
 
 
 
 
 
 
 
 
 
 
 
 

Tuesday, April 27th 

 
9:00 a.m. KEYNOTE ADDRESS: Development of Sustainable Natural Rubber Ecosystem 

Toward Creation of New Industry; Seiichi Kawahara, Department of Materials 
Science and Technology, Nagaoka University of Technology 

 An overview of the natural rubber ecosystem and its potential to contribute to the 
establishment of a sustainable society is addressed in this lecture. Preparation of 
protein-free natural rubber based on the nanomatrix structure of the rubber, 
construction of purification plant for natural rubber latex, production of a dryer for 
protein-free natural rubber latex and preparation of various polymers from the protein-
free natural rubber are introduced as components of eco-friendly natural rubber 
chemistry. 

  
 

Failure of Rubber Materials 
Co-chairs: Bill Stahl, Rainbow Master Mixing and Lewis Tunnicliffe, Birla Carbon 

 
10:30 a.m. General Considerations in Failure Analysis of Rubber and Plastics - Jason T. Poulton, 

Akron Rubber Development Laboratory 
 
 Rubber and plastic articles can show a variety of failure modes.  With an approach 

firmly grounded in the scientific method, the latest installment of this ongoing series of 
presentations will highlight the variety of analytical methods that can be employed in 
root cause failure analysis.   Real world examples will be discussed with a focus on the 
problem solving approach to find the root cause of various failures. 

 
11:00 a.m. Wear Mechanisms of Rubber Tyre Materials under Low Severity: a Model Study - Paul 

Sotta, Centre National de la Recherche Scientifique 
 
 There is potential opportunity of enormous cost saving in developing a laboratory test 

which would be representative of the abrasion wear of tyres in real usage conditions.  
 In this work an innovative rotary tribometer was designed in order to reproduce the 

abrasive wear of reinforced rubber materials for tyre tread. The device allows 
performing accelerated, quantitative friction and wear tests which mimic real usage 
conditions in terms of kinematics and dynamics of the contact, temperature and open 
cycle operating conditions. Low severity wear conditions, which often are a challenge 
to model, can specifically be studied. It was shown that different samples can be 
classified according to their different wear resistance under ell-controlled conditions. 
One key finding was that wear debris accumulated in the contact region strongly 
impacts the measured wear rate. The larger is the amount of wear debris in the 
contact, controlled by varying cycle conditions, the smaller is the wear rate. The 
performed tests also enable characterizing the initiation and development of the 
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characteristic ridge pattern observed in elastomers, in which the predominant wear 
mechanism consists in tearing away material fragments of micrometric sizes. Those 
findings may then enable a deeper understanding of predominant wear mechanisms 
which are at play in the tyre tread. 

 
11:30 a.m. Infinite Life Design Principles for Rubber Structures - William V. Mars, Endurica 

LLC  
   
Because of its simplicity, the intrinsic strength has great utility as a design rule for 
rubber product developers. By keeping tearing energy at all times below the intrinsic 
strength, a designer can assure infinite life with minimum effort. Two examples are 
considered here: a grommet sizing application, and a tire belt compounding 
application. In each example, simulation is used to compute the fraction of loading 
reserve (ie safety factor) relative to the experimentally determined intrinsic strength. 

 
12:00 p.m. Lunch Break & Table Top Exhibits 
 
1:00 p.m. Strain-induced Crystallization Effects in Carbon Black Reinforced and Unfilled Natural 

Rubber - William Amoako Kyei-Manu, Queen Mary University of London 
 

Strain-induced crystallization enhances the mechanical properties of natural rubber 
including crack growth resistance, tear strength and tensile properties. Natural rubber 
exhibits strain-induced crystallization due to its stereo-regular structure, which enables 
the polymer chains to align and crystallize either at low temperatures or under strain, 
leading to a strengthening mechanism. Despite this intrinsic strengthening mechanism, 
natural rubber still requires additional mechanical reinforcement when used in tyres.  
Reinforcing fillers such as carbon black are widely used in tyre formulations at about 
25% of their compound weight. Without the incorporation of carbon black, tyres will not 
be able to function as we know them. Although there have been several studies on the 
effect of carbon black on strain-induced crystallization of natural rubber, there has 
been limited effort to correlate these effects with the basic properties of the carbon 
black filler or on how strain-induced crystallization actually manifest during in-service 
tyre tread deformations. This study measures the strain-induced crystallization of 
natural rubber filled with carbon blacks of different morphologies using temperature 
measurements from an infrared camera to see how the basic carbon black properties 
alter strain induced crystallization in natural rubber. The results show an influence on 
the temperature measurements and calculated strain induced crystallization by some 
of the basic properties of the carbon black.  

