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APPLICABILITY OF THERMAL ANALYSIS TO CHARACTERIZATION OF ROOF
MEMBRANE MATERIALS: A SUMMARY OF THE 28-29 MARCH 1990 WORKSHOP

1 INTRODUCTION

Background
The Application of Thermal Analysis to Roofing

In 1983, an Intemational Committee on Elastomeric, Thermoplastic, and Modified Bituminous
Roofing was organized under the auspices of CIB and RILEM.® The committee’s membership consisted
of 39 experts from 18 nations representing the design, manufacturing, contracting, and technical
segments of the international roofing industry. The committee’s major objective was to recommend a
test protocol to evaluate and characterize generic roof membrane materials before and after exposure to
simulated aging conditions, and during service on roofs. The committee’s recommendations were
published in 1988.

Chief among the committee’s recommendations was that thermal analysis methods be added to the
inventory of test methods currently used to characterize roof membrane materials. Thermal analysis is
"a general term covering a group of related techniques whereby the dependence of the parameters of any
physical property of a substance on temperature is measured.”> An advantage to characterizing roofing
membrane materials (or other products) using thermal analysis methods is that highly reproducible
results may be obtained with extremely small sample sizes.” Appendix A contains a copy of the
CIB/RILEM proposal. This proposal was based on the investigations of a task group established within
the committee to study the feasibility of using thermal analysis methods for membrane characterization.
Preliminary interlaboratory testing demonstrated the capability of thermal analysis to detect changes in
material properties of ethylene-propylene-diene terpolymer (EPDM), polyvinyl chloride (PVC), and
polymer-modified bituminous membrane materials upon aging. The tests used torsion-pendulum
analysis, dynamic mechanical analysis, and thermogravimetry. However, the task group acknowledged
that the preliminary experimentation was limited and that further research should be conducted to
interpret the results of laboratory tests in relation to long-term in-service performance.

* Conseil International du Batiment pour la Recherche, 1'Etude et la Documentation (International Council for Building
Research Studies and Documenlanon) and Reunion Intemnationale des Laboratoires d’Essais et de Recherches sur les
Materiaux et les Constructions (International Union for Testmg and Research Laboratories for Materials and Structures).

' “Elastomeric, Thermoplastic, and Modified Bitumen Roofing: A Summary Technical Report of CIB W.83 & RILEM 75-SLR
Joint Committee," Materiaux et Constructions, Vol 19, No. 112 (July-August 1986), pp. 323-329; Ruth I. Warshaw,
"Summary of the RILEM/CIB Report on Performance Testing of Roof Membrane Materials,” International Journal of
Roofing Technology, Vol 1, Issue 1 (Spring 1989), pp. 10-11.

! W.W. Wendlandt, Thermal Methods of Analysis, 2d ed. (John Wiley and Sons, New York, 1974), p. 490.

W.W. Wendlandt and P.K. Gallagher, "Instrumentation,” in Thermal Characterization of Polymeric Materials (Academic

Press, New York, 1981), pp. 1-86.




Presently, the thermal analysis methods of prime interest to the roofing industry are:
« Themogravimetry (TG), which measures mass change

« Differential Scanning Calorimetry (DSC), which measures relative heat flux and, in tum, the
heat capacity and the glass transition temperature

« Thermal Mechanical Analysis (TMA), which measures changes in volume or length

» Dynamic Mechanical Analysis (DMA) and Torsion Pendulum (TP), which measure the
modulus of a material and, in turn, the glass transition temperature.

A summary of these methods is given in Appendix B.

Thermal analysis meihods have not been widely used to characterize roofing membrane materials,
although they have been employed for more than three decades to characterize synthetic polymeric
products.®* An early study on the use of DSC for the characterization of EPDM, PVC, neoprene, and
chlorinated polyethylene (CPE) concluded that this thermal-analysis method could be used to identify the
components in a single-ply sheet to differentiate between manufacturers, and to distinguish between
exposed and new materials.’ More recent work® supports the recommendations of the CIB/RILEM
Committee. These studies reported on the characteristics of EPDM, PVC, and polymer-modified
tituminous materials using TG, DSC, and DMA methods. In addition, Backenstow and Flueler
described the application of torsion pendulum analysis to the characterization of these membrane
materials. In a study that followed, in part, from the CIB/RILEM recommendations,” TG, DSC, TMA,
and DMA werc used to determine the changes that black and white EPDM membrane materials
experienced upon heat, ultraviolet (UV) radiation, and ozone conditioning in the laboratory, as well as
upon limited exposure outdoors. These studies also comgared the results of the thermal analysis
measurements to changes in load-elongation properties of the rubber test specimens. The four papers
associated with the CIB/RILEM work® conclude that thermal analysis methods were useful for
membrane characterization, and that investigations should continue to provide the technical basis for
their incorporation in standards.

‘ W.W. Wendlandt; W.W. Wendlandt and P.K. Gallagher,

* C.G. Cash, "Thermal Evaluation of One-Ply Sheet Roofing,” in Single-Ply Roofing Technology, ASTM STP 790 (American
Society for Testing and Materials [ASTM], Philadelphia, 1982), pp. 55-64.

* M.S. Farlling, "New Laboratory Procedures To Evaluate the Durability of Roofing Membranes,” Appendix D in Performance
Testing of Roofing Membrane Materials, Recommendations of CIB W.83 and RILEM 75-SLR Joint Commitice on
Elastomeric, Thermoplastic, and Modified Bitumen Roofing (RILEM, November 1988); D. Backenstow and P. Flueler,
“Thermal Analysis for Characterization,” in Proceedings, 9th Conference on Roofing Technology (National Roofing
Contractors Association, Rosemont, IL, May 1989), pp. 85-90.

" Glen D. Gaddy, Walter J. Rossiter, Jr., and Ronald K. Eby, "The Application of Thermal Analysis Techniques to the
Characterization of EPDM Roofing Membrane Materials,” in Thomas J. Wallace and Walter J. Rossiter, eds., Roofing
Research and Standards Development, 2nd Volume: ASTM STP [088 (ASTM, Philadelphia. 1990), in press: Glen D. Gaddy,
Walter J. Rossiter, Jr., and Ronald K. Eby, The Use of Thermal Mechanical Analysis to Characterize EPDM Roofing
Membrane Materials, in review.

