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ABSTRACT

Over the last 10 years a “new-generation” of single-ply systems
have entered the North American market. Most have touted the
benefits/properties of being EPDM-like with the weldability of
“plastic” membranes. Today, they are generally grouped as a
family called thermoplastic polyolefin. This group is a member
of the thermoplastic family. Thermoplastics include a wider
variety of systems such as, poly[vinyl chloride], (PVC); ketone
ethylene ester (KEE), thermoplastic elastomers (TPE),
thermoptastic polyolefin (TPO), etc. All thermoplastics share
some of the same characteristics, e.g., heat-weldability.
However, they have very different chemical and
physical/mechanical properties. As part of a five-year
investigation, mechanical (strength and eiongation) and
chemical thermogravimetiry and dynamic mechanical analysis
methods of evaluation are being used in this paper to
characterize in-service thermoplastic polyolefin (TPO) roof
membranes. It was found that the polyester scrim reinforced
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membranes were superior in tensile strength and elongation as
compared to those reinforced with random mat of short glass
fibres. It was also found that the term TPO could be confusing
and very vague because of the muliitude of acronyms.
Standards should consider differentiating between the different
types of TPOs (i.e., polyethylene or polypropylene). Based on
thermogravimetry, at least four different formuia types of TPOs
are currently in service. Also, standards should consider using
the glass transition temperature to characterize
ageing/weathering of membranes. One of the concerns with
TPOs in North America is the field welding of seams. For
examptle, it was reported that cold welds frequently occur; that
the start and stop positions of the robotic welder are especially
critical, that there is a narrow welding window between cold
welds and scorch/burn-through, etc. It was also reported that
TPOs could be welded at a faster speed than other
thermoplastic membranes. As a result, the effects of welding
parameters on the seam strength of TPO roofing membranes
were investigated. This paper will report on the above and how
it applies to TPOs in North America. It includes a table of
physical properties for North American TPOs currently available.
Data from recent static and dynamic wind uplift are also
presented.

RESUME

Au cours des dix dernieres années, on a vu apparaitre sur le
marché nord-américain une « nouvelle génération » de
systemes monocouches dont la plupart ont été présentés
comme possedant les avantages et les propriétés de 'EPDM,
ainsi que la soudabilité des revétements « plastiques ».
Aujourd’hui, ces systémes. sont regroupés dans une grande
famille dite « des thermoplastiques », qui comprend par
exemple le poly(chlorure de vinyle) (PVC), le cétone-éthyigne-
ester (KEE), les élastomeéres thermoplastiques (TPE), le
polyoléfine thermoplastique (TPQO). Tous les thermoplastiques
partagent certaines caractéristiques, par exemple la
thermosoudabilité. Toutefois, ils possedent des propriétés
chimiques, physiques et mécaniques fort différentes. Nous
décrivons dans ce document les méthodes d’évaluation
mécanigues (résistance et allongement) et chimiques (analyse
thermogravimétrique et analyse mécanique dynamique) qui
sont utilisées, dans le cadre d'une étude de cing ans, pour .
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caractériser les revétements d’étanchéité en polyoléfine
thermoplastique (TPO) qui sont en service. Nous avons
constaté que les revétements & armature polyester possédaient
une résistance a la traction et un allongement supérieurs a ceux
des revétements munis d’une armature faite de courtes fibres
de verre orientées de facon aléatoire. Nous avons aussi
constaté que le sigle TPO pouvait étre trés vague et constituer
une source de confusion. Les normes devraient permettre de
distinguer les difiérents types de TPO. Si I'on se base sur la
thermogravimétrie, on emploie actuellement au moins quatre
types de formulation de TPO. Les normes devraient aussi utiliser
la détermination de la température de transition vitreuse pour
caractériser le vieillissement ou laltération des membranes
sous |'effet des conditions extérieures. Le soudage sur le terrain
des revétements constitue 'un des points qui suscitent de
linquiétude, en Amérique du Nord, en ce qui concerne le TPO.
Par exemple, on a signalé la fréquence des soudures faibles,
I'aspect crucial des positions de départ et d'arrét des
soudeuses robotisées, ainsi que I'étroitesse de la fenétre de
soudage « soudure faible — brllure |égére ou compléte ». Il a
aussi été signalé que le soudage des membranes en TPO
pouvait &tre réalisé a une plus grande vitesse gue le soudage
des revétements faits d'un autre matériau thermoplastique.
C’est pourquoi les effets des paramétres de soudage sur la
résistance des joints des revétements d'étanchéité ont été
examinés. Ce rapport fera état des résultats obtenus a ce
propos et indiquera comment ils s'appliquent au TPO, en
Amérique du Nord. Il comportera un tableau des propriétés
physiques des TPO que I'on trouve actuellement sur le marché
nord-américain.

