
development of new drugs by 2-3 years from the current average of 12-14 years in 
addition to providing better understanding of the drug action and targets. 

Progress so far: 

Following facilities for screening & testing of new drug entities have been 
established: Yeast and Drosophila models for screening of anticancer drugs; two 
hepatotoxicants established in mouse model for detecting hepatotoxicity of the NCEs 
at levels lower than the doses which cause pathological changes; model based on 
Mycobacterium aurum developed for screening of the antitubercular NCEs. and 
Regulatory genotoxicity assays established. 

1.9.2  Scientific achievements under Non-network  p rogrammes 

CSIR laboratories, apart from working in networking mode, carry their R&D activities 
in non-networking mode also. Some of the scientific achievements are highlighted 
below: 
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Specific DNA probes and oligonucleotide primers for  PCR–based 
‘Tuberculosis Diagnostic Kit’  

CDRI has developed a sequence specific DNA probe for detection of Mycobacterium 

tuberculosis which is isolated from a l gt11 library of M. tuberculosis by DNA:DNA 
hybridization using genomic DNA as probe followed by subtractive hybridization with 
cocktail of other mycobacterial DNA.  This led to identification of CD192, a 1291 bp 
fragment of M. tuberculosis containing repetitive sequences, which produced positive 
hybridization signals with M. tuberculosis DNA within 30 min.  The oligonucleotide 
primers designed from this sequence for development of PCR based assay were 
evaluated directly in clinically diagnosed cases of pulmonary tuberculosis and 
tubercular meningitis along with controls in collaboration with KG Medical University, 
SGPGIMS and Command Hospital, Lucknow, GSVM Medical College, Kanpur, 
PGIMER, Chandigarh and JALMA, Agra. The sensitivity and specificity of 90 and 
100 % in sputum samples; 70 and 100% in cerebrospinal fluids and 78 and 100% in 
pleural effusion samples has been observed.  The detection of amplification product 
has been developed on two formats for commercialization. One format uses solid 
phase capture and sequence specific detection of PCR product while the second 
format is the quantitative Real Time PCR using Sybr Green and Taqman probe.  
Both assays allow detection of M. tb in clinical samples within 48 hrs.  The 
technology has been transferred to M/s Biotron Healthcare India Pvt. Ltd. Mumbai. 

Structural and functional features of the streptococcus pyogenes  
bacteriophage hyaluronate lyases 

CDRI has reported for the first time hyaluronate lyase having an oligomeric structure. 
Limited proteolysis and GdmCl denaturation studies demonstrated that the terminal 
region of the hylP2 protein is flexible whereas, the C-terminal portion has a compact 
conformation. A functionally active C-terminal fragment (S128-K337) of hylP2 protein 
has been isolated, and was stabilized in trimeric configuration. Structural and 
functional studies on isolated domain demonstrated that the active site of the hylP2 
protein is present in the C-terminal portion of the enzyme and this domain is also 
responsible for the stabilization of the trimeric conformation of the hylP2 protein. 
Detailed comparative functional studies with full-length protein and C-terminal 
domain demonstrated that the N-terminal portion of the enzyme modulates the 
enzymatic activity of C-terminal domain and is also responsible for specificity of 
enzyme for polysaccharide substrate. 

Anti-ulcer compounds 

CDRI studied the anti-ulcer activity of WG176P against cold restraint stress (CRU), 
aspirin, alcohol, pyloric ligation and chronic acetic acid induced ulcer models in 
rodents, and histamine induced duodenal ulcer model in guinea pigs and compared 
them with standard drugs omperazole and sucralfate. It showed significant anti-ulcer 
activity against all acute and chronic ulcer models. Among the various batches, one 
batch showed a very significant anti-ulcer activity. It also increased mucin secretion. 
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Antiulcerogenic and ulcer healing properties of plant extract 38C002/4483 was 
evaluated and found that 38C002/4483 decreased the incidence of ulcers and 
enhanced the healing of ulcers. Therefore, 38C002/4483 seems to be curative and 
prophylactic peptic ulcer. Compound 4484/C002, F005, F010 and K016 showed 
significant anti-ulcer activity was also found in 4627A001. 

Anti-leukemic compound from paan leaves 

IICB has discovered that a substance isolated from the leaf of the betel plant (piper 
betel) is able to induce death of cancer cells in chronic myeloid leukemia (CML) -- a 
type of cancer that attacks white blood cells.  The compound, that has the same 
structure as chlorogenic acid (Chl), kills cancerous CML cell lines without harming 
normal cells. Experiments were restricted to in-vitro studies on commercially 
available CML cell lines and primary CML cells from patients. In-vivo studies were 
limited to nude mice model that were transplanted with human CML xenografts. After 
extracting and purifying chlorogenic acid from betel leaves the researchers used this 
and its sodium salt NaCl in several CML cell lines purchased or obtained as gift from 
the United States, Italy and Japan. The  primary cells  for the in-vitro tests came from 
four CML patients  attending a local hospital.   Currently, there is just one drug 
available for treating CML-Gleevec, manufactured by the multinational Novartis. 
However, from the laboratory to the market, the paan leaf compound has yet to 
traverse a long developmental path.   

Immunobiological studies on experimental visceral l eishmaniasis 

IICB’s studies helped to understand the cause of defective cell mediated immune 
response in visceral leishmaniases and also to design an effective vaccine. It further 
shows that parasitised macrophges show increased membrane fluidity coupled with 
defective antigen presenting function. These defects could be corrected by 
decreasing membrane fluidity by liposomal delivery of cholesterol. Host protective 
antigen has also identified which is kinetoplasid membrane protein (KMP)-11.  

Slow solvation dynamics at the active site of an en zyme: Implications for 
catalysis 

IICB studied using a fluorescence probe, acrylodan, site-specifically attached at 
cysteine residue C229, near the active site. The picosecond time-dependent 
fluorescence Stokes shift indicates slow solvation dynamics at the active site of the 
enzyme, in the absence of any substrate. The solvation dynamics becomes still 
slower when the substrate [glutamine or tRNA (Gln)] binds to the enzyme. A mutant 
Y211H-GlnRS was constructed in which the glutamine binding site is disrupted. The 
mutant Y211H-GlnRS labeled at C229 with acrylodan exhibited significantly different 
solvent relaxation, thus demonstrating that the slow dynamics is indeed associated 
with the active site. 
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Oral delivery of Insulin & Hepatitis B vaccine  

IICT has developed oral delivery of Insulin and Hepatitis B vaccine. This new 
invention is a boon to the diabetic population showing the reduction of blood glucose 
levels comparable to that of the injectable Insulin. Similarly the oral delivery of 
Hepatitis B vaccine has demonstrated the generation of anti-body titres to a single 
dose of oral delivery comparable to that of injectable Hepatitis B vaccine. Oral 
administration of this vaccine provides the easiness in administering the vaccine to 
the infants and children.  

Recombinant Staphylokinase, a fibrin-specific clot- buster drug 

IMTECH has developed a process for high-level production of recombinant 
Staphylokinase. Staphylokinase is produced intracellularly using genetically 
engineered strain of Escherichia coli. Recombinant Staphylokinase is produced at 
high level using fed batch fermentation and purified protein is recovered after cell 
lysis and column chromatography. Patents for this technology have been filed in 
several countries to protect the IPR. The technology is currently being scaled-up with 
a commercial partner. 

Applied and basic insights into bioremediation path ways for nitro-aromatic 
pollutants  

IMTECH has studied the biochemistry and molecular biology of biodegradation of 
nitroaromatics (NACs). Degradation pathways of some of the lab-isolates (Ralstonia 
sp. SJ98, Burkholderia cepecia RKJ200, Arthrobacter protophormiae RKJ100) have 
been elucidated and included in the University of Minnesota 
Biocatalysis/Biodegradation Database. To assess the efficiency of PNP degradation 
and stability of the selected strain RKJ100 in the PNP-contaminated site, field 
studies were successfully conducted under conditions optimized earlier in microcosm 
and pot studies.  7 Kb genomic fragment containing seven ORFs was cloned from 
SJ98 (AY574278). The total microbial diversity of a NACs-contaminated site was 
also studied using ARDRA as well as changes in community pattern by T-RFLP. A 
method has been  designed named ‘tag and chase’ to track the degradative strain 
during bioremediation.   