 
1:30 p.m. Accelerated Degradation of Aircraft Propeller Sealing Elements in Synthetic Hydraulic 

Fluid - Richard Pazur, Department of National Defence 
 
 Fluoroelastomer (FKM) O-Rings are commonly used as sealing elements within 

aircraft propeller assemblies.   Rubber particle generation due to dynamic abrasion 
has been a recurring problem leading to premature O-Ring deterioration.   The 
hydraulic fluid becomes contaminated and increased maintenance levels for filter 
cleaning are required.  Furthermore, O-Rings have to be removed earlier than normal 
from service in order to mitigate risk. Synthetic hydraulic fluid has superior flow 
characteristics at low temperatures and greater high temperature stability when 
compared to a mineral based hydraulic fluids.  However, it has been reported that 
FKMs may more quickly wear out, lose mechanical properties, and increase in 
volume swell when immersed in synthetic hydraulic fluid. FKM compounds are 
normally chosen depending on their application end-use. High heat resistant 
compounds require a bisphenol cure whereas a peroxide cure system is favored for 
improved chemical resistance. Higher fluorine content is recommended for better 
fluid resistance while lower fluorine levels are needed for enhanced low temperature 



flexibility.  A medium thermal carbon black is normally used to provide compound 
reinforcement in FKM compounds. The goal of this study is to test the compatibility of 
FKM compounds in both synthetic and mineral based hydraulic fluids after immersion 
aging for one week at 80°C. The FKM compounds varied in cure type (bisphenol or 
peroxide), fluorine level (65- 70%) and carbon black size (N990 vs N550).  Samples 
were tested for hardness, 

 
2:00 p.m. Determining the Loading Mode Dependence of the Proportionality Parameter for the  
 Tearing Energy of Embedded Flaws in Elastomers Under Multiaxial Deformations - 

Richard Windslow, Schlumberger Ltd. 
 
 In this paper, the relationship between the tearing energy and the far field cracking 

energy density (CED) is evaluated for an embedded penny shaped flaw in a 3D 
elastomer body under a range of loading modes. A 3D finite element model of the 
system is used to develop a computational based fracture mechanics approach which 
is used to evaluate the tearing energy at the crack in different multiaxial load-ing 
states. By analysing the tearing energy’s relationship to the far field CED, the 
proportionality parameter in the CED formulation is found to be a function of stretch 
and biaxiality. Using a definition of biaxiality that gives a unique value for each loading 
mode, the proportionality parameter becomes a linear function of stretch and biaxiality. 
Tearing energies predicted through the resulting equation show ex-cellent agreement 
to those calculated computationally. 

 
2:30 p.m. The Fatigue Threshold of Rubber and its Characterization Using the Cutting Method - 

Christopher Robertson, Endurica LLC  

 Below a limiting value of tearing energy called the intrinsic strength or fatigue threshold 
(T0), cracks will not grow in rubber due to fatigue; hence, this material characteristic is 
important to understand from both fundamental and practical perspectives. We 
summarize key aspects of the fatigue threshold, including the Lake-Thomas molecular 
interpretation of T0 in terms of fracture of polymer network chains in crosslinked 
elastomers. The various testing approaches for quantifying T0 are also discussed, with 
a focus on the classic Lake-Yeoh cutting method which was recently revived by the 
introduction of a commercial testing instrument that applies this procedure, the Intrinsic 
Strength Analyser (ISA). A validation of the cutting method is also given by 
demonstrating that a two-hour test on the ISA yields a value of T0 that is essentially 
identical to the T0 from near-threshold fatigue crack growth (FCG) measurements that 
require 7.5 months of continuous testing. 

 
3:00 p.m. Break & Table Top Exhibits 

3:30 p.m. New Insights into the Fracture of Carbon Black Reinforced Natural Rubber - Lewis B. 
Tunnicliffe, Birla Carbon 

  
 The results of fatigue crack growth (FCG) experiments performed on carbon black 

reinforced natural rubbers are found to scale systematically with strain amplification 
factors calculated for the various carbon blacks used. Strain amplification factors 
were calculated from the simple Guth-Gold equation using a correction for occluded 
rubber. A new analysis is presented of recently published data on crack tip 
morphologies of carbon black reinforced rubbers [C. Liu et al. Rubber Chem. 
Technol. 88(2), 276, 2015] which indicates that this Guth-Gold approach can 
describe the actual state of strain/strain amplification just ahead of the crack tip with 
good accuracy. The observed scaling of FCG data to strain amplification factors is 
therefore hypothesized to be the result of local strain crystallization of the natural 
rubber just ahead of the crack tip, the extent of which is controlled by the loading and 
structure of the carbon black. Finally, the propensity for strain amplification of the 



various carbon black reinforced natural rubber compounds is separately explored 
using a thermographic methodology.   

