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Spectroscopy of Rubbers and Rubbery Materials brings together the various spectroscopic techniques for obtaining the
following information: chemical structure of rubbery materials, network structure analysis, heterogeneity of rubbery
materials, physical properties of rubbery materials, functional properties and stability of rubbery materials.

Custom molded rubber materials serve a variety of purposes, and can often mean the difference between life
and death. Our team takes full responsibility for product reliability. If the rubber component fails to do its job
correctly, the costs quickly grow. However, in the process of custom rubber molding, excess material is
inevitable. With some smaller and more oddly shaped parts, it can be even more difficult to remove this excess
material. Advanced Rubber Products uses the highly effective and precise process of cryogenic deflashing to
remove unwanted or unnecessary rubber from custom molded components. The part is then bombarded with
tiny pellets, removing all the excess rubber flash. ARP understands the importance of your products and
realizes that if an unexpected event occurs i. This is why we maintain a well-organized warehouse with extra
on-demand products. This is only one part of the rubber organization process at ARP. Advanced Rubber
Products ensures the exact specifications and quality of products with Julian Dates on their custom molded
rubber products. Choosing the Right Rubber Choose the Right Rubber As a contract manufacturer of rubber
materials with over 50 years of experience, Advanced Rubber Products has worked with clients on a wide
range of products. Advanced Rubber Products is able to mold a wide range of rubber materials. Simply
provide us with your product design and drawing, and we will guide you through each step of the process,
which includes selected the proper rubber material. Our team of experts will work with you and your design
and find the rubber with the exact properties suited for your product and help to bring it to market quicker.
Below are the more commonly used rubber materials that Advanced Rubber Products is able to custom mold.
Natural rubber is a polymer of isoprene and has a molecular weight of , to 1,, An organic material, sometimes
traces of other materials such as proteins, resins and inorganic materials can be found in high quality natural
rubber. Natural rubber is formed in the bark of tropical trees. Both can be used for similar applications
although isoprene rubber has less green strength than natural rubber. EPDM is a very durable, high-density
rubber making it a preferred material for products like gaskets, hoses and seals. The rubber is extremely
resistant to to heat, oxidation and weather due to its stable structure. Nitrile Rubber NBR Nitrile rubber is a
copolymer of butadiene and acrylonitrile and is used most commonly in sealing products. NBR is extremely
resistant to oil and is therefore used in automotive seals, gaskets and other products that contact hot oils and
fuels. NItrile rubber is also a very resilient material making it ideal for products such as cleaning and
examination gloves. Gloves made with nitrile rubber are three times more resistant to punctures than gloves
made with natural rubber or isoprene. Styrene Butadiene Rubber SBR Styrene butadiene rubber is a synthetic
rubber that is more resistant to abrasion than natural rubber. It is predominantly used in automobile and truck
tires as it stands up to heat and cracks and ages well. The higher the styrene content in the rubber, the harder
and less flexible the product becomes. Silicone Rubber Silicone rubber is a polymer composed of silicon
combined with carbon, hydrogen and oxygen. Resilient and durable, silicone rubber materials resist prolonged
exposure to sunlight, oxygen, ozone, moisture and UV light. Silicone rubber does have its weaknesses
however as products made of the elastomer are subject to tears and abrasions. During manufacturing, heat is
required to vulcanize cure the silicone into its rubber-like form. Butyl Rubber Butyl is a synthetic rubber, also
referred to as isobutylene isoprene. Butyl rubber has a variety of uses and applications but its true value is its
impermeability to air and gases. Butyl is also very resistant to water and steam, which is why butyl rubber is
used in sealants for damp proofing, rubber roof repair and rubber membrane maintenance. First used as tire
inner tubes, butyl rubber is now applied to sporting ball bladders, gas masks and protective clothing, vial
stoppers, explosives, chewing gum and is even used as an additive in lubricating oils and motor fuels. The
addition of small amounts of polyisobutylene in lubricating oils results in a significant reduction of oil mist
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inhaled by a machine operator. Polybutadiene The majority of polybutadiene is produced to manufacture
automobile tires. The rubber is resistant to abrasion, which is why polybutadiene is used to improve treads for
large truck tires. The elastomer can be very flexible, is resistant to electricity, has a high heat tolerance and
used to manufacture various types of elastic objects. Polybutadiene is also a material used to manufacture golf
balls.