Aspartic proteases inhibitors: implications in drug  development 

NCL has isolated a bacterium (Bacillus sp.) that lives under extreme environmental 
condition and produces an aspartic protease inhibitor (ATBI). ATBI has been 
characterized for its inhibition against HIV-1 protease, pepsin, and the protease from 
the fungus Aspergillus saitoi. The inhibitor is found to be a hydrophilic peptide with a 
molecular mass of 1147 Da.  Sequence homology exhibited no similarity with the 
known peptidic inhibitors of HIV-1 protease. Investigation of the kinetics of the 
enzyme-inhibitor interactions revealed that ATBI is a non-competitive and tight 
binding inhibitor of HIV-1 protease.  
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New lead molecules for malaria 

NIO has prepared the crude extract by the enzyme-acid hydrolyzing process from a 
marine organism (mussel) which shows a potent anti-malarial activity, when 
examined via in-vitro cultures of Plasmodium falciparum in human erythrocytes. The 
molecular entities responsible for anti-malarial activity was isolated & characterized. 
These molecules present themselves as promising candidate drugs for malaria and 
may be used in conjunction with conventional drugs. The active compound is 
relatively cheap to obtain and can readily be prepared in bulk without killing the 
mussel. The Mumbai-based company M/s Shreya Life Sciences has been licensed 
to commercialize the drug. 

 

 

 

 

 

 

 

 

 

 

Assessment of declining effect of the antioxidant c apacity and phenolic 
contents in Indian herbal teas due to long storage 

ITRC has carried out studies to assess the declining effect due to long storage of the 
anti oxidant capacity and phenolic contents, thereby affecting adversely the 
beneficial effects of Indian herbal teas.  The changes in the stability of antioxidant 
capacity with time and its relation to the phenolic content were evaluated in 8 Indian 
herbal teas.  These herbal teas are claimed to have multiple bioactivities from anti 
stress to anti hypertensive and memory  enhancer.  Anti oxidant capacity was 
determined over a period of 15 months from the date of their procurement using 
assays for SOD mimetic activity, LPO inhibitory capacity and total thiol content.  
These activities were found to decrease positively with time.  The study assume 
significance as most of the herbal teas available in the local market in India do not 
carry any information regarding time limit in use so as to maintain the beneficial 
effects of Indian teas.  

Assessment of toxic metals contaminants in food  gr ade silver foils 

ITRC has carried out studies to assess the toxic metal contaminants in food grade 
silver foils. FAO/WHO Joint Expert Committee on Food Additives (JECFA) has 
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included silver in the list of food additives but specifications are not prescribed and 
also Indian legislation has laid down a  purity requirement of 99.9%,  leaving scope 
of 0.1% margin of contamination. Of the 178 foils analysed, 161 (90%) contained 
silver, whilst 10% were fraudulently made up of aluminium. In the case of silver foils, 
46% of the samples adhered to the desired purity requirement of 99.9%, while 54% 
had a lower silver content. Copper was present in 86.3% of the silver foils, while 
chromium, nickel and lead contamination was found in over 54% of samples. 
Cadmium levels were detected in 28% of the silver foils and manganese was present 
in 6.8% of samples. In silver foils showing metal contaminants, average levels were 

found for nickel (487mgg-1), lead (301mgg-l), copper (324 mgg-1), chromium (83mgg-

1), cadmium (97mgg-1) and manganese (43mgg-1), The observations  justify the 
need to prescribe limits for some metals in food-grade silver foil. 

A new plant based hepatoprotective: Liv –1  

RRL, Jammu has licensed end-to-end package for single plant based herbal drugs 
as hepatoprotective against alcoholic and viral cirrhosis. The product is standardized 
based on two identified chemical markers. The formulation has been licensed to M/s 
Madley Pharmaceuticals Ltd., Mumbai. The company after conducting the proof of 
concept in humans  has finally launched the product as Liv-1 in both tablet and syrup 
forms.  The efficacy is concentration dependent where the  ED50 is  25 ± 5.0 mg/kg, 
p.o , ALD50 > 2000 mg /kg, p.o. and the therapeutic index is 80. Liv -1 is a 
standardized fraction, based on well-defined isolated and chemically characterized 
standardized markers, exhibits significant hepatoprotection against hepaptotoxin in 
animal studies.  The product exhibits at least 50% more hepatoprotective potential 
than any available commercial herbal formulation.  The drug can be used both as 
preventive and curative against hepatic disorders.   
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1.9.3 Human Resource Development 

CDRI 

·  The Institute continued to participate in DST sponsored Kishore Vaigyanik 
Protsahan Yojna; and  

·  Institute organized the CSIR Program on Youth for Leadership in Science 
(CPYLS) and during 27-28 December 2005. 9 meritorious students of Uttar 
Pradesh participated.  

IICB 

·  Summer training programme organized for 58 M.Sc. or M.Tech. students of 
different disciplines of different universities.  

IMTECH 

·  Summer training programme for M.Sc. (Biotechnology): 27 students 
participated; 

·  Winter training programme for M.Sc. (Biotechnology): 4 students participated; 

·  Institute has signed an MoU with Panjab University wherein scientists will 
participate in various teaching programmes of the University and the 
University will recognize and accredit scientists for guiding doctoral thesis; 

·  CPYLS programme: 27 students participated; and 

·  Training programmes on  “Maintenance and identification of cultures”. 

ITRC 

·  Hands-on training course on Genomics & proteomics, and  

·  A five-day training on analysis of pesticides and other organics 

1.9.4 Recognition & Awards 

Panjab University Pharmaceutical Science Oration 
Award 2004 

Platinum Jubilee Lecture Award from Indian Science 
Congress, Ahmedabad 

Prof. V. Ramakrishna Memorial Lecture Award of IIT, 
Delhi  

Gujral-Bhargava Memorial Oration Award of KGMU, 
Lucknow 

Dr. C.M. Gupta, CDRI 

CSIR Young Scientist Award-2005 in Chemical 
Sciences 

Dr. A. K. Mishra &  Dr. A. 
Kumar,  CDRI 

Dr. D.N. Prasad Memorial Oration Award and Gold Dr. G. Palit, CDRI 
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medal of Indian Council of Medical Research 

Elected Fellow, West Bengal Academy of Science & 
Technology (2006) 

Dr. A. K. Giri, IICB 

Kshanika Oration Award by ICMR 

Elected Fellow, Indian Academy of Sciences 

Dr. C.  Mandal, IICB 

Elected Fellow, Indian Academy of Sciences Dr. H. K. Majumder, IICB 

Shanti Swarup Bhatnagar Award for the year 2005 Dr. J.N. Agrewala, 
IMTECH 

Pitamber Pant National Environment Fellowship 
award 

Fellow of Association of Microbiologists of India 

Dr. R.K. Jain, IMTECH 

National Bioscience award Dr. G.P.S. Raghava, 
IMTECH 

Editorial Advisory Board of “Bioprocess and 
Biosystems Engineering” 

Dr. P.R. Patnaik, 
IMTECH 

Elected member of National Academy of Medical 
Sciences 

Dr. A.B. Pant, ITRC 

1.10  HOUSING & CONSTRUCTION 

CSIR has developed techniques and technologies covering the whole gamut of 
construction activities right from foundations to construction equipments. Newer and 
innovative building components developed have greatly helped the building industry 
to standardize optimal structural elements. In the area of structural engineering, 
CSIR laboratories have specialized in making design and analysis of special and 
complex structures such as high rise, long span, suspended, offshore, ships etc. and 
in the integrity assessment of these structures.  CSIR is also known for its 
contribution to the roads sector through designs and constructions techniques of 
rigid and flexible payments using local skills and material resources. CSIR is 
excelling in these areas both through network and non-network modes. 

1.10.1 Progress made under Network project 

CSIR is operating three network projects. The achievements during the year are 
presented below. 

I. Developing new building construction materials a nd technologies 

It is envisaged to develop low cost/ alternative building construction materials such 
as bricks, blocks, tiles, boards, cement/ concrete products, fibre reinforced 
composites, wood substitutes, coatings, sealants, paints, pigments etc. to replace/ 
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supplement the conventional building materials which are in short supply in the 
country. 

Progress so far: 

Several small yet useful processes were developed, such as: (i) a process for 
making clay fly ash bricks demonstrated at commercial plants, (ii) a wood substitute 
from agro-industrial wastes with polymeric binder-  composites using paddy husk 
powder and plastic waste, (iii) jute polymer based composites using marble slurry, 
polymers and fire retardant Jute fibres developed and evaluated, (iv) corrosion 
resistant conducting coating systems for reinforcing bars-coatings based on epoxy 
and acrylic resin formulated, and evaluated. Results indicate epoxy based coatings 
are superior to acrylic based coatings. Control of pollution from mixed feed lime shaft 
kilns and small capacity fixed Chimney brick kiln-SPM level of lime kiln reduced by 
30% by using improved scrubber and packed Bed Demister Unit. SPM level of brick 
kiln reduced by 50% by constructing Gravitational Settling Chamber (GSC) with a 
stack height above 30 m.  

II. Design analysis and health assessment of specia l structures including 
 bridges 

Early detection of structural health degradation can help in prevention of catastrophic 
failure. One method of health monitoring is by the use of fibre optic sensors, which 
allows the acquisition of valuable information about the structural integrity, 
environment and behaviour of structures, without damaging the chemical and 
physical properties of the materials used in the structure. This would develop 
expertise in applying these sensors to real life problem. 