 
 

Structure and Dynamics of Polymer Nanocomposites and Filled Rubber 
Co-chairs: Christopher Robertson, Endurica LLC and Cindy Barrera, Ford Motor Co. 

 
4:00 p.m. Investigation of Dielectric Properties of Rubber Compounds by Simultaneous High Force 

DMA and DEA - Yanxi Zhang, Netzsch Instruments 
 

 Molecular mobility caused by thermal activation is affected by external mechanical 
constraints, as are molecular transport and relaxation processes. Static and/or 
dynamic sinusoidal deformations change dielectric behavior of material. A vulcanized 
“virgin” rubber compound has never been subject to mechanical constraints. When 
static and/or dynamic-mechanical load is applied, the structure, size and location of the 
carbon black (CB) cluster changes, which results in changes in the migration path 
density. As a result, conductivity and permittivity decrease with the increase in load. 
This effect is important to evaluate sidewall compounds used in tire, which should be 
conductive in order to dissipate static electricity from a vehicle through a continuous 
CB network. The amount of CB needs to be above its percolation limit to make 
compound conductive. Simultaneous high force DMA and DEA, Netzsch GABO 
DiPLEXORÂ® not only measure mechanical properties but also monitor the migration 
processes of the charge carriers within the sample driven by the electrical field and 
analyze the activated internal migration. The equivalence between mechanical and 
dielectric properties is established and dielectric response is quantified by colt-colt plot. 
Relaxation time, relaxation strength and broadness parameter can be used to evaluate 
effect of filler on cluster changes in compounds. 

 
4:30 p.m. NR-Silica Nanocomposites for Improved Polymer-Filler Interaction in TBR Tread 

Compounds - Tom Rosenmayer, Silpara Technologies LLC 
 

Poor polymer-filler interaction in NR-silica TBR tread compounds remains a 
major issue within the tire industry.  A novel approach is being developed that is 
based on liquid-liquid mixing of NR latex and functional silica precursor 
materials.  Initial laboratory results on model TBR compounds demonstrate 
improved properties, including Payne effect, dispersion, bound rubber, rolling 
resistance and DIN abrasion.  Compounds made with the new nanocomposite 
also demonstrate a unique, more linear stress-strain behavior than control 
compounds made solely with precipitated silica.  Microstructural 
characterization by AFM and nano-DMA indicate nano-scale reinforcement of 
the NR matrix via a functional silica network. 

 
 
 

Wednesday, April 28th 
 

Structure and Dynamics of Polymer Nanocomposites and Filled Rubber 
Co-chairs: Christopher Robertson, Endurica LLC and Cindy Barrera, Ford Motor Co. 

 
8:00 a.m. Some Aspects of Nanoparticle Assembly and Polymer Dynamics in Rubber Systems - 

Anne-Caroline Genix, University of Montpellier, France 
 
 Rubber-based nanocomposites prepared by solid-phase mixing with precipitated silica 

nanoparticles are typically strongly aggregated systems with different levels of spatial 
organization. The strategy that we developed several years ago to investigate such 



systems is based on the study of simplified industrial samples with ingredients limited 
to a strict minimum. On the scale of a micrometric simulation box, tens of thousands of 
nanoparticles are embedded in the matrix, and their dispersion strongly affects the 
mechanical properties of the material – and which is reflected in the scattered 
intensity. A statistical method based on a reverse Monte Carlo solution of this many-
parameter problem will be presented, showing that some key features like percolation 
can be described. Another key feature of rubber nanocomposites refers to the 
influence of the filler surfaces on the polymer dynamics, and some recent progress – 
including incoherent neutron spin-echo measurements – will be discussed. Such 
results may be confronted to dielectric spectroscopy measurements which in some 
cases are not conclusive due the impossibility to correctly resolve the α-relaxation in 
presence of strong interfacial polarization processes. An original application of 
dielectric spectroscopy with a surprising measurement of the adsorption isotherm of 
coating agents onto silica buried in the polymer matrix will also be discussed. 