* D. Backenstow and P. Flucler; M.S. Farlling; Glen D. Gaddy, Walter J. Rossiter, and Ronald K. Eby (1990, and in review).
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The USACERL Program on Roof Membrane Characterization

Since the late 1970s, when elastomeric, thermoplastic, and polymer-modified bituminous roofing
became popular in the United States, the U.S. Amrmy Construction Engineering Research Laboratory
(USACERL) has considered these roof systems as practical altermatives to built-up roofing (BUR). In
1979, USACERL initiated a program to evaluate innovative roofing systems and materials as altematives
for BUR, and to identify requirements to be included in guide specifications for selected altemative
systems.” As part of the program, construction of selected alternative systems, e.g., EPDM, PVC, and
spray-in-place polyurethane foam, was performed at Ammy installations with different weather
conditions.'

Not unexpectedly, the experimental field program found that membranes based on various
polymeric resins underwent different degradation mechanisms in service. Better understanding of these
mechanisms and the factors that affect changes in material properties would provide the knowledge
needed to prepare specifications that minimize material degradation and reduce long-term maintenance
and repair costs of Army roofing. In the long term, this same knowledge would also help to develop
standard tests to predict the serviceability and performance of membrane roofing.

USACERL initiated a program entitled "Evaluation c¢f Roofing Materials Degradation Processes”
to provide methods to evaluate the quality and service life of membrane roofing systems and to
contribute to the basis for standards and specifications.!! One objective of this program was to develop
new or improved methods to characterize important propertics of membrane materials, and to evaluate
their resistance to failure through common degradation processes. Thermmal analysis methods for
characterization of membrane materials, as recommended by the CIB/RILEM Committee, are one
attractive way for meeting this task objective. To find out whether experts in thermal analysis methods
belicve that these methods could be usefully incorporated into voluntary consensus standards for
membrane materials, USACERL sponsored a workshop on the applicability of thermal analyses methods
to the characterization of roofing membranes. This report presents the results of the workshop.

Objectives
The objectives of this study were to determine whether (1) thermal analysis methods are applicable

10 the characterization of roofing membranes, and (2) thermal analysis methods can be usefully
incorporated into volurtary consensus standards for membrane materials.

® E. Marvin et al, Evaluation of Alternative Reroofing Systems, Interim Report (IR} M-263/ADA071578 (U.S. Army
Construction Engineering Research Laboratory [USACERL], June 1979).

' Myer J. Rosenfield and D.E. Brotherson, Construction o Experimerual Roofing, Technical Report (TR) M-298/ADA109595
(USACERL, November 1981); Myer J. Rosenfield, Construction of Experimental Polyvinyl Chloride (PVC) Roofing, TR M-
343/ADA145406 (USACERL, April 1984).

" Walter J. Rossiter, Jr. and Larry W. iMasters, Suggested Research Topics for the Construction Engincering Reseurih
Laboratory (CERL) Program, Evaluation of Roofing Materials Degradation Processes, NISTIR 88-3870 (National Institute
of Standards and Technology [NIST], Gaithersburg, MD, November 1988).
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Approach

Invitations were extended to participants who: (1) had personal experience with applications of
thermal analysis to roofing, and (2) were willing to share those experiences in an informal presentation.
The number of invitations was limited to the number of presentations that could be conveniently made
in a day.

The workshop extended over 1-1/2 days. A moderator was assigned to direct the activities.
During the first day, 13 of the invited participants made informal presentations describing their
experiences in applying thermal analysis methods to the analysis of questions or problems regarding
roofing performance.

On the second day, a general discussion among all participants was held on the question of the
applicability of thermal analysis methods to standards and guide specifications. These discussions
provided the basis of the participants’ conclusions on the subject.

The participants represented a cross-section of the U.S. roofing industry, including the manufactur-
ing, contracting, consulting, and research segments, and presented a wide range of subjects. Specific
interests covered all major types of flexible-membrane roofing (i.e., bituminous built-up and polymer-
modified, elastomeric, and thermoplastic). Presentations addressed nonproprietary subjects. Participants
were asked to consider the following topics for presentation;

1. The current status of testing roofing membrane products using thcrmal analysis methods

2. The applicability of thermal analysis methods to standards and guide specifications

3. The limitations and barriers which must be overcome to allow implementation ot thermal
analysis methods in standards and guide specifications

4. Research needed to overcome the identified limitations and barriers.

Mode of Technology Transfer

Results generated by this study will impact Corps of Engineers Guide Specifications for roofing
systems.




2 APPLICATIONS OF THERMAL ANALYSIS TO ROOFING MATERIALS

The presentations of the first day of the workshop provided many examples of the application of
thermal analysis to the characterization of roofing materials. The questions and discussions among the
participants produced many comments on the methods, usefulness, and limitations of roofing material
analysis. Appendix C summarizes the topics addressed during the individual presentations, and includes
examples of thermal analysis applications to roofing and the lessons leamed from performing those
analyses. Some presentations were limited enough in scope to describe specific applications and their
detailed results. Other presentations breadly listed the types of applications that had been carried out,
without giving details of analyses or results. Most examples presented applications not yet published in
the roofing literature. This may explain the perception in the industry that thermal analysis has had little
usc for the characterization of roofing materials.

Table 1 (based on Appendix C) summarizes the applications of thermal analysis to roofing
products given during the presentations, and shows the substantial application to roofing matcrials
thermal analysis has actually had. In fact, thermal analysis methods are already routine laboratory
procedures for the characterization of other materials.'?> The applications have covered the range of
thermal analysis methods of prime interest to the roofing industry, although most of the examples
concemed TG and DSC techniques. The examples included not only analyses of roof membrane
materials, but also characterization of coatings for spray-in-place polyurethane foam, additives for
bitumens, bitumen-polymer blends, and purity of constituents used in synthetic membrane formulations.
The complexity of the applications has ranged from routine determination of moisture in materials, to
cxperimental development of a method to determine the efficiency of modifying asphalts with polymers.