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The book brings together the various spectroscopic techniques for obtaining the following information: chemical
structure of rubbery materials, network structure analysis, heterogeneity of rubbery materials, physical properties of
rubbery materials, functional properties and stability of rubbery materials, processing of rubbery materials and quality
control.

There are many different types of TG analysers, varying in design furnace, atmosphere, pressure, temperature
range, sample quantity, sensitivity, resolution, etc. The basic TG experiment consists of recording the weight
of a sample as it is heated in a given environment either isothermally or at a controlled heating rate. The
experimental record is a plot thermal curve of some form of weight change versus time or temperature of the
sample. The simple additional step of using the derivative of the primary weight change DTG extends the
capability and scope of the analysis. The family of thermogravimetric techniques, as shown in Figure 1.
Non-simultaneous methods imply no realtime generation of thermogravimetric and other physico-chemical
information. A continuous analysis of a gas stream from a thermal analyser is not readily possible by gas
chromatography GC ; usually one has to use a gas-sampling loop for intermittent operation. Non-simultaneous
methods usually involve cold traps CT or absorbent charcoal Tenax. Because of the intermittent function of
the analysis the coupling of GC to a thermogravimetric analyser is therefore still not so common.
Non-simultaneous TGA techniques, e. Due to the experimental set-up, these methods give inherently less
insight in degradation behaviour than continuous methods. In particular, there is no continuous monitoring of
evolved gases. In fact, only information about a specific point of the TG curve is collected at a given time. The
possibilities are improving though by using a fast column and an accurate fast sampling valve. However, only
the fragments that are non-reactive, thermally stable, and volatile can be analysed by GC, whereas MS has
none of these limitations. Thus, some researchers have incorporated the separation power of gas
chromatography by collecting products in a trap or on the head of a capillary column for all or part of the TG
run [87, 88]. The approach is thus to transport products from the TG to the GC where they are rapidly
separated on a short capillary column. The classic chromatographic trade-off between efficiency and analytical
time can be balanced in such a way to provide both real-time thermal evolution profiles of multiple
components and separation sufficient to allow a significant degree of component identification by means of
TG-GC-IR and TG-GC-MS. Meuzelaar and co-workers [90] have described an on-line high pressure
TG-GC-MS system which requires only very small amounts mg of sample and can be operated at high
pressure under different atmospheres N2, He, H2, etc. The system has been used in recycling lower grade
post-consumer polymers, as coloured polyethylene and polystyrene or used rubber tyres, by co-processing
with coal. The main characteristics of non-simultaneous methods, TG-GC and techniques requiring a cold
trap, are given in Table 1. It is especially important to have simultaneous techniques incorporating the most
frequently used thermal methods. As with this method all factors which influence the measurement signals, e.
The complementary information obtained allows differentiation between endothermic and exothermic events
which have no associated weight loss, e. Weight measurements validating quantitative measurements from
DSC experiments. The ability to obtain two thermal measurements on a single material is useful for rapidly
comparing different batches of product or raw material in quality control. Simultaneous TG-DTA provides
valuable information even in materials where no weight changes occur over the temperature range studied.