Progress so far: 

Studies relating to advanced analysis and design methods for steel frames, and 
experimental investigation of frame connections have been completed. Wind tunnel 
experiments were performed on three sectional models of cable stayed bridge decks 
viz., Model A - open channel section,  Model B – open channel section with fins  and 
Model C – box girder section with fins.  Wind tunnel investigation on across-wind 
response of prismoidal structures having different cross sectional shapes under 
atmospheric wind has been completed. A data base for fatigue and fracture 
behaviour of pipes and elbows has been developed for in-house use.  Experimental 
studies were carried out for evolving suitable procedures for embedding fiber optic 
sensors in concrete structures.  Suitable techniques have been developed to protect 
the sensors against damages during concreting and compaction. A few studies were 
conducted on health assessment of actual structures including a flyover bridge at 
Visakhapatnam and railway bridge at Tiruttani.  
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III.  New and improved road technologies 

The project aims to provide the cutting edge technologies for developing the required 
road infrastructure with reference to construction materials for specific purposes, 
drainage systems, road management systems, information systems, and models for 
traffic measurement systems etc. 

Progress so far: 

Performance evaluation of test section of micro-surfacing using natural rubber latex 
has been carried out.  Screening and characterisation of feed stock for modification 
of bitumen by molecular alteration in short residue by polymerisation and 
condensation have been completed. HPC sections laid at CRRI campus and at 
Dhaula Kuan are under periodic evaluation. Repair of roads with high performance 
concrete and high performance fibre reinforced concrete has been carried out. Vinyl 
ester based polymer concrete specimens have been made for compressive strength, 
stress-strain, flexural strength, split tensile strength, impact resistance, thermal 
resistance, bond strength to concrete substrate. Optimum polymer dosage for 
compressive strength was 13% from workability point of view.  

1.10.2  Scientific achievements under Non-network p rogrammes  

Flooring & paving tiles 

CBRI has developed a method to utilize the sanitary waste in the production of 
heavy-duty flooring/ paving tiles utilizing specially developed hard cement matrix to 
bind the waste together. The process is economical, simple and the product can be 
used for industrial floorings and also as paving blocks of high quality far exceeding 
BIS specifications. 

Acid-resistant tiles 

CBRI has developed a process to bind the sanitary waste into acid-resistant tiles and 
bricks with an acid resistant ceramic binder. The binder provides the liquid phase, 
required for sintering the waste to strongly bind it into acid-resistant tiles and bricks. 
The quality of tiles and bricks so produced conform to BIS requirements and are 
economically viable. The work has opened up new possibilities of studying other 
ceramic wastes like pottery waste, electric insulator waste, blast furnace slag, flyash 
etc. for utilization in the production of high strength construction components like 
curb stones, high tare traffic pavers, beam receptacles/ bearing blocks etc by 
ceramic binding processes. Construction components requiring high chemical and 
acid resistance can also be produced using these wastes. 

Vibration control of buildings and structures subje cted to multi-axial excitation 

SERC has tested two pairs of laminated bearings made of natural rubber with two 
different shore hardness values using a specially fabricated fixture.  In the test 
program, excitation frequency, applied axial load and the shear deformations were 
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varied.  From the measured response parameters, the force-displacement hysteretic 
loops were obtained.  Using these hysteretic loops, dynamic characteristics of the 
isolator specimens like dynamic stiffness and damping were calculated, and further, 
the values of storage modulus, loss modulus and the loss factor of these specimens 
were evaluated.  The study showed that the stiffness of the isolator specimens 
decreased with increase in axial load and shear deformation.   

Health assessment of bridges and other structures 

SERC has designed fiber optic sensor based structural health monitoring towards 
predicting the time-dependent losses in prestressing steel and evaluating the stress 
condition of concrete in the beam. A post-tensioned prestressed concrete I-beam of 
5.2m long was prepared and instrumented with embedment type and surface 
mounting type EFPI fiber optic sensors at mid span and one quarter span. Adjacent 
to fiber optic strain sensors, surface mounting type vibrating wire strain gauges were 
also instrumented to compare the response of fiber optic strain sensors. Strain and 
temperature values from all the sensors were recorded during prestressing and 
applied prestressing force was computed. Monitoring the performance of the 
instrumented prestressed concrete I-beam has been carried out over 225 days.  
From the results, good comparison was observed between the strain values 
measured by fiber optic strain sensors and vibrating wire strain gauges. Time-
dependent prestress losses have been computed from the measured data and these 
values are comparing closely with the ACI method.  
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1.10.3 Human Resource Development  

CBRI 

·  Exhibitions, training programmes, orientation programmes, interactive meets etc. 
are organized as part of a continuing extension activity of CBRI catering to the 
local requirements of cost, safety and comfort in rural and urban housing.  

·  Training/Orientation Programmes  

8 science teachers of selected schools and colleges of Roorkee were trained 
under the CSIR programme on Faculty Training Motivation and adoption of 
schools and colleges by CSIR Labs. 

·  Interaction/ Awareness Meets 

�  Under the CSIR Proramme on Youth for Leadership in Science (CPYLS), 12 
brilliant students who have passed Class X examinations securing top 
positions in Uttranchal at CBRI, Roorkee participated along with their parents/ 
teachers  

�  Interaction meetings were held with more than 100 science students from 
SSDPC Girls’ Degree College and GIC School Roorkee and their teachers 
with the scientists of CBRI under the CSIR programme on “Faculty Training  
Motivation and Adoption of schools and colleges by CSIR Labs.” One week 
Workshop was also arranged on “New Emerging Areas of Science”.  

CRRI 

Training programmes on 

·  ‘Wind analysis modulus’; 

·  ‘Usage of jute geotexties in PMGSY roads’; 

·  ‘Highway engineering materials and construction technologies’; and 

·  ‘Soil investigation and ground improvement techniques for highway projects’ 

SERC 

·  National Programme for Capacity Building of Engineers in Earthquake Risk 
Management; 

·  The Annual Technical Symposium of Structures Panel of AR&DB; 

·  Workshop on ‘CSIR E-Journals Consortia; 

·  CSIR Programme on Youth for Leadership in Science (CPYLS);  and 

·  CSIR automobile industry get-together on advanced manufacturing 
technologies. 
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1.10.4 Recognition & Awards 

Raman Research fellowship Dr S. A. Jayachandran, SERC 

 

1.11 INFORMATION DISSEMINATION & PRODUCTS 

Realising the inevitable explosive growth in the IT sector and knowledge based 
society powering the current century, CSIR laboratories have evolved strategies to 
derive the benefits from the rich data and information base greater and the update of 
domain knowledge possessed. One of the major initiatives towards this is to work in 
Network mode.  

1.11.1  Progress made under Network projects 

I. Comprehensive traditional knowledge digital libr ary (TKDL) 

The project envisages to collect and collate traditional knowledge that exists in public 
domain by creating a database on this knowledge in five international languages i.e. 
English, German, French, Spanish and Japanese and making these available to 
patent examiners throughout the world to prevent the grant of bad patents. The 
codified knowledge of the country will be converted into easily accessible and 
retrievable patent application digital format. 

Progress so far: 

Database has been created on Traditional Medicinal formulations comprising 13 
million A4-size pages of data on transcribed 62,000 formulations in Ayurveda; 
60,000 formulations in Unani; and 1,300 formulations in Siddha.  Other 
achievements include i) value addition to the database on medicinal plants for 500 
species, ii) digitization of more than 50,000 herbarium specimens, iii) preparation of 
datasheets for 750 primary information and over 8,000 secondary information on 
Tribal Knowledge, iv) creation of five video films on Tribal Knowledge, v) preparation 
of TKRC on Traditional Foods and collection and entry of data on 70 traditional 
cuisines, and vi) preparation of TKRC on Traditional Architecture and construction 
Technologies and entry of 105 items in the data entry software. 

TKDL has been receiving wide international coverage, 76 news papers covered 
TKDL in their articles in the month of December, 2005 only.  Some of the leading 
newspapers which covered TKDL include Washington Post, London Times, Wall 
Street Journal, etc.   

EPO, USPTO, UKPO, Japanese Patent Office, and Swedish Patent and Trademark 
Office have requested to have an access to TKDL database on Indian system of 
medicine under non-disclosure agreement for search & examination purposes. EPO 
has guaranteed confidentiality and proper usage control of the TKDL database.  
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TKDL has made an impact worldwide as one of the effective method of defensive 
protection of TK.  Several countries and organizations have shown keen interest in 
creation of TKDL for their own countries with the objective of defensively protecting 
their own TK. 

II. National science digital library (NSDL) 

The project aims to contribute to national development by reaching the un-reached 
i.e. science & engineering students of undergraduate, postgraduates level located in 
far flung areas by making them available e-learning facility and access comprising 
curriculum-ware-text books, help books, question banks, etc.; to facilitate access to 
remote areas at level similar to Metros; to contribute in preparing future scientists, 
researchers and engineers and ultimately to have professional of high calibres in 
large numbers; to design and adopt/adapt state-of-the-art technologies in digital 
library solutions suiting the national needs. 

