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CHAIRMAN’S

FOREWORD
or its function, higher latex yielding trees may be obtained.
The development of a genome browser for Hevea marks an
important first step in making the Hevea genome accessible
and to serve as an interactive tool available to all MRB
bioscientists.

Datuk Dr Salmiah Ahmad
In 2010 the Malaysian Rubber Board (MRB) put forward new
strategies for the Malaysian Rubber Industry (MRI) that were
formulated to guide the work of the MRB and TARRC for the
next ten years. In the first year working under these new
strategies, I am pleased to report that TARRC has embarked
in this new direction sustained by very committed staff
working in key focus areas that will ensure the continued
competitiveness of both the upstream and downstream
industries.
One of these key areas is to improve productivity for the
upstream sector. Plans to increase NR production will rely on
improved breeding programmes that will increase the
productivity of rubber growers, resulting in improved quality
of latex and dry rubber. Using the current assembled genome
sequence, good progress has been made in identification of
important functional proteins produced by Hevea brasiliensis.
The first specific sequence that has been targeted for Single
Nucleotide Polymorphism selection is the coding sequence
for the protein Hevamine A, which is believed to have a role
in plugging latex vessels. One of the potential ways to
increase latex yield is to prolong latex flow during tapping
session. By manipulation of the wound-closing mechanism at
the biochemical level, through control of Hevamine A levels
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The assembly and annotation of the genome that is being
undertaken will generate the essential knowledge database
required for the activities that have been identified in the
Hevea Genome Roadmap Document. The Roadmap sets out
the strategy for exploiting the Hevea genome database to aid
the planning of future biotechnology research that is
required to increase the economic value to Malaysia of the
rubber tree. I am pleased that scientists from biotechnology
units in the UK and Malaysia are continuing to network with
other research groups in similar genomic fields, focusing on
ways of encouraging and facilitating active collaboration and
to consolidate the research efforts of a number of the
different interest organisations in Malaysia.
I am delighted to see good progress in TARRC’s involvement
with the high profile Penang Bridge project which has
adopted the seismic rubber bearing technology first
developed by TARRC. This has not only provided protection
from earthquakes but also brought a significant saving in
construction costs by avoiding the need to strengthen the
piling system thus enabling the entire construction project to
be kept on schedule.
This major construction project, the largest structure so far
to be fitted with seismic rubber bearings anywhere in the
world, has seen TARRC engineers designing the bearings and
working with MRB colleagues and the Malaysian
manufacturer to ensure their successful manufacture and
vigorous testing. The installation of the seismic rubber
bearings for the sea section of the bridge, has been
facilitated by the use of a preset locking system overseen by
members of the MRB team. This system, without which the
installation of the bearings would have been extremely
difficult and costly, was designed by TARRC’s engineers and I
am pleased to report that a patent application for this novel
technology has been submitted. The design of the bearings
for the two land based sections of the bridge was also
successfully completed by the end of the year.
The Penang Bridge project has given a platform upon which
to publicise the excellent work that has been carried out by
TARRC and MRB engineers. Advice sought at several

international seminars, meetings, conferences and visits are
testimonies of the international recognition of the technical
excellence present in TARRC and MRB.
TARRC has a long history of engineering research in the design,
manufacture and modelling of elastomeric components. The
development of a new prototype automotive engine mounting
system using smart materials, in collaboration with a major
automotive manufacturer, will allow us to provide full support
to the Malaysian automotive component manufacturers in the
next generation of such systems. The development and
patenting of innovative products such as these will increase the
revenue of MRB through commercialisation of our R&D findings
and see an increase in the adoption of new technologies by the
Malaysian Rubber Industry.
Green tyre technology, using sustainable and renewable NR
based materials is one of our main focus areas and our aim is to
develop expertise and detailed technology that can be
transferred to the tyre industry. This will ultimately increase the
consumption of Malaysia’s specialty rubber known as
Ekoprena™. TARRC’s new and improved compounds and mixing
technologies are being developed for passenger and
commercial vehicle tyres. This will enhance the opportunity for
Ekoprena™/silica based compounds to meet the demand for
tyres that can meet the new tyre labelling legislation
requirements based on renewable materials with low carbon
footprints. TARRC’s efforts to communicate the benefits of
using such tyre compounds to vehicle and tyre manufacturers,
consumers and legislators, will have a major impact on the
consumption of Ekoprena™ in the coming years. I look forward
to the UK’s first trials of Ekoprena™ tyres on commercial
vehicles in 2012.
The Board noted the interesting development of new fire
retardant material from ENR for potential applications in the
non-tyre sector. The successful development will not only
increase the export of NR from Malaysia but will surely place
the industry in a blue instead of red ocean sector.
MRB has always recognised the value of secondments and
training within our organisation and the industry. This policy
has continued in 2011 with TARRC hosting several MRB officers
and industry personnel working in areas including engineering
and biotechnology. I see secondments and training as being
invaluable aids to the development of younger scientists,
allowing them to gain skills and knowledge and in turn raise
industry capability as a whole.
The MRB’s quality improvement and advanced just-in-time
manufacturing projects, A5 and A6, continue to identify
significant cost savings through improved efficiency and
productivity in the factory enabling our industry to be more

TARRC’s Board Meeting at Brickendonbury in 2011
competitive. They also offer design and product development
assistance to enable manufacturers to enter new product
markets.
TARRC’s representation of the Malaysian Rubber Industry at
international exhibitions, have resulted in business for
Malaysian manufacturers. Feedback from the industry indicates
that in 2011, the estimation of known business achieved with
TARRC’s assistance by Malaysian manufacturers has increased
by approximately 25 percent on 2010, rising to RM25 million.
It is MRB’s goal to continuously increase its internally generated
income. For this to happen, more aggressive marketing
activities are required to promote the consultancy. It is
encouraging to see that in 2011 Rubber Consultants
participated in two international exhibitions, including an event
aimed specifically at the pharmaceutical industry and to date
contracts worth in excess of £40,000 were secured from these
initiatives.
TARRC was honoured to receive another distinguished visit in
2011. Malaysia’s Deputy Prime Minister Tan Sri Muhyiddin Haji
Mohd Yassin and his wife, Puan Sri Noorainee Binti Abdul
Rahaman were welcomed to TARRC on the occasion of annual
Malaysia Day Carnival held each year at Brickendonbury. I am
delighted that the Honourable Deputy Prime Minister was able
to take time to visit the laboratory complex where TARRC’s CEO
was able to highlight the Research Centre’s main achievements.

Datuk Dr Salmiah Ahmad
Chairman
Tun Abdul Razak Research Centre
www.tarrc.co.uk

11

12

www.tarrc.co.uk

D I RECTORS’ REPORT
The Board of Directors is pleased to submit its seventy-fourth Annual Report and the Audited Accounts of the
Research Centre for the year ended 31st December 2011
The Board

YBhg Datuk Dr Salmiah Ahmad was appointed Director General of
the Malaysian Rubber Board (MRB) by the Minister of Plantation
Industries and Commodities, Malaysia, on 9th February 2010 and
became a Member and Chairman of the TARRC Board (ex-officio).
Dr Kamarudin Ab-Malek was appointed as London Representative
of the MRB and a Member and Vice-Chairman (ex-officio) of the
Board on 24th March 2010. Dr Stuart Cook was appointed as
Director of Research on 1st July 2009 and remains a Member of
the Board (ex-officio).
Mr Lim Kwee Shyan, Mr Abd Halim Hamid and Dr Zakaria Abd
Hadi were appointed to the Board by the Minister of Plantation
Industries & Commodities, Malaysia on 1st January 2012.
Dr Arthur Roger Williams was appointed to the Board by the
Minister of Plantation Industries and Commodities on 1st January
2005. He resigned from the Board on 31st December 2011.
Dr Wan Abdul Rahaman and Mr Lee Kim Meow were appointed
to the Board by the Minister of Plantation Industries and
Commodities on 16th April and 11th March 2010 respectively.
They resigned from the Board on 31st December 2011.
The Board was pleased to record its gratitude and appreciation
for their services rendered to the Research Centre.
The Board met four times during 2011 to transact business. The
members of the Board as at 31st December 2011 are listed on
page 5.