In most cases, presenters indicated that the analyses provided meaningful data to help characterize
the samples, particularly when used along with other methods (e.g., infrared, mechanical tests). For
cxample, differences in properties were observed between new and exposed specimens, or between
batches of a product in which a constituent was varied. However, in the former case, it was generally
mentioned that the relationship between the changes observed on exposure and the performance of the
material in service was not understood. The lesson learned from these examples was that thermal
analysis methods are sound analytical tools that assist in the characterization of materials, and that they
should be used where appropriate for solving the problem at hand.

Not all the examples given during the presentations described successful applications of thermal
analysis to roofing. One presentation (p. 26) discussed changes in glass transition temperature that did
not indicate the performance of coatings for spray-in-place polyurcthane foam. Little change in glass
transition temperature was observed over 5 vears of service, although the performance of many of the
coatings did detecriorate. Another presentation (p. 27) mentioned two additives for bitumen that were
described as identical by TG and DSC analyscs, but still produced blends with different physical
characteristics.  Such cxamples indicate that. although thermmal analysis mecthods may have wide
application for roofing materials, they may not always be the best method for characterizing particular
aspects of a product’s performance.

W W. Wendlandt; W.W. Wendlandt and P.K. Gallagher.




Table 1

Applications of TA Methods to Roofing Materials

Method Applications

TG" « Aralysis of SBS polymer-modified bitumen specimens before and after heat exposure
» Analysis of EPDM, PVC, and modified bitumens before and after heat exposure
» Characterization of additives for bitumen
+ Determination of the ratio of constituents (polymers, carbon black, and ash) in

rubbers of known composition
e Analysis of new and exposed black and white EPDM
»  Studies of thermal stability
« Studies of volatility of plasticizers
« Analysis of types of plasticizers in membranes
» Determination of the presence of moisture
» Determination and analysis of fillers
» Determination of PVC resin stability after
extraction of plasticizer

DSC + Analysis of SBS polymer-modified bitumen specimens before and after heat exposure

+ Characterization of acceptable polymer-asphalt blends

» Characterization of elastomeric coatings used for spray-in-place polyurethanc foam
(PUF) roofing

= Analysis of EPDM, PVC, and modified bitumens before and after heat exposure

« Analysis of new and exposed black and white EPDM

»  Characterization of additives for bitumen

» Determination of glass transition temperature of pure materials and of compatible
and incompatible mixtures

« Studies of thermal stability

* Determination of glass transition temperatures

* Determination of the presence of moisture

» Determination of melting points

» Identification of unknown membranes by generic polymeric type including EPDM, PVC,
neoprene, and CPE, and in some cases, by producer of a given type

TMA

Analysis of new and exposed black and white EPDM

DMA « Characterization of SBS-asphalt blends io assess the efficiency of the modification
»  Characterization of additive-bitumer. blends
* Analysis of EPDM, PVC, and modified bitumens before and after heat exposure
* Analysis of new and exposer plack and white EPDM

TP + Determination of mechsuical properties
*  Determination of thermal expansion coefficients
» Investigation of a possible method to replace the time-consuming test of cold-temperature flexibility

*TG (Thermogravimetry); DSC (Differential Scanning Calorimetry); TMA (Thermal Mechanical Analysis), DMA (Dynamic
Mechanical Analysis);, TP (Torsion Pendulum)
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3 SUMMARY OF WORKSHOP DISCUSSIONS

The workshop’s second day focused on discussion of “the applicability of using thermal analysis
methods in standards and guide specifications.” The examples and "lessons learned” (Appendix D) cited
the previous day formed the basis for this discussion.

Utility of TA Methods

During the second day’s discussions, it was generally agreed that thermal analysis has a place for
materials characterization, quality control, and problem solving. The participants considered the methods
10 be important laboratory tools that, applied as needed, may help answer specific questions or solve
specific problems. However, participants also agreed that TA methods should not be considered as
exclusive means to measure changes in a materi='’~ vroperties. Examples of the comments made by the
participants concerning the utility of TA methods

+ TA methods are sound laboratory research tools that assist in understanding material behavior
and complement other tests for characterizing materials.

« TA methods provide a group of sensitive research techniques suitable for comparative studies
within a class of similar materials; reference samples are needed.

+ TA methods have their place in evaluating materials, but no single test should be used as a
sole measure of performance.

» TA methods are useful for quality control. Analyses of materials are conducted as a measure
of compound purity, and contamination of products can be observed.

« TA methods, in conjunction with other appropriate laboratory techniques, provide a successful
way to identify the causes of problems, although a considerable history and a database on the
product or system under investigation are needed.

« A controlled sampling is required to have reproducible results; test parameters must be
carefully set.

Limitations of TA Methods

A common opinion was that TA methods are not immediately applicable in standards because no
single thermal analysis method can solely predict the expected field performance of a particular product.
It is also difficult to identify a performance characteristic that only a thermal analysis method could
mcasure. TA mcthods arc no “cure-all”; they may not always be appropriate for answering any specific
question. (To be fair, this is generally true of any test method used to evaluate a building material.)
Finally, the high costs of TA equipment may seriously restrict development of roofing standards that
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incorporate TA methods. The following illustrate the comments made by the participants conceming the
limitations of TA methods:

* TA methods should not be taken as performance predictors.

* TA methods cannot always be used to predict results obtained from the analysis of the
materials using other techniques.

+ The methods may not provide unique techniques for measuring performance parameters.

+ The state of aging among different roofing materials cannot be judged on the basis of absolute
thermal analysis measurements.

* Before TA methods can be applied in standards, much work is needed in the areas of
technique development, and in relating results of the measurements to performance.

* TA equipment may be 100 expensive for routine use.

» Inresponse to the CIB/RILEM Committee recommendations, a database needs to be developed
1o determine changes in properties. Data are not available to connect an observed change in a
property (measured by thermal analysis) to a particular performance property. The database
should include an analysis of many samples before and after in-service exposure on roofs.