Progress so far: 

Working Groups in twelve subject disciplines were constituted which short-listed the 
e-books and their likely contents, and the authors for writing various chapters.  Some 
technical documents including Software Requirement Specifications (SRS) for NSDL 
Portal, Detailed Project Report (DPR) of NSDL, Request for Proposal (RFP) for Data 
Centre, Project Management Plan (PMP) and Quality Assurance Plan for the project 
were finalized. 

III. Consortium access to electronic journals 

The project aims at providing CSIR S&T staff electronic access to S&T literature 
worldwide to strengthen the facilities for pooling, sharing and electronically accessing 
the CSIR information resources; and  to nucleate the culture of electronic access 
with a view to catalysing the evolution of digital libraries. 

Progress so far: 

Agreements with 11 international publishers were made and as a result all CSIR labs 
are able to access 3300 journals. The post agreement monitoring for all the above 
11 publishers is being done regularly. Usage statistics of 11 publishers are being 
regularly organized and loaded on search interface & monitoring system gateway so 
that user labs can use it. A Search Interface Gateway and Complaint Monitoring 
System has been developed, intended for user-friendly access to journals available 
in consortium from various publishers. The monitoring system also has a built-in 
system to manage and record the problems of the users while accessing E- journals 
of various publishers. 
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1.11.2 Scientific achievements under Non-network  p rogrammes  

Dissemination of information to S&T Community 

NISCAIR publishes nineteen scholarly journals of international repute, covering all 
the major disciplines of science and technology. Two of the its journals, namely 
Indian Journal of Traditional Knowledge (IJTK) and Medicinal and Aromatic Plants 
Abstracts (MAPA) have been included in the coveted list of ‘Prior Art Journals’ used 
for prior art search before grant of patent(s) by the International Search Authorities. 
India is one of the 13 nations whose journals have been included in this list. The 
papers published in the journals are indexed and abstracted in most of the 
international indexing and abstracting journals and thus provide international 
exposure to Indian R&D workers. The contents and abstracts of all the periodicals 
are regularly updated on the NISCAIR’s website: www.niscair.res.in. Special issues 
were brought out by various journals on specific topic from time to time. 

Subscriber base and impact factor 

Continuous efforts towards improving the quality and subscriber base of the journals 
are yielding very good results. There has been a steady increase in the subscriber 
base (~ 20 % per annum) and many of the NISCAIR journals are covered by the 
Science Citation Index and have an impact factor varying from 0.087 to 0.509, quite 
respectable among Indian journals. 

Science popularization 

NISCAIR publishes three well-circulated popular science magazines, Science 
Reporter (English monthly), Vigyan Pragati (Hindi monthly), and Science ki Duniya 
(Urdu quarterly) apart from a number of popular science books and an encyclopedic 
science dictionary, with a view to generating awareness about scientific 
developments and creating a scientific temper among the students and common 
men. The institute also focuses on the R&D activities of CSIR labs through the 
newsletters—CSIR News and CSIR Samachar. 

Science Reporter 

Launched in 1964, Science Reporter, entered into 43rd year of publication in 2006. 
This  is one of the oldest English language popular science monthlies published in 
India, enjoying a wide readership throughout the country.  During  the year it 
continued with its objective of providing to its readers topical coverage of issues in 
various fields such as information technology, wildlife, environment, space, nuclear 
technology, health and biotechnology as well as light reading material such as 
humour, amazing scientific facts, profiles of scientists, science projects, inventions 
and discoveries and much more. Special issues were brought out on specific topics 
time to time.  



 

 72 

Vigyan Pragati  

This widely circulated monthly popular science magazine in Hindi was launched in 
1952. Running in its 55th year Vigyan Pragati endeavors to introduce its readers with 
the important current events/issues in an easy to understand manner. Special issues 
on various topics are also brought out from time to time. All columns of the magazine 
are not only very interesting but are also capable of creating inquisitiveness in the 
mind of its readers. It has various columns as Science News; Science Quiz; 
Chitrakatha; Career; Honours and Awards; etc.  

Science Ki Duniya 

Science Ki Duniya, the quarterly popular science magazine in Urdu, is one of the 
widely read Urdu magazines in the country. It entered into 32nd  year of publication in 
2006. Science Ki Duniya continues to disseminate information on current scientific 
topics in an easy-to-understand and attractive manner. During the year, it covered 
articles on Tsunami; allergy; gastric ulcer; DNA secrets; biotechnology; spirulina; 
homeland security; coral; heart attack; diabetes; hypertension and high blood 
pressure; herpes; e-governance; stem cells; pneumonia; etc. 

CSIR News 

CSIR News, the fortnightly newsletter of CSIR is intended to serve as a useful link 
among the various CSIR establishments and to communicate 
activities/accomplishments of the Council to other R&D organizations, universities, 
S&T agencies/departments, industry and other users, mass media, etc. Launched in 
1950, it also disseminates information regarding CSIR to other countries through 
Indian missions abroad and foreign missions in India. Several special issues on 
different occasions were brought out during the period, viz. (i) Technology Day 
celebration, (ii) CSIR Society Meeting, (iii) CSIR Foundation Day and (iv) CSIR 
Diamond Jubilee Technology Award  (2004) and Shanti Swarup Bhatnagar Prizes 
(2004-05). Other issues covered were CSIR e-Journal Consortium, ‘A quick Search 
Reference Guide’ and 93rd Indian Science Congress. The issue on Indian Science 
Congress published speeches of Dr. Manmohan Singh, Prime Minister of India, Shri 
Kapil Sibal, Minister for Science & Technology and Ocean Development, and Dr. 
R.A. Mashelkar, Director General, CSIR. 

Bharat Ki Sampada 

Bharat Ki Sampada- Prakritik Pradarth is a scientific encyclopedia in Hindi 
Language. This encyclopedia, launched in 1969, is the Hindi version of ‘Wealth Of 
India – Raw Materials’ covering the raw materials of India in terms of plants, animals 
and minerals. 

Ten volumes and two supplements of Bharat Ki Sampada have already been 
published. The XI volume shall cover 110 articles whereas remaining 46 articles 
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shall form Volume XII.  In addition, Volume XII will also have a cumulative index of 
Bharat Ki Sampada Series.  

Out of 110 articles, scheduled for publication in Volume XI, 97 articles have already 
been updated, translated and edited. These articles have also been data entered 
and are in the process of conversion into digital form.  

Raw Materials Herbarium & Museum (RHMD) 

RHMD houses authentic samples of economically important raw materials of plant, 
animal and mineral origin of India to cater the needs of scientists, researchers, 
industry, entrepreneurs, students and the public. At present, it holds 6478 plant 
specimens, 190 zoological specimens, 207 mineral samples, and 2000 carpological 
samples ( crude drugs, roots, seeds, bark, wood, etc.). Over 1000 visitors comprising 
students, teachers, researchers, scientists, entrepreneurs etc., visited the herbarium 
during the year. Based on the infrastructure facilities and expertise available with 
RHMD, a consultancy service against payment of moderate fee is being offered 
since January 1994 with the objective of helping students, research scientists and 
pharmaceutical industries.  

Online information retrieval services 

NISCAIR helps by providing a list of research papers in the scientists’ field of interest 
during a specified period.  During the period, a total of around 93 orders have been 
registered for translation from ten foreign languages (Chinese, Czech, Dutch, 
French, German, Hungarian, Japanese, Polish, Portuguese, Russian, Slovak and 
Spanish).  

NISCAIR website and full-text search of selected NI SCAIR journals on website 

NISCAIR website, http://www.niscair.res.in, is being hosted on NISCAIR’s own 
server. Content pages along with abstracts of the papers published in all the 
NISCAIR journals/magazines are being made available regularly. Full contents of 
nine research journals are available on NISCAIR’s website. Efforts are being made 
to provide full contents of all the remaining NISCAIR journals on web. This has 
helped in increasing the reader base of these journals. Citations of papers published 
in these journals have also increased, thereby improving overall impact factor of 
these journals. 

Facility Management Software 

NISCAIR has also developed and deployed some generic small applications, which 
can be deployed in other CSIR laboratories. These include: 

Document Management Information System (DMIS): In NISCAIR as well as in 
various other laboratories of CSIR, DMIS enables the controlling officer of an 
organization/division/section to view the movement of the documents and take 
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appropriate decisions. Moreover, file status can be checked, and any officer can 
know the status of his file or receipt instantaneously. 

Other user friendly software developed and used by NISCAIR are: Attendance 
Monitoring System (AMS), Online Submission of Application for Recruitment, 
Reception Management System (RMS) and Vehicle Management System (VMS).  

