
Polypropylenes Possibilities In Geosynthetics In The Next 20 Years  

Joseph P. Congdon     Proceedings of the GRI-13 Conference on 

Montell USA, Wilmington DE, USA “Geosynthetics in the Future: Year 2000 and Beyond”  

Robert Butala  C - 01 R.M, Koemer. G. R. Koemer, Y. G. Hsuan 

Montell USA, Wilmington DE, USA  and M. V Ashley, Eds., GIL Publications, Folsom, PA USA 

1999  

 

Abstract  
 

Polypropylene use in geosynthetics has been mainly limited to textiles and more recently to 
membranes. In the next twenty years changes in polypropylene resins and changes in technology 
to convert resin to finished products, should accelerate the use of polypropylene to new value 
added geosynthetic applications. This paper will review the new polypropylene resins and what 
should be available in the next twenty years, it will also discuss polypropylene conversion 
processes and how they may evolve to make new higher value finished geosynthetic products.  
 

Background  
 

In the future, population growth will be limited by natural resources. A finite land mass and the 
global ecosystem will eventually require recycling of most materials. Cars and packaging are 
being designed to be recycled and to use less materials. Polyolefins are the material of choice in 
many of these applications. We will discuss new polypropylene resins and conversion processes 
that are being developed which will revolutionize the way we make and design products. The 
objective is to use polymers in new processes to reduce the number of manufacturing and 
assembly steps in making a product, thus reducing its cost while improving performance. 

For years the spunbonded (“S”) and melt blown (“M”) nonwoven process have fueled double digit 
growth in polypropylene usage, mostly in filtration and disposable fabric applications. These 
processes have been combined to make multilayer S/M/S fabrics having tailored properties for 
demanding applications like protective garments in the medical industry. 

 



These are typically thin fabrics but they can be rolled or bundled to make oil absorption pillows.  
The next processing innovation underway is to combine the needle punch process with the spun  
and melt blown processes to make thick structures. New nonwoven fabric bonding schemes like  
lasers or hot air may someday allow the elimination of needles in production of a product which  
is used as a protective layer for a thin membrane. Sometimes broken needles in the protective  
fabric have been found penetrating the membrane. 

Recently manufacturers have integrated film, fiber and fabric production for making unique  
waterproof cloth like structures used for wipes and diaper covers. These composite materials  
exhibit both fabric and film properties and have allowed source reduction compared to the  
polyethylene (PE) film previously used in diaper covers. The laminate is all polypropylene so  
there is potential for recycling in these disposable applications. 

 

Multi layer films combining up to 7 layers and 5 different resins are revolutionizing the  
packaging industry allowing down gauging and lower costs. At the same time the films are  
engineered to optimize physical properties while tailoring permeability of various gases or  
chemicals. Skin layers are used to allow fast heat sealing of films. These film innovations can be  
extended to geomembranes. One could combine a chemical resistant skin layer with a tough  
flexible layer and a water vapor or hydrocarbon baffler layer. You could also make a  
geomembrane with coextruded edges using a resin optimized for heat welding or bonding  
dissimilar membranes. 

Commercial production of geonet and textile composites has shown the potential and limitations  
of composite structures. For example, there has been a polyester geotextile laminated to flexible  
polypropylene geomembrane which was reinforced with a polyester scrim; geomembrane  
manufacturers for years have offered multi layer sheet for colored or textured membranes, and at  
one time a flexible membrane with a very low density polyethylene (VLDPE) core high density  
polyethylene (HDPE) skin layer was made. These structures may have been ahead of their time.  
 

 

  



 

For double lined installations why not have a thin flexible composite that incorporates the 
two geomembranes, multiple geotextile layers and drainage net or sheet in one thermally 
bonded composite? It would roll out as a flat membrane with no wrinkles. It would be 
under low stress and thus have a longer life. The composite could have the high tensile, 
puncture and tear properties of its components. It would have no restrictions on the 
steepness of slopes it could be used on. 