 
8:30 a.m. Triboelectric Generators Derived from Commercial Rubbers for Sustainable Energy 

Harvesting Solutions - Amit Das, Leibniz Institute of Polymer Research Dresden 
 
 There has been a growing interest in seamless energy harvesting technologies for 

integrated flexible electronic systems in modern automobiles. Traditional battery-based 
power supplies often fall short in terms sustainability, durability and environmental 
impact. Stretchable nanogenerators derived from triboelectric material assemblies 
(TENGs) are predominantly superior in terms of output performance, compared to that 
of piezoelectric counterparts (PENGs). Moreover, TENG incorporates highly flexible 
and mechanically robust elastomeric materials that offer long service life of up to few 
hundred million cyclic operations. Very recently, we developed a high-performance, 
tire-mounted, stretchable TENG-based energy scavenger comprising 100% 
amorphous commercial rubbers. The active components of the state-of-the-art 
nanogenerators were fabricated exclusively by conventional rubber-processing 
methodologies, i.e. solid-state mixing and vulcanization. Here in this paper, we shall 
report regarding the effect of contact modes, striking force, contact time, humidity, 
presence of organic solvent vapors on the performance of the rubber based 
triboelectric generators. 

 
9:00 a.m. Thixotropic Flocculation Effects in Particle Reinforced Rubbers and Model Materials - 

Lewis B. Tunnicliffe, Birla Carbon 
 
Thixotropic behavior of carbon black reinforced, uncrosslinked rubbers is explored and 
contrasted to the analogous behavior observed for the same carbon blacks suspended 
in Newtonian liquids. Of key importance is the so-called flocculation or networking 
effect which is promoted at elevated temperatures and influences the final viscoelastic 
performance of rubber products. Important kinetic and thermal activation features of 
flocculation can be traced back to analytical properties of the carbon blacks. Activation 
energies for flocculation of carbon blacks in rubbers coincide with the Arrhenius 
activation energy of viscosity of the bulk rubber indicating a coupling between the 
energetics of polymer flow and carbon black networking. 

 
9:30 a.m. Flocculation of Carbon Black Monitored by Rheology - Clement Robin, Hutchinson 

The characteristic strain dependence of dynamic properties of filled rubber, better 
known as the Payne effect, is probably one of the most discussed topics within the 
rubber scientific community. Despite joint efforts from both academic and industrial 
sides, there is still no unified physical understanding of the origin of such a behavior. 
However, it is noteworthy that the rubber industry has always sought in developing 
new technologies in order to reduce the negative impact of the Payne effect. In the 
scope of anti-vibration applications, the efficiency of flexible rubber mounts is closely 



connected to the rubber dynamic properties and the Payne effect plays a key role in 
the establishment of isolation performances. Payne attributed the decline of the elastic 
modulus with the strain amplitude in carbon black filled rubber as the result of the 
breakage of a “structure”. The term structure is associated to the percolated filler 
network formed between the reinforcing particles which is slowly broken into smaller 
and smaller entities as the dynamic strain increases above the critical strain amplitude. 
The formation of a physical network is the result of the flocculation process which 
mainly occurs during the early part of the crosslinking reaction. Filler flocculation is a 
reversible phenomenon as the filler network can be broken down by deforming the 
material and then reformed once the strain is partially or totally removed. In this study, 
carbon black flocculation is revealed by dynamic rheological measurements using the 
RPA for non-crosslinked rubber and DMA for crosslinked rubber. The physics of the 
flocculation process are explored as well as the influence of temperature, carbon black 
volume fraction and morphology. 
 

10:00 a.m. Break & Table Top Exhibits 

10:30 a.m. In situ Nanofiller Formation in Rubber Composites - Justin Robert Barone, Virginia Tech, 
Biological Systems Engineering 

 
One of the challenges of nanocomposite formation is nanofiller dispersion in polymer 
matrices on traditional compounding equipment.  It is proposed to form the nanofiller in 
situ by compounding self-assembling proteins into rubber.  Self-assembling proteins can 
form rigid ï�¢-sheet nanostructures that are similar to those found in stiff biological 
structures made of silk and keratin.  The self-assembling proteins are wheat gluten 
hydrolysis products with well-characterized nanostructures.  The compounding residence 
time becomes the dominant time scale during processing resulting in isotropic 
nanostructures rather than the typical fibrous nanostructures found in nature when long 
self-assembly times are allowed.  Rigid protein nanostructures act to reinforce the rubber 
network and decrease heat loss after an imposed deformation.  The protein hydrolysate 
preparation has a huge influence on the final composite properties as it affects the self-
assembled nanoparticle size and rigidity. 

