


About the Institute

Central Leather Research Institute (CLRI) is a constituent laboratory of Council of Scientific and Industrial
Research, India. CLRIenjoys a unique strength. The Institute has established strong linkages with academy,

industry and the Government of India. CLRIhas assumed a National responsibility to forecast, design, develop
and deliver right sized technologies to match the timely needs of the Small and Medium Enterprises of Indian
leather industry. The Institute has been generously supported through a Public-Private partnership.

With wide range and depth of core competence, CLRIhas emerged as a major global player in leather research.
Structural, Knowledge, Physical and Human capitals accrued in CLRI since its inception in 1948 make the
institute the most empowered R&D body of the world. The institute derives its internal strength from the 538
staff and about 600 students. People and their expertise represent the true strength of the Institute.

Research and Development functions are grouped into a total of ten programs. They are (a) Leather Processing,
(b) Leather Product Design and Development, (c) Environmental Technology, (d) Leather Chemicals Technology,
(e) Center for Human and Organizational Development, (f) Core Groups in Basic Sciences, (g) Engineering for
Modernization, (h) Center for Operation, Management and Policy for Leather Technology, (i) Expertise Center
for Eco-Testing and (j) Skin Biology and Biomaterial Development.

A matrix type management model has been adopted with relative success. Management support systems
have been structured by way of technology forecasting through economics research, project planning and
monitoring and business development and promotion processes. Administrative machinery of the institute is
well oiled to suit a R&D establishment. Four extension centers located at Ahmedabad, Jalandhar, Kanpur and
Kolkata serve to link the R&D outputs of CLRI to the respective clusters of the leather industry.

Institute has entered into lasting partnerships and R&D alliances with other R&D organizations within the
country and abroad. The Institute is striving to determine a breakthrough technology for leather manufacture
through applications of biotechnology to render chemical free processing of raw hides in the beam house.
CLRIworks closely with user ministries of the Government of India overseeing the planned development of

1 f "'i

the Indian leather industry complete with environmental safeguards. The Annual Report of 2004-05 presents
highlights of some important initiatives, outputs and outcome. CLRI is a living organization, which strives to
optimize effect to effort ratio through an organizational mind set of "doing better today than yesterday for
ever."
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Director's Report

CENTRAL LEATHER RESEARCH INSTITUTE

•
Central Leather Research Institute (CLRI) had carved

for itself a Vision 2005 in the year 1996. The single

point agenda of Vision 2005 is to emerge a global leader

in leather research. Different yard sticks are necessary to

assess the leadership of institutions in research. Ability to

generate intellectual properties in the form of publications

in peer reviewed journals as well as patents and copyrights

forms one of the more commonly employed tools in

measuring the leadership status of R&D centers. CLRI has

gained the largest share of publicati<?ns and patents

generated in the leather world during 2000-2005.

New Millennium Indian Technology Leadership Initiative

(NMITLI) on Biotechnology for Leather has yielded

significant results. Paradigm shift in chemical to bio

processing of raw hides and skins in the beam house

operations has been made feasible. A ten fold reduction of

water discharge in wet blue manufacture has been rendered

feasible through a water management technology.

CSIR network programs on "Environment Friendly Leather

Processing" and "Standardization of Technologies for bio, ~
resources for and from leather" has started yielding good

leads. Network mode of functioning is becoming an

organizational culture.

During 2004, CLRI registered the highest number of SCI

publications, largest Impact factor aggregate and the most

significant External Cash Flow into CLRI so far. Some

important awards in R&D as well as other areas have been

won this year. The growth profile of CLRI has been

maintained at 15-25% in terms of output parameters

relative to 2003-04. The ratio of investments into chemicals

and R&D equipment to the expenditure on salaries and

allowances has reached a value around 75%, which is the

best development budget to fixed costs ratio that CLRI has

been able to make so far.
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•
Global visibility of CLRI has registered a marked increase.

National impact of CLRI as an advocacy body in the leather

sector is traceable. HRD mission on leather technology has

been commissioned by the Government of India with CLRI

as the implementing agency.

On the whole, there have been many important landmarks

made during 2004-05 and foundation for taller

accomplishments to come has been laid. Soundness of

health of the organization is good as reflected from its

output and the outcomes of the outputs. The march of CLRI

towards higher goals and excellence continues. The

organizational will to outperform itself with time is evident.

Let 2005 form the foundation for better things to come in

leather research in the institute.

Dr. T. RAMASAMI

24th April, 2005
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Leather Processing

CENTRAL LEATHER RESEARCH INSTITUTE

Technology Solutions for Total Dissolved Solids (TDS)
control and solid waste disposal formed the focus of

R&D. TDS reduction measures included effective desalting,
hair saving, less sulfide-enzyme assisted unhairing,
recycling of reliming liquor, recycling of pickle liquor. This
has been implemented in two tannery clusters in Tamil
Nadu viz Dindigul and Pernambut. TDS reduction by 67%,
chloride by 40%, water (input) by 15-20%, BOD by 35%
and reduction in sludge volume by 20% is now feasible.

Sulphide-free chemical dehairing

A process for sulphide free unhairing technology using
ozone has been developed. The hides/skins are presoaked
and treated with lime solution and exposed to ozone.
Complete loosening of hair has been achieved without
increase in BOD/COD levels.

Screening of post-tanning auxiliaries for chromium
generating substances

Post tanning chemicals/auxiliaries have been screened for
converting Cr(lll) to Cr(VI) in chrome-tanned leathers. The
procedure has employed o~alit acid as a reductant for
possible oxidant impurities which may oxidize chromium
(III) to chromium (VI). Suitable treatment rnethods using
reducing agents based on sulfur and phosphonium
compounds have been developed to avoid the formation
of hexavalent chromium in leathers.

Alternative tanning systems to chromium (Ill) salts

Organic phosphate tanning and silicate treatment have
been studied and standardized for sheep nappa garment
and goat upper leathers. A process technology for the
production of chrome free sheep gloving leather based on
full organic tanning system has been standardized and
suitable post tanning method has been developed to suit
the tanning method. A process for making washable suede
leather free from mineral tanning agents based on a
combination tanning process involving oxazolidine and
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•
alkyl disulfonyl chloride hasbeen developed. A combination
tanning system involving oxazolidine and a suitable
vegetable oil has also been developed.

Break through approach towards zero discharge
tanning concepts

A process scheme for near zero discharge wastewater has
been developed by enzyme aided washing and pickling
wastewater. The wastewater discharge is 1.7 litre Ikg. This
method has been tested at semi commercial scale in wet-
blue production and it has been found that the process
does not render any negative effect on physical or
organoleptic properties of the leathers.

Annual Report 2004·05



•

CENTRAL LEATHER RESEARCH INSTITUTE Annual Report 2004-05



•
Leather
Product

Technology

CENTRAL LEATHER RESEARCH INSTITUTE Annual Report 2004-05



•
Leather Product Technology

CENTRAL LEATHER RESEARCH INSTITUTE

The Shoe Design & Development Centre (SDDC)
focussed its R & D on productivity enhancement

studies and fashion forecasting. The Centre for Apparels
and Accessories Development (CLAD) has emphasized on
development of product range from newer materials
through innovations in designs.