IT literacy programme 

NISCAIR has brought out a series of seven simple-to-use, practical books on various 
subject areas of IT in English. Some of these books have been also translated in 
nine Indian languages, viz. Hindi, Punjabi, Tamil, Kannada, Gujarati, Marathi, 
Bangla, Malayalam and Urdu, with a view to enhancing IT literacy among a much 
wider cross-section of the society. Already 65 of the 70 translated versions have 
been brought out and the rest are in various stages of processing. Over 55,000 
copies of these books have already been sold. Bulk purchase orders for the IT books 
have been made by National Council for the promotion of Urdu Language, Ministry of 
HRD, Govt. of India; Department of IT, Chandigarh Administration, Chandigarh and 
Delhi Government. 

Attitude-behaviour consistency: an empirical study of Indian scientists 

NISTADS explored the attitude-behaviour consistency among scientists (n = 490). 
The results showed five dimensions of scientist’s research-related attitudes: a) 
attitude towards utilitarian aspects of research; b) attitude towards scientific research 
per se; c) attitude towards institution; d) attitude towards professional-self and e) 
attitude towards individual self. The study reaffirms the attitude-behaviour 
consistency hypothesis in the field of science. Attitudes pertaining to the professional 
characteristics are explained more by the nature of the scientific role rather than by 
the biographical features of respondents. The study also revealed that scientist’s 
position on various dimensions varied with the stage of her/his career. 

1.11.3  Human Resource Development 

NISCAIR 

·  Training to students of B.E., B.Tech, M.E., M.Tech, M.C.A & M.Sc,  

·  Continuation of the two year academic programme “Associateship in 
Information Science”,  

·  Short Term Courses on Information Technology for Information Management, 

·   Organised two courses on Library Automation and Resource Sharing,  

·  On-the-job Attachment Training Programmes for SDC sponsored candidates, 
and  
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·  SAARC Workshop on “Recent Developments in Library and Information 
Science and Creation of Digital Libraries”. 

1.12 LEATHER 

Central Leather Research Institute is the largest leather institute in the world.  
Through inputs of S&T and extension activities it has been transforming the leather 
industry to a modern, vibrant, environment responsive industry. CSIR’s pioneering 
inputs have been at all stages of the industry’s activities starting from techniques for 
flaying of dead animals to storage of skins, using ‘no’ or ‘less’ salt, to appropriate 
time saving and low pollution tanning and processing techniques, to ‘low chrome’ 
and ‘no chrome’ tanning chemicals, to modernization by computerization of net 
operations in tanning, to new techniques for generating value added specialty 
leathers, to computer aided designs for footwear, garments, and goods, fashion 
colour forecasting export certification and not the least of all in creating the human 
resources needed for the leather industry and the R&D in the sector.  It had 
successfully mounted a pioneering Leather Technology Mission for the sustainable 
development of the Indian leather industry with vast grass-roots coverage. The 
network programmes address the needs and priorities of the country 

1.12.1 Progress made under Network projects 

I. Standardization of technologies for bioresources  for and from leather 

The project envisages consolidating lead processes and products and developing 
technologies with commercial applications.  

Progress so far: 

Bench scale processes for a total of seven bio-products (lipase and protease) for use 
in leather processing have been standardized. Three collagen products 
commercialized for human health care applications. A ‘Knowledge network’ on the 
area has been formed. 

II. Environment friendly leather processing 

The project aims to design, develop and disseminate through appropriate measures 
viable technologies environment friendly leather processing in India at near-zero 
environmental risk; to develop technologies for reducing the consumption of water in 
leather processing; to secure technology options for reducing the TDS level. 
Progress so far: 

A number of small yet useful achievements have been reported, such as: (i) basket 
of technologies for reduction of TDS to <5000 ppm developed and demonstrated, (ii)  
reduction of waste waters from 17 liters for processing raw skins and hides into wet 
blue developed and standardized. The process has been engineered and a pilot 
plant is being commissioned under private-public partnership mode at CLRI, (iii) 
technology packages for zero liquid discharge from leather processing activity 
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developed. Prototypes and pilot plant including membrane bioreactor, forced 
evaporation system, winning water from wastes for leather, Zero Emission Research 
Initiative for Leather commissioned, (iv) a bench scale (10 L capacity) reactor for 
nitrification and denitrification process for treatment of tannery wastewater designed 
and fabricated, and (v) a prototype for electro flocculation system for sectional waste 
waters designed and fabricated. RO plant with 50 m3  water production capacity in 
20 hrs operations designed and fabricated. 

1.12.2 Scientific achievements under Non-network  p rogrammes 

Engineering shoe design 

Some of the initiatives in footwear science and engineering include toe caps for 
protective footwear, development of therapeutic footwear. CLRI has developed 
custom made shoes based on specific foot measurement.  By using rocker bottomed 
sole, the pressure from the forefoot of patients can be off-loaded Rocker bottomed 
sole reduces the angle of flex so that the foot remains relatively flat and the energy 
spent is less. The ulcer is at rest and devoid of friction. Muscle strains are reduced 
and chance of healing is enhanced. The extra depth PU unit sole has a special tread 
for better grip and traction with a specially derived angle of slant to give the rocker 
effect, which is essentially used to offload pressure. 

Foot-care product design 

CLRI has designed rehabilitation sandals for comfort and pain mitigation in children 
with flat foot deformity. These sandals have been designed as a medical-aid with 
anatomically shaped step-on sections, which have been mathematically derived. 
This is useful both for prevention as well as for medical treatment of fallen arches. 
Special footwear has been designed for leprosy patients by taking biomechanical 
principles into consideration to recognize high stress  areas of the foot and deal with 
them before ulceration occurs.  

Combining leather with other materials for volume m arket products 

CLRI has designed and developed new combination products of non-woven 
materials and leather with a view to position India in the low price and high volume 
segment of leather products. Innovative products with aesthetic appeal and cost 
effectiveness have been designed and fabricated. Exclusive and exotic products for 
home furnishing from CLRI innovations, offer a new avenue for novel design 
applications. 

Collagen based biomaterials for human health care a pplications 

CLRI has developed Gelatin microspheres and evaluated SSD loaded Collagen 
membranes for wound healing. It was found that wound healing is accelerated by ~ 
60%. 
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Pickle liquor recycling 

CLRI has standardized two approaches, viz., recycle/reuse of pickle liquor for the 
subsequent batches as well as resorting to pickle free alum–chrome combination 
tanning systems.  A recycling methodology for pickle liquor with appropriate 
replenishments has been standardized. The use of potash alum for the pH reduction 
process has been successfully employed in place of the conventional process. 
Significant levels of reduction in TDS are obtained through both approaches. Pickle 
liquor recycling and pickle free alum chrome combination tanning systems offer 
viable technology options to overcome problems of TDS in the effluent. 

Connective tissue biology 

CLRI has standardized a novel rat model for acute myocardial infarction using the 
surgical technique of coronary artery ligation. This study conclusively shows that 
initiation of complement activation is observed to be significant at the 8th h of acute 
myocardial infarction induced by coronary artery ligation in rats. A tetrapeptide 
derivative developed has been found to have antinociceptive activity as shown by 
tail-flick model and acetic acid induced writhing in rats. It also exhibits antipyretic 
effect as demonstrated by lipopoly saccharide – induced pyrexia model in rats. The 
study demonstrates that this tetrapeptide derivative suppresses the proliferation and 
induces apoptosis in cultured synovial fibroblasts from collagen induced arthritis in 
rats. This study also confirms that this tetrapeptide inhibits nitric oxide level in 
cultured synovial fibroblasts. An alternative therapy is developed for the treatment of 
arthritis in rats.  

Reversing process steps in leather 

CLRI has innovated a new process paradigm using narrow pH profile processing of 
leather as well as reversing process operations. Operations, which are normally 
carried out as post tanning steps have been carried out at pre-tanning stage with 
considerable benefits in material economy and reduction in process wastes. 

Electro catalytic oxidation 

CLRI has developed a technique based on generation of high concentration of 
hydroxy radicals for oxidizing organics at a faster rate. The reactor used for the 
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generation of hydroxy radicals consists of non expendable anodes and cathodes and 
nickel impregnated meso porous activated carbon which forms the third phase. It 
constitute several electrochemical cells and generate a high concentration of 
hydroxy radicals.  Thus, the wastewater of any strength can be treated using low 
electrical energy input. 

Biotechnology of leather: towards cleaner processin g 

NCL has screened several enzymes for application in leather manufacture. Two 
proteases, a lipase and an amylase were found to be suitable. Optimization of 
protease production with respect to media composition, age of the stock, age and 
medium inoculum, pH and temperature were carried out in shake flasks. The 
production of both the proteases was scaled up in 5 L instrumented fermentor and 
yields were comparable to those obtained in shake flasks. Protease 1 was also 
scaled up in 100 L fermentor. Maximum yields were obtained of Protease 1 and 
Protease 3 in 60-72 h and 120 h, respectively. Complete dehairing of skins and 
hides was achieved with 0.5-2% Protease 1 and Protease 3 without lime and 
sulphide. Based on the evaluation trials conducted at CLRI, both the proteases viz. 
NCL Protease 1 and NCL Protease 3 were selected as lead products for enzymatic 
dehairing for commercialization. 