Coupled instruments each need to operate under optimum conditions. Key elements in performance are the
interface system and an integrated software package. Interface design is critical in allowing rapid mass transfer
while not degrading the species of interest being transferred. No standardised thermogravimetric couplings are
available. Descriptions of interfaces and interface techniques in coupled instrumentation have been reported:
For identification purposes the classical techniques of infrared spectroscopy and MS are highly suited in
hyphenation to thermogravimetry. Kaisersberger and co-workers [96] discussed hyphenation of a
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thermo-balance to infrared spectrometers. In this instrumental coupling, the infrared radiation must be brought
into an intensive contact with the gas flow including the evolved gases, which is achieved in specially
designed gas-measuring cells. FTIR spectrometers provide the high scan speeds which are required for the
on-line coupling with thermal analysers for continuous monitoring of the gas composition. FTIR coupling is
made by connection of the gas cell with the shortest possible heated transfer lines to the gas flow system of the
thermobalance. As opposed to the coupling of mass spectrometers, the whole gas flow from the thermobalance
should pass through the gas cell of the infrared spectrometer. In conventional commercially available
TG-FTIR systems, the evolved gases are led from the TG system to the spectrometer via a heated transfer line
by a carrier gas flow [19, ]. Another approach is the use of helium carrier gas at high flow rates, leading to the
formation of an aerosol of the evolved components [31, ]. The aerosol is then led to the spectrometer without
loss of high-molecular-mass components. This system performs quantitative measurements and preserves and
monitors very high molecular weight condensibles. Specific Gas Profiles SGP and Functional Group Profiles
FGP can also be reconstructed from the stored interferograms in selected wavenumber windows to detect
components with specific group frequencies. The commercial availability of FTIR systems capable of highly
sensitive detection and completely automated sampling and data manipulation, have given TG-FTIR polymer
analysis all the advantages of classic IR spectroscopic interpretation. Advantages of FTIR detection are: In
general, the detection limits for components in the condensed phase are a factor-of-ten lower than those in the
gas phase. The technique is especially useful for smaller molecules where the high specificity of strong IR
absorption bands makes up for the relatively low sensitivity of IR detection. It is rather difficult to use IR to
analyse mixtures of compounds with similar functional groups or mixtures of weak IR absorbers in the
presence of strong absorbers. The limitation of FTIR lies in detecting only non-symmetrical gas molecules. If
the calculated weight loss of observed gases is lower than that measured by TGA, then it can be inferred that
other gases are being evolved that are FTIR blind. FTIR uses much lower excitation energy than MS and can
therefore detect larger functional groups in evolved gases from TG experiments, such as high-boiling
oligomers and heavy tar products which can be analysed as fine aerosols in a gas stream [20, ]. Spectral
subtraction and spectral search aid the identification of evolved gases, which are often a mixture of products.
Nevertheless, for unambiguous identification of unknown volatiles more powerful methods are required. The
sample is thermally decomposed by TGA and the products collected in a Tenax absorbent charcoal trap.
Simultaneous TG-MS is a very powerful hyphenated technique combining the direct measurement of weight
loss as a function of temperature with the use of a sensitive spectrometric detector. The usefulness of MS to
TG coupling was suggested already in [8, 10]. The coupling with MS in particular time-of-flight MS ToFMS
and quadrupole mass spectrometry QMS adds chemical analytical features allowing the chemist to assign the
evolved gases to the detected weight losses thereby correlating chemical information with the thermal event.
Mass spectrometry permits temporal resolution of the gases that are evolved during the thermal or
thermo-oxidative degradation of a polymer in controlled atmospheric conditions. It is obvious from the history
of TG-MS [25] that the interface is of crucial importance and poses several problems. Within the interface,
conditions are converted from the high temperature and usually atmospheric pressure of TG to the room
temperature and usually high vacuum conditions in the mass analyser. Kaisersberger and co-workers [96] have
given an excellent account of the basic requirements and practical aspects of coupling of gas analytical
methods with thermal analysis instruments. Bart and co-workers [25] have critically discussed a broad variety
of TG-MS instrumental design solutions, which depend partly on the sample characteristics and the desired
conditions of the thermal degradation, particularly in relation to polymer characterisation. Advantages and
disadvantages of TG-MS with respect to other evolved gas analysis techniques are outlined. Mass
spectrometry coupling can be achieved by connecting a capillary at the end of the gas-flow system of a
thermobalance or by means of a skimmer coupling, integrated into the furnace of the thermal analyser [96].