Productivity enhancement in footwear industry

A case study has been carried out for lasting line
productivity in a commercial firm. Work measurement has
been carried out to calculate the workstation capacity. Line
balancing has been carried out to smoothen workflow
operations. Streamlined and organized production
processes vis-a-vis layout, manpower and workflow has
been developed. Suggested measures are being implemented
by the firm.

IT enabled solutions for the leather products sector

Partnership has been established with Torielli for supply of
their latest software and hardware required for footwear
sector. CLRI will customize the software to suit the different
production units. q -s

Design and fashion forecasting

In the preparation for the MODEUROP roundtable for the
Autumn/Winter 2005/6 season held in June 2004 'Curtain
raiser' on the season's trends in leathers colors and textures
has been presented. 400 leather/color proposals were
presented from India. 15 out of a total of 20 colors were
chosen for shoes and 7 out of a total of 10 colors for
garments were selected. The MODEUROP Colour Card for
the Autumn/Winter 2005/06 seasons was released.

Design outreach

For the first time, CLRI brought out a poster depicting the
Children's Trend Forecast for the Spring Summer 2005
season. 'REVISIT' spring Summer 2005, a series of retail
photopacks has been released.
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On-line courses for products design & development has

been developed for leather products. A new dimension has

been added by extending it to physically challenged

candidates.
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•New materials in leather product making

CLAD has worked extensively on the materials, methods

and applications in the area of leather garments and

accessories. This has resulted in development of products

from non-woven materials and leather. Innovative products

have been designed with aesthetic appeal, which are cost

effective using unconventional upgradation techniques.

Thermal insulation studies in garments

Thermal insulation property has been studied by measuring

the heat supply after bringing equilibrium between the

environment temperature and heat source temperature. It

was found that among all leather types (expect suede) the

zipped garment has more thermal insulation than buttoned

garments.

A database for leather products and a web enabled design

solutions for product manufacturers has been implemented.

On-line status tracking system for leather product

manufacturers has been developed.
.:l
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Environment Technology

CENTRAL LEATHER RESEARCH INSTITUTE

R&D applications of environmental technologies in

tannery wastewater treatment include effective R&D

application exercises in the implementation of a critical

basket of technologies for end-of-pipe treatment solutions

in the form of Upflow Anaerobic Sludge Blanket (UASB)

reactor complete with sulfur recovery and zero wastewater

discharge. The CETPs designed and advised by CLRI in

several locations have reached commissioning stages.

Modernization and technology upgradation of three CETPs

have been completed where CLRI played a key role.

Further propagation of Chemo Autotophic Wet Air

Oxidation (CAACO) method for wastewater treatment has

been made.

Design inputs to solid waste securitization

Implementation of secure land fill systems for solid wastes

from industrial sector has been made mandatory by the

Supreme Court of India. All the tannery clusters have

sought design support for the solid waste securitization

system from CLRI. During the year 2004-05, more than

50% of the tannery sector has been serviced.

Technology appraisal and evaluation for zero tannery
wastewater discharge regulation of Tamil Nadu

,
The tannery sector in Tamil Nadu needs to comply ,with

zero wastewater discharge norm as per the orders of Tamil

Nadu Pollution Control Board (TNPCB). Application of

membrane technologies for water renovation and recovery

from treated wastewaters has been rendered feasible. Total

of seven tanneries have already implemented the solution.

CLRI played a key role in the implementation of the

advanced technology. A forced evaporation system for

saline wastewaters has been designed and fabricated with

a capacity of 20m3 per day.

Advanced oxidation methods for color removal from
treated wastewaters

Advanced oxidation methods based on ozone and other
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high energy oxidants for removal of color from treated

wastewaters have been developed. An integrated approach

for biological and catalytic oxidation of organics/inorganics

in tannery wastewater by rice husk based mesoporous

activated carbon-bacillus species has been developed.

Effect of two stage process on the preparation and

characterization of porous carbon composite from rice

husk by phosphoric acid activation suited for wet air

oxidation has been examined.

i( 1
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Leather Chemicals
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The focus of R & D has been on development of

chemicals and formulations which offer potential

application in leather and product sector.

Synthesis of fungicides containing thiocyano group

In leather industry Busan 30L is used as a biocide. The

active ingredient of Busan 30L is TCMTB (2-

thioocyanomethylthio)-benzothiazole which is a non-

chlorophenolic compound. A convenient and simple

method of preparing chloromethylthiocyanate by reacting

sodium thiocyanate with bromochloromethane containing

acetone as a cosolvent has been developed.

Leather lubricants based on amphiphiles and
lipoproteins

Surface active monomers from natural oils were subjected

to copolymerization reactions with a hydrophilic monomer.

Stable water dispersions have been developed with a

medium to low particle size distribution '(100-300 nm).

Encouraging results have been obtained from the preliminary

experiments conducted with the triglyceride polymeric

derivative as impregnants. f( ';

Nanoparticie emulsions for leather finishes

Nanoparticle polymeric dispersions were prepared, using

microemulsion polymerization of butylacrylate with a

reactive cosurfactant N-glycinyl maleamic acid derived

from amino acid glycerine. N-glycinyl maleamic acid

performs as a potential cosurfactant with SDS, as evidenced

from comparable reduction in surface tension of SDS. The

aqueous latexes were used in retanning operation for

improved softness, filling and grain tightness properties.

Polymer amphiphilic assemblies.

Comb like polymers have been synthesized from

hexadecylacrylamide and acrylic acid. The effect of acrylic

acid in influencing the surface energy, adsorption

characteristics and package behaviour at air/water interface

Annual Report 2004-05
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has been studied. The presence of optimum levels of about

15 mole% acrylic acid in stabilizing the polymeric film

from hexadecylacrylamide copolymeric film, under alkaline

conditions, at the a/w interface has been established.

Microemulsion polymerization

Tercopolymers of n-butyl acrylate, styrene and methacrylic
acid were synthesized by microemulsion copolymerization
methods. These tercopolymers were applied in retanning

chrome tanned cow hides. Results are comparable to
control leather.

Acrylic graft copolymer as filler cum retanning agent
A novel water dispersable bentonite has been synthesized,

characterized, and evaluated as a filler-cum-retanning
agent. The bentonite-g-methacrylic acid treated leathers

showed excellent chrome exhaust as compared to control

leather.

Development and engineering of polymeric insole
materials for application in therapeutic footwear

Special footwear is required for diabetic patients with or
without neuropathy to treat and prevent plantar ulceration

and further complications. The insole materials used to
evenly distribute the pressure under the foot are Micro

cellular rubber (MeR), Ethylene vinyl acetate (EVA) and
Polyurethane foam (PU). WH~neYer the foot strikes the
ground, the ground reaction force causes deformation in

the insole. When subjected to high impact forces, the

insole material has to deform more and return .to its original

form by resilience. But when subjected to repeated forces,
a material fails to retain its original microstructure and loses
its original properties. Viscoelastic materials based on
polyurethane have been developed by chain extending the

isocyanate terminated prepolymer with terethaloyl

dihydrazide and 1,4 butane diol for use as insole materials
in therapeutic footwear.