» Some doubt was cxpressed regarding the CIB/RILEM recommendation that an allowable
change in glass transiion temperature not exceeding 10 °C be used to indicate acceptable
performance.

« Corrosion duc to release of hydrochloric acid during heating of some materials resulted in
equipment problems.

Nevertheless, several participants suggested possible thermal analysis applications. For example,
a thermal analysis method might be used to determine the coefficient of linear expansion of roofing
membrane materials. (A convenient method is not presently available to the U.S. industry.)

The majority opinion was that thermal analysis methods are not presently applicable to standards
and guide specifications. Participants were polled on the likelihood that thermal analysis could be
applied to roofing material standards. The question was expressed as follows:

What is the likelihood that, in the case of roofing materials, a direct application to
the consensus standards process will be found for a thermal analysis method? Please
answer on a scale from 0 to 10:

0 = highly unlikely, not at all
10 = highly likely.

Table 2 shows the results of the poll.

12




Table 2

Worksh.,p Poll Results

Scale No. of
Value Responses

Lh £ W ~O
R — e fa e

=
—
<

The vote clearly shows that most of the participants did not belicve that thermal analysis methods
were of direct application in consensus standards for roofing. This ballot result ended the discussions
and the remainder of the workshop was devoted to formulating conclusions.




4 CONCLUSIONS

Conclusions were grouped into two categories: (1) areas of immediate use of thermal analysis
methods, and (2) areas where the use is not immediate. Participants agreed that thermal analysis
methods have immediate applicability to roofing technology in the following areas:

» Research: Thermal analysis methods provide sound analytical tools for characterizing
materials and the changes that they may undergo in service. They should be considered as one
of a number of techniques that the researcher may use to answer a question or solve a
problem.

» QA/QC: Thermal analysis methods provide valuable tools for tracking manufacturing
processes to check that they remain in control. TA methods may help to examine the
variability of materials within a batch or between batches, or to analyze raw materials for the
presence of contaminants.

+ Troubleshooting: Materials experiencing problems in service may be analyzed in the
laboratory using thermal analysis techniques among other methods of analysis. The data
obtained may be compared to those from control specimens that were new or have performed
well in scrvice. A considerable databank assembled on past experience is invaluable when
troubleshooting problems.

Participants concluded that TA methods do not have immediate applicability to roofing technology
in the following area:

+ Standards: Thermal analysis methods are not, in themselves, considered to predict the
performance of a product in service. Moreover, the high cost of TA equipment can prohibit
general use of the methods, which may make their use in standards unattractive.
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APPENDIX A: CIB/RILEM Recommendations on Thermal Analysis Methods

This Appendix reprints the recommendations of the CIB/RILEM Committee regarding the use of
thermal analysis methods for membrane material characterization."

Committee Recommendation for Test Method

Thermal analysis methods should be applicd to the characterization of roofing membrane materials.
Specifically, the dynamic mechanical propertics from —10G to 100 °C should be determined using either
the torsion pendulum or dynamic mechanical analyzer (DMA). The characterization should be
conducted on both new and aged materials. In addition, thermogravimetry (TG) of ncw and aged
materials should be reported.

Consideration may also be given to the use of differcntial scanning calorimetry (DSC) for
membrane characterization.

Test Method Description

The test methods for dynamic mechanical properties are given in ASTM D 4065, "Standard
Practice for Determining and Reporting Dynamic Mechanical Propertics of Plastics” (1990). An ISO
standard, No. 537: 1980, "Plastics—Testing With the Torsion Pendulum,” which describes the torsional
pendulum test is also available.

Principle of the Test Method

Thermal analysis is a technique that characterizes the propertics of a material as a function of
temperature. The DMA measures mechanical propertics such as modulus and glass transition
temperature. The TGA provides a mcasurcment of the thermal stability of a material. Data may be
provided, for example, on loss of mass as a function of temperaturc and changes in chemical
composition due to aging.

The torsion pendulum test (ISO 537) measures the complex shear modulus of a material as a
function of temperature. This method detects changes caused not only by aging (cither artificial or
natural), but even changes duc to alterations in formulation.

Criteria

Only a preliminary proposal is given at this time for testing procedures and criteria for thermal
analysis until further rescarch is conducted to refine them.

? MS. Farlling, Recommendations of CIB W .83 and RILEM 75-SLR Joint Committce on Elastomeric, Thermoplastic, and
Modified Bitumen Roofing (RILEM, November 1988).
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Preliminary guidelines that should be the subject of future review based on the results of
continuing research are:

« TGA The change in the organic constituents after aging should not exceed
+ 2 percent.
+ DMA The change in the brittle point after aging should not be more than

10 °C of the original value; the modulus should not change by
more than a factor of 10.

+ Torsion As with the DMA, shifts in brittle point or modulus can be deter-
Pendulum mined as a function of exposure, and allowable changes can be
assigned as the criterion.

Suggestion for Membrane Classification According to the Recommended Test Method

Nec proposal is given at this time.

Suggestions for Future Work

Suggestions for future Committee work include tests of new and aged (in-service) materials. In
addition, a standard method for sample preparation for both laboratory and in-service exposure needs to
be developed.

With regard to testing aged specimens, changes in properties as determined by thermal analysis
should be measured as a function of exposure conditions. One approach suggested was to examine
specimens from different areas of roofs such as ponded sections, exposed versus shaded sections, and
those having different orientations (i.e., north and south exposure).

With regard to testing new materials, interlaboratory tests should be conducted after the materials
have been subjected to outdoor or laboratory exposure. The materials selected should have a known
performance history.