General Meeting

The seventy-fourth Annual General Meeting of TARRC was held
on 20th June 2011.

Legal Status

The Tun Abdul Razak Research Centre (TARRC) is an
organisation and research centre of the Malaysian Rubber
Board (MRB). Incorporated in England since 1938, TARRC is a
Company Limited by Guarantee and not having a share capital,
the word ‘Limited’ being omitted by Licence of the Department
of Trade and Industry. TARRC, by reason of the definition in
Section 1(1) of the Companies Act 1980 and the bringing into
force of Part 1 of that Act, became a Private Company on 22nd
December 1980.

Principal Activities

The core activities of TARRC are identified as:
- specialised R&D focusing particularly on rubber in
engineering applications;
- development of sustainable advanced materials
and products;

- biotechnology activities;
- transfer of technology to the Malaysian rubber products
industry;
- commercialisation of R&D outcomes;
- promotion of Malaysian manufactured rubber-based
materials and products;
- FDI opportunities in the Malaysian rubber industry;
- training for personnel both from the MRB and the industry
in Malaysia;
- consultancy services to generate income.
All these activities involve the publishing and distribution of
associated scientific, technical and promotional literature.
Participation in international meetings, seminars and exhibitions
are also important activities to encourage the expansion of
markets for Malaysian rubber products and materials. Clear
targets are set for income generation and in keeping with this
policy, the Board charged the Director and Staff to continue to
enhance income through exploitation of TARRC’s scientific
resources and expertise and commercialisation of its R&D
findings to increase its degree of self-financing. The Board was
encouraged that despite the challenging global economic
situation, turnover from Rubber Consultants in 2011 held
steady, coming in at just over £1,000,000. The Board was
pleased to note that the number of unprompted feedback
commendations from consultancy clients was the highest ever
received in 2011.
TARRC continues to play an important role as Malaysia
continues its drive to reach high income status by 2020.
Although technical support for Malaysian raw rubber continues,
the Centre’s much more important role is to assist Malaysian
rubber product manufacturers by factory visits, transfer of
technology, enhancing their product development capabilities
and compounding and processing know-how. TARRC answered
33 technical enquiries in support of the Malaysian rubber
industry, 10 of these coming from Malaysian companies seeking
advice and assistance on compounding, product manufacture
and specifications. A total of seven factory visits to Malaysian
companies took place during the year as part of MRB’s
industrial support projects: ‘TQS – Total quality - the key to
success’ (A5) and ‘Advanced just-in-time manufacturing’ (A6).
A total of 23 business meetings took place with Malaysian
companies and 95 referrals of requests for quotations for
rubber products were put forward to the appropriate Malaysian
manufacturers.
TARRC has also continued to work closely with other Malaysian
organisations, particularly the Malaysian Rubber Export
Promotion Council (MREPC), the Malaysian External Trade
Development Corporation (MATRADE) and the Malaysian
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Industrial Development Authority (MIDA), to promote the
Malaysian-manufactured rubber products and the rubber
industry as a whole.
The Board was pleased with the progress of the marketing,
technical support and R&D projects run by TARRC to assist the
Malaysian industry. Details of work performed and significant
achievements over the year are reviewed in ‘2011 - Review of
the year’ on pages 17 to 39.

Future Prospects

TARRC’s laboratory renovation programme continued during
2011 with emphasis on the analytical facilities. This phase of
work was completed at the end of 2011. TARRC’s Materials
Characterisation Unit plays a vital role in generating income
for Rubber Consultants, and new ‘state of the art’ laboratory
facilities will ensure that they are able to carry out their work
for external clients, as well as for internal projects, with
increased efficiency and productivity.
TARRC’s biotechnology team is already experienced in working
closely with other organisations. These include colleagues
from the Malaysian Rubber Board’s Biotechnology Unit as well
as the BBSRC Genome Analysis Centre in the UK, TARRC’s
collaborating partner in its project to complete a high-quality
draft sequence of the rubber tree (Hevea brasiIiensis) genome.
Work will continue to complete the functional annotation of
the genome sequence, identifying genes, their structures and
functions and link these genes to specific traits. Future
collaboration with other universities and companies working in
this area will assist the MRB’s efforts in the implementation of
a Malaysian Hevea Genome Strategy that will lead to an
acceleration in the breeding of improved rubber plants with
enhanced yield, level of disease resistance and in the quality of
both latex and timber, all key commodity traits for rubber
trees.
The Biotechnology Unit has now joined the Materials
Characterisation Unit and the Tyre Testing Laboratory as one
of TARRC's ISO 17025 UKAS-accredited contract laboratories.
The Unit was awarded UKAS accreditation for a specific
laboratory method, the modified Lowry assay, which
determines the level of aqueous extractable protein in natural
rubber latex products such as gloves and balloons.
Achievement of ISO 17025 accreditation within Biotechnology
is part of an ongoing programme to attract more commercial
clients who in the future may require protein testing as well as
a wider range of testing services from an accredited
biotechnology laboratory.
TARRC engineers will continue to play a pivotal role as
consultants to the company formed by the Malaysian
government to oversee the design and construction of the
second Penang Bridge, due for completion at the end of 2013.
TARRC’s successful involvement in the design, manufacturing,
testing and installation of the bearings for the project provides
an excellent opportunity to further publicise the MRB’s
capabilities to the base isolation community. The novel
bearing locking system, designed by TARRC to deal with large
deflections resulting from creep and shrinkage of long decks,
demonstrates the innovative expertise available and will
further enhance the world-renowned reputation of the
research centre’s engineers. Securing new construction
projects in earthquake-prone regions will be given high priority
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over the next few years. This will also serve to further increase
awareness of rubber-based antiseismic devices; keep Malaysia
at the leading edge of providing such technologies to the
global market and lead to an increased export market for
Malaysian antiseismic products. Work will also be ongoing on
the development and improvement of viscoelastic energy
dissipating devices to protect existing or new buildings from
damage during earthquakes.
Further technical promotion of Ekoprena™, a ‘green’ material
developed by the MRB and manufactured by the epoxidation
of natural rubber latex, will continue in the coming years and
will increase in importance with the expected commencement
in Malaysia of commercial production by Felda Rubber
Industries Sdn Bhd (FRISB) and MARDEC Berhad in 2012.
Technical marketing meetings in 2011 with major tyre
manufacturers, car manufacturers and raw material suppliers
demonstrated that many are keen to explore and expand the
use of ‘green’ materials for tyres, particularly on future models
of cars including hybrid and electric vehicles. TARRC will also
push ahead with its ENR/silica compound improvement
programme to ensure that the performance of Ekoprena™
compounds matches or exceeds that of current synthetic
formulations used by the tyre industry, particularly in the
critical areas of wet grip and rolling resistance. Trials of
Ekoprena™ based truck/bus formulation will commence
in 2012.
A new project complementing TARRC’s other tyre
development projects will look specifically at abrasion and tyre
wear. The objectives are to enhance the wear resistance of NR
and ENR tyre treads and hence increase the lifetime of tyres.
The project will aim to understand tyre wear to a level that
will reduce reliance on slow and expensive tyre roadwear tests
for tyre tread development. At present, no laboratory tests,
abrasion or otherwise have yet been identified that correlate
well with the actual performance of tyres on the road. This
programme of work will call for collaboration across TARRC’s
units, particularly Engineering Design, Advanced Materials and
Product Development and Product Evaluation and Testing.
Engineers will continue to design and improve current designs
for automotive engine mounting systems with a view to
securing Intellectual Property Rights (IPR) in smart engine
mountings and magnetorheological fluids. Full support will be
provided to Malaysian automotive and automotive component
manufacturers in the next generation of such systems.
Efforts will continue to improve the design methodology and
manufacturing techniques of rubber composite products,
through the use of analytical and computational methods,
particularly FEA. As well as rubber-metal components such as
bushes and laminated bearings and rubber concrete
structures, tyre simulation will now be included. Research
findings will be used in product development projects at
TARRC and the Rubber Technology Centre (RTC) in Malaysia
and be made available to Malaysian rubber component
manufactures and design engineers in the form of publications
and improved simulation tools.
Further specialist assistance will be made available to the
Malaysian industry in terms of CAD/CAE, testing and design
through TARRC and the RTC’s joint A6 project offering
advanced just-in-time manufacturing methods. The project,