  

 

 

 

 

 

 

 

1.13  MATERIAL, MINERALS, METALS & MANUFACTURING 

CSIR laboratories have played a significant role in the development of special 
materials for aerospace, defence and sophisticated industrial sectors viz. electronic 
materials such as amorphous and polycrystalline silicon, ferrites, gallium, 
luminescent phosphors for display, piezoelectric, high purity alumina, conducting 
polymers, silver pastes; aerospace materials such as high density carbon-carbon 
composites, Nalar - a Kevlar equivalent high strength fibre, aluminium – lithium 
alloys, high performance industrial materials such as silicon carbide, silicon nitride 
bonded silicon carbide, silicon carbide whiskers; aluminium-metal matrix and 
aluminium-graphite composites; special glasses for optical fibres, infrared range 
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finders, laser glasses radiation shielding glasses and sol-gel techniques for glass 
coatings etc.; and superconducting materials. 

CSIR has made significant contributions to all aspects of mining operations, 
especially in coal mines (to the exclusion of only heavy mining equipment). CSIR 
studies and efforts on subsidence prediction and control have enabled the extraction 
of coal locked up in pillars and underneath surface structures and water bodies. 
CSIR has been the principal source for designing appropriate mine ventilation 
systems and now for the mine disaster management in the country. CSIR is getting 
an edge in these areas both through Network and Non-network projects. The 
progress achieved is presented in following paras. 

1.13.1 Progress made under Network projects 

I. Custom tailored special materials 

Advanced information and communication technology and ultra-fast processing 
devices are based on custom tailored special materials. It is envisaged to generate 
strong knowledgebase and up-to-date expertise by developing new generation 
materials like novel non-linear optical materials, bio-molecular electronic materials 
and functional nano-materials. The knowledgebase would be needed by both the 
Indian industries and also the strategic sectors to remain globally competitive in 
terms of technological and financial advantages. 

Progress so far: 

Gold (Au) nanocluster doped films in SiO2 and mixed SiO2-TiO2 hosts have been 
prepared on glass substrates and characterized by different techniques.  Also a 
process for solid state processing of Ba(Mg1/3Ta 2/3)O3 , Ba(Zn1/3Ta2/3)O3 and 
(RE)TiNbO6  and (RE)TiNbO6 ceramics has been developed. Porous nano alumina 
powder and tape cast multi layer composites (MLC) of 3, 5, 10 and 20 layer 
configurations prepared to about 63 to 70% theoretical density, showed much higher 
failure energy (10 -70 KJm-3) than that (4.38 KJm-3) of the porous nano alumina 
single tape. A new series of La2Mo2O9 based oxides of the general formula La2Mo2-x 

NbxO9 where x �  0.4 were prepared by a citrate-nitrate combustion process and the 
electrical and thermal properties were evaluated. The composition with the lowest 
Nb-doping, viz. La2Mo1.94Nb0.06O9, exhibited a conductivity of 0.113 S/cm at 800oC, 
which is nearly double that of the undoped material and this is the highest value so 
far reported in this family of oxides.  

Fullerene (C60) doped glasses for  non-linear optic al (NLO) application 

Fullerene has large number of p -electrons on its surface and hence sensitive to 
light. High concentration C60-doped bismuth borate glasses are synthesized by 
using chemical bond formation ability of C60 with Bi and B. Color of the glass varies 
with the extent of the reactions.     
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II. Capacity building for coastal placer mineral mi ning 

In spite of having maximum enriched placer deposits, India continues to play a minor 
role in the marine mineral export compared to other dominating countries that have 
lesser potential than India. There is a high scope to improve the status of Indian 
placer export market through the development of indigenous mining and processing 
technology especially for buried placers and offshore resources. It is aimed to 
enhance the capability of country’s technologies in the field of placer mining. The 
output of this work would put India as a global leader in this field, besides 
appreciable economic returns from the export potential. 

Progress so far: 

Ground Penetrating Radar (GPR) has been attempted along many profiles ( 8 
profiles during two field seasons) to find out the thickness of placer mineral layers. 
Validation of GPR data with ground truth has been established. About 10 km along 
Malvan Coast, South Maharastra and few beaches of Goa have been surveyed for 
placer mineral exploration. New deposit has been reported. Geo-statistical modelling 
of few selected deposits completed for some placer deposits. About 10km of virgin 
coast of west Bengal has been regularly sampled and the percentage of placer 
minerals are being assessed. The field data shows more deposits in dune areas upto 
the depth of 6 m. Bio-indicator method for placer exploration has been established 
based on pellets crated by the coastal fauna. Field data have been collected and 
analysed. Knelson and other concentrators are being experimented for placer 
mineral separation with different gains. Demonstration of column floatation 
techniques have been demonstrated successfully for the separation of sillimanite 
and garnet. Computer software named PLACER FLOW has been developed and 
demonstrated to various placer mineral processing companies. 

III. Developing capabilities in advanced manufactur ing 

The project aims to explore the applications of advanced manufacturing methods 
and to upgrade the indigenous expertise both in manufacturing automation and near 
net shape manufacturing to become self-reliant. 
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Progress so far: 

The dental implant (with threaded/smooth surface) made of Ti-6A1-4V alloy 
developed and coated with hydroxyapatite (HAp). Human trials with the implants 
were also carried out with this technique at Main Hospital, Durgapur before dental 
surgeons. The HAp coated dental implants are being evaluated in-vitro and in-vivo 
and the results are encouraging. Yet another component was optimization of process 
parameters for Metal Injection Moudling for use in the production of engineering 
components.  

IV. Biomineral processing for extraction of metal v alues from ores and 
 concentrates and wastes 

The project aims at bioleaching of low  grade copper ores of Malanjkhand (0.3%Cu); 
Bioleaching of uranium (UCIL, 0.026% U); Strain improvement; Continuous down-
stream processing for recovery of metal values (10 litres/hr capacity). 

Progress so far: 

Bioleaching  of low grade copper ore of Malanjkhand (0.3%) was carried out in shake 
flasks by varying parameters like pH, pulp density and particle size. Leaching 
kinetics was studied using mixed culture containing acidophilic microorganism. The 
copper recovery was around 40% in 50 days at a pulp density of 20%. Likewise, 
bioleaching of Uranium (UCIL 0.02% U) was carried out using acidophilic 
microorganism by varying parameters like pH, pulp density and particle size. 
Uranium recovery was more than 70% in 30 days of leaching.  

V. Technology for engineering critical analysis  

The project aims at development of technology for engineering critical analysis of the 
following components: pressure vessels and pipelines of the thermal and nuclear 
power plants, petrochemical and process industries; airframes and aeroengine 
components; infrastructural assets of the transportation industry: e.g. concrete and 
steel bridges, railway wheels and railway and tracks; offshore structural components. 

Progress so far: 

Experiments on Inconel 718, En steel, medium carbon steels and Al alloys have 
been conducted using BIT and conventional mechanical test wherein  microstructural 
evaluation and hardness measurements were carried out. Conceptual design was 
made for a PORTABLE-BI SET-UP. For enhancing component performance by grain 
boundary engineering, first phase of thermo-mechanical treatment was carried out. 
Analytical studies were conducted and phenomenological mathematical models 
developed to quantitatively predict the ash particle erosion behaviour on coal fired 
boiler components. Further, as a part of this project the following model based 
simulation codes were developed: EROSIM-1 (A Computer Code for the Prediction 
of  Erosion rate in Boiler Components) is the first version of the code applicable to 
coal-fired boiler components at elevated temperatures. On the basis of available 
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data on the steel grades related to erosion behaviour, the model incorporates the 
following grades of steel: Carbon steel, 1.25Cr-1Mo-V , 2.25 Cr –1Mo, 12Cr-1Mo-V, 
300 and alloy 800.  

VI. Upgradation of SI Base units, National standard s of measurement & 
creation of a network of Calibration and testing la boratories and 
preparation & dissemination of CRMs  

The project has the mandate to upgrade Base Units and National Standards of 
measurements for: Mass, Luminous Intensity, Time; Chemical Metrology: 
upgradation of apex level calibration facilities in the following parameters- Mass, AC 
Power & Energy, AC Voltage & Current, Length, Force, Temperature, Ultrasonics, 
Acoustics, networking of calibration and test facilities existing in 12 CSIR laboratories 
for providing high quality testing and calibration facilities to users in all parts of the 
country at a reasonable cost and in a reasonable time; Preparation, certification and 
dissemination of certified reference material. 

Progress so far: 

Four training courses have been organized for traceable and globally acceptable 
calibration services to Indian industry throughout the country at minimum cost and in 
minimum time. Temperature & Humidity and Vacuum standards were Peer 
Reviewed by Technical Peers from PTB and NIST. A new CRM of high grade Gold 
Geochemical Reference Material (BND 3401.01) has been prepared by NPL in 
collaboration with NGRI, and M/s Hatti Gold Mines Co. Ltd. (HGML), Hatti, Dist. 
Raichur, Karnataka State. It is a first CRM, which was prepared under a collaborative 
programme with any industry. 