The construction industry is slow to adopt new technologies due to caution; which is 
good. In or waste impoundments geosynthetics are expected to extend and last the life of 
such long lived projects. However some of the slowness to innovate is the nature of the 
competitive bidding process. It often rewards those with the least overhead and thus the 
least likely to develop new innovations and those most likely to try and cut corners. The 
industry needs to reward innovation. Regulators need to be open to new design concepts 
and not be locked into prescriptive solutions which are based on technology already 20 
years old. 

Current waste impoundment designs are so robust that it’s typically the field installation 
issues that effect system performance. The use of leak location services has shown most 
leaks are installation damage from sharp objects or heavy mechanical equipment. The 
widespread acceptance of leak testing along with a reward system for fewer leaks found 
can make most of these installation problems disappear. 

The geosynthetic industry should develop and accept a non destructive procedure for verifying the 

quality of field welds, hopefully in Ian Peggs lifetime. Cutting holes in perfectly good welds is poor 

practice when non destructive methods are available.  



Montell’s Contributions* to polyolefin technology in the past 45 years. 

1954: First crystalline polypropylene, was discovered by Gulio Natta in the Montedison labs in 
Ferrara Italy. The significance of understanding the crystalline structure was the basis of a state of 
matter patent that earned millions of dollars and was fought over for —20 years. Understanding 
how to make crystalline polypropylene transformed it into a useful commercial polymer. 

The first catalyst system used by Natta for the synthesis of isotactic polypropylene consisted of 
TiCl4/AlR3 mixtures, but gave a very low yield (30-40%) of isotactic polymer, the remaining part 
being an amorphous (atactic) polymer of gummy consistency and poor structural uniformity. Natta 
understood that polymer isotacticity was directly linked to the uniformity of the catalyst surface. 
Applying a solid, crystalline (violet) TiCl3 and AI(C2H5)3 during polymerization, he attained a much 
higher percentage of isotactic polymer (90%). This made possible the scale up of the process at 
the industrial level in 1957. 

1957: First slurry industrial production of polypropylene. The first production process in 
hydrocarbon suspension was very complex and expensive, had high risk of pollution, limited 
versatility and a narrow product range. In addition to polymerization, it included the removal of the 
atactic polymer dissolved in the diluent, the purification of the polymer from catalyst residues, the 
recovery of the solvent and the reactants used for the purification, as well as product drying and 
subsequent extrusion. 

1968: First impact copolymer was made by the addition of ethylene monomer in the finishing 
steps of polypropylene production. This was the first in situ the production of rubber toughened 
polypropylene. Before this baled rubber had to be compounded into polypropylene to improve its 
toughness. 

1976-1978: Liquid propylene process (LIPP) replaced the naphtha diluent with liquid propylene 
reducing energy consumption, environmental issues and improving economics. 

1978: MgCl2-supported high yield Ziegler-Natta catalyst. With high yields, as much as 40,000 
ponds of polymer per pound of catalyst, the catalyst residue did not need to be removed. This 
further enhanced economics and the environmental aspects of the polypropylene production 
process. 

1981: First generation polypropylene coating resins were made by compounding 10 to 20% 
branched LDPE resin into polypropylene to give it improved melt strength. These High Melt 
Strength (HMS) resins allowed polypropylene to be used for high speed extrusion coating, large 
part thermoforming and blow molding applications. 

1982: First Spheripol process for polypropylene production. This process was designed to 
maximize the efficiency of the catalyst system in the production of polypropylene homopolymers, 
random copolymers and heterophasic copolymers. Homopolymers and  

It is recognized that other polymer producers have made many contributions that are not listed here.  
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random copolymers are produced in tubular loop reactors; heterophasic copolymers in  
gas-phase fluid bed reactors linked in series with the loop reactors. This was Montells first  
process designed to take full advantage of the new high activity catalysts. Spheripol process 
technology is the most widely used process in the world today for producing polypropylene. 
Worldwide, 76 plants are currently operational. 