ZUSAMMENFASSUNG:

Vor zehn Jahren wurde eine ,neue Generation® von einlagigen
Dachbeschichtungen auf dem nordamerikanischen Markt
eingeflhrt. Die meisten dieser Produkte verdanken ihren Erfolg
der Tatsache, dass sie einerseits die Vorteile/Eigenschaften von
EPDMs aufweisen und andererseits wie Kunststoffe
schweiBfahig sind. Heutzutage werden diese Materialien
gewdhnlich unter dem  Oberbegriff  Thermoplaste
zusammengefasst. Zur Gruppe der Thermoplaste gehort eine
Vielzahi von Stoffen, u.a. Polyvinylchlorid (PVC),
Ketonethylenester (KEE), thermoplastische Elastomere (TPE)
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monostrato. Sono stati vantati i benefici/proprieta di saldabilita
delle membrane di “plastica” che le apparentano alle EPDM.
Queste membrane vengono oggi raggruppate per 1o pil in una
famiglia denominata “"termoplastica”. Le materie termoplastiche
comprendono un’ampia gamma di sistemi come il cloruro di
polivinile (PVC), il chetone etilene estere (KEE), gli elastomeri
termoplastici (TPE), la poliolefina termoplastica (TPO) ed altri
ancora. Le materie termoplastiche sono accomunate da alcune
caratteristiche come la termosaldabilita, ma posseggono
differenti proprieta chimiche e fisiche/meccaniche. Nel contesto
di una ricerca quinguennale, il presente articolo utilizza metodi
di misurazione meccanici (resistenza ed allungamento) e
chimici {termogravimetria e analisi meccanica dinamica) per
illustrare le caratteristiche delie membrane di copertura in
poliolefina termoplastica (TPO) attualmente in uso. E stato
appurato che le membrane armate di tessuto poliestere
presentavano resistenza alla trazione e all’allungamento
superiore rispetto a quelle rinforzate da un reticolo
randomizzato di fibre di vetro corte. E risultato anche che il
termine TPO pud generare confusione e risultare vago in
America de! nord. Le norme accettate dovrebbero considerare
una diversificazione tra i differenti tipi di TPO. Con criteri di
termogravimetria possiamo distinguere almeno quattro diversi
tipi di TPO utilizzati al momento attuale. Inolire le norme
accettate dovrebbero considerare l'utilizzazione della
temperatura di transizione vetrosa per definire le caratteristiche
di invecchia-mento/degrado da agenti atmosferici delle
membrane. Una delle preoccupazioni riguardo le TPO in
America _del nord riguarda la saldatura delle giunzioni sul
campo. E stato riferito, ad esempio, che spesso viene praticata
la saldatura a freddo; che la posizione iniziale e finale della
saldatrice robotizzata € di cruciale importanza, che il margine
tra saldatura a freddo e bruciatura parziale e completa & molto
ristretto. E stato anche riferito che i tempi di saldatura delle
membrane TPO sono molto pit veloci rispetto ad altre
membrane termoplastiche. Di conseguenza sono stati studiati
gli effetti dei parametri di saldatura sulla resistenza delle
giunzioni delle membrane di copertura TPO. Larticolo riferira
sulle problematiche indicate sopra e sulla loro applicazione alle
TPO in America del nord. Verra anche incluso un tabulato delle
proprietd fisiche delle TPO nordamericane attuaimente
disponibili.
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INTRODUCTION

Thermoplastic or fiexible polyolefin {TPO or FPO) roof
membranes have been in service in Europe and North America
for approximately 10 years and the use of this family of
membranes in North America is increasing. The focus of this
paper will be TPO products available in. North America. At first,
only a couple manufacturers produced a hand-full of products.
Within the last few years, other manufacturers have come on-
line with new product offerings. As is expected with any new
material entering the market, there has been a learning curve
associated with the installation and maintenance of TPOs. The
objective of this study is to investigate the long-term
performance of in-service thermoplastic polyolefin (TPO)
roofing membranes. A range of TPO membranes with different
reinforcements, weave styles and polymers is covered.
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Definition of TPO

Defining “thermoplastic polyoliefin” is difficult. “Thermoplastic” is
a generic term in polymer science; it encompasses a class of
polymers that soften when heated in a reversible process. The
term “olefin” is generic, being an old chemical name for any
molecule containing carbon-carbon double bonds (also known
as alkenes). Any polymer chain formed by chemically linking up
many olefin molecules is termed a polyolefin. These polyolefins
only contain carbon and hydrogen atoms. While TPO roofing
membranes are relatively “new” (appearing in the last 10 years
or so), the polymer technology has been around for some time.
Today, polyolefins are used extensively in the automotive
industry, plastic bags, bottles, etc. The polymer for TPO roof
membranes is reported, from one source, to be an alloy (i.e., a
blend) of ethylene and propylene ({two monomers that are
joined to create a uniform polymer during synthesis).