1.13.2 Scientific achievements under non-network pr ogrammes 

Some of the significant achievements under non-network programmes are given 
below. 

Arsenic water treatment plants 

CGCRI has developed technology for water treatment for the removal of arsenic and 
suspended particles. The process based on ceramic membrane technology is also 
suitable for the removal of iron from water. The basic components of this hybrid 
system are, i) absorption of arsenic by colloidal media particles suspended in water, 
and ii) application of membrane based separation technique for solid liquid 
separation using ceramic micro-filtration membrane module. The salient features of 
the technology are: simultaneous removal of arsenic and iron from highly 
contaminated groundwater below the limits recommended by WHO; modular design 
with flexible production capacity; semi-automatic user friendly operating procedure, 
capable of being operated even by female community members; and low sludge 
volume. A number of units have been installed in West Bengal and North Eastern 
States. 
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Arsenic removal from ground water by an electrochem ical method  

NML has designed, fabricated and retrofitted to the domestic water treatment system 
an electro-coagulation cell (2 litre capacity). Experiments were conducted with 
different concentrations of As (III). The results indicate that more than 95% of arsenic 
could be removed. The proto type system was field tested at many places in West 
Bengal near Kolkata (24 parganas Dist.) where the ground water is contaminated 
with arsenic. The system is effective in removing arsenic from ground water from 
500-1000 ppb to below 10 ppb. 

Al-based metallic glasses through evolution of nano -phases 

NML has investigated melt-spun and annealed Al-alloys containing 6 to 8 atomic % 
Ni and 4 to 7 atomic% La using X-ray diffractometry (XRD), transmission electron 
microscopy (TEM), hardness measurement and small angle neutron scattering 
(SANS). XRD and TEM  study revealed that ribbons were fully amorphous. SANS 
measurement shows that there exists concentration fluctuations inside the ribbons. 
Nanosized particles were formed upon annealing the ribbons. SANS measurement 
of the annealed samples revealed two different distributions of particles. It has been 
reported that the crystallization pathways during heating depends on amount of rare 
earth elements. For example, in Al94-xNi6Lax (x = 4 to 7) amorphous alloys, the 
crystallization proceeds through two stages. The temperature of first crystallization 
peak increases, whereas the temperature for the second drops with rising La 
content. For Lanthamun concentration above 6 atomic%, a bcc-metastable phase 
formed instead of fcc-Al (Fig.1). Similarly in Al92-xNi8Lax alloys, the bcc metastable 
phase formed above the La content of 5 atomic% and below it fcc-Al phase formed. 
The hardness of the alloy increases with the progress of nanocrystallization (Fig.2) 
followed by catastrophic failure of materials at a temperature where the second 
crystallization sets in and the amorphous matrix breaks down.  
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Modelling of crack tip blunting using finite elemen t method  

NML has developed a menu-driven software named Fracture Data Analyser 
(FracDA) which can calculate various parameters like load, displacement, crack tip 
opening displacement and simultaneously plot various graphs and also compare the 
data obtained from experimental data and FE analysis. The user is required to input 
the data obtained from finite element analysis. The input data includes the time step, 
reaction force, crack mouth opening displacement (CMOD) and displacement due to 
virtual crack extension. The user is also required to input geometry specifications of 
the specimen and material properties, i.e. the Young’s modulus, the Poisson’s ratio 
and the yield stress. The software has  options to include geometry of two specimen 
types: three-point bend specimen and CT specimen. This software also has the 
capability to display various plots like load-displacement curve, CTOD and J-integral 
values with respect to the extension of crack length from FE data and compare them 
with the same generated from experimental data. It serves as a useful tool for 
evaluating the FEM data vis-à-vis that generated experimentally. Thus, it can 
validate and verify the FE data immediately after performing the FE analysis. 
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Microstructural and hardness assessment of service exposed first and second 
stage stator blades of gas turbine 

NML has assessed  the suitability of the stator blades of V 94.2 Siemens–make gas 
turbine  of National Capital Power Station, NTPC for further use with/without 
rejuvenation treatment by evaluating microstructural degeneration incurred during 
the service exploitation with minimal  invasive non-destructive replica method without 
damaging the blades. Microstructural analysis and rebound hardness of different 
regions of the airfoil were made and compared with the unaffected regions of outer 
segment of stator blades. Based on the high degree of coarsening of precipitates 
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and significant reduction in the hardness in the different regions of the airfoil of both 
the stages, it was recommended that the 1st & 2nd stage stator blades should be 
given rejuvenation heat treatment to reclaim the original microstructure and 
properties. The hipping could be incorporated in the rejuvenation schedule if grain 
boundary cavitation is observed.  

Failure mode analysis/metallurgical examination of Viper aeroegines Jet Pipe 
below assembly ex aircraft U-719 

The viper aeroengine jet pipe bellow assembly ex aircraft U-719, failed owing to 
bellow  burst. NML has carried out failure analysis for the same. Circumferential 
cracking was observed at a number of locations on the component. Sampling was 
done from two such cracked locations i.e. one from corrugated (austenitic stainless 
steel, type S30900) and other from non-corrugated region. The hardness value, 
optical and scanning electron microscopy examinations revealed that the crack 
initiation occurred by intergranular decohesion owing to overheating induced 
intergranular precipitation of brittle phases. Usually fatigue crack moves from the 
location of tensile to compressive type of stressed location i.e. from outer to inner 
surface. Here crack initiated from the inner surface and propagated towards the 
outer surface and circumferential direction i.e. from compression to tensile side by 
fatigue mechanism. During service exposure, perhaps due to sudden rise in 
temperature, at the inner surface compressive stress changed to tensile stress. 
Absence of dimple rapture indicates failure took place in the brittle mode, which was 
caused by overheating during service exposure. This analysis has enabled the 
Indian Air Force to take necessary precautions to prevent such failures in future.  

Process for preparation of nanomaterials 

NPL developed a novel process to produce nanomaterials on commercial scale. The 
technique has many control parameters to adjust particle size, morphology etc. of 
nanomaterials produced. The process has diverse applications, as preparation of 
nanomaterials is very important nowadays as these materials are finding newer and 
crucial high-tech applications everyday. Some of the applications are high-resolution 
displays, smart windows, dye-sensitized solar cells, sensors for various applications, 
batteries, large value capacitors and others.  

High ductility Mg-alloys employing hot extrusion pr ocess 

NPL has conducted systematic experimentation using variety of Mg-alloys and 
employing different extrusion ratios and extrusion dies, such as, port-hole die, 
contoured and conical dies to produce tubes and circular rods using hot extrusion by 
optimising various process parameters.  The extruded products were extensively 
characterized for metallurgical and mechanical properties.  It was observed that after 
optimisation of process parameters, some extruded Mg-alloys exhibited remarkable 
ductility of more than 25% with moderate values of tensile strength.  Spray-forming 
technique by depositing the atomised droplets on a water-cooler copper substrate 



 

 86 

has also been attempted... After optimising various spray-forming process 
parameters the porosity levels in the spray-formed deposit were found to be around 
2-3% with fine equiaxed microstructure and having an average grain size of about 
20-40 microns throughout the core of the deposit, as compared to 150-600 microns 
observed for mother cast alloys.  These spray formed deposits exhibited improved 
average values of mechanical properties : UTS = 222 MPa with elongation of 8.5%, 
as compared to the properties of the cast alloy used for spray forming which are : 
UTS = 123 MPa with a elongation of 3.3%. 

Synthesis of SiC nanofibers 

NPL has developed a new and novel technique to synthesize SiC nanofibres (SiCnf) 
by employing alkoxides as silica source and polymer or pitch as carbon source and 
heating the mixture to 1400oC followed by oxidation to obtain SiCnf which were 
characterised by SEM, TEM, IR, Raman and X-Ray studies. 

Long decay phosphor 

Long decay phosphors find applications in emergency escape route markings and 
for locating important objects in time of black-outs intentional or otherwise. Green 
light emitting phosphor is most common. In order to get complete and full colours in 
dark, long decay phosphors emitting  in other primary colours of Blue and red are 
very important. NPL has developed a process to prepare blue light emitting long 
decay/persistence phosphor excitable with ambient light. It has persistence time of 6-
8 hrs.  