Corrosion resistant material

A novel process has been developed for preparation of

corrosion resistant steel.
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Basic research aimed at resolving complex issues in the

area of biological, chemical and physical sciences and

addressed chromium induced apoptosis, development of

peptides as therapeutic agents, liquid crystalline polymers,

DNA stabilization processes, nano materials and

development of newer polymeric compounds.

Mechanistic pathway proposed for Cr (Ifl) induced
apoptosis of lymphocytes

Biotoxicity of some Cr (III) complexes has been studied.

Some of the signaling molecules, which take part in the

process under the influence of these Cr (III) complexes have

been identified and the sequence in which these signaling

molecules are activated, have been worked out. Reactive

oxygen species production seems to be an early event and

activates downstream effectors such as Src-family tyrosine

kinases, caspases-3 and poly ADP-ribose polymerase. By

using inhibitors specific to each of these messengers and

by investigating the activation of the messengers, a pathway

for Cr (III) induced apoptosis has been proposed. Other

probable intermediates are ~eing probed.
t f "i

Cr (III)

~
ROS J-- antioxidants

~
Src-family tyrosine kinase J-- PP2

-----
(p561ck, p59fyn, p53/561yn)

~
Caspase 31-- z-DEVD-fmk

~ '"
L....- ....• PARPcleavage ~

~ Other substrates

APOPtosiS~

Caspase 7
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•Curcumin as a cardioprotective agent

A study on effect of single oral dose of curcumin (15mglkg

body weight) administrated 30 min before and or after the

onset of ischaemia was investigated by assessing oxidative

stress related biochemical parameters in rat myocardium.

The results showed that curcumin protected rat myocardium

against ischaemic insult and protective effect could be

attributed to its antioxidant properties as well as its inhibitory

effects on xanthine dehydrogenase/xanthine oxidase

conversion and resultant superoxide anion production.

Anti amyloid compounds as therapeutic agents

Compounds that slows down or reverses the aggregation

of amyloid peptide Af3 may serve as therapeutic agents for

amyloid diseases. Full length Af3 1-42 was synthesised by

Fmoc strategy and the anti amyloidic peptides were

synthesized by Boc chemistry. Anti amyloidic fragments

were identified and modified to study amyloid inhibition.

To study the effect of the anti-amyloid peptides, the

synthesized peptides were added to the full length Af3 1-42,

aged for 48 hrs and analyzed through CD measurements.

The studies reveal that modified/mutant peptides show anti-

amyloidic properties and could be used as therapeutic

agents.

CHEMICAL SCIENCES

Triphenyl phosphonium perchlorate catalysed UllUlO

diels alder synthesis of azabicyclo [2.2.2] octan-5-o.?es

Imino Diels alder reaction offers a rapid method for

construction of functionalized heterocyclic rings. Triphenyl

Phosphonium Perchlorate (TPP) has been used as a catalyst

for imino diels alder reaction. N-benzylidene aniline was

treated with cyclohex-2 enone in the presence of 20 mol%

TPP in CH3CN and stirred at room temperature for 24 hrs.

Instead of the anticipated phenanthridinone, spectral data

revealed the formation of azabicyclo(2.2.2) octan-5-ones 4

and 5 in a ratio of 43:57 with an overall yield of 60%.

The investigations reveal that TPP exhibits dual behaviour.

TPP coordinates with cydohexenone and activates the

enone to behave as the diene which provides an

unprecedented synthetic route to azabicyclooctanones.
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Nematic Phase (Schileren) of 4-decyloxy benzoyloxy
benzilidene-4'-formyl phenyl thiophene-3-carboxylate

while cooling at 275° (

T-Ml0

Nematic Phase of 4-dodecyloxy benzoyloxy
benzilidene-4'-formyl phenyl thiophene-3-carboxylate

while cooling at 2550(

T-M12

Nematic phase of 4-tetradecyloxy benzoyloxy
benzilidene-4'-formyl phenyl thiophene-3-carboxylate

while cooling at 245°(

T-M13
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•Conjugated liquid crystalline polymers
A series of (4-alkoxy benzyloxy benzilidine 4-formyl phenyl
thiophene-3-carboxylate) monomers and polymers of
thiophene containing mesogenic group linked by azomethine
and ester linkages have been synthesized. The photo and
electro optical properties of the monomers and polymers
have been studied as a function of polarizer angle and the
effect of structure on the absorption and emission dichroic
ratio has been studied. The results show that the absorption
maxima at 90° and 270° are different due to the influence
of the preferential orientation in space of the chromophoric
groups. The electro emission obtained from light emitting
diodes of the polymers containing hexyl group as spacer
show higher dichroic ratio. The studies also showed that
the length of the spacer present in the side chain of
thiophene influences orientation and packing which in turn
influences the polarized emission.

Hydrogen bonding: From electron density perspective

Computational approaches have been employed to study
fundamental interactions which stabilize DNA. The

topographical features like total p(rc) and total (V2p(rc) at
the hydrogen bonded region of DNA base pairs have been
calculated at MP2/6-31 G generated wave functions using
AIM 2000 and correlated wit~' Me binding energies of DNA
base pairs.

Interactions of Chromiumfllf) complexes with DNA

Four new Cr(lll) complexes have been synthesized and
characterized (naphen, bzimpy, ttpy and Brphtpy). A
tetradentate ligand naphen and tridentate ligands, bzimpy,
ttpy and Brphtpy have been employed for the synthesis of
Cr(lll) complexes. Cr(lll) complex of naphen showed
emission from its charge transfer excited state, whereas
other three complexes showed emission from ligand field
excited states. Cr(lll) complexes of naphen and bzimpy do
not bring about photocleavage of DNA whereas ttpy and
Brphtpy complexes cleave DNA.
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Small surfactant molecules and their interaction with
polymers

Interaction of Polyethylene Glycol (PEG) - Polypropylene

Glycol (PPG) - Polyethylene Glycol triblock copolymer

micelles with various surfactant micelles has been studied

using various techniques. Two dimensional surface

properties of the above triblock copolymers, surfactant

micelles and their mixed systems have also been studied

at the air/water interface.

Synthesis of nano materials and kinetic investigation
of oxo transfer from chromium(V) ion

Ultra fine stable, high purity nickel oxide (NiO) with an

average grain diameter of 13-14 nm has been synthesized

using bovine serum albumin (BSA) as a template. The nano

particle was characterized by Thermogravimetric analysis

(TGA), X-ray Diffractometer (XRD) and Transmission

electromicroscopic (TEM) techniques.

The kinetics of oxidation of nitrite by [O=Crv(5-

chlorosalen)]+ complex in aqueous and micellar media has

been studied. The redox reaction is accelerated in presence

of cationic surfactant (CPC) and slowed down by 40 times

in presence of anionic surfactant (50S) when compared to

water.
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Leather Sciences
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The focus of R & D in Leather Sciences has been on

new approaches to tanning and development of newer

materials for footwear applications.

Understanding collagen-tannin interactions

Collagen interactions with small molecules contained in

vegetable tannins have been investigated both

experimentally and applying Density Functional Theory. It

is recognized that regardless of the number of hydrogen

bonds formed between each organic tannin molecule and

collagen, binding energies correlate directly with solvent

excluded volume. In other words, the mechanism of

vegetable tanning based on dehydration is gaining support

by way of both experimental data and theoretical

calculations.