through factory visits, will enable Malaysian rubber product
manufacturers to shorten the ‘time to market’ for products, to
enter new markets and to better meet specifications for
product approval. Training in simulation at TARRC for Malaysian
secondees from the RTC and industry will also continue to be an
important function for TARRC in the future.
Marketing activities by TARRC’s Market Intelligence and
Promotion Unit will continue to raise awareness of the
Malaysian rubber industry with the objective of increasing
business in western markets for the benefit of Malaysia’s gross
national income. Promotional activities to market TARRC’s
technical expertise and consultancy services will be increased
by participation in key international exhibitions and
conferences, and specific marketing campaigns.
In line with the Malaysian Rubber Board’s strategy document
2010-2020, TARRC will continue to apply its scientific R&D
expertise in activities to address the challenges faced by the
Malaysian industry and to develop commercially relevant
applications and value-added products.

Senior Staff as at 31st December 2011

During the year, one senior officer resigned. The total senior
staff strength on 31st December 2011 was 43.

Supporting Staff as at 31st December 2011

During the year, one appointment was made, and one member
resigned. The total number of supporting staff on 31st
December 2011 was 45. The Board records its thanks to all
employees for their work in 2011.

Staff Lectures & Publications

During 2011 38 staff lectures were given and 36 scientific and
technological papers or proceedings were published. A list of
these can be found on pages 54 to 57.

Finance

The Income and Expenditure Account and the Balance Sheet as
at 31st December 2011, together with Explanatory Notes and
the Auditor’s Report, are presented on pages 40 to 53. In the
opinion of the Board, the current market value of TARRC's
freehold properties is in excess of the net book value shown in
the Balance Sheet.

Directors’ responsibilities

In compliance with their responsibilities, the directors ensured
that every year the financial statements are prepared in
accordance with applicable law and regulations, such as the
United Kingdom Generally Accepted Accounting Practice
(United Kingdom Accounting Standards and Applicable Law). To
ensure that the financial statements give a true and fair view of
the state of the affairs of the company and of the income and
expenditure of the company for that year, they:
-

selected suitable accounting policies and apply them
consistently;
made judgments and estimates that were reasonable
and prudent;
prepared the financial statements on the going
concern basis unless it is inappropriate to presume
that the company will continue in business.

In keeping with their responsibilities, the directors ensured the
maintenance of adequate accounting records that are sufficient
to show and explain the company’s transactions and to disclose
with reasonable accuracy at any time the financial position of
the company to enable them to ensure that the financial
statements comply with the Companies Act 2006. They have
been responsible for safeguarding the assets of the company
and hence for taking reasonable steps for the prevention and
detection of fraud and other irregularities.
In so far as the directors are aware:
-

-

there is no relevant audit information (information
needed by the company’s auditors in connection with
preparing their report) of which the company’s
auditors are unaware, and
they have taken all the steps that they ought to have
taken to make themselves aware of any relevant audit
information and to establish that the company’s
auditors are aware of that information.

Auditors

Wags LLP t/a Wagstaffs are deemed to be reappointed in
accordance with Section 487(2) of the Companies Act 2006.

Financial risk management objectives and policies

The company's operations expose it to a variety of financial
risks that include the changes in debt market prices, credit risk,
liquidity risk, interest rate risk and foreign exchange rate risk.
The company has in place a risk management programme that
seeks to limit the adverse effects on the financial performance
of the company by monitoring the levels of debt finance and
the related costs. The company does not use derivative financial
instruments to manage interest rate costs and as such, no
hedge accounting is applied.
Given the size of the company, the directors have not delegated
the responsibility of monitoring financial risk management to a
subcommittee of the Board. The policies set by the board of
directors are implemented by the company's finance
department. The department has a policy and procedures
manual that sets out the specific guidelines to manage interest
rate risk, credit risk and foreign exchange risk and
circumstances where it would be appropriate to use financial
instruments to manage these.

This report was approved by the Board on 2nd July 2012
and signed on its behalf by

Dr Elias Bin Awang
Company Secretary
Tun Abdul Razak Research Centre

www.tarrc.co.uk
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2 0 11 - R E V I E W

OF THE YEAR
TUN ABDUL RAZAK RESEARCH CENTRE - A GLOBAL CENTRE OF
EXCELLENCE FOR RUBBER RELATED SCIENCE AND TECHNOLOGY
ENGINEERING

Penang Bridge and promotion of anti-seismic
technology

Involvement with the high-profile Penang Bridge
project in Malaysia has dominated the work of
TARRC engineers in 2011. The 24km second Penang
Bridge is due for completion in November 2013 and
is currently on schedule.
The 17km long sea section of the bridge is using 1400
seismic rubber bearings designed by TARRC and MRB
engineers and manufactured by a Malaysian
company.
In 2011, the Engineering Design Unit at TARRC,
through Rubber Consultants, has been providing
extensive technical support and know-how to
structural engineers and contractors of both the sea
and land sections of the Penang Bridge as well as to
the Malaysian manufacturer of the
bearings, Doshin Rubber Company.
Furthermore, training and confidence
building of the research officers at
the Rubber Technology Centre of
MRB for future projects has been
achieved together with valuable
guidance provided to the owner of
the bridge overseeing the project.
The technical advice resulted in:
•
•
•
•

successful design of six bearings
for the two land based sections of
the crossing,
design of moulds and high quality
production process for the
bearings,
implementation and monitoring
of quality control procedures for
manufacture and
testing of the prototype and production bearings
in accordance to European Standards.

TARRC’s innovative design of bearing locking system
for the sea section bearings has proved to be a key
factor in developing a suitable procedure for
installation of the bearings and specifically for the
testing of the land section bearings under extreme

loading conditions. The locking plate system was also
submitted as a patent application in 2011.
Several visits were made to the Penang Bridge
construction site during the year to ensure that
technical procedures were being followed and to iron
out any technical issues. One of the visits was also in
conjunction with a two-day international seminar
entitled ‘The Design and Construction of The Second
Penang Bridge – Sustainability Through Innovation in
Design’, organised by Jambatan Kedua Sdn Bhd
(JKSB). The seminar drew considerable interest, being
attended by some 500 professionals and decision
makers from the Malaysian government and private
organisations such as the authorities,
concessionaires, contractors, consultants and
suppliers directly involved in the construction,
maintenance and operation of highway and bridge
projects.