 
11:00 a.m. Highly Efficient Renewable Anisotropic Fillers for Advanced Properties - Ulrich Giese, 

German Institute of Rubber Technology (DIK) 
 
 From technical and from sustainability aspects modern rubber compounds have to 

fulfill high level of properties. Low permeation rates for gases and liquids, high strength 
and low density (light weight) are some of the most interesting demands from technical 
application of rubber compounds. Anisotropic fillers like layered silicates, nano-
fibrillated cellulose (NFC), carbo nano tubes (CNT), carbo nanohorns (CNH) or 
graphene platelets are favored to realize the desired properties. The high potential of 
especially polysaccharide materials like nanofibrilated cellulose (NFC) as fillers can be 
used only in combination with optimized mixing strategies like a special latex mixing 
technology. Raw materials are original latex or secondary latex. NFC-composites with 
low density at high mechanical strength and hardness could be prepared. Overall the 
filler raw materials are characterized for their surface properties by means of static gas 
adsorption. The filler-polymer interaction as an important factor to evaluate the filler 
performance is characterized using swelling experiments and Kraus-Plot. Furthermore 
the permeation and mechanical-dynamical properties as well the reinforcement were 
investigated. 

 
11:30 a.m. Testing of Radiation Modified Silicone Elastomer Based High Damping Materials by 

Free Oscillating Dynamic Mechanical Oscillograph (ASTM D945-16) DMYO-5- Davut 
Aksut, Hacettepe University 

 



This rubber testing machine complies with ASTM D945-16 and extends beyond with 
various new output parameters, characterizing solid rubber as well as foam rubber 
specimens. These samples are tested on a free oscillating system with the 
measurements of load, as well as displacement for the outputs of Tan Delta, 
Calculated Loss angle as per ASTM 5992-96 X5, along with direct measurements of 
the phase angle, E', E" in compression as well as G', G" in shear test modes. In this 
study, peroxide cured vinyl-methyl polysiloxane (VMQ) and phenyl-vinyl-methyl-
polysiloxane (PVMQ) were irradiated with electron beams up to 80 kGy absorbed dose 
and then tested on DMYO-5 for dynamic and static parameters. Observations of the 
effect of radiation on the compression characteristics of these samples did yield 
varying dynamic, static moduli as well as changing E' (storage moduli) and E" (loss 
moduli) along with the Tan Delta and Phase angle characteristics and Yerzley 
Hystereris. We concluded that DMYO-5 can test dynamic characteristics of high 
damping silicone shock absorbers and predict the performance of these elements 
under free oscillation waves that can develop within the seismic wave formations. 

 
12:00 p.m. Lunch Break & Table Top Exhibits 

 
 
Science & Technology Awards Symposium 
Chair: Dr. Maria D. Ellul, ExxonMobil Chemical Co. (Retired) 

 
1:00 p.m. Charles Goodyear Medal – Dr. Nissim Calderon, Goodyear Tire & Rubber Co.  
 (Memorial Address by Adel Halasa, The University of Akron) 

 
2:00 p.m. Melvin Mooney Award for Distinguished Technology - Dr. Kenneth Gillen, Sandia 

National Laboratories (Retired) 
 

2:30 p.m. Sparks-Thomas Award - Dr. David Simmons, University of South Florida 
 

3:00 p.m. George Stafford Whitby Award for Distinguished Teaching and Research - Dr. Chrys 
Wesdemiotis, The University of Akron 

 
3:30 p.m. Break & Table Top Exhibits 

 
3:45 p.m. Chemistry of Thermoplastic Elastomers Award - Dr. Lewis Fetters, Cornell University  
 (Presentation by Roderic Quirk, The University of Akron, Emeritus) 
 
4:15 p.m. Fernley H. Banbury Award - Dr. Ken Nakajima, Tokyo Institute of Technology 

4:45 p.m. Bioelastomer Award - Dr. Colleen McMahan, United States Department of Agriculture 
 
 

6:00 p.m. Science & Technology Awards Banquet 
 
 

Thursday, April 29th 
 

Elastomers as Biomaterials 
Co-chairs: Leandro Forciniti, Becton Dickinson and Carin Helfer, The Ohio State University 

 
8:00 a.m. Electrospun Polyisobutylene-based Fiber Mats for Personal Protective Equipment 

Applications - Judit Puskas, The Ohio State University 
 

This paper presents the results of the first part of testing a novel electrospun 



polyisobutylene-based compound containing zinc oxide (ZnO) for Personal Protective 
Equipment applications. Mats of 203.75 and 295.5 g/m2 were investigated. The results 
show that the mats resist fibroblast cell adhesion and biofilm formation. Antibacterial 
effect was not found, most likely due to an insufficient concentration of nanosized ZnO 
particles. 