Bioaccumulation of chromium from tannery
wastewaters

Investigations leading to the bio-accumulation of chromium

from tannery wastewaters have been made and the use of

such products in the preparation of basic chromium sulfate

salts has been standardized.' <;

New approaches to chrome tanning

Two stage chrome tanning system in which diffusion and

equilibration at one pH and basification with fixation in a

separate bath has been developed and the influence of

tanning salts on the efficacy of the two stage chrome

tanning has been investigated.

Instrumental assessment of levelness of dyed
materials

Objective and instrumental methods of measurement of

intensity and levelness of colors have been developed and

a credible database for the instrumental color matching in

dyeing has been created.
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Eco-benign tanning system using aluminium, tannic
acid and silica combination

Alternative tanning system to chromium based on

aluminium, tannic acid and silica has been investigated

and the mechanism of stabilization examined.

Disintegration of tannery sludge

Laboratory investigations have been made on the acoustic

;:, cavitation as an approach for sludge management. Acoustic

cavitation leads to break down of agglomerates in sludge

and break down of molecular entities. Detailed studies on

the break down products are being conducted.

Foot measurements for customized footwear

For construction of customized footwear, materials are

required to record impressions of the foot. These are based

on inorganic (compressible) gels. A low cost material has

now been standardized for recording impression of foot for

customized footwear applications
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Physical Sciences
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Research initiatives in physical science include study of

interfacial phenomena and assessment of silica content

in silicate treated leathers.

Interfacial phenomena at protein substrates

Solvation across solid-liquid interfaces lead to strongly

associating systems creating regions having local dielectric

properties that differ considerably from bulk solution limits.

Studies have shown that solvent polarity is significantly

reduced at interfaces between hydrogen-bonding liquids

and hydrophobic substrates. Based on the solid/liquid

interfacial energy, new polarity scales for amino acids has

been proposed, which helped in classification of membrane

and surface seeking proteins relating their structure with

function. Influence of structure modifiers in aqueous
solutions of collagen has been related to local differences
in cross-links arising from coordinate-covalent interactions.

Corresponding changes in solid/liquid interfacial energy
suggest that the molecular level ordering in collagen

assemblies are reflected also in surface properties.

Structural characterization of silicate treated leathers
using advanced physical techniques

r t ~
Silicate treated leathers have been subjected to measurements

of silca content using EDAX and silicate structures using

29Si CP MAS NMR. Evidence for the formation of Q4 type

silicate structures in the gels developed by CLRI ana their

preferred diffusion properties into the skin structures in

silica treated leathers has been obtained using advanced

measurement techniques like EDAX-SEM and 29Si NMR.
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Apart from the technical support extended to the

developmental activities of Leather Complexes and

safety related issues for the industries, special focus has

been placed to strengthen the basic research area

effectively.

Engineering for Modernization and Safety

Response of Polar Molecliles in an Electric Field
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Non-conventional methods for improving leather
Processing

The introduction of power ultrasound to the dyeing

operation in leather processing has been established. For

scaling up to commercial pilot plant level, a processing

drum with ultrasound probes has been designed for

fabrication. Additionally, power ultrasound has been

extended to get better results in leather auxiliaries

preparation, effluent color removal and control of microbial

growth in sewage sludge.

Radio Frequency (RF) drying has become one of the most

popular methods in other areas viz., textiles, paper and

wood, glass, ceramic etc. Existing drying methods practiced

in industries have been studied for proposing an alternative

RF drying system. The results are encouraging.

Biocalorimetric and respirometric studies on treatment
of tannery saline waste liquor

Calorimetry, as well as respirometry, can provide valuable

information for modeling and control of aerobic bio-

processes. For heterotrophic aerobic growth, the heat

mainly results from bio-degradative reactions by cells

(catabolism), since the enthalpy change of anabolism is low

or may even be negligible compared to that of catabolic

processes. In order to understand the application of

calorimetry in biodegradability of tannery saline water

liquor, microbes from saline stream have been isolated and

microbial growth studies including o.ptimization have been

carried out.
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Collagen based biomaterials have been developed for

various applications.

Peptide sequences, which have better cell adhesion

properties, have been synthesized in the laboratory by

solution phase peptide synthesis method using 80c-

chemistry. The peptide sequences were KRDS, RGD and

GHK. Peptides were attached to collagen matrix by both

chemical and physical methods.

A novel method for the preparation of nerve guides using

collagen micrograph of the collagen sheets cross-linked

with MWI shows porous, febri Ie structures of collagen

filaments. Swelling behaviours and permeability of tubes

to various compounds show that, these tubes are highly

porous which allows the trafficking of various small

molecule metabolite and proteins in and out of the tubes

during regeneration. In vivo studies show the growth of

axonal cable across the gap of 10mm in rat sciatic nerve

model. Efforts are on to develop a cornea graft using RGD

incorporated collagen matrix.
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Skin Biology

Infiltration of Inflammatory cells
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Molecular analysis of keloid and hypertrophic scars

MAP Kinase expression in abnormal scars has been
studied. Activated MAP kinase is up regulated in the

epidermis of hypertrophic scars and dermis of keloids. In

vitro fibril formation from keloid tissue indicates disturbance

in collagen aggregation. Attempt to isolate and culture
fibroblasts from scar and normal tissue explants has been

made. Expression of some of the key small leucine rich
proteoglycans (decorin, biglycans and fibronodulin) has
been investigated. The role of decorin in Extra Cellular

Matrix deposition and cell proliferation has been studied.
A model for decorin-collagen interaction has been

developed. Decorin expression is interestingly low in

keloids compared to hypertrophic scars.

Evaluation of natural products for wound healing
Crude extract of Datura alba Nees (DA) leaves was topically

applied (10% ointment) to rat burn wound models.

Fibroblast proliferation, but not motility, was enhanced by

the extract, whereas keratinocyte motility was promoted

both in the absence and presence of the Epidermal Growth

Factor (EGF). Molecular l1)~chanisms underlying these
t) -t"

events reveal that the DA extract prolonged ERK activation

in both cell types. In addition, the extract induced EGF

receptor phosphorylation in keratinocytes but not fibroblasts.

These studies suggest that the extract from the Datura alba

leaves promote wound repair.

Study on causes leading to delayed wound healing in

diabetic foot ulcers showed high lipid peroxidation

indicative of oxidative stress in the neuro-ischeamic foot

ulcer infective group. The level of cytokines IL-6 and IL-8

was upregulated in the neuropathic and neuroischeamic

foot ulcer - infective groups. The proteolytic enzymes

responsible for the degradation of extra cellular matrix

(ECM) components during tissue remodeling, MMP-9 was

expressed in the tissue homogenate and MMP-2 was

expressed in serum.
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Center for Human & Organizational Resource
Development (CHORD)
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The activities of the Centre for Human and Organizational

Resource Development are continuous in nature and

cater to the human resource needs of the Indian leather

and leather product sector through training in various

academic/vocational/short-term and specialized training

programmes; strengthening curriculum and course design

for various courses conducted; expanding synergies with

various universities, industrial associations and national

centers for excellence; extending value addition for various

courses; designing, developing and conducting distance

education and international training programmes.