Although most TG-MS couplings have concentrated on evolved gas analysis, a few reports concern residue
analysis. In a top-loading STA analyser combined with a quadrupole mass spectrometer by means of a
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two-stage gas inlet system, as described by Kaisersberger and co-workers [50, 63], evolved gases and vapours
are collected just above the sample crucible by an orifice. A skimmer is arranged in the compression zone
behind this orifice to achieve a parallel molecular beam into the electron impact ion source of the MS. The
optimised orifice system and short transfer path in this advanced solution effectively eliminate many of the
coupling problems observed in most other designs. The arrangement excels by high sensitivity [49]. In some
conditions, MS results can be misleading because of secondary products resulting from ion fragmentation [].
Yet, MS identifies each individual compound and not a class of compounds of the same functional group
characteristics. Despite the utility of these techniques, a distinct disadvantage is that very low concentration
components may be masked by higher concentration interferants; in such cases, devices based on thermal
desorption absorbent packing, static headspace sampling, cryogenic trapping may prove useful. More complex
thermal decomposition processes may require identification instead of verification, for which single-step
hyphenated techniques are ill equipped. Multihyphenated methods have been described which combine a
number of functions, such as separation and identification in various modes. If a pattern of complex species is
evolved during heating as is easily the case for polymers , it is advantageous to achieve separation prior to
entering the final phase of the mass spectrometer. As mentioned already, this analysis is lengthy: Controlled
rate thermal analysis enhances accuracy of identification and quantification. In the direct coupling mode the
GC is bypassed. The volatile components are transferred to the cold trap by the carrier gas and
preconcentrated. After completion of the outgassing process the cold trap is heated very quickly, causing
on-column injection of the trapped components onto the gas chromatograph. The technique has recently been
extended to include an ion-trap MS. Compared to FTIR alone, the parallel configuration of FTIR and MS
enhances and facilitates the elucidation of the evolved species and furthermore lowers the detection limits
from ppm to sub ppb level [86]. With a thermal desorption unit capable of accommodating Tenax absorption
cartridges sampling with preconcentration of thermogravimetric off-gases in possible which may be followed
off-line by analysis of the trapped components via TD-GC-FTIR-MS [86]. A major disadvantage in routine
analysis by these techniques is the throughput of samples; the analysis time is determined by the longest
retained compound. Other significant disadvantages of multihyphenated systems are complexity, cost, and the
need for a trained operator. It is therefore not at all certain that such techniques hold the future. The
homogeneity of a sample can sometimes limit how little sample can be used, e. Powdered samples, of small
particulate size, have the ideal form for TG studies. However, in polymer science, samples are often also in the
form of films, fibres, sheets, pellets, granules or blocks. The packing density should be as uniform as possible.
Multicomponent separation of a rubber material performed with TG is typically as follows: For multi
hyphenated thermogravimetric analysis techniques typically a few mg of sample are sufficient. Sample
requirements for TG-MS vary according to the amount of volatile substances liberated and the sensitivity of
the mass spectrometer for a given component. Moreover, as the temperature that corresponds to the maximum
evolution of a fragment is particle-size dependent, there is a size requirement as well. When determining low
level additives it is often quite necessary to weigh out as much as mg; sample sizes of mg are a usual
acceptable compromise between efficient balance operation and overloading the mass spectrometer. This
condition should especially be considered in case of quantitative measurements []. Calibration of
thermobalances is more cumbersome. The key to proper use of TGA is to recognise that the decomposition
temperatures measured are procedural and dependent on both sample and instrument related parameters [30].
Considerable experimental control must be exercised at all stages of the technique to ensure adequate
reproducibility on a comparative basis.
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This book deals with the application of spectroscopic techniques for characterisation of chemical and physical structures
in viscoelastic materials, such as unvulcanised elastomers and their vulcanisates, various rubbery materials and some
plastics, which when blended with particular additives (plasticisers) behave like rubbers.