 
8:30 a.m. Stimuli-Responsive Antifouling Polyisobutylene-Based Biomaterials via Modular 

Surface Functionalization - Lingyun Liu, The Ohio State University 
 
 Polyisobutylene (PIB) and PIB-containing thermoplastic elastomers (TPEs) are 

promising biomaterials due to their unique bio-inertness, biostability, biocompatibility, 
and strong tunability of physical properties. The significance is exemplified by FDA-
approved and widely implanted drug-eluting coronary stents coated with poly(styrene-
b-isobutylene-b-styrene) (SIBS). To further improve biocompatibility of the PIB-based 
TPEs, non-specific protein adsorption must be minimized to mitigate the inflammatory 
response which leads to formation of fibrous capsule surrounding the implant and 
failure of the device. In this work, a new, modular approach was developed to realize 
surface functionalization utilizing chain entanglement. Dynamic Water Contact Angle 
measurements showed surface reorganization under water. Fibrinogen (Fg) adsorption 
was quantified using surface plasmon resonance (SPR). Dramatic difference in Fg 
adsorption was found among the surfaces studied. Importantly, it is discovered that a 
PIB-tetraethylene glycol-α-lipoic acid coating on a PIB-based TPE presented the 
lowest Fg adsorption at 14 ng/cm2, compared to 256 ng/cm2 for the native TPE. 

 
9:00 a.m. Butyl Rubber for Medical Applications - Kevin Kulbaba, ARLANXEO 

 This talk will describe some of the key structure-property relationships of elastomers 
used in the medical industry with a focus on butyl rubber. Butyl rubber is the elastomer 
of choice for applications including closures for infusion containers, injection vials, 
lyophilization, blood collection tubes and for the long-term storage of medication.  Such 
applications require compounds with a unique combination of properties such as low 
permeation resistance, chemical stability and relatively high purity. Various 
compounding strategies can be employed to tune the permeation resistance and other 
physical and chemical resistance properties of the final compound. Additionally, rubber 
parts are typically sterilized before use to destroy and remove microbial life and steam 
sterilization and gamma irradiation are the most common methods. The result of this 
sterilization on the polymer and the final compound will be discussed as well.   

 
9:30 a.m. Break  

 
Modelling & Simulation 
Co-chairs: William Mars, Endurica LLC and Nihat Isitman, Goodyear Tire & Rubber Co. 

 
10:15 a.m. Simulating the Effects on Post-impact Durability of Tire Ageing- William V. Mars, 

Endurica LLC 
 
 An incremental fatigue analysis procedure has been developed in the Endurica DT 

solver that enables the simulation of damage accrual due to realistic tire use and 
abuse.  The simulation considers the stress-strain and crack growth behavior of the 
material, as well as the evolution that these behaviors undergo due to thermochemical 
ageing. The incremental procedures permit finite element solutions for a series of key 
load cases to be composed to recreate realistic tire operating scenarios.  The 
procedures enable quantitative evaluation of the effects of a test in which 1) the tire is 
oven-aged for a period at an elevated temperature, 2) the tire is broken-in under 
conditions of straight-ahead steady state rolling, 3) the tire experiences a curb impact, 



4) the tire is subsequently run out to failure under straight-ahead steady state 
rolling.  Parameter studies with the simulation show the effects of oven ageing time and 
temperature on post-impact durability.  

 
10:45 a.m. Capitalize on Historical Data in the Rubber Industry with Multivariate Analysis - Marlene 

Cardin, ProSensus Inc. 
 
 As Industry 4.0 and Digitalization initiatives continue to drive the ever-increasing 

availability of historical data, the effective use of this data has become critical to the 
success of rubber manufacturers. Multivariate analysis (MVA) is a proven method for 
analyzing and interpreting diverse industrial Big Data.  MVA can be readily applied to 
R&D data and to process operation data in order to accelerate product development, to 
improve yield or product quality, or to reduce operating costs. The principle behind MVA 
is that variation in most large datasets is driven by only a small set of independent 
factors. Therefore, the purpose of MVA is to reduce the number of variables in a 
dataset to a small number of independent components that are capable of explaining 
the variance in the data. Some of the benefits of applying MVA to historical data 
include: the ability to analyze information from multiple data sources simultaneously; 
handle highly correlated variables and missing data; produce intuitive plots for results 
interpretation; and reveal or confirm relationships between variables in the dataset. 