Activities to promote the use of MRB developed
antiseismic devices during the year included visits by:
•

TARRC’s CEO on the decision to use Malaysian
Rubber Board’s (MRB) high damping natural
rubber isolators to control the seismic loads on
the structure at the two-day international
seminar entitled ‘The Design and Construction of
The Second Penang Bridge’.
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TARRC
was pleased to welcome Malaysia’s Deputy
Prime Minister, Tan Sri Muhyiddin Haji Mohd Yassin and his
wife, Puan Sri Noorainee Binti Abdul Rahaman, who were attending
the annual Malaysia Day carnival at Brickendonbury. TARRC’s CEO
gave a brief introduction to TARRC and highlighted its main
activities with a short laboratory tour.
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•
•

•

TARRC’s CEO to the Philippines, Japan and China to talk
on the work of MRB in base isolation of buildings and
structures.
The Head of TARRC’s Industry Support and Engineering
Design Division on the Penang Bridge at the 12th World
Conference in Seismic Isolation and Energy Dissipation in
Russia.
The Head of TARRC’s Engineering Design Unit on MRB’s
involvement with the construction of the Penang Bridge
at the Global Rubber Conference in Phnom Penh where
he presented a paper entitled ‘Seismic protection of 2nd
Penang crossing Using HDNR Isolators’.

Work has continued to develop, improve and evaluate
Viscoelastic Energy Dissipating Devices (VEDDs) to protect
existing and new buildings from damage during earthquakes.
VEDDs provide an alternative, low cost anti-seismic strategy
and can be effective at protecting the superstructure from
damage, although lack the added benefit of protecting the
contents that is achieved with base isolation. However,

VEDDs are applicable to structures of all types and the
potential uptake of these devices in antiseismic retrofit and
new buildings is very high. Engineers’ efforts during 2011
have concentrated on improving the devices developed so
far by modifying the rubber and manufacturing process. A
methodology to model the seismic response of concrete
frame structures protected with VEDDs has been identified.
Due to TARRC’s engineers excellent contacts with
organisations and Universities in Italy, the use of antiseismic
devices has been embraced as a strategy. Coming out of this
contact, TARRC’s latest prototype VEDDs are to be tested
and installed in a new building in Italy according to the
Italian new seismic standards to demonstrate their technical
and economic merit.
TARRC has been in preliminary discussions with a Malaysian
manufacturer capable of producing these devices at a
competitive price. This is in line with MRB’s strategy in
extending the reputation of Malaysia in providing antiseismic devices for the global market.

The bearings are delivered with the locking system maintaining a shear displacement
on the bearings. This is related to the predicted shrinkage and creep of the deck at the
bearings’ location. Once the bearings are installed on the pier and the precision grout is
cured the locking plates are removed allowing the bearing to move towards its neutral
position as the shrinkage process progresses.

www.tarrc.co.uk
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Innovation in engineering design
Engineers at TARRC are focussing on designing and
improving current designs for smart automotive engine
mounting systems using magnetorheological fluids (MRFs)
that stiffen in the presence of magnetic field. A proof-ofconcept prototype adaptive mount has been verified
through tests at TARRC and the design has attracted the
attention of a major automotive manufacturer who wishes
to pursue further its development with TARRC. It is expected
that the successful conclusion of this project will result in the
securing of IPR in smart engine mountings enabling MRB to
offer this technology to Malaysian rubber components
manufacturing industry.
There is a sustained demand in advanced manufacturing
nations to reduce the time and resources required for the

development and manufacturing of new products to increase
market share and profitability. The role of Computer Aided
Design and Manufacturing (CAD-CAM) in this context is vital
as it allows new ideas to be tested rapidly without the need
to invest in new tooling. The outcomes and knowledge
gained from modelling of fracture and fatigue in rubber, with
the aim of developing predictive tools for the lifetime of
rubber products subjected to cyclic straining, were fed to the
other engineering product development projects, particularly
for the design of the Penang Bridge bearings. It also makes
an important contribution to development and training, both
of MRB staff, and in transferring knowledge to the wider
engineering community in the form of publications and
improved simulation tools.

TARRC was also pleased to welcome the BBC to its laboratories to film a sequence demonstrating
the vulcanisation process developed by Charles Goodyear in the 1840s. The filming took place for a
new series ‘How it works’ shown on BBC4 in Spring 2012. The 60-minute programme included a
five-minute section reconstructing the eureka moment of the discovery of the vulcanisation of
rubber. This part of the documentary was filmed at TARRC with the Director of Research, Dr Stuart
Cook , taking a starring role! Goodyear’s discovery of the vulcanisation process using sulphur, lead
oxide and heat to cure rubber compounds changed rubber into a material with real utility that
subsequently gave rise to the global rubber industry that we see today.

20
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Former
friends and
colleagues of the late Tan
Sri BC Sekhar joined TARRC staff
at a luncheon hosted by the CEO Dr
Kamarudin Ab-Malek. At the request
of Tan Sri BC Sekhar’s widow, Puan Sri
Sukumari Sekhar, invited guests were
presented with personalised copies of
the book commemorating his life
and work, which had been
dedicated to the Malaysian
rubber industry.

GREEN TYRE TECHNOLOGY
TARRC’s original work demonstrated ENR’s suitability for tyre
treads, when reinforced with silica, providing significant
improvements in two sought after properties: rolling
resistance and wet grip. Based on a more fundamental
scientific understanding of ENR/silica interaction and
vulcanisation behaviour of these compounds, technologists
are able to innovate a better mixing process. This new
mixing technology (to be patented) leading to improved
processing behaviour, dispersion and consequently
properties will enable MRB, FELDA and MARDEC to advise
the world’s tyre industry how best to exploit the benefits of
ENR.
For passenger tyres, a new cure system has been developed
that is appropriate for the high temperatures used to cure
passenger tyres, and a patent application is in progress. A
novel technique has also been developed by TARRC scientists
for measuring microdispersion, considered an important
characteristic by tyre companies and filler suppliers, as it has
been associated with key tyre properties, especially wear.
For commercial vehicle tyres, the need for a new material
such as Ekoprena™ has the potential to be even more
important as it could enable tyre manufacturers to meet the
challenging EU legislative requirements for reduced rolling
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resistance. Thus the potential market for Ekoprena™ in
commercial vehicle tyres could be even greater than in
passenger tyres. Service trials to evaluate the performance
of silica-reinforced Ekoprena™ tyres for commercial vehicles
will form a vital part in identifying the market potential for
Ekoprena™. The next step of the programme is to contact
local bus companies to offer the possibility of carrying out
trials of tyres using Ekoprena™-based tread compounds. The
response has been very favourable and it is expected that
trials will commence in 2012.
Complementary to the R&D work and using the advances,
knowledge and data generated in the research projects,
TARRC’s technologists have worked hard to raise the profile
of Ekoprena™ within the global tyre industry. In 2011 five
papers were presented at key conferences worldwide
including the Indian Rubber Expo, the ACS Rubber Division
Technical Meeting in the USA and the exhibition stand at Tire
Technology Expo in Germany in February 2011. This
exposure has led to coverage in both the tyre and rubber
press, including respected journals such as the European
Rubber Journal and Tyre Technology International.
Visits were made to major tyre manufacturers and suppliers
to the tyre industry in Japan, USA and Europe during the
year. Samples of Ekoprena™ are being supplied for tyre
trials. TARRC promoted use of ENR in tyres in meetings with
Proton in Malaysia and with Ford in the USA.