Imparting technical education to varied learned target

group has been carried out for the artisanal sector aimed
at improving the quality of life and work of this learner

target group. Four innovative programs have been
conducted that has societal relevance. One programme

was on "Empowerment of Leather Co-operatives in Gujarat

through Training, Tutoring and Mentoring on Technology
Upgradation and Management" and the other was to retrain

employees of public sector enterprises after their separation
from the organization due to ,closure of enterprise. The third• * ~
programme was on Skill and Technology Upgradation for
Artisanal Sector in Footwear Manufacture. The fourth

programme was regular training in leather goods and
garments for differently abled youth.

Academic programmes
B.Tech, (full time as well as part time), M.S. (by Research),

M. Tech. and Ph.D. programmes in Leather & Footwear

Science & Engineering were conducted in collaboration

with Anna University. A total of 165 students were trained
in Leather and Footwear Science and Engineering. Doctoral

research in various fields of science is an ongoing activity
that is being coordinated by CHORD division. A total of

22 students have obtained Ph.D. Degree during 2004 -
2005.
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Center for Operation, Management & Policy for
Leather Technology (COMPLETE)
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The proposed center functioning on a Section 25

company format is yet to be established. However,
management support activities under project and technology
planning and monitoring and business process activities as

well as generation of National databases have progressed

well. The Center for Operation, Management and Policy

for Leather Technology is expected to undertake program
operation research leading to productivity optimization in
manufacturing units working under a public-private
partnership model. In such areas under the institutional

project mode activities, a number of productivity
enhancement exercises have been completed.

Technology and program planning and monitoring
Program planning and project monitoring activities
registered sharp increases on account of changes and the
network mode of functioning in CLRI. CSIR network

programs and NMITLI as well as Global and multi national

R&D alliances called for effective networking of partner

institutions. The group coordinated effectively the planning
and implementation processes pertaining to HRD mission
and global bench marking scheme of the Integrated Leather
Development Programs of the Government of India.

Business process development
New initiatives for promoting business activities of CLRI
have been explored. Active measures for the
commercialization of intellectual properties of CLRI have

been taken. Total number of consultancy agreements

facilitated during the year exceeds 25. Efforts have been
initiated to increase the global reach of CLRI. A periodical

review mechanism for all the consultancy and contract

research project has been implemented.

IPR portfolio management
IPR generation and portfolio management initiatives have
been developed. The laboratory has been able to file US
and other overseas patents in a ready-to-file form on
account of the capacity building initiatives of business

Annual Report 2004·05



CENTRAL LEATHER RESEARCH INSTITUTE

process development group. A global study of the leather
patents has been completed. The study reveals that
technology trade links in leather sector need to be
strengthened.

Operation research
Productivity enhancement exercises have been implemented
in more than ten footwear units in the country under
consultancy project mode. Potentials to increase the per
worker and material productivities by more than 1.0-1.5
pair per worker and 12-15% of leather related materials
have been demonstrated.

National database generation

A Nation wide survey on hides and skins potential has
been concluded. Under this study, CLRI has established
contact with more than 100,000 people and has evolved
a mechanism for carrying out frequent updates of the raw
hides and skins availability data. The study has revealed
some important developments as listed .

•. Cattle population has decreased and is estimated at 189
million .

•. Annual displacement rate of buffalo has increased to
nearly 30% reaching the global norms for bovine
animals .

•. Non-recovery of hides from fallen animals seems to

have increased. '

•. The proportion of hides from fallen and slaughtered bovine
animals has changed from 50:50 to 25:75. The death rate
of animals on account of diseases than old age-has
increased. Nearly 50% of mortality is on account of
diseases.
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CLRI continues to provide specialized testing services
in the areas of leather, footwear and leather

chemicals.

Specialized Expert Systems
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Expertise Center for Eco testing Laboratory (EXCEL)

Analysis of eco-sensitive chemicals in the leather sector is
a vital programme for the leather sector. EXCEL is fully
engaged in screening hazardous chemicals in leather and
leather products. The programme is mainly based on DIN
protocols, especially for banned arlyamines, PCP,Chromium
VI, Formaldehyde, Extractable metals as well as general
chemical requirements for leather. The laboratory has
analysed 2183 samples. Although standard protocols are
being used, requirements still exist for refining both
extraction and analytical methodologies. Significant work
has been carried out in the analysis and estimation of
polychlorinated phenols, development and application of
solid phase extraction methods for the analysis of banned
arylamines.

Cell for Industrial Safety & Risk Analysis

The Cell for Industrial Sat~tyi & Risk Analysis (CiSRA)
continues to offer expertise to the chemical industries in
the field of industrial safety, the major assignment of the
year being the completion of the comprehensive risk
analysis for the entire refinery complex with the addition
of the new third refinery within the complex at the Chennai
Petroleum Corporation Limited (CPCL), Manali.
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•
Two major programs are being implemented by CLRI

under the Network mode linking eight other CSIR

laboratories viz. Center for Cellular and Molecular Biology

(CCMB), Hyderabad, Center for Food Technological

Research Institute (CFTRI), Mysore, Institute of Microbial

Technology (IMTECH), Chandigarh, Central Glass &

Ceramic Research Institute (CGCRI), Kolkata, Central Salt

& Marine Chemical Research Institute (CSMCRI), Bhavnagar,

National Botanical Research Institute (NBRI), Lucknow,

National Environmental Engineering Research Institute

(NEERI), Nagpur, National Metallurgical Laboratory (NML),

Chennai Unit.

Technology Standardization of Bioresources for and
from Leather

Six collagen products developed by CLRI have been

commercialized. Regulatory process for collagen based

biomaterials has been ensured. Value addition to proven

products through Good Management Practices (GMP) has

been accelerated.

Chitosan microsphere as a carrier system of entrapment of
. rt ~

low molecular weight heparin has been developed by a

novel wlo ionic crosslinking process.

Fresh collagenous tissue from slaughterhouse was co~ected

and soluble collagen in pure form was prepared.

Reconstituted collagen sheet was prepared at lab level.

Process has been standardized both for preparation of

soluble collagen and reconstituted collagen sheet at the lab

level.

Calfskin collagen extracted was constructed as gels and

used as a substrate for in vitro culture of human fibroblast.

The 3-D tissue engineered construct was developed by

adding the known number of fibroblast cell suspension in

collagen solution and cast as gels. The gels were incubated

in vitro. Use as a dermal equivalent is being explored.

Annual Report 2004·05



4O~4O CJ.·..... - .,-, -. . •. ..

CENTRAL lEATHER RESEARCH INSTITUTE

•Enzymes as Bio resources for leather industry

A potent lipase producing strain, Aspergillus niger MTCC

2594 was isolated from curd by enrichment culture

technique and the conditions for lipase production were

optimized and characterized by submerged culture

fermentation and solid state fermentation. Strain

improvement of Aspergillus niger was also carried out by

mutagenesis for enhanced production of lipase.

Fleshings: Products for animal feed and other high
end products

An innovative method for utilization of flesh has been

developed. i.e. manufacture of dog biscuits and chicken

feed. The protein content in these products is as per

standards. Toxicity potential is being assessed and the

process validated.