 This presentation will introduce the concepts of MVA with case studies in the rubber 
industry for product formulation, process troubleshooting, process improvement, model 
simulation and optimization. Typical challenges and dataset limitations in the rubber 
industry will also be discussed. 

 
11:15 a.m. Dynamical Mechanical Analysis (DMA) of Polybutadiene using Molecular Dynamics 

Simulations - Sdollah Ebrahimi, Dassault Systèmes, and Universit'e de Sherbrooke 
 
 The dynamic-mechanical properties of viscoelastic materials, such as amorphous and 

semi-crystalline polymers can play an important role in their processing and industrial 
applications. Dynamic Mechanical Analysis (DMA) is an experimental technique to 
obtain and analyze phase transitions through the deformation of the material studied 
by applying a stress or a strain to the sample. A deep investigation of the atomistic and 
molecular structures and dynamic mechanical properties, such as storage, G’, and 
loss, G’’, shear moduli would help designing novel materials as well as improving 
properties of existing ones. Therefore, in the present study, two sets of equations to 
calculate the storage and loss moduli are proposed, and a combined method to 
simulate the dynamic mechanical properties of viscoelastic polymers introduced. By 
caring out a series of molecular dynamics (MD) simulations and applying periodical 
non-zero shear strain at different frequencies, the DMA thermograph, and the 
frequency-dependent complex shear modulus of Polybutadiene (PBD) were 
calculated. Polybutadiene is the second largest volume synthetic rubber produced and 
its major use is in the manufacture of tires. For comparison with experimental data, the 
isotropic Polybutadiene with a composition of 40 %/50%/ 10% 1, 4-cis/1, 4-trans/1, 2-
vinyl monomers was considered. The effect of strain amplitude and frequency on DMA 
thermogram is also investigated. The ensuing computed results were found in good 
agreement with existing experimental reports. Based on our findings, the provided 
combined method employing MD simulations can be used to design new structure of 
viscoelastic materials with desirable properties for industrial applications. 

 
11:45 a.m. Lunch Break 

 
Advances in Rubber Processing & Additives 
Co-chairs: Edward Terrill, Akron Rubber Development Laboratory Inc. and John Dick, Consultant 

1:00 p.m. Devulcanizate as a Functional Additive - Rounak Ghosh, University of Twente 



In this study, a natural rubber (NR) based devulcanizate is upgraded by using a 
bifunctional additive: this additive works as a devulcanization aid (DA) as well as a 
coupling agent or curative respectivley, and by thus improves the properties of the re-
cured devulcanizate as well as of a blend with virgin rubber. The three devulcanization 
aids are conventional rubber additives: Two silanes, which are generally used as 
coupling agents for silica (bis-(3-triethoxysilylpropyl)tetrasulfide, TESPT, and bis-(3-
triethoxysilylpropyl)disulfide, TESPD), and an accelerator (N-cyclohexyl-2-
benzothiazolesulfenamide, CBS). Thanks to the S-moieties of these additives, they 
also act as devulcanization aids, making the devulcanization process more effective 
and improving the final properties. The additives react during the devulcanization 
process by splitting up the S-bonds and attaching to the polymer chains to suppress 
recombination. It is expected that the original functionality, reaction with the silica in 
the case of the silanes and reaction with zinc oxide and sulfur in the case of CBS, will 
still take place. This will result in a more efficient network formation; filler-polymer 
network in the former and polymer-polymer network in the latter case. For this purpose, 
aircraft tire tread rubber was devulcanized in a thermo-mechano-chemical process in 
the presence of a process oil and devulcanization aid. Besides the effect of the 
bifunctional additives as such, the devulcanization parameters are also elaborated 
concerning their influence on processability, devulcanization efficiency, mechanical 
properties of the devulcanizate. Out of this screening study, TESPD as DA resulted in 
the highest quality devulcanizate in terms of crosslink scission and stress-strain 
properties. Taking the additional effect of enhanced network formation into 
consideration, these properties will further be improved. This indicates that the addition 
of this devulcanizate to silica filled compounds will improve the properties compared to 
the addition of the traditional reclaim or devulcanizate. 
 

1:30 p.m. Applications of Fine Mesh Straining in Rubber Processing - Manuel Bessler, UTH GmbH 
 
 Full abstract for this presentation is forthcoming. 