www.tarrc.co.uk

23

24

www.tarrc.co.uk

BIOTECHNOLOGY
Since the latter half of 2009, the Biotechnology Unit has
been working with the UK’s Genome Analysis Centre (TGAC)
based at the Norwich Research Park. TGAC carried out the
bulk of the sequencing work of the two giga base Hevea
genome on ‘next generation’ Illumina and Roche 454
sequencing platforms. Data from both platforms have now
been reassembled at TGAC by TARRC’s bioinformatician
using newly available software, which has resulted in
significantly improved assemblies. Indications from test
merges of the combined data sets suggest that the very high
quality assembly required for use as the Hevea reference
sequence, will be achieved. In order to make use of this
information, a sequence annotation phase will follow to
identify genes and regulatory elements and to assign
functions to the identified parts of the genome.
Using the current assembled genome sequence, good
progress has been made in identification of important
functional proteins produced by Hevea brasiliensis. The first
specific sequence that has been targeted for SNP selection is
the coding sequence for the protein Hevamine A, which is
believed to have a role in plugging latex vessels and causing
the cessation of latex flow following tapping. One of the
potential ways to increase latex yield is to prolong latex flow
during a tapping session. Using manipulation of the woundclosing mechanism at the biochemical level, through control
of Hevamine A levels or its function, higher yielding trees
may be obtained.
A genome browser (Gbrowse) has been developed to enable
users to view the assembled and annotated sequence data in
a convenient manner through a web-browser. This is being
supplemented with links to public-domain information about
the genes. Ultimately, it is planned that the browser will
serve as an interactive tool for scientists, enabling
information about genes and protein pathways to be linked
to phenotypical traits observed in the field.
A Hevea Genome Roadmap Document has been prepared in
collaboration with colleagues from the MRB’s Biotechnology
Unit. It sets out the strategy for exploiting the Hevea
genome database to accelerate and increase the efficiency of
crop improvement efforts using the tools offered by modern

biotechnology. Four key objectives for future research have
been identified as:
• increasing latex yield and quality,
• increasing growth rate of the trees,
• improving disease resistance and
• enabling the production of high-value materials
from the rubber tree.
A diagnostic tool able to monitor the presence of allergenic
proteins in latex products such as examination gloves has
been developed by the Biotechnology Unit. The diagnostic
assay is simple, rapid, and easy to use, and based on noninstrumental technology so that real-time monitoring can be
performed enabling continuous control on the production
line. The new kit will enable the Malaysian dipped latex
products industry to maintain high quality standards in a
highly competitive global market.
The kit will measure the presence of two allergenic marker
proteins, and be based on a Lateral Flow assay principle with
detection strips containing antibodies that recognise the
target allergenic proteins. This type of technology is
widespread and very well known in diagnostic applications
such as pregnancy test kits. The most reliable and widely
used assay at present for detection of total protein content
in latex products is the Lowry method, which is the current
industry standard. This method, however, makes no
distinction between potentially harmful allergenic proteins
and ‘safe’ non-allergenic proteins. It is also time-consuming
and lacks sensitivity when the protein level is low. There is
currently another commercially available kit, FITkit®,
designed for detection and quantification of individual
allergenic proteins, which employs specific antibodies raised
against each allergen. Despite its availability, testing of latex
products with this kit is prohibitively expensive and is
therefore not routinely used by the industry. The new TARRC
kit will utilise monoclonal antibodies to detect semiquantitatively the two marker allergens and will be more
specific, faster and cheaper than either the Lowry assay or
FITkit®, whilst providing data comparable with that of the
FITkit®. Both the Lowry and FITkit® methods must be carried
in a laboratory, whereas the new kit is intended for use on
the production line.

www.tarrc.co.uk
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At
the end of
September 2011
TARRC’s Biotechnology
Unit was awarded UKASaccreditation for a specific
laboratory method, the
modified Lowry
assay.

This
method, based
on the international
standard ASTM D5712,
involves the quantification of
aqueous extractable protein from
rubber products such as latex
gloves and balloons. The protein
levels in these products are
indicative of their allergenic
potential and, consequently, many
manufacturers require assurance
that their products are of a
sufficient standard
before they are placed
on the market.

The
Biotechnology Unit has
now joined the Materials
Characterisation Unit and the Tyre
Testing Laboratory as one of
TARRC's UKAS-approved
contract laboratories.
26
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TARRC’s Head of Biotechnology, Dr Maria
Kolesnikova-Allen (left) presented with the
‘Trackman Duo-plate pipetting tracker’ from
Gilson by Kathryn English, Gilson UK. TARRC won
the product after entering a prize draw online.
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INDUSTRY SUPPORT
Assistance on all aspects of rubber technology and
processing is provided to Malaysian manufacturers through
the MRB’s total quality improvement and advanced just-intime programmes – A5 and A6. In 2011, 15 visits were made
to Malaysian manufacturers and TARRC scientists also
presented papers at the Malaysian Rubber Board’s
‘Downstream Technical Advisory Services’ workshop at the
Auditorium Akademi Hevea in Sungai Buloh in November.
The seminar was organised by the Technology & Engineering
Division of MRB and was a great opportunity to highlight the
services on offer to the Malaysian rubber industry through
projects A5 and A6. This is the third time the A5 and A6 team
has held one of these open days which provide a great
platform for the industry to give feedback on their
requirements and needs.
MRB’S speciality NR rubbers for non-tyre applications
TARRC has continued its work to promote and market MRB’s
speciality elastomers for non-tyre applications and to carry
out R&D to capture new product markets. Work is ongoing
to develop alternative fire-retardant (FR) materials for use in
industrial applications, specifically in the rail and marine
sectors that face increasingly stringent fire resistance
regulations. ENR has been identified as possessing good fire-

28

www.tarrc.co.uk

retardant behaviour, compared with other isoprene rubbers
and work is focussing on its development as an alternative to
the silicone or EPDM coating of rail products currently used
in suspension systems. Preliminary testing of the ENR-FR
compounds developed by TARRC technologists has shown
both good fatigue performance (a deficiency of EDPM and
silicone rubber compounds) and improved flame resistance
over NR, with significantly lower smoke generation
compared to chloroprene rubber.
A new fabrication process is also being investigated using
ENR to provide fire retardancy for rubber products used in
load bearing applications. Initial evaluation of such
components has shown promise. The patentability of this
fabrication process and the compounds being used are under
evaluation.
Deproteinised natural rubber (DPNR) is another of the MRB’s
speciality elastomers and its potential for vibration isolation
products is already known. DPNR investigations have been
targeted at meeting requirements for low creep applications
and to produce the promotional data required for DPNR in
relevant service situations, to encourage its uptake in
industrial applications. DPNR is on schedule to be produced
commercially in 2012 in Malaysia and marketed as
Pureprena™.