As can be seen in Figure 1, there are essentially two families of
polymer-based roofing membranes: thermosets (TS) and
thermoplastics (TP). A polymer is a long-chain molecule
consisting of many (poly} small repeating units (mer) (~10° -
108 joined end to end. These molecules are tangled in a
random manner analogous to cooked spaghetti. Polymers can
be classified into thermoplastics (TPs) and thermosets (TSs)
depending on their mechanical behaviour on heating and
cooling (see Fig. 1). TPs comprise long-chain molecules held
together by weak bonds. When heat is applied, the molecules
“slide past” one another and the polymer softens. On cooling,
the molecules cannot slide past each other easily and the
polymer hardens. TS long-chain molecules, however, are linked
together by small molecules via strong chemical bonds, a
process sometimes referred to as vulcanization (cross-linking).
This three-dimensional network is so rigid that the molecules
cannot move very much even when the polymer is heated.
Thus, TSs do not soften when heated. Because of these
differences, TP and TS membrane sheets are bonded differently
when applied. TPs can be bonded using heat welding; the hot
air melts the polymer at the seam and the two strips of
membranes become fused. TS membranes are usually bonded
using adhesives or tapes. Thermoplastics soften when heated
and harden on cooling (the softening/hardening cycle may be
re-occur often} but thermosets do not. Thermosets include the
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commonly used ethylene propylene diene monomer [also
known as ethylene propylene diene terpolymer] (EPDM), while
thermoplastics encompass a wider variety of roofing
membranes {(e.g., PVC, EVA), including thermoplastic
polyolefins (TPOs).
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Figure 1

All  thermoplastic roofing membranes share certain
characteristics, e.g., heat welding can be used for seaming.
However, for the most part they have very different chemical,
physical and mechanical properties. It is impossible to explain
these differences here but there are different ASTM material-
based standards for various TP products. To aveoid confusion,
one should not just label ali of these products simply as TP
products. TPOs differ from other TPs in several aspects, and
thus they must be handled and applied differently.
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According to the latest draft ASTM standard for TPO roofing
membranes, the composition is very non-specific. The polymer
itself is not defined within the standard, which states only that
the sheet shall contain the “appropriate” polymers. Because of
this loose definition, there is an endless list of chemicals that
would fall under this standard (e.g., ethylene, propylene, and
isobutylene, as well as their derivatives). |deally, manufacturers
should specify the exact polymer in terms of marketing and
labelling. Table 1, lists the ASTM proposed physical
requirements for a TPO sheet.

There are a few published papers that attempt to explain the
different types of TPOs [1-4]. One point is clear, however: unlike
plasticized thermoplastic membranes, TPOs do not contain
plasticizers (small molecules added during compounding to
increase the flexibility of the product). Therefore, the problem of
plasticizer loss associated with some TP membranes is
eliminated for TPO membranes.

Confusion in the Market Place

The confusion associated with TPOs comes from both the
chemical terminology and the product marketing. Product
marketing has promoted mainly the EPDM-like characteristics of
TPQOs, i.e., it being like rubber with the added benefits of welded
seams (which EPDMs do not have}. Also promoted has been
the chemical resistance attributed to the polypropylene
component of the polymers. The confusion also lies in the fact
that there are on the market products called thermoplastic
polyolefin rubber or thermoplastic polyolefin elastomer
(propylene bended with ethylene-propylene rubber) whose
acronym is TPO. Moreover, some confusion has occurred,
regarding the use of the term thermoplastic (TP). It is important
to remember that all TPOs are thermoplastic (i.e., TPs) but only
some TPs are TPOs (see Fig. 1).

Benefits of TPOs

In general, TPO membranes are being marketed as a product
that combines the properties of EPDM and PVC without the
associated drawbacks that the latter two materials have. In other
words, they are supposed to be as UV-resistant and as heat-
resistant as EPDM, and as heat-weldable as PVC.
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