Environment Friendly Leather Processing

A mobile chilling system has been designed by CLRI.

Experiments reveal that 4° C would be ideal for preservation.

Chilled hides (at 4° C) after one week were processed and

quality of leather and effluent has been assessed. The

physical characteristics are comparable to conventionally

preserved leathers.

Currently 17000 litres of water, is used for converting

1000kg raw hide/skin into chrome tanned leather. A

recycling and reuse system developed has enabled

reduction of use of water from 17000 litres to 7000 litres
with discharge being limited from 1600 litres to 1000

litres.

A system for improved evaporation of saline soak liquor

and Reverse Osmosis (RO) rejects has been designed at lab

scale level.

Biological liquefaction of fleshings has been implemented

in tannery clusters in Dindigul. Anaerobic bioreactor for

biomethanisation of wet limed fleshing and CETP sludge

has been commissioned at Melvisharam.

The sources of odor in pre-tanning processes are mainly

sulphide ions (hydrogen sulphide) and ammonia. The

samples of tannery wastewater were collected from

tanneries to analyze sulphide and nitrogen content in them.
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Methods of removal of odor sources by means of adding

reactive chemicals or passing compressed air or adsorption

by activated charcoal have been studied. The odor removal

process has been made continuous by designing and

employing a flow controller by adjusting flow rate of air

passing through the float in a CSTR/packed bed.
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New Millennium Indian Technology Leadership
Initiative (NMITLI)
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The New Millennium Indian Technology Leadership
Initiative (NMITLI) programme on Biotechnology for

leather aims at paradigm shift from chemical to bioprocessing
of leather. A number of leads have been gained at the end
of three years.

Biopreservation of skin using microbial cultures for periods
exceeding 4 weeks has been recognized. Potentials of the
use of seven natural products for ambient preservation have
been recognized. Cultural homogenates containing
antibacterial compounds have been identified to enable
ambient preservation.

8 lead enzyme products have been identified for further
upscaling and commercialization for application as
dehairing agents.

Bioroute for reduction of sulphate to sulphur

CLRI in association with Agarkar Research .Institute (ARI),
Pune has been engaged in developing a novel approach
to convert dissolved salts of sulfates directly into sulfur. A
mixed culture of microorganisms capable of direct

~ 1 '"

conversion has been identified and standardized. Two
specific organisms engaged in the direct conversion of
dissolved salts of sulfate into sulfur have been identified
and genotyped. Evidence for a hitherto unknown species
has been gained.

Paradigmshift in leather processing: realization of the
core objectives
Shift from the chemical to bioprocessing in the beam house
of tanneries seems feasible. The programme has opened up
a possibility for technologically achieving 2100 ppm TDS
and 100 kglt of solid waste. A second phase of the project
involving public-private partnership is being launched.
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Integrated Leather Development Program of the
Government of India

CLRI enjoyed lead role in planning the integrated

leather development program and in designing the

Program Implementation Unit. Modernization package of

the Gol for the leather sector has been structured and CLRI

played an important part in the planning process.

Human Resource Development (HRD) Mission program
and Global Bench Marking Scheme
Mandate of the Two Programs: Mandate of HRD Mission

is to promote the emergence of technology culture within

the complex grid of primary, secondary and tertiary work

force in the Indian leather sector reaching out to about 1.5

lakh active workers within the project period. The mandate

of the Global bench marking scheme is to develop and

promote the adoption of best global practices of production

and management in select 75 performing production units

in various sub segments of the sector. The project was

commissioned formally in the financial year of 2004-05

and the project has been operational effectively since

August 2004. :f"' ")

Enrollment Workshops

It was considered necessary to carry out enrollment

workshops in different parts of India, so that the regional

spread of the activities within the sector is wide and deep.

CLRI had disseminated information on the schemes through

Awareness Workshops at Chennai on 25 August 2004, at

Delhi on 11th September 2004, at Kolkata on 1st October

2004 and Kanpur on 9th February 2005. The response from

the industry has been encouraging.

Of the 20 proposals received under HRD Mission, 14

received support in the areas of Skill and technology

upgradation, better methods of tanning and product making

for the artisanal sector, capacity building of artisans,

leading to increase in value of leather and product and

income for the artisans, training of CETP/ETP personnel in

best environmental practices.
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Of the 21 proposals received under Global benchmarking
Scheme, 19 received support in the areas of Benchmarking
of best practices in top production units in the country
through expert assistance, quality, social and environmental
audits and certification, inculcation of best practice system
in production units in the country. A study by the National
Productivity Council for evolving National standards in
productivity for tannery and footwear sectors has been
supported.

Environmental Planning

A national action plan for achieving near zero environmental
risk from tanning activity has been prepared and submitted
to the Government through the industry. An action plan
and road map for the environmental security of the tanning
activity has been prepared and submitted to the Tamil Nadu
Pollution Control Board (TNPCB).

Strategic Expansion of Carcass Utilization for Rural
Employment (SECURE)

A model techno-social intervention on the establishment
of a district level initiative to recover fallen animals has
been made in the district of Rajgarh, MP. This techno-social
intervention has been made through an NGO, Lupin
connecting about 3500 families to technology utilization
system. The technology packige Includes two mobile and
mechanized flaying systems, six satellite centers for
recovery of meat meal and other carcass products and a
mother center complete with marketing, quality testing and
training capability.

New Leather complexes

A detailed Project Report has been prepared for setting up
an International Leather Park at Nellore, Andhra Pradesh.
This project is promoted by the Leather Development
Corporation of Andhra Pradesh (LiDCAP) with funding from
the Ministry of Commerce & Industry under the Integrated
Leather Development Programme (lL£?P).
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Application of silicate in leather production
A global consortium approach for cleaner leather processing
networking major institutions in the world working in
leather has been launched with funding support from the
European Commission. The institutes and partners from
Austria, Bangladesh, Belgium, Germany, India and UK have
joined together to find alternate methods to salt in curing
by using waser glass. The studies have shown that waser
glass could serve as a method of preservation of hide/
skin.

New breakthroughs have been made under this program
which will render the replacement of common salt by silica
gels in curing feasible. Two types of silicate samples have
been investigated under this Global ResearchAlliance. The
waser glass generated in Austria with larger particle sizes
deposit preferentially on the surface as evident from SEM-
EDAX studies. The sample generated in CLRI with smaller
particle sizes penetrate deeper and permit higher loading
of si I icate ions as evident from SEM-EDAX. NMR
investigations reveal that 04 compositions of silicate
samples generated in Austria and India are varying and this
leads to subtle variations. nf~pjoject has yielded favorable
results. The results of CLRI have been well appreciated by
the sponsors and the project management team.

Salinity reduction in tannery effluents
A collaborative programme between India and Australia
aimed at reduction of salinity in the tannery waste streams
through introduction of technologies/process changes in
preservation and tanning has yielded good results opening
up possible commercial exploitation.

The project results have been reviewed by an external team
and the results of CLRI have been appreciated for its quality
and quantum The enthusiasm of the user industry to adopt
the results gained from the project are reassuring.
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Extension Activities

CENTRAL LEATHER RESEARCH INSTITUTE

•
The Regional Centres for Extension and Development

(RCED)'s at Ahmedabad, Jalandhar, Kanpur and Kolkatta

serve as extended arms of CLRI linking the institute to the

leather industries in the West, North, Central and Eastern

regions of India.