Sample Size

The Committee suggests that samples in the size of 60 by 10 mm by t (thickness in mm) be taken from
roofing membranes for testing. The direction and exposure of the specimen should be recorded.
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APPENDIX B: Overview of Thermal Analysis Methods

Introduction

Thermal analysis (TA) methods have only recently begun to be used to characterize roofing
membrane materials. Thermal analysis is a generic temm for a group of techniques that measure the
change in physical properties as a function of temperature. These techniques can produce highly
reproducible results with very small sample sizes. TA techniques also provide more diverse information
than other methods, such as load elongation or low-temperature embrittlement, alone. The TA
techniques described here are:

1. Thermogravimeiry (TG), which measures mass change

2. Differential scanning calorimetry (DSC), which measures relative heat flux and in tum the heat
capacity and the glass transition temperature

3. Dynamic mechanical analysis (DMA), which measures moduli and in tum the glass transition
temperature

4. Thermal mechanical analysis (TMA), which measures changes in volume or length as a
function of temperature

S. Torsion pendulum (TP), which measures the decay of a free oscillation in a material.

Thermogravimetry

Themogravimetry (TG) measures the changes in mass over a temperature range and its derivative
method (dTG) measures the change in mass per time change over a temperature range. Wendlandt**
lists a number of uses of TG and dTG, including measuring thermal oxidative degradation of polymeric
substrates.

The components of a TG system can be optimized for different applications such as high
temperature or low mass change. Additionally, various sample containers can be used to ensure that the
sample does not become unstable during normal testing or when measuring associated properties such as
vapor pressure during experimentation.’® The optimization of components helps to reduce the impact
of error sources such as buoyancy effects, acrodynamic forces, condensation, chemical reaction with the
device, spurious sample loss, electric and magnetic fields, and temperature induced balance changes.'®

A typical modem TG consists of a thermobalance, balance control unit, furnace, fumace
programmer unit, and a computer data recorder. The system is designed with the fumace beneath the
microbalance with onc pan of the balance cxtending into the fumace. These systems can be operated at
pressures from 760 to 10 torr in oxidative, reducing, or incrt atmospheres at flow rates up to 200
ml/min. A fumace with a platinum resistance wire is used, allowing for hcating to 1000 °C at raics

" W.W. Wendlandt.
¥ W.W. Wendlandt and P K. Gallagher.
'® H. LeChatelier, Bull. Soc. Fr. Mineral. Cristallogr., Vol 10 (1887), pp. 204-211.
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between approximately 0.3 and 300 °C/min. Using a computer, it is possible to control the instrument
accurately and to follow its progress by the tenth of a degree. Computer use also allows an analysis of
both the thermogram and the derivative thermogram from the same run. Several manufacturers produce
similar systems capable of determining mass loss as a function of temperature. Each of these devices
may operate in a different fashion.

A typical TG curve is shown in Figure Bl. The temperature is plotted on the x-axis and the
percent original weight is plotted on the y-axis. As the temperature is increased, the corresponding
change in the sample’s mass is recorded. The various curves reflect the composition of an EPDM
roofing membrane material after exposure to a number of conditions.

Differential Scanning Calorimetry

The differential scanning calorimeter (DSC) and the closely related differential thermal analyzer
(DTA) are the logical progression of the application of the thermocouple, resistance thermometer, and
the optical pyrometer to chemical systems at elevated temperatures. LeChatelier was the first to show
the use of heating-rate-change curves to identify materials. The differential temperature method was
derived to eliminate the effect of heating rate by comparing the temperature of interest to an inent
reference material.”” Modermn DTA began with the introduction of the dynamic gas atmosphere DTA in
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Figure B1. Typical TGA Curve.

7" W.C. Roberts-Austin, "Fifth Report of the Alloys Research Committee,” Metallographist, Vol 2 (1889), pp. 186-195.
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1951."% This allowed for the mampulation of the atmosphere in the system, and lead to studies of
reactions under various partial gas pressures.

The modern DSC was developed as an outgrowth of DTA by Watson and others.”” The rapid
development of commercial systems was due to the adaptation of the equipment for use by polymer
chemists after ycars of use solely by geologists. Polymer scientists found it possible to accurately
determine parameters such as melting points, glass transition temperatures, rate of polymerization, and
thermal oxidative reactions. The DSC made it possible to determine these parameters quickly and
accurately with samples many times smaller than those required by other methods.

DSC comes in two readily available forms: power compensation and hcat flux. Power
compensation measures power input as a function of temperature change, while heat flux measures
temperature difference as a function of temperature. DTA is a subset of this second DSC format.

Unlike the DTA the DSC apparatus maintains a sample temperature equal to a reference material
by supplying heat to the sample or reference. The amount of heat required to maintain the isothermal
condition is then recorded as function of time or temperature. Gas evolution can also be determined by
collecting the exit gas from the system. To enable the system to measure heat input in two places, two
control loops are used, one for average temperature and the other for differential temperature. The
average temperature loop ensures that the average temperature of the system increascs as programmed,
while the differential loop compensates for differences between the sample and reference. By measuring
this differential temperature, the amount of energy absorbed or liberated from the system is determined.

A DSC provides for a number of heating rates and a range of operating temperatures from
approximately ~175 (o 725 °C. Additionally, the atmosphere is controlled and changeable. The system
is housed in a dry box to avoid condensation and other problems of a wet environment, With computer
control, it is possible to closely control the temperature of the system.

Figure B2 shows a typical unstandardized DSC curve for an EPDM. The temperature is plotted
on the x-axis, and the heat capacity on the y-axis. The curve shows two transitions, a second order
transition, in this case the glass transition, between -60 and -30 °C, and a first-order transition between
30 and 60 °C, reflecting melting of the diffuse crystalline structure present in the terpolymer.

Thermal Mechanical Analysis

Thermal Mechanical Analysis (TMA) measures the deflection of a material under a constant load
as a function of temperature.® The sample is placed on a support perpendicular to a probe that rests
on the sample surface. The probe is suspended so that a zero net load can be placed on the sample to
measure expansion as a function of temperature or with a positive net load t0 measure penetration of the
probe into the sample. Each of these, as well as other measurements, arc accomplished using various
probes in the same apparatus. The probe travels within a linear variable differential transformer (LVDT)
that produces an output voltage according to the change in position of the probe.