 
2:00 p.m. Continuous Processing of Rubber-Bitumen Formulations - Michael Wayne Batton, 

Entex Rust & Mitschke GmbH 
 

The Planetary Roller Extruder (PRE) is best known for its large contact surface area, 
extraordinary mixing quality, highly efficient and precise heating/cooling capabilities, to 
include an adaptable modular design concept. An additional advantage is the 
independent control of thermal and mechanical/shear energy, all these characteristics 
make the PRE best suited to replace the traditional dis-continuous mixing processes, 
e.g. agitators and internal mixers of today.   For example, in bitumen manufacturing 
processes - achieving highest qualities at the lowest costs. 

 
 

2:30 p.m. Novel Bio-based Elastomer for Rubber Compounds, Sealants and Adhesives - Erich 
Klein, Kuraray 

 
 Kuraray recently commercialized a new bio-based liquid rubber using living anionic 

polymerization with molecular weights up to 130,000. This new polymer utilizes a bio-
based monomer produced by the fermentation of sugarcane (B-farnesene). Compared 
to conventional petroleum-based polymers such as polybutadiene and polyisoprene, 
liquid farnesene rubber has the unique advantage of high molecular weight and low 
viscosity due to its highly branched structure. In this presentation, we will discuss the 
advantage of using liquid farnesene rubber in rubber compounds (tires), adhesives 
and sealants.  

 
3:00 p.m. Break 

 



 
3:15 p.m. Development of Sustainable Rubber Composites using Tapioca Flour as Filler for 

Automobile Applications - Selvakumar Murugesan, National Institute of Technology 
Karnataka Surathkal 

 
Despite the development of various new materials, sustainable materials and cost 
reductions are most preferred in automobile industries in order to maintain the 
ecological balance.  In India, tapioca flour is available throughout the country and 
people have been using in their daily life as a food and its cost is very less. In this 
work, we attempted to use biodegradable tapioca flour as a bio filler to reinforce 
various industrial rubbers such as ethylene propylene diene rubber (EPDM), natural 
rubber (NR), and acrylonitrile butadiene rubber (NBR) as well as with the blends of 
NBR/polyvinyl chloride (PVC) for various perspective of automobile and oil seals 
applications. Tapioca flour particle size was significantly reduced using in-house 
prepared mixer grinder to ensure that they interact more with rubber matrix during 
mixing by enhancing surface area of the filler. Particle size and morphologies of 
tapioca flour were controlled by observing them under scanning electron microscopy 
(SEM). From the various mechanical property evaluations, it has been revealed that 
reduction of Tapioca flour particle size significantly improved the physio-mechanical 
strength like tensile strength, hardness without sacrificing their %elongation, no 
change in compression set and % swelling. Moreover, the physio-mechanical 
properties also remains same even after ageing for about 24 hrs at 40℃. The thermal 
stability of the tapioca flour reinforced rubber composites was also improved 
significantly by observing their onset degradation temperature using thermo 
gravimetric analyser (TGA). Nevertheless, the cure characteristics like reduced T90 
value and enhanced rate of cure were also observed upon incorporation of tapioca 
flour in rubber compounding. The aforementioned claims were corroborated with the 
fractured surface morphology of the entire composite samples as there was a clear 
indication of better matrix-filler adhesion and also uniform dispersion of filler in matrix 
was also noticed using SEM. Cost-effectiveness analysis was also compared with 
other typical rubber formulation with carbon black-based filler and it shows that the 
developed formulation has significant of cost-effectiveness. Taken together, the novel 
sustainable tapioca flour bio filler reinforced rubber composites reveals to be a 
potential candidate for the partial replacement of carbon black filler for manufacturing 
various types of automobile parts and oil seal applications to reduce the cost of the 
products in rubber industries without sacrificing their technical properties. 

 
3:45 p.m. Development of a Separation Process of NBR/HNBR Rubber from Metal Substrate - 

Sarah Scardelatto, Fundação Santo André 
 
The objective of this project consists in the development of a process for separating 
the rubber NBR/ HNBR from the metal substrate. The methodology will consist in 
choosing, presentation, separation, identification and classification of the material; 
performing cryogenic and solubility tests, record the results, quantitative and economic 
survey, data processing, analysis and discussion of the results and preparation, 
structuring and presentation of the report and the thesis. The results showed that a 
bath in polar acetic acid, above room temperature, followed by a wash in a basic pH 
bath and further drying, generates the expected results, with complete separation of 
the parts without attack the steel and with little change on the structure of rubbers. 
With this, the process becomes attractive because, in addition to the considerable 
decrease in the volume of discarded material, the by-products can be reused in the 
process itself, with recycling and reuse of materials. 
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