Dutta Since the early days of smelting of copper and iron, application of heat to manipulate the properties was
known to man. Development of thermometer in eighteenth century gave an impetus to thermal studies of
materials. In Le Chatelier [3, 4] obtained heating curves for various minerals in which endothermic absorption
of heat and exothermic evolution of heat effects were distinguished. Gradually the science of thermometry for
measurement of temperature of materials and their change of state with temperature changes was developed.
In Roberts-Austen [5] introduced a differential thermocouple, which measured the differences in voltage
between thermocouples placed in experimental sample and a control inert sample. Principles of thermal
analysis are based on thermometry [6] and thermodynamics [7]. Thermometry consists of plain measurement
of temperature and is used in the study of phase transition or in recording temperatures as a function of time in
the form of heating and cooling curves. But in thermodynamics, kinetic parameters of a reaction can be
studied [] and the most popularly used method is Arrhenius equation [12], correlating the rate of the reaction
and activation energy. Similar kinetic equation in differential scanning calorimetry DSC has been used by
Borchardt and Daniels [13] for thermoset cure, polymerisation process and chemical decomposition with
single heating rate method. The ASTM E method is the only means to analyze the reactions with irregular
baselines [14] and reactions with multiple exotherms [15] as well as a precursor to isothermal studies [16, 17].
As in the case of DSC and differential thermal analysis DTA , kinetic equations have also been used in
thermogravimetry and the most popular method is the single heating rate method by Freeman and Carrol [18,
19] for determining the order of the reaction and activation energy. Anderson [20] used the multiple heating
rates and the kinetic parameters such as order of reaction and activation energy can be deduced from the
different thermogravimetric analysis TGA curves. Reich [21, 22], 1 Thermal Analysis of Rubbers and
Rubbery Materials Doyale [23, 24] and Ozawa [25] also introduced several methods to follow the kinetic
parameters for decomposition reactions. Modern development of thermal analysis started in s by the use of
recorders, sample holders, weighing balance, thermocouples and improved instrumental techniques.
Combination of two or more of these methods along with non-thermal techniques such as spectroscopy [33,
34] and microscopy form the basis of versatile tools for studying macromolecules, nano particles [35, 36],
ceramics [37], medicines and biopolymers [38, 39]. Although there has been a large number of publications on
thermal analyses, it is only in that a concerted effort was made by International Confederation of Thermal
Analysis ICTA to standardise the nomenclature and experimental procedures to allow direct interlaboratory
comparison of data. Simultaneously publication of two journals namely Journal of Thermal Analysis Wiley
and Thermochimica Acta Elsevier were started in Though there have been dozens of books published on
thermal analyses, books on thermal analysis of polymers, in particular books on thermal analysis on rubbers
and rubbery materials have been very few. A few researchers have contributed chapters on thermal analysis of
rubber in books [30, 31]. The present volume is the outcome of this thinking. The book consists of fourteen
chapters, including the Introduction. De deals with the instrumentation components in the techniques of
thermal analysis used for characterisation of rubbers, rubbery materials, and the different constituents in their
products. Combined methods of thermal analysis provide complete analyses of the constituents of rubber
products. Naskar and Prajna P. DSC scans are useful in characterising melting of crystalline polymers and
crystallisation of molten polymers. DSC scans along with TG thermograms provide useful information on the
pyrolytic decomposition and oxidative degradation of polymers at elevated temperatures. Compositional
characterisation of rubber products can be made by TGA, when performed under nitrogen and air
environments. TGA can be used to study blend compatibility and rubber degradation kinetics. Combination of
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other analytical tools such as Fourier transform infrared FT-IR , gas chromatography and mass spectrometry is
extensively used for the analysis of evolved gases in TGA. Recent developments in instrumentation and of
software based data analysis made these tools easy and less time consuming for faster qualitative and
quantitative evaluation of the components in rubber products. Bhowmick deals with theoretical considerations
on viscoelasticity of polymeric materials, instrumentation, and application areas. The authors discuss case
studies on interpretation of dynamic mechanical spectra of glassy polymers, crystalline polymers, and
elastomers. Dependence of dynamic properties on frequency and strain is useful in understanding the
processing characteristics, tyre performance, vibration isolation and fatigue behaviour. An interchangeable
sample probe permits the determination of penetration, expansion, tension and dilatometry of samples. TMA
of elastomers via a penetrometer probe produces thermograms that closely resemble the master curves
obtained by conventional time-temperature superposition 3 Thermal Analysis of Rubbers and Rubbery
Materials of modulus data. The most commonly used probe is expansion probe. Thermally stimulated creep,
thermally stimulated recovery and thermally simulated stress relaxation are different ways of performing
thermo-mechanical experiments. Imaging of the sample and obtaining thermal conductivity and diffusivity
images provide visualisation of sample morphology and spatial arrangement in complex systems.