The RCED, Ahmedabad, continues to provide support to

the artisanal sector through training activities. Leather

cooperatives in Gujarat, were provided mentoring and

tutoring to enable them to practice better methods of

tanning. 430 rural artisans have been trained in better

methods of leather processing.

A diagriostic study was conducted for assessing the existing

artisanal production systems and recommendations have

been made based on the study, for production of quality

leather products.

Testing and evaluation studies have been carried out for

leather chemical companies.

The RCED, Jalandhar, continues to provide modular

training programmes in leather -products manufacture. 18

persons were trained in glove manufacture.

The academic and research programmes, between the

National Institute of technology, (NIT) and the CLRb were

enhanced through intensive interactions and discussions.

An MoU based on partnership model between CLRI and

NIT has been signed and the cooperation has been further

fortified duri ng 2004-05.

11 self help groups belonging to the nomadic community

were provided training in pelt processing and leather

product making.

The Centre has provided testing and evaluation support to

the industry. Increasing environmental preparedness of the

sector in the region through applications of technology has

received the highest priority of CLRI.
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•
The RCED, Kanpur, continued to provide technical support

and analytical services to the leather industry in the region,

for leather and leather auxiliaries, footwear pattern grading,

finished leather certification, shoes/boots and saddlery.

In order to enroll the industry in the region, into the tenth

plan initiatives of the leather sector, a Workshop was

organized on qth February 2005. Several leading exporters

in the region attended the Workshop on "Benchmark for

production units in leather sector and Human Resource

Development Mission". The industry response to the

programmes has been overwhelming.

A platform for a stronger cooperation among liT, Kanpur,

liT Madras at Chennai and CLRI has been laid in 2004-

05.

The RCED, Kolkatta caters to the industry needs in the

eastern part of the country through training activities,

consultancy services, testing and evaluation studies.

The Centre in consultation with CLRI has been providing

technical advice to the industry in the shifting of the units

to the industrial complex.

The Centre in association with the Council for Leather

Exports (CLE), organized a Workshop on 1st October 2004

to enroll the industry in ther{egion into the tenth plan

initiatives of the leather sector.
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Budget

Budget Head

A.

(Rs. In lakhs)

2004-05

•

B.

Recurring

Salaries 1207.385

Contingencies 200.526

Human Resource Development 2.934

Maintenance 78.241

Chemicals & Consumables 336.708

Total Recurring (A) 1825.794

Capital

Works & Services 4.044

Apparatus & Equipment 468.028

Office Equipment 0.977

Furniture & Fittings 5.238

Library Books 61.116

Vehicles 4.522

Total Capital (B) 543.925

Grand Total (A + B) 2369.719

Extra Budgetary Resources

I. External Cash Flow (ECF)

Job Work

(Rs. In lakhs)

2004-2005

6.577

103.763

1.065

13.860

265.267

561.021

951.553

Testing

Other Technical Services

Sponsored Research

Consultancy Programmes

Others

Total

% Contribution
from Private Sector 39.56%

II. CLRI Revenue Budget

EBR as % Revenue
Expenditure 52.12

Staff Position
Staff Position as on 31.3.2005

Category Nos.

Group IV Scientific 134

Group III Technical 81

Group II Technical 94

Group I Technical 81

Administration 108
Admin Group D Non-Technical 40

Total 538
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•
Patents

A. Filed in India
1. An improved process for the recovery of common salt from salt

cured raw hides/skins for reduction of total dissolved solids in the

effluents

2. A novel apparatus for scum removal for industrial applications

3. A process for making wet- pink leather

4. Bio-tanning process for leather making

5. Process for the preparation of inorganic colorants from mixed rare

earth compounds

6. A process for the preparation of poly(urethaneacrylicjcopolymer

dispersion for industrial applications

7. A process for the preparation of bio-tanning agent

B. Filed abroad (Total applications - 15)
1. A novel transposed process for making leather (US)

2. A novel process for the preparation of inorganic colorants from

mixed rare earth compounds (US/peT)

3. A novel bio-tanning process for leather making (US/peT)

4. A process for making wet-pink leather (US/peT)

5. A novel apparatus for scum removal for industrial applications

(US/peT)

6. A process for the preparation of bio-tanning agent (US/peT)

7. An improved process for the prJparation of bio-diesel (BD)

8. A novel process for total lime-sulfide free unhairing in skins/hides

using herbal enzymes (PK, NZ)

9. A novel process for the preparation of aldehyde from proteinous

source for industrial applications (EP)

C. Granted in India

1. A process for the preparation of ionically charged collagen

sponge

2. A process for the preparation of reconstituted collagen

substratum

3. An improved polymerization process for obtaining polymers of

low molecular weight

D. Granted abroad
1. An improved logic device EPR imaging device using microwave

bridge translator
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Chemistry Letters

33, 2004, 288-289
33, 2004, 1146-1147
33 (8), 2004, 1038-1039

Papers Published in International Journals

Advances in Polymer Technology,
23, 2004, 24-31

Analytica Chimica Acta, 509 (1), 2004, 39-45

Analytical Biochemistry, 330 (1), 2004, 70-73

Angewandt Chemie, Int. Ed.
43, 2004, 5363-5366

Applied Catalysis-A, General, 266 (1), 2004, 1-10

Australian Journal of Chemistry,
57 (2), 2004, 129-133

Biochemica et Biophysica Acta-General Subjects,
1670 (2), 2004, 121-125

Biochimica et Biophysica Acta-Molecular Basis of
diseases,

1689 (3), 2004, 190-201

Biomaterials
25 (10) 2004,1911-1917
25 (10), 2004, 2585-2594

Bioorganic & Medicinal Chemistry Letters,
14 (9), 2004, 2035-2040
14, 2004, 6035-6040

Bioorganic & Medicinal Chemistry,
12, 2004, 5533-5543

Biopolymers, 76(5), 2004, 421-434

Biotechnology and Applied Biochemistry,
40, 2004, 1-5

Carbon, 42, 2004, 2399-2407

Chemical & Pharmaceutical Bulletin,
52 (8), 2004, 976-979

Chemical Communications, 10, 2004, 700-701

Chemical Physics Letters,
383 (1-2), 2004, 122-128
394 (4-6), 2004, 225-230
399, 2004, 359-362

CENTRAL LEATHER RESEARCH INSTITUTE

Chemosphere,
57(6), 2004, 165-169
56, (9), 2004, 833-841

Clean Technology Environmental Policy,
6, 2004, 243-249

Collection Building (UK), 23, 2004, 157-171

Colloid and Polymer Science,
283 (2), 2004, 209-218

Colloids and Surfaces, Part A Physicochemical &
Engineering Aspects

. 236 (1-3), 2004, 45-50

Crystal Research and Technology,
39(4), 2004, 368-374

Desalination, 164 (2) (2004), 151-156

Diabetes Care, 27, 2004, 474-477

Drying Technology, n~2Q04, 1969-1982

Energy & Fuel Users, April- June, 2004, 25-32

Environmental Science & Technology, '
38 (1), 2004, 300-306
38 (3), 2004, 871-879
38 (5), 2004,1616-1621
38 (21), 2004, 5779-5785