'* R.L. Stone, "Dynamic Gas Controlled Differential Thermal Analysis,” Bulletin-Ohio State University. Engineering
Experimertal Station, Vol 146 (1951), pp. 1-77.

¥ E.S. Watson, “A Differential Scanning Calorimeter for Quantitative Differential Thermal Analysis,” Analytical Chemustry,
Vol 36 (1964), pp. 1233-1238.

¥ W.W. Wendlandt and P.K. Gallagher.
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Figure B2. Typical DSC curve.

A typical apparatus measures displacement over the range of approximately -175 to 725 °C.
Various probes can also be used to determine thermal expansion, compression, softening, and fiber
measurements.

A typical TMA curve generated in the expansion mode would show the temperature on the x-axis
and the change in length on the y-axis. Second order transitions (e.g., a glass transition) are shown as
changes in the slope of the curve. A peak in the curve would indicate a first-order transition such as
melting.

Dynamic Mechanical Analysis

Dynamic Mechanical Analysis (DMA) is a technique in which the dynamic modulus and/or the
damping characteristics of a substance are measured under oscillatory load as a function of tempera-
ture?’ A DMA may oscillate a sample at its resonance frequency and measure the amount of energy
required to maintain the oscillation, or it may oscillate at a fixed frequency and measure the energy lost
by the oscillator. It is also possible to apply the load in shear and measure the shear moduli rather than
the other moduli.

For this analysis, the sample is clamped between two arms: a passive support and a driven
clectromechanical transducer (an arm). The sample is bent by a slight rotation of the driven amm, and

' W.W. Wendlandt and P.K. Gallagher.
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then released to set the material into resonant oscillation. The frequency and amplitude are measured by
an LVDT on the active member. This amplitude is fed back into the driver to provide the needed
energy to feed the system. The system operates from -150 to SO0 °C. The second method applies a
load in the same fashion as the TMA, but cycles the load at a given amplitude, measuring the energy
required to maintain that amplitude.

The DMA determines the storage modulus (E”) and the loss modulus (E”) of the material. E’
reflects the energy that the material converts into potential energy, and the loss modulus reflects the
energy dissipated by the system, most commonly as heat. The E’ and E” are out of phase due to the
time lag inherent in the dissipation of energy. Therefore, it is possible to determine a quantity, known
as tan 9, which is the ratio E"/E’.

Figure B3 shows a typical DMA curve. It shows E’ and E” which decrease at different rates, and
their ratio, tan 8. The peak in the tan & curve is taken to be the glass transition temperature.

Torsion Pendulum:

Torsion Pendulum (TP) is a technique in which a long thin sample of the material in question is
extended with.no net force and is twisted. The material is released and untwists. The frequency and
decay of the oscillations are monitored. This method yields similar information to that generated by
DMA. E’, E”, and tan & can be determined.”
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Figure B3. Typical resonance frequency DMA curve,

2 J.J. Maurer, "Elastomers,” in E.A. Turi, ed., Thermal Characterization of Polymeric Materials (Academic Press, New
York, 1981), pp. 571-704.

22




APPENDIX C: Summaries of the Workshop Presentations

This appendix gives a bricf statement of the expericnces with thermal analysis methods that each
workshop participant mentioned during the first day of the workshop. It was beyond the scope of the
workshop to have participants prepare papers for inclusion in a published "proceedings,” but this
appendix does give short examples of applications of thermal analysis methods to roofing technology.

An important aspect of the first day’s activities was the commentary concerning the usefulness and
limitations of thermal analysis to roofing. For this recason, cach presentation is summarized in two parts:
the "TA Experiences” of the specific presenters; and the "Lessons Learned,” those key comments
rcgarding the utility and limitations of thermal analysis to roofing.

Presenter: Mr. Theodore W. Michelsen, Manville Corp.
TA Experiences

Mr. Michelsen gave examples of the application of TG and DSC to the analysis of SBS polymer-
modified bitumen specimens before and after exposure to heat aging. The results were compared to
thosc obtained from other analytical techniques often conducted on bituminous membrane products.

Although the thermal analysis curves showed diffcrences for the various specimens, they could not
be used to predict the results from the other analytical techniques.

The thermal analysis methods were considered to be analytical tools to characterize properties of
materials.  They are sound laboratory rescarch tools to help understand material behavior and to
complement other methods. They should not be taken as performance predictors in themselves.

The mcthods may have utility for quality control.

The results of the thermal analysis tests described were dependent on the sampling technique used;
sampling must be controlled o0 have reproducible results.

Presenter: Mr. Mark A. Berggren, Shell Development Co.
TA Experiences

Mr. Berggren gave an cxample of the usc of DMA to characterize SBS-asphalt blends.  The
performance of modificd bitumens was related to the quality of the modificr-asphalt network. This is
often assessed using microscopy. In this case, DMA was investigated as a tool for asscssing the
cfficiency of the modification process. The testing was conducted using SBS-asphalt blends at a
constant frequency at four different temperatures. Results varied with different asphalts. It was found
that a time-temperature superposition principle was valid over the range of =30 to 80 °C.




Lessons Learned
The use of the DMA method was considered useful to roofing applications because:

» "Benchmarks" for optimal SBS-asphalt performance could be set
» Compatible polymer-asphalt systems could be identified
« The effect of aging on the elasticity of the blend could be gauged.

To set benchmarks for optimal SBS-asphalt performance, data arc needed from the ficld for both
acceptable and unacceptable blends.

The procedure must carefully set test parameters such as frequency of cycling and strain applied so
that meaningful data are obtained.

The method was applicable only to the modifier-asphalt biends and not to the composite reinforced
membrane material. Many comments were offered that testing of the composite membrane material is
complex and that the relative behavior of the components must first be understood.

Much work on system analysis is needed before this method achieves general applicability as a
performance indicator.

Presenter: Mr. Christopher F. Mullen, Sarnafil
TA Experiences

Mr. Mullen gave an overview of his company’s applications of TG, DSC, and TP methods. No
data were presented. TG has been used for:

« Studies of thermal stability

« Studies of volatility of plasticizers

» Analysis of types of plasticizers in membranes

» Determination of the presence of moisture

+ Determination and analysis of fillers

e Determination of PVC resin stability after extraction of plasticizer.