The
MRB’s ‘Downstream Technical Advisory Services’ workshop
was opened by Y Bhg Datuk Dr Salmiah Ahmad, Director General of the MRB,
who emphasised the importance of these types of day seminars for both the MRB technical
experts and the manufacturers themselves to interact and exchange experiences and knowledge.
TARRC's Graham Bennett gave a presentation entitled 'A5: The Key to Success - 5S & TPM in a
Nutshell', Dr Marina Fernando, Head of TARRC's Industrial Support Unit, presented a paper
'Just-In-Time Manufacturing to Improve Profit Margins; The Power of Simulation' and
Dr Alan Muhr, Head of TARRC's Engineering Design Unit, presented a
paper on 'Lifetime Prediction of Elastomers'.

www.tarrc.co.uk
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TARRC
was pleased to
welcome a delegation
from the Rubber Industry
Smallholders Development
Authority, Malaysia (RISDA). The
visit was part of a European
business tour which was led
by the Chairman of RISDA,
YBhg Tan Sri Rahim
Tamby Chik.

TARRC’s Dr Anna Kepas-Suwara, of the Advanced Materials &
Product Development Unit, presented a paper at Tire
Technology Expo in Cologne on 15th February 2011. She later
based a poster presentation on this paper titled ‘AFM Relaxation
Studies of Rubber Vulcanisate’ and submitted it to the poster
competition at the Asylum Research’s 3rd UK Forum and User
Meeting on 21st June 2011 in Edinburgh, UK. Dr Kepas-Suwara
was delighted that her poster was awarded a prize.
www.tarrc.co.uk
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MARKETING AND PROMOTION

The prime objectives of TARRC’s Marketing projects are to
promote the scientific excellence and technical expertise of
TARRC and the MRB and to raise the awareness of the
capabilities of the Malaysian rubber industry.

To keep the Malaysian industry informed of TARRC’s
activities and statistical and market sector news from the
West, the MIP Unit continued to send out its regular
newsletter during the year.

As in previous years, the Market Intelligence and Promotion
Unit continued to have a presence at several key
international exhibitions where they were able to meet
potential business partners of the Malaysian industry. At the
CV Show in Birmingham, UK, and AAPEX in the US the focus
was on automotive components. A stand was also taken at
Alihankinta in Finland. There was much interest in Malaysian
materials and products from the mainly Scandinavian
visitors.

For the fifth time, the MIP Unit in collaboration with the
Advanced Materials and Product Development Unit, took
part in Tire Technology Expo in Cologne, Germany, Europe’s
foremost tyre exhibition and conference. The technical
promotion of Ekoprena™ in tyres in advance of the
development of larger-scale ENR production facilities in
Malaysia was the main focus of the stand this year. As
always, tyre testing as well as other services from Rubber
Consultants were advertised and as well as receiving many
enquiries on Ekoprena™, new contracts were secured for the
Consultancy.

Questionnaires sent to Malaysian manufacturers in late 2011
confirmed that exports in the region of RM 25 million had
been achieved with TARRC’s assistance in the past year.
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Participation
at international trade fairs
and exhibitions such Tire technology
Expo (Germany), the CV Show (UK), AAPEX
(USA), Alihankinta (Finland) and Extractables and
Leachables (Ireland) offered the chance to promote
the MRI as well as the MRB and its services.
Other visits to exhibitions such as Autopromotec
(Italy), Automechanika Istanbul and Equip Auto
(France) can be used to meet objectives such as
image-building, analysing the competition
and the ability to network within the
industry while achieving major
marketing goals.
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RUBBER CONSULTANTS
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One of Rubber Consultants most successful areas of work is
analytical services for the pharmaceutical and healthcare
industries. A dedicated service was set up in 2010, RC
Pharma (www.rcpharma.co.uk) and in 2011 marketing
activities included participation at the 4th International
Conference of Extractables & Leachables for Pharmaceutical
Products held in Dublin, Ireland in September.

of a report by ETRMA (European Tyre and Rubber
Manufacturers Association) identifying that 11% of a sample
of 110 tyres was non-compliant and thus illegal. ETRMA
acknowledged Rubber Consultants as one of only three
European-accredited test laboratories able to perform this
analysis and chose the consultancy to independently verify
initial findings.

Another area which has seen an increasing client base is
testing for determination of the aromaticity of process oil
used in vulcanised tyre compounds. EU legislation banned
the use of aromatic process oils in tyres from January 2010
and the testing comes under Rubber Consultants compliance
testing for tyres as well as any other material or article that
falls under the European REACH directive. Once again,
promotion of the service at Tire Tech Expo in Cologne in
February 2011 attracted new business as did the publishing

The refurbishment of the analytical laboratories continued in
2011, including the 200 sq m laboratory in the main
laboratory complex. The new state-of-the-art facilities will
ensure that the Materials Characterisation Unit will be able
to carry out their work for commercial clients, as well as for
internal projects, with increased efficiency and productivity.
The laboratory will be fully operational early in 2012 and will
house Rubber Consultants’ extensive range of thermal,
spectroscopic and chromatographic analytical equipment.

www.tarrc.co.uk

As
part of TARRC’s
refurbishment of the
analytical laboratories, new
equipment includes a Dionex ASE® 350
Accelerated Solvent Extractor providing
clients with an enhanced extraction
capability, reducing extraction time from 18
hours previously to only 15 minutes. This
will particularly enhance RC’s
pharmaceutical testing facilities enabling
scientists to quickly evaluate the
common plastics and rubbers
used in today’s drug
devices.
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The
transmission
electron microscope (TEM)
at TARRC is the first in the UK to
be fitted with the Olympus Quemesa
11Megapixel digital camera. In recent
years the increasing amount of research
into rubbers containing fillers such as clays
and silica has required detailed analysis of
their microstructure at high magnification.
However, ultra-thin sections of these materials
are often beam-sensitive and tend to split
apart at the level of brightness needed to
focus the image using a phosphorescent
screen. The new digital camera enables
micrographs to be accurately focused
and recorded at low beam
intensities which are less
damaging to the
sample.

Park House is approximately
10 metres from the London
Underground’s Central Line
structure and on one of the
busiest streets in Europe.
It is for this reason that the
building is being isolated from
considerable noise and vibrations
by approximately 2500 rubber
bearings varying in size from
small donut bearings 120mm in
diameter to 500 x 400 x 270 mm
bearings designed to take loads
of up to 300 tonnes.
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Web cam photos from: www.parkhousew1.co.uk/webcam/

Rubber Consultants recently
completed dynamic validation
testing on a number of rubber
bearings for Trelleborg
Ridderkerk B.V. for the new
prestigious Park House building
located on Oxford Street,
London. (Right: Construction in
progress during 2011.)

Rubber
Consultants has been
the main independent
testing body for the dynamic
testing on the structural bearings
used in the building. This is because
the 2.5MN Schenck (main picture) at
Rubber Consultants is one of few
machines capable of carrying out
dynamic tests at the loads required
by Trelleborg Ridderkerk to
prove the design of their
bearings.
www.tarrc.co.uk
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PROFIT & LOSS ACCOUNT
as at 31st December 2011

The notes form part of these ﬁnancial statements.
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REGISTERED NUMBER: 00336256

BALANCE SHEET
as at 31st December 2011

The financial statements were approved by the Board on 2nd July 2012 and signed on its behalf by

Dr Kamarudin Ab-Malek
Director

Dr Stuart Cook
Director
Company Registration No: 00336256
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The notes form part of these ﬁnancial statements.
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The notes form part of these ﬁnancial statements.
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REGISTERED NUMBER: 00336256

NOTES TO THE FINANCIAL STATEMENTS
continued

10.

CREDITORS: AMOUNTS FALLING DUE WITHIN ONE YEAR

Trade creditors
Amounts owed to connected companies
Corporation tax
Social security and other taxes
VAT
Other creditors
Accruals and deferred income

11.