Characterisation of scanned surface involves different forms of localised thermal analysis. This feature
provides the facility to perform localised thermo-mechanical analysis, localised dynamic mechanical analysis
and localised rheometry experiments. Nishi is the subject matter of seventh chapter. The second section deals
with the morphology and crystallisation behaviour of thermoplastic elastomers TPE based on polyamide PA.
An immiscible or partially miscible blend does not typically show depression in melting point, in contrary to
what is observed in the case of a miscible blend wherein there occurs depression in melting point with
increasing content of the amorphous phase. The melting point is affected not only by thermodynamic factors,
but also by the morphological factors such as the crystalline lamellar thickness. For example, DSC can be used
to study the isothermal and non-isothermal crystallisation kinetics providing insight into the nucleating agents
for crystallisation, while the heat capacity and the glass transition behaviour of polymer nano-composites can
be determined by using TMDSC. The authors conclude by providing a brief description of new thermal
characterisation techniques and their application to nano-composites such as thermal conductivity and
micro-thermal analysis. Filler reinforcement of rubber can be understood from DMA studies at small
deformations and at large strains. Dependence of magnetic susceptibility on temperature depends strongly on
geometrical form of carbon blacks. The fatty acids and branching points play important roles in the
crystallisation. The saturated fatty acids may play a role of the nucleating agent for crystallisation of NR.
Chapter 11 contributed by Nikhil K. Mechanism of maleation can be understood from the changes in Tg. For
example, MA-grafting in the case of NR causes an in increase in Tg due to possible interchain interaction
between the polar groups. However, there is a decrease in Tg in the case of MA-grafted EPDM due to
maleation occurring in the pendant ethylidene norbornene site, thereby increasing the bulkiness of the pendant
group and subsequent plasticisation in intermolecular chains. Changes in thermal stability can be followed by
TG. The presence of a low amount of ionic groups has a dramatic effect on the physical and mechanical
properties of polymers. De is the subject matter of Chapter In the case of product analyses or reverse
engineering with the aim for formula reconstruction, single technique will not serve the purpose. Combination
of thermal techniques, jointly with spectroscopic, chemical and microscopic techniques is required for
qualitative and quantitative analyses of the components of the product. The authors have chosen representative
rubber products such as rubber based vibration control devices, rubber seals, rubber-based cable sheathing
compounds, rubber-based adhesives, rocket motor insulator, thermal interface materials, and automobile tyres.