 

 

 

 

 

 

Electrochromic nanostructured tungsten oxide films by sol-gel 

NPL has reported that as-deposited sol-gel derived amorphous tungsten oxide films  
transform into nanostructured films with an interconnected framework of grains and 
pores and a dominant triclinic crystalline phase upon annealing at 2500C. 
Transmission electron microscopy and scanning electron microscopy images clearly 
reveal the annealing induced microstructural evolution for the film. Subsequent to 
lithium intercalation, the film annealed at 2500C shows quasi-reversible structural 
changes, as ascertained by X-ray diffraction and Fourier transform infrared spectral 
data. Dynamic transmission modulation for film revealed a high optical modulation of 

72 % (l  = 650 nm) and a coloration efficiency maximum of 132 cm2C-1 at 800 nm 
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under a lithium intercalation level of x = 0.20. X-ray photoelectron spectroscopy of 
the W4f core levels demonstrated a progressive increase in the W5+ content at the 
expense of W6+ proportion as insertion coefficient was raised from 0 to 0.25, with 
0.20 as the threshold value above which, the W5+ content exceeds the W6+ 
proportion and a new W4+ state also appears which acts to lower the coloration 

efficiency for x ³  0.22. Presence of charged oxygen interstitials in the vicinity of 
electrochemically active tungsten sites is also responsible for the coloration 
efficiency decline at high ion insertion levels. 

Nanostructured mesoporous tungsten oxide films with  fast kinetics for 
electrochromic smart windows 

NPL has successfully fabricated a self-assembly of sodium dodecyl sulfate/ tungsten 
oxide aggregates at the electrolyte-electrode interface followed by template 
extraction and annealing by mesoporous thin films of electrochromic tungsten oxide 
(WO3). Electron microscopy images revealed that the films are characterized by a 
hitherto unreported hybrid structure comprising nanoparticles and nanorods with a 
tetragonal crystalline phase of WO3. In addition to pentagonal voids characteristic of 
the tetragonal WO3 phase at the lattice scale, open channels and pores of 5 - 10 nm 
in diameter lie between the nanoparticles, which cumulatively promote rapid charge 

transport through the film. This ensued in coloration efficiency (hmax ~ 90 cm2 C-1 at l  
= 900 nm) and switching kinetics (coloration time = 3 sec and bleaching time = 2 sec 
for a 50 % change in transmittance) higher and faster than previously reported 
values for mesoporous WO3 films. Repetitive cycling between the clear and blue 
states has no deleterious effect on the electrochromic performance of the film, which 
is suggestive of its potential as cathode in practical electrochromic windows. 
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Estimating radiative forcing due to aerosols : 

NPL has reported that: surface fluxes of aerosols during pre-monsoon period, 
derived through measured spectral distribution of aerosol optical depth (AOD) and 
model calculated over Delhi indicate a typical urban and desert sources mixture, 
explaining also very low value of single scattering albedo. The average total radiative 
forcing efficiency experimentally observed at the surface in the broad wavelength 
band (280-2800 nm) was of the order of 13.6 ± 1.4 Wm-2 comparable to that 
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estimated using the SBDART model. In an aerosol measurement campaign during 
winter from Delhi to Hyderabad and back in the month of February AOD reveals a 
latitudinal distribution with minimum at about 23.5º N, near central Indian forests. The 
results from first study of trace gases and aerosol transport by NPL over the seas 
surrounding India indicate that enhanced concentration of atmospheric CH4 and N2O 
over Arabian Sea is due to emission from ocean, whereas the enhanced 
concentration of these gases over Bay of Bengal can be linked to biomass burning 
over East and South East Asia. Emission factors for OC and BC of a variety of 
fuelwood, dungcake, agricultural residue, charcoal and softcoke collected from rural 
users have been determined for the first time to estimate total emissions from the 
burning of traditional bio-fuel in the rural sector of the country as a whole.  

Technology Enabling Center for manufacturing natura l fiber composites(R 
WOOD) 

RRL, Bhopal has developed a technology for making composites (R-wood) using 
industrial wastes, natural fiber and polymer. The salient features of the composites 
are high strength to weight ratio, termite and corrosion resistant, self-extinguishing, 
durable and environmental friendly. These composites can be used for various 
applications such as doors, tiles, partitions, ceilings, boards, panels, furniture, instant 
houses, electrical application etc., The door shutter with innovative technology was 
thoroughly tested by CPWD, BHEL and CBRI, Roorkee for their performance. After 
successful field trial CPWD approved the door shutters. For up scaling and 
customization of these products, a Technology Enabling Centre (TEC) is setup. This 
center will also facilitate the development / commercialization of composites 
materials and products from different industrial wastes like fly ash and natural fibre  
to be used in automobiles, railways, acoustics and noise barrier materials, light 
weight composites, insulating materials, asbestos substitute, leather composites, 
boat and instant houses for disaster victims.  

 

 

Light weight composites for personal armour applica tions 

 RRL-Bhopal has developed Aluminium (Al) alloy composites using liquid metallurgy 
technique for lightweight personal armour applications. The composite castings were 
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forged and then rolled into plates. The ballistic performance of Al composite plates 
confirms that a projectile of 7.62 mm moving at a velocity of 800m/s (range:100m) 
can stop after penetration of 25 mm.  

Conformable pipe system  

RRL Bhopal and BHEL (Bhopal-unit) have jointly modified the design of the existing 
steel pipe and its coupling system of hydro generator to improve the operation and 
for fixing/replacements. Apart from this the material specifications have been 
developed. Two size/dimension conformable pipes of desired size and dimensions 
are fabricated and these pipes are coupled with socket and are fixed in power plant 

Production of plasma spray grade powder by jet-whee l impact atomization 

 RRL Bhubaneswar developed a new kind of spray dryer, called ‘Jet-wheel impact 
atomization based spray dryer’ of 26 kW capacity producing spheroidal alumina 
powder of plasma spray quality. The spray dryer has been designed by overcoming 
the demerits of pressure nozzle as well as centrifugal atomization and operates at 
low slurry pressure (< 5 bar) and low wheel speed (<12000 rpm). Alumina-water 
slurry (in the range 20-50 wt% alumina) mixed with appropriate binder, dispersant 
and plasticizer was spray dried in a drying chamber with 415-4200C inlet air 
temperature and 95-1100C outlet air temperature. The flowability of alumina powder 
thus produced was tested and found to be very good. The production capacity of the 
spray dryer is around 5kg/hr (alumina powder) with more than 80% efficiency. 

 

 

 

 

 

 

 

On-line Terafil water filter 

RRL, Bhubaneswar has developed an online Terafil water filter to supply clean 
drinking water to the household at a high flow rate.  The filter comprises of ‘Terafil’ 
clay filter media in a food grade plastic container, which can be fixed in the kitchen 
with drinking water system.  The filter provides clean water at a rate of 40 lt. per 
hour, which is free from turbidity, major pathogens and 90% soluble iron.  The unit is 
affordable and has a long life, especially with respect to the filter candle. 
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1.13.3 Human Resource Development 

NML 

·  Five undergraduate engineering students from BITS, Pilani underwent PS-1 
training and completed their projects entitled - a) Estimation of uncertainty in 
thermocouple calibration and b) Beneficiation of Iron ore by Froth flotation. 

RRL-BHOPAL 

·  CSIR Programme on Youth for leadership in Science (CPYLS) was organized 
for meritorious students from the states of MP and Chattishgarh to instill in 
them a love for taking up science and research as a career. 

·  The Second Sub Committee of the Parliamentary Committee on Official 
Language visited Bhopal for inspection of the status of implementation of 
Official Language policy of Govt. of India at RRL, Bhopal.  

·  An Interaction meet was organized on Sept 1, 2005 by RRL, Bhopal with MP 
Rural Livelihood Project to discuss the design and development of customized 
software for village selection in seven tribal districts of MP 

1.13.4 Recognition & Awards 

SAIL Gold Medal Dr. G. P. Sinha, CMERI 

Best Corrosion Research 
Laboratory awarded by National 
Association of Corrosion Engineers, 
USA International India Section 

NML  

Mascot Award 2005 Dr. D.D.N. Singh, NML 

MRSI Medal for the year 2006 Dr. S. Srikanth, NML 

Distinguished Engineers’ Award Dr. P.N. Chaudhary, NML 
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Member of the Standing committee 
on Young Scientist in the 28th 
General Assembly of International 
Union of  Radio Science (URSI) 
held at New Delhi in October 2005 

Dr. Vikram. Kumar, NPL 

Technical Assessor, Hong Kong 
Accreditation Scheme (HKAS), 
Govt. of Hong Kong 

Shri R.P. Singhal, NPL 

Fellow: The Indian National 
Academy of Engineering (FNAE) 

Member: International Advisory 
Committee, Asian Symposium on 
Precision Forging (ASPF), Taiwan, 
2005 

Dr. A.K.Gupta, NPL 

DAE Golden jubilee SSPS young 
scientist award 

Dr. V.P.S. Awana, NPL 

Reviewer of the IPCC 2006 
Guidelines for National Greenhouse 
Gas Emission Inventories, Aug. 
2005, under IPCC National GHG 
Inventories Programme, IGES, 
Japan 

Dr. P.K. Gupta, NPL 

National Award for R&D work         
related to use of Fly Ash for Building 
Components, Agriculture & Value 
added products 

Regional Research Laboratory, 
Bhopal 

National Design Award in 
Environmental Engineering –2005  

Shri B. Chakradhar, RRL-Bhopal 

 

 

 