2010
£
39,525
1,765
959
60,369
7,590
24,625
176,606

314,472

311,439

Other
reserves
£

Totals
£

RESERVES
Profit
and loss
account
£
At 1st January 2011
Deficit for the year
Actuarial gain / (loss)
Transfer between reserves
At 31st December 2011

Profit and loss account excluding
pension liability
Pension deficit
Profit and loss account

12.

2011
£
134,197
909
61,370
4,676
113,320

1,281,478
(47,618)
(1,288,000)
606,511
552,371

606,511

(606,511)
-

1,887,989
(47,618)
(1,288,000)
552,371

3,490,765
(2,938,394)
552,371

EMPLOYEE BENEFIT OBLIGATIONS
The amounts recognised in the balance sheet are as follows:

Present value of funded obligations
Fair value of plan assets

Defined benefit
pension plans
2011
2010
£
£
(14,201,000) (12,580,000)
11,262,606
10,604,606

Present value of unfunded obligations

(2,938,394)
-

(1,975,394)
-

Deficit

(2,938,394)

(1,975,394)

Net liability

(2,938,394)

(1,975,394)

www.tarrc.co.uk
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REGISTERED NUMBER: 00336256

NOTES TO THE FINANCIAL STATEMENTS
continued

12.

EMPLOYEE BENEFIT OBLIGATIONS - continued
Amounts for the current and previous two periods are as follows:
2011
£
Defined benefit pension plans
Defined benefit obligation
Fair value of scheme assets
Deficit
Experience adjustments on
scheme liabilities
Experience adjustments on
scheme assets

Defined benefit pension plans
Defined benefit obligation
Fair value of scheme assets
Deficit
Experience adjustments on
scheme liabilities
Experience adjustments on
scheme assets
13.

2010
£

2009
£

(14,201,000)
11,262,606
(2,938,394)

(12,580,000)
10,604,606
(1,975,394)

(11,462,000)
9,134,606
(2,327,394)

(975,000)

(451,000)

(1,580,000)

(313,000)

538,000

635,000

2008
£

2007
£

(9,380,000)
7,739,000
(1,641,000)

(9,189,000)
8,344,000
(845,000)

388,000

1,726,000

(1,526,000)

72,000

RELATED PARTY DISCLOSURES
During the year the company charged the Office of London Representative of the Malaysian Rubber Board a
sum of £52,602 (2010: £24,186) in respect of administration services, use of office and services supplied.
At the balance sheet date a net amount of £929 (2010: £nil) was owed from the Office of London
Representative of the Malaysian Rubber Board. Both the company and the Office of London Representative
are owned by the Malaysian Rubber Board.
During the year the company charged a sum of £493,274 (2010: £249,566) to Elgem Technology for scientific
and research consultancy, and the provision of services.
At the balance sheet date Elgem Technology owed the company a sum of £507,169 (2010: £196,079).
During the year the company charged the Malaysian Rubber Export and Promotion Council £26,683 (2010:
£36,927) in respect of administration services, use of office and services supplied.
At the balance sheet date the Malaysian Rubber Export and Promotion Council owed the company £1,611
(2010: £11).
Tun Abdul Razak Research Centre, Elgem Technology, Malaysian Rubber Export and Promotion Council and the
Malaysian Rubber Board Office of London Representative are all controlled by the Ministry of Plantation
Industries and Commodities.
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14.

ULTIMATE CONTROLLING PARTY
The company is controlled by the Malaysian Rubber Board, which is a statutory authority of the government of
Malaysia.

15.

RECONCILIATION OF MOVEMENTS IN RESERVES

Loss for the financial year
Other recognised gains and losses
relating to the year (net)

(1,288,000)

Net reduction of reserves
Opening reserves

(1,335,618)
1,887,989

Closing reserves

16.

2011
£
(47,618)

552,371

2010
£
(1,037,893)
87,000
(950,893)
2,838,882
1,887,989

COMPANY LIMITED BY GUARANTEE
The Tun Abdul Razak Research Centre (TARRC) is an organisation and research centre of the Malaysian Rubber
Board, the body corporate established by statute in Malaysia for purposes of overseeing the development of
the rubber industry with research and development as the core activity.
Incorporated in England since 1938, TARRC is a Company Limited by Guarantee and not having share capital,
the word Limited being omitted by Licence of The Department of Trade and Industry. TARRC by reason of the
definition in Section 1 (1) of the Companies Act 1980 and the bringing into force of Part 1 of the Act became a
Private Company on 22nd December 1980.
The liability of each member is limited to £1.
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S TAFF LECTURES

& PUBL I C AT I O N S
Speakers are indicated by an asterisk (*). All lectures listed with a number have been published.

Datuk Dr Salmiah Ahmad, Dr S. Cook and Dr Kamarudin Ab-Malek*
Unlocking the potential of natural rubber: Malaysia’s perspective
Tire Technology Expo Conference, Cologne, Germany, 15 – 16 February 2011
Publication 1839

Dr Kamarudin Ab-Malek

H.R. Ahmadi
Base isolation of the 2nd Penang crossing using high damping natural rubber isolators
12th World Conference in Seismic Isolation and Energy Dissipation, Sochi, Russia,
20 – 23 September 2011
Publication 1840
G.E. Bennett
A5: The key to success, 5S & TPM - in a nutshell
Downstream Technical Advisory Services seminar, Auditorium - Akademi Hevea,
Sungai Buloh, Malaysia, 10 November 2011
Publication 1841
P.S. Brown
Improved abrasion resistance for ENR-25 tyre tread compounds
Tire Technology Expo Conference, Cologne, Germany, 15 – 16 February 2011
Publication 1842
P.S. Brown
TARRC and its activities
London Metropolitan Polymer Centre, UK, 21 November 2011
Publication 1843
A.V. Chapman
Comparison of the chemistry of vulcanisation of different rubbers
Cetepo (Centre for the Technology of Polymers Senai)
in Sao Leopoldo, Brazil,
20 June 2011
Publication 1844
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A.V. Chapman
Epoxidised natural rubber (ENR)
Cetepo (Centre for the Technology of Polymers Senai) in Sao Leopoldo, Brazil,
20 June 2011
Publication 1845
A.V. Chapman
Introduction to TARRC
Cetepo (Centre for the Technology of Polymers Senai) in Sao Leopoldo, Brazil,
20 June 2011
Publication 1846
A.V. Chapman
Natural rubber
Cetepo (Centre for the Technology of Polymers Senai) in Sao Leopoldo, Brazil,
20 June 2011
Publication 1847

Dr Andy Chapman

A.V. Chapman
Reducing zinc in rubber compounds
Cetepo (Centre for the Technology of Polymers Senai) in Sao Leopoldo, Brazil,
20 June 2011
Publication 1848
A.V. Chapman
Vulcanisation of blends
Cetepo (Centre for the Technology of Polymers Senai) in Sao Leopoldo, Brazil,
20 June 2011
Publication 1849
A. Di Cola
Hevea genome sequence – implications and applications for crop improvement:
meeting growing demand for NR through genomics
IRRDB (International Rubber Research and Development Board), Hevea Genome Workshop, Kuala Lumpur, Malaysia,
30 May – 1 June 2011
Publication 1850
S. Cook
EU regulatory policies & impact on international tire trade
5th CEE & Tire Markets, Vienna 2011, 20 – 21 October 2011
Publication 1851