European Journal of Inorganic Chemistry,
2004, (9), 1840-1846

European Polymer Journal,
40 (3), 2004, 589-597
40 (8), 2004, 1887-1894
40, 2004, 2269-2276

Fresineus Environmental Bulletin,
13 (6) 2004, 568-573
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Industrial & Engineering Chemistry Research,
43 (8), 2004, 1832-1838
43 (17), 2004, 5310-5317

Info-The journal of Policy, Regulation and Strategy
for Telecommunications (UK),

6, 2004, 261-269

International journal of Biochemistry & Cell Biology,
36 (10), 2004, 1967-1980

International journal of Biological Molecules,
34, 2004, 241-247

International journal of Chemical Kinetics,
36, (2), 2004, 79-86

Internet Electronic journal of Molecular Des,
3, 2004, 610-621

ISA Transactions,43, 2004, 1-13

journal of American Leather Chemists Association,
99, 2004, 12-15
99, 2004, 53-66
99, 2004, 67-72
99, 2004, 73-81
99, 2004, 82-94
99, 2004, 103-109
99, 2004, 119-128
99,2004,157-163
99, 2004, 170-176
99, 2004, 197-204
99, 2004, 233-241
99, 2004, 281-288
99, 2004, 361-366
99, 2004, 367-375
99, 2004, 457-460
99 (11), 2004, 112-120
99 (11), 2004 468-475

journal of Applied Polymer Science,
93 (1), 2004, 444-454
94 (2), 2004, 739-747
92 (4), 2004, 2494-2503

journal of Biochemical and Biophysical Methods,
60 (1), 2004, 23-27

journal of Biochemistry, 136, 2004, 457-462
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journal of Biomaterials Applications,

18, 2004, 247-264

journal of Biomedical Materials Research Part B:
Applied Biomaterials,

69 B (2), 2004, 241-248
70 B (2), 2004, 389-396
71 B (2), 2004, 305-312

journal of Biomolecular Structure and Dynamics,
21 (5), 2004, 671-680

journal of Chemical Research-S,
3,2004,218-219

journal of Chemical Technology and Biotechnology,
79 (11), 2004, 1251-1258

journal of Colloid and Interface Science,
271,2004,419-425
275 (1), 2004, 271-276
276, 2004, 125-131
277, 2004, 304-308
277 (1), 2004, 79-83

journal of Hetrocyclic Chemistry,
41, 2004, 405-408
41,2004,1039-1041

journal of Inorganic Biochemistry,
41, 2004, 387-392, •t .,
41, 2004, 991-994 '

journal of Macromolecular Science-Physics
B 43 (4), 2004, 755-762 I

journal of Macromolecular Science-Pure and Applied
Chemistry

A 41, 2004, 791-809
A 41 (7), 2004, 873-888
A 41 (11),2004,1251-1266

journal of Material Chemistry
14, 2004, 43-47
14,2004,1057-1061

journal of Membrane Science, 232, 2004, 73-83

journal of Molecular Recognition,
17, 2004, 67-75.
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Journal of Physical Chemistry (A),
108 (13), 2004, 2487-2491
108 (17),2004,3817-3828

Journal of Physical Chemistry B,
108 (26), 2004, 8806-8816

Journal of Polymer Research,
15 (2), 2004, 1-7

Journal of Polymer Science Part A Polymer Chemistry,
42 (2) 2004, 341-350
42 (9), 2004, 2241-2252
42 (14), 2004, 3433-3444

Journal of Polymer Science Polymer Physics,
42, 2004, 3859-3865

Journal of Society for leather Technologists and
Chemists,

88, 2004, 23-26
88, 2004, 76-81
88, 2004, 202-207
88 (6t 2004, 249-251
88,(6), 2004, 252-255
88,(6), 2004, 256-259

Journal of Structural Biology,
148 (2), 2004, 176-193

Journal of Supercritical Fluids,
30 (2), 2004, 119-125
32 (1~3), 2004, 231-242

Journal of Thermal Analysis and Calorimetry,
78, 2004, 799-808

land Contamination and Reclamation,
12, 2004, 39-46 . ~

langmuir, 20, 2004, 9029-9035 h\~
library Review (UK), 53, 2004, 363-371..1" !

life Sciences, 75(15), 2004, 1887-1896 . j I
liquid Crystals, 31 (11),2004,1457-1462

Macromolecular Rapid Communications,
25(15), 2004, 1406-1409

Macromolecules, 37 (10), 2004, 3614-3622

Materials letters, 58 (22), 2004, 2914-2917
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•Molecular and Cellular Biochemistry,
259 (1-2), 2004,43-51
267 (1-2), 2004, 47-58

Molecular Crystals and liquid Crystals,
414, 2004, 39-48

Nanoletters, 7, 2004, 53-61

Neurological Research, 26, 2004, 579-585

Organic Electronics, 5, 2004, 227-235

Polymer International, 53, 2004, 1831-1837

Polymer, 45, 2004, 6507-651 7

Program: Electronic library and Information Systems
(UK),

38, 2004, 257-267

Reproduction, 128(1), 2004, 127-13 7

Synthesis Stuttgart,
1, 2004, 63-68
1, 2004, 69-74
6 2004, 949-959
8,2004,1269-1273

Synthetic Communications,
34 (4), 2004, 735-742
34 (6), 2004, 1157-1161
34 (7), 2004, 125~f 12,64
34 (7), 2004, 1309-1315
34 (12), 2004, 2127-2133

I

Tetrahedron letters, 45, 2004, 7903-7906

Tetrahedron, 60 (13), 2004, 2965-2969

The Foot, 14, 2004, 192-197

. Thermochimica Acta, 409 (2), 2004, 201-206

. I

~.Transition Metal Chemistry,
7"29 (7), 2004, 751-756

. Trends in Biotechnology, 22(4), 2004, 181-188

Wound Repair and Regeneration,
12 (2), 2004, 183-192
12 (6), 2004, 618-625
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Awards / Honours

FOUNDED IN 1935

~~
has been elected

Fel1qw rf
The Indian Natiunal Science Academy

at
The Atmual General Meeting

em w..!Pte..II.EOO4

0000 OOOQOOOO 000000000000.
TAMD..NADUSTAT£ COUNCIL

I'ORsaENCE Al'ID T£CIINOLOGY
p."-'~"QIIL"""""

CBBII~._

Dr Ganga Radhakrishnan wins the Smt. Chandaben

Mohanbhai Patel Industrial Research Award for

women scientist for the year 2001 for contributions

to research in Science and Technology.

Dr P Thanikaivelan, won "Innovation Potential of

Students Project Award 2004 - Doctoral level" from
INAE,New Delhi.

Dr T Ramasami Director, CLRI has been elected as

Fellow of National Academy of Sciences (FNA)

o Dr PT Perumal wins the CRSI Bronze Medal for

contributions in Chemical Sciences for the year

2004.

Dr KJ Sreeram has been selected for CSIR Young

Scientist Award 2004 in Engineering Sciences.

Dr Balachandran Unni Nair wins 2003 - TANSA
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