The authors have provided lists of rubbers and other additives normally used in such applications. Disposal of
solid wastes is a serious challenge to the society and scrap polymeric materials make a major contribution to
the solid wastes. Recycling of waste rubbery materials is thus an important area of research from
environmental and resource constraints point of view. The authors discuss thermal techniques for
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characterising waste rubbers and for evaluation of blends and composites based on recycled or waste rubber. A
pyrolytic TG study of waste rubber helps in estimating the operating conditions for converting waste rubbery
materials into activated carbon. Roy Choudhury forms the contents of the last chapter. DSC and isothermal
titration calorimetry are emerging as the important tools in the functional analysis of proteins, lipids and
nucleic acid molecules, ligand binding and fundamental understanding of DNA-drug, phospholipid-ligand and
protein-protein interactions. Thermal behaviour of biopolymers and the effect of water on the molecular
dynamics can be studied by DSC. It is emphasised that most hydrated biopolymers have glass transitions is
affected due to the freezing of the cooperative motions of biopolymers and bound waters. Hannay, Journal of
the Chemical Society, , 32, Ramsay, Journal of the Chemical Society, , 32, Le Chatelier, Comptes Rendus, , ,
Roberts-Austen, Proceedings of Royal Society, , 49, Barrett, Journal of Applied Polymer Science, , 11,
Arrhenius, Journal of the American Chemical Society, , 49, Novikova, Nature, , , Daniels, Journal of
American Chemical Society, , 79, Gillham, Polymer Engineering and Science,, 19, Mass, Polymer
Engineering and Science, , 18, Duswalz, Thermochimica Acta, , 8, Carroll, Journal of Physical Chemistry, ,
62, Anderson, Journal of Polymer Science, , 54, Anderson, Journal of Polymer Science: Part B, , 2, Levi,
Journal of Applied Polymer Science, , 9, Reich, Journal of Polymer Science: Doyle, Journal of Applied
Polymer Science, , 5, Doyle, Journal of Applied Polymer Science, , 6, Ozawa, Journal of Thermal Analysis, ,
2, Differential Thermal Analysis, Volumes 1 and 2, Ed. Leblanc, Journal of Applied Polymer Science, , 21,
Smith, Thermochimica Acta, , 14, Mol, Thermochimica Acta, , 10, Chaki, Polymer Degradation and
Stability, , 91, Acharya, Journal of Polymer Science: Part B - Polymer Physics, , 44, Mathews,
Thermochimica Acta, , , Lacccabanne, Biomacromolecules, , 5, Sanctuary, Journal of Physics:
Chapter 4 : Spectroscopy of Rubber and Rubbery Materials - å…•è´¹ç”µå•å›¾ä¹¦ä¸‹è½½!
Spectroscopy of Rubbers and Rubbery Materials Spectroscopy has become a powerful tool for the determination of
polymer structures. The major part of the book is devoted to techniques that are the most frequently used for analysis of
rubbery materials, i.e., various methods of nuclear magnetic resonance (NMR) and optical spectroscopy.
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Spectroscopy of Rubbers and Rubbery Materials deals with the application of spectroscopic techniques for
characterisation of chemical and physical structures in viscoelastic materials, such as unvulcanised elastomers and their
vulcanisates, various rubbery materials and some plastics, which when blended with particular additives (plasticisers)
behave like rubbers.

Chapter 6 : Qualitative Analysis of Rubber (FTIR and EDX) : SHIMADZU (Shimadzu Corporation)
By V.M. Litvinov, P. De. This ebook offers with the appliance of spectroscopic recommendations for characterisation of
chemical and actual buildings in viscoelastic fabrics. the foremost a part of the e-book is dedicated to concepts which
are the main usually used for research of rubbery fabrics. the most target of this current ebook is to debate quite a lot of
purposes of the spectroscopic.

Chapter 7 : Spectroscopy of Rubber and Rubbery Materials by V.M. Litvinov, P. De - Home Book Archive
Viscosity of a rubber solution depends on concentration, temperature, type of solvent, and molecular weight of the
rubber. For a particular solvent, the intrinsic viscosity, [ ], measured at a.
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Instrumental Techniques used for Thermal Analysis of Rubbers and Rubbery Materials c. combustible material, and d.
ash left after decomposition (mainly inorganic components in rubber vulcanisates. The principle of thermogravimetry is
based on a 'thermobalance' which describes an instrument, that continuously measures the weight changes of a
substance at gradually varying temperatures [12].

Chapter 9 : Victor M. Litvinov (Author of Spectroscopy Of Rubber And Rubbery Materials)
glass transition in rubbery materials c. michael roland* naval research laboratory,chemistry division,code , washington,
dc rubber chemistry and technology, vol. 85, no. 3, pp. ().
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