DSC has been used for:

+ Studies of thermal stability

« Determination of glass transition temperatures
+ Determination of the presence of moisture

« Determination of melting points.

TP has been used for:

« Determination of mechanical propertics

» Determination of thermal expansion coefficicnts

» Investigating a possible method to replace the time-consuming test of cold temperature
flexibility.




Lessons Learned

Thermal analysis provides a group of sensitive rescarch methods suitable for comparative studics
within a class of similar materials.

It is not possible to judge the state of aging among different roofing materials on the basis of
absolute thermal analysis measurements. It is generally necessary to have reference samples or to make
a series of comparative measurements.

Because thermal analysis methods cannot be used "absolutely,” thermal analysis may never find its
way into roofing standards.

Presenter: Mr. Thomas L. Smith, the National Roofing Contractors Association
TA Experiences

The National Roofing Contractors Association has supported investigations of the applicability of
thermal analysis methods to the characterization of roofing membrane materials. They have not
generated thermal analysis data directly.

Nearly a decade ago, with the influx of many new (and often untried) membrane products into the
U.S. roofing market, the NRCA urged its members to retain samples of the materials being installed.
The presenter reviewed this program in relation to the objectives of the Thermal Analysis Workshop.
He indicated that, if research were to be conducted to determine thermal analytical properties of aged
and unaged membrane materials, it might be possible to obtain membrane samples from roofs in cases
where the original material had been retained. The retained materials could, thus, act as unaged controls
for comparison of their properties with those of the membrane materials cut from roofs.

Lessons Learned

Samples of membrane materials retained for many years, even in a dark cabinet or other similar
location, may still have undergone some changes in properties. This possibility must be considered
before including such samples in a test program.
Presenter: Mr. Carl G. Cash, Simpson, Gumpertz, and Heger
TA Experiences

This presenter was one of the first researchers in the U.S. roofing industry to investigate thermal
analysis for characterizing clastomeric and thermoplastic membrane materials. In 1982, he reported on

the application of DSC to identifying unknown materials by generic polymeric type and by producer.
The matenals included EPDM, PVC, neoprene, and CPE.
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Lessons Learned

This presenter could differentiate between material types and, in some cascs, producers of a given
type using TA methods. He could also detect differences between aged and unaged samples.

Equipment required for TA methods were too expensive for routine use. There were also
equipment problems attributed to corrosion associated with the release of hydrochloric acid auring
heating of some of the materials under investigation.

The presenter stated that thermal analysis methods have their place in evaluating materials, but that
no single test should be used as a measure of performance. The fact that distinctive mechanisms may
degrade different materials must be considered in designing methods for performance assessment.

Presenter: Mr. S.A. Banks, Exxon Chemical

TA Experiences
This presenter discussed two areas of applicd thermal analysis:

1. TA methods are uscd for "troubleshooting” pmirems that have arisen both in production and in
the field. For troubleshooting purposes, therm.' cnalysis is generally used along with other test methods.

2. The presenter’s company uses DSC capermmeatat’ to determine if it is an appropriate method
for characterizing acceptable polymer-asphait blends. Enthalpics of fusion and melting point arc
compared to ring-and-ball softening point. These data rclatc tc the application temperatures of the
modified asphalt cither in torch applications or with hot asphalt.

Lessons Learned

It was reported that thermal analysis, in appropriate combination with other laboratory techiiques,
has provided a successful mcans for troubleshooting the causes of problems. A limitation is that
considcrable history and a databasc on the product or system under investigation are needed.

Although the presenter had limited data on characterizing modified bitumens, he felt positive that
thermal analysis has possibilitics for characterizing the matrix of a polymcr-asphalt blend. He also
thought that the thermal analysis methods should be used in conjunction with other laboratory techniques
for characterizing materials.

Presenter: Mr. Robert L. Alumbaugh, the Naval Civil Engineering Laboratory
TA Experiences

This presentation addressed the use ol thermal analysis for the characterization of clastomeric
coatings uscd for spray-in-place polyurcthane foam (PUF) roofing systems, o rclate changes i glass

transition temperature (as determined using DSC) to the performance of the coating in scrvice. PUF
coatings were subjected to DSC analysis when new, and periodically (up to S years) in service.
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Lessons Learned

The glass transition temperature was not found to be an indicator of performance. Most coatings
showed little change in glass transition temperature in spite of variations in performance in service. In
particular, a signilicant portion of one coating had eroded away. However, where the coating was still
present, it showed essentially no change in glass transition.

There was a change in the specific heat of the glass transition for the coatings. It was hypothe-
sized, but not shown, that the shape of the DSC curve in the area of the glass transition may relate to
performance of the coating. Research is needed to tesi the aypothesis.

This presenter questioned the CIB/RILEM recommendation that an allowable change in glass
transition temperature not exceeding 10 °C be considered as indicative of acceptable performance.
Specific counter-evidence was the example of the coating (described above) that performed poorly, even
though it showed essentially no change in glass transition temperature.

Presenter: Mr. James Wells, Owens Corning Fiberglass Corp.
TA Experiences

On the basis of limited experience with thermal analysis, this presenter gave two examples of the
application of thermal analysis for characterizing products, one unsuccessful and another successful:

1. In the unsuccessful application, iwo additives for bitumen, which came from different sources,
and which are considered to be the same, were analyzed using DSC and TG. These DSC and TG
analyses showed no difference in the two products, even though bitumen blends with the two additives
had diffcrent physical characteristics (i.¢., tensile strength).

2. In the successful application, an additive was combined in increasing quantities with a bitumen,
and the glass transition tcmperaturcs of the blends were determined using DMA. The analysis showed
that, after a certain amount of additive was incorporated in the bitumen, no significant change in glass
transition temperature was achieved with increased additive. Thus, the thermal analysis results were
used as the basis for the amount of additive mixed in the blend.