Dr Stuart Cook

S. Cook
From trees to tyres
India Rubber Expo 2011, Chennai, India, 19 – 22 January 2011
Publication 1852
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S. Cook
Biosynthetic routes to natural and ‘synthetic’ rubber
Sumitomo Research Institute, Kobe, Japan, 2 June 2011
M.S.D. Fernando*, Wong Hon Fei (Rubber Technology Centre, MRB, Malaysia) and C. Hull
Cure simulation of large rubber components; A comparison of compression and extrusion moulding
180th Technical Meeting of the Rubber Division of the American Chemical Society, Cleveland, OH, USA,
11 – 13 October, 2011
Publication 1853
M.S.D. Fernando
Just-in-time manufacturing; the power of simulation (Project A6)
Downstream Technical Advisory Services seminar, Sungai Buloh, Malaysia,
10 November 2011
Publication 1854
J. Gough and Ismaliza Ismail (Malaysian Rubber Board, Sungai Buloh, Malaysia)
Use of unbonded rubber pads in concrete structures
Malaysian Rubber Technology Developments, Vol 11(1), 2011, pp 45 – 46
Publication 1855
Ismaliza Ismail* (Malaysian Rubber Board, Sungai Buloh, Malaysia) and J. Gough
FEA modelling of stress distributions in concrete test specimens compressed through rubber sheets
Simulia Customer Conference 2011, Barcelona, Spain, 17 – 19 May 2011
Publication 1856
Shamsul Kamaruddin* (University of Southampton), P-Y. Le Gac (IFREMER, France), Y. Marco (ENSTA
Bretagne) and A.H. Muhr
Formation of crust on natural rubber after ageing
7th European Conference on Constitutive Models for Rubber (ECCMR), Dublin, 20 – 23 September 2011
Publication 1857
A. Kepas-Suwara
AFM imaging of silica-filled vulcanisates
Tire Technology Expo Conference, Cologne, Germany, 15 – 16 February 2011
Publication 1858
A. Kepas-Suwara
AFM relaxation studies of rubber vulcanisates
Tire Technology Expo Conference, Cologne, Germany, 15 – 16 February 2011
Publication 1859
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J.G.R. Kingston* and A.H. Muhr
Determination of effective flaw size for fatigue life prediction
7th European Conference on Constitutive Models for Rubber (ECCMR), Dublin,
20 - 23 September 2011, Constitutive Models for Rubber VII, 2012, pp 197-201
Publication 1860
K. Lawson
European food contact regulations
Malaysian Rubber Technology Developments, Vol 11(2), 2011, pp 10 – 15
Publication 1861
K. Lawson and S. Cook*
Impact of EU legislation on the rubber industry
International Rubber Economic Conference (IREC), Kuala Lumpur, Malaysia, 26 – 27 July 2011
Publication 1862
K. Lawson and G. Reader
Tun Abdul Razak Research Centre
Malaysian Rubber Technology Developments, Special Edition 2011, pp 49 – 53
Publication 1863
D. Lowe
Clays as nanofillers for rubber
Malaysian Rubber Technology Developments, Vol 11(1) 2011, pp 36-40.
Publication 1863

David Lowe

D. Lowe*, A. V. Chapman, S. Cook and J.J. C Busfield (Dept of Materials,
QMU London)
Micromechanical models of Young’s modulus of NR/organoclay
nanocomposites
Journal of Polymer Science Part B: Polymer Physics, 2011, 49, 1621-1627
Publication 1864
D. Lowe*, A.V. Chapman, S. Cook and J.J.C. Busfield (Dept of Materials,
QMU London)
Natural rubber nanocomposites by in situ modification of clay
Macromolecular Materials and Engineering, 2011, 296, 693-702
Publication 1865
D. Lowe*, A.V. Chapman, S. Cook
Organoclay nanocomposites by in situ modification
Rubber in Engineering Group, Institute of Materials, London, 18 March 2011
Publication 1866
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Kamarudin Ab-Malek*, H.R. Ahmadi, A. H. Muhr, I.J. Stephens, J. Gough, J. Picken, Lee Jian Jun and Muhammad
Umar Zulkefli (Rubber Technology Centre, RRIM research station, Malaysia)
High damping rubber bearing for approach bridge
The design and construction of The Second Penang Bridge – Sustainability through Innovation in Design, seminar,
Kuala Lumpur, Malaysia, 15 – 16 November 2011
Publication 1867
Kamarudin Ab-Malek
The use of natural rubber to protect structures from earthquakes
IRRDB International Conference on Protection of Structures from Earthquakes, Manila, Phillipines, 14 July 2011
Kamarudin Ab-Malek
The design of the 24km bridge in Malaysia using seismic rubber bearings
The Earthquake Engineering Research & Test Centre of Guangzhou University Workshop on Application and
Development of Seismic isolation Technique on Long Bridge Structures, Guangzhou, China, 22nd July 2011
J.G.R. Kingston and A.H. Muhr
Effect of scragging on parameters in viscoplastic model for filled rubber
ePrint of Plastics, Rubber and Composites: Macromolecular Engineering, Vol 40, No 4, 2011, pp 161 – 168
Publication 1868
P. Martin, A.V. Chapman*, S. Cook, R. Davies and A. Kepas-Suwara.
Green tire tread compounds with improved dispersion based on silica-reinforced epoxidised natural rubber
ACS Rubber Division Meeting, Cleveland, USA, Paper 36, 12 October 2011
Publication 1869
P. Martin
Improving dispersion in silica-filled ENR compounds: Now you see it, now you don’t!
Tire Technology Expo Conference, Cologne, Germany, 15 – 16 February 2011
Publication 1870
E. Mollison
Assembly, annotation and initial findings from genome sequencing of
Hevea brasiliensis RRIM928 Clone
IRRDB Hevea Genome Workshop, Kuala Lumpur, Malaysia, 30 May – 1 June 2011
Publication 1871
A.H. Muhr
Design of rubber engineering components: case studies
Rubber Properties Short Course, Tire Technology Expo Conference, Cologne, Germany,
14 – 15 February 2011
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A.H. Muhr
Finite strain elasticity theory
Rubber Properties Short Course, Tire Technology
Expo Conference, Cologne, Germany,
14 – 15 February 2011

Dr Alan Muhr

A.H. Muhr
Inelastic aspects of behaviour of elastomers
Rubber Properties Short Course, Tire Technology
Expo Conference, Cologne, Germany,
14 – 15 February 2011
A H Muhr
Placement of rubber bearings to isolate structures
and issues of fire resistance
Isolgomma, Vicenza, Italy, 2011
A.H. Muhr
Service life prediction for A5/A6
Downstream Technical Advisory Services seminar, Sungai Buloh, Malaysia, 10 November 2011
A.H. Muhr
Thermodynamics of elastomers
Rubber Properties Short Course, Tire Technology Expo Conference, Cologne, Germany,
14 – 15 February 2011
A.H. Muhr
Testing rubber materials & components
Rubber Properties Short Course, Tire Technology Expo Conference, Cologne, Germany,
14 – 15 February 2011
A.D. Roberts
From wipers to the JKR equation: boundary lubrication and adhesion of rubber
Materials Science Forum Vol. 662 (2011) pp 27-37, Trans Tech Publications, Switzerland
Publication 1872
Ismail M Taib (Jambatan Kedua Sdn Bhd), Kamarudin Ab-Malek, H.R. Ahmadi, A. H. Muhr*, I.J. Stephens, J. Gough,
J. Picken, Lee Jian Jun and Muhammad Umar Zulkefli (Rubber Technology Centre, Sungai Buloh, Malaysia)
Seismic protection of 2nd Penang crossing using HDNR isolators
Global Rubber Conference 2011, Phnom Penh, Cambodia, 24 – 26 November 2011
Publication 1873
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