Lessons Learned

This presenter confirmed other comments that thermal analysis is a valuable tool for material
characterization, but that it should be used to complement other methods. He indicated that it is difficult
to identify a performance characteristic that thermal analysis alone could measure. In general,
conventional test methods are adequate to measure performance characteristics.

Thermal analysis may not always provide the method of choice for assessing a product. In these
examples, thermal analysis alone was appropriate for conducting the characterization in one case, but
was inappropriate in the other case.




Presenter: Mr. Richard Gillenwater, Carlisle Syn-Tec
TA Experiences

This presenter’s organization conducts considerable thermal analysis including TG, DSC, and
DMA. The tests have threc purposes:

1. Troubleshooting: Thermal analysis methods are used to investigate problems. This example
was similar to the experiences described in an earlicr presentation (p. 26).

2. To determine the type of polymer in a compound or product: Results of thermal analysis are
compared to thosc obtained from known materials.

3. Quality control: Thermal analyses of materials are conducted as a measure of compound
purity. Product contamination can be observed.

The presenter also reported that his company had been involved in the work of the CIB/RILEM
Committee, Data from the company’s laboratory had been used, in part, for the basis of the CIB/RI-
LEM recommendations.

Lessons Learned

The presenter indicated that most of his company’s success with thermal analysis methods had
been with troubleshooting and quality control. A databasc based on past tests is necded to compare
these results to those ov.ained from other types of analyses.

The results of thermal analysis for polymer identification were described as only "fairly
successful.” Some analyscs do not give positive identification. An advantage of thermal analysis for
this application is that it can be a quick test, which can be complemented by other procedures (e.g.,
infrared analysis).

With regard to the recommendations of the CIB/RILEM Comnmittee, the presenter indicated that a
database nceds to be developed as to what constitutes allowable changes in properties, as determined by
thermal analysis. As yet, data are not available to indicate whether or not an observed change in a
property has a meaningful rclation to performance.

Presenter: Mr. Daniel R. McGillvary, Firestone Building Products
TA Experiences

This presenter’s cxperiences were limited, but are expected to increase. In addition to having
capability to conduct TG, DSC, and DMA analyses, his TG may be interfaced with Fourier transform
infrared spectroscopy (FTIR) or mass spectrometry (MS).

The laboratory uscs the TG method as a rapid technique for detcrmining the ratio of constitucnts

(polymers, carbon black, and ash) in rubbers of known composition. For quantitative analysis of
constituents, classical methods are still employed because TA methods are not applicable.
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The laboratory uses the DSC mecthod to determine the glass transition temperature of pure
matcrials, and also of compatible and incompatible mixtures. The laboratory plans to explore the
mcthod for other applications such as measurement of cross-link density, relative unsaturation, efficiency
of accelerator systems, and reaction rates.

Testing with the DMA method is now beginning. The presenter believed that the more
sophisticated DMA instruments will have more application for the measurement of dynamic hysteresis of
the propertics of rubber than the simpler (less expensive) apparatus.

Lessons Learned

TG, DSC, and DMA are valuable laboratory tools that help to solve problems, obtain materials
property data, and perform process control. TG is an excellent control technique, but will not replace
conventional analysis of unknown materials.

Much laboratory work needs to be done to develop the thermal methods for different materials.
This is especially true for the methods interfaced with FTIR or MS.

Before thermal analysis can be applied in roofing standards, considerable work is needed in
technique development, and in relating results of the measurements to performance.

The equipment required for thermal analysis is costly. Not all firms may be able to afford the
cquipment or to have the tests conducted.

Presenter: Mr. Glen D. Gaddy, the Materials Science and Engineering
Department, Johns Hopkins University

TA Experiences

This presenter summarized a specific study in which TG, DSC, DMA, and TMA were applicd to
the analysis of new and cxposed black and white EPDM membrane matcrials. He subjected the test
specimens to the exposure conditions given in ASTM D 4637, "Standard Spccification for Vulcanized
Rubber Sheet Used In Single-Ply Roof Membrane” (1987), and also to outdoor conditions at
Gaithersburg for 9 months. The results of the thermal analyses were compared to those of load-
clongation tests. The changes in thermal analytical propertics were compared to the allowable changes
suggested by the CIB/RILEM Committee.

Therm~! analysis determined that both the black and white materials showed only slight changes
under the exposure conditions. The changes were generally within the limits suggested by CIB/RILEM.

However, the percent clongation values of the materials displayed large changes. The differences
may stem from the fact that the thermal analysis methods determined average propertics influenced by
the bulk polymer, whercas the clongation measurement was greatly influenced by o ¢ condition of the
surface of the membrane sheets,

29




Lessons Learned

Thermal analysis techniques were found to be readily applicable to the black and white EPDM
products.

In the case of EPDM membrane sheets, the thermal analysis methods complemented the load-
elongation tests in that the former tested the bulk properties of the polymer, but the latter gave a
measure of the surface properties of the sheet.

Before integrating thermal analysis methods in standards, much work must be done to determine
those property changes that are and are not acceptable. This requires the analysis of many samples
before and after their exposure in service on roofs.

Presenter: Mr. Peter C. Muller, Perkin-Elmer

TA Experiences

This presenter gave an overview of the application of DMA to various products, although none
were specifically roofing membrane materials.

Lessons Learned
This presentation echoed those that stated that thermal analyses provide sound laboratory methods
for the characterization of roofing products.
Presenter: Mr. Roger Blaine, DuPont Instrument Systems
TA Experiences

This presenter had experience with instrumentation and materials, as well as standards develop-
ment. He is active in ASTM E 37 on "Thermal Measurements."

Although he had no direct experience with roof products, he summarized his ideas on the arcas of
applicability of thermal analysis to roofing. These included: problem solving regarding changes in
products over time, process variability, product variability over time, and characterizing materials as a
function of exposure in service.

Lessons Learned
He emphasized that the thermal methods are analytical tools for characterization and problem

solving, and he offered the assistance of ASTM Committee E 37 in any activities that ASTM D 08 may
undertake on roofing and thermal analysis.
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