1986: Development of reactor granule technology (“RGT”). This technology is what has  
allowed Montell to make many unique polymers like the ones used for geomembranes and  
automotive bumpers. The RGT technology can be defined as one that allows the polymerization 
reaction to take place in each porous polymer granule to form polyolefin alloys. Montells catalysts 
have been “engineered’ in such a way that the initial polymerization may form a spherical particle 
with a porous inside and a growing external skin. In the porous inside, a great variety of 
monomers can be introduced and polymerized so that the growing polymer particle itself becomes 
a reactor in which heterophasic copolymers, terpolymers or random heterophasic systems can be 
produced. Alloys and blends which were first achievable only by mixing and/or extruding 
preformed polymers, can now be produced in the reactor directly from single monomers, thus 
dramatically reducing production costs. Reactor Granule Technology has been key to the 
development of modern polyolefins polymerization processes such as Spheripol, Catalloy and 
Spherilene. These processes take catalyst full advantage of all of the catalysts’ attributes with a 
minimum amount of constraints and a maximum level of economy and versatility. 

1988: High melt strength (“HMS”) polypropylene coating resins. Montell developed a process for 
branching polypropylene giving it unusually high strength when molten. Now a 100% 
polypropylene resin could be used for extrusion coating, low density foam and thermoformed 
containers. This opened new opportunities for applications requiring the higher heat resistance of 
polypropylene. Applications like microwavable packaging, automotive interior foam and heat 
cured silicone release papers. 

1989: Resins from Catalloy process. The Catalloy process expanded the property envelope  
available for polypropylene resins. It allowed production of very soft polypropylene much as 
copolymers as are used for geomembranes, very stiff homopolymers used for high strength fiber 
and terpolymers of propylene ethylene and butene which are easy to heat seal. The Catalloy 
process has been designed to maximize the catalysts’ potential not only to determine the 
molecular structure of the polymer, but also to allow the repeated introduction of different 
monomers during the polymerization process, thereby generating multi-phase alloys directly in the 
reactor. The spherical-form resins obtained can be designed with an extremely wide range of 
properties that cannot be attained in any other polypropylene process. The Catalloy process is a 
multi-stage, highly flexible gas-phase process. It includes three independent gas-phase reactors, 
each of which can produce a different polymer composition and a different portion of the finished 
product. The reactors are in series. The catalyst system used permits the incorporation of multiple 
polymer structures within a single particle moving through the multi-stage process. 

1990: Hivalloy polyolefin engineering alloys. This process uses RGT to make propylene  

polymers grafted with styrene and acrylic monomers. These resins have exceptional 



weathering, barrier and gloss properties while having the stiffuess impact balance of engineering 
polymers. Hivalloy was born from the need to make polyolefins compatible with polymers of a 
different nature, in particular with polar polymers. The porous polyolefin granule provides a highly 
reactive substrate within which an easy grafting and polymerization reaction can occur, with up to 
50 % by weight of non-olefinic or polar monomers. Hivalloy products combine the most desirable 
properties of polypropylene (processability, chemical resistance, low density) with many desirable 
characteristics of engineering resins (stiffliess/impact balance, mar resistance, reduced cycle time 
in molding applications, improved creep resistance, high HDT. The Hivalloy technology shows 
extreme flexibility, allowing the polymerization of the most diversified range of comonomers, such 
as styrenics, acrylics, and SAN. These polymers are compatible with different engineering  
plastics such as PBT, PPE, and PC thus offering an extremely wide range of novel materials  
and properties.2 

1992: Polyethylene resins from Spherilene process. Montells LLDPE production process has 
been licensed to five companies. It uses Montells catalyst and process know how to make unique 
LLDPE resins which use three or four monomers. 

In the future the authors feel that: 

The Catalloy process will produce new elastomeric polypropylene polymers that will be heat  
weldable yet be able to undergo significant strain with full recovery. Already polypropylene  
with over 60% rubber phase can be made. The future will see higher rubber levels with  
different rubber types. 

 

• One can expect higher stiffness, broader molecular weight and more crystalline polypropylene 
resins. New polymerization processes allow the use of higher temperatures which as these 
figures show can lead to lower levels of xylene insolubles in polypropylene. XS % is an indication 
of crystallinity. These resins can produce higher strength fibers which should lead to higher 
strength fabrics. With the variety of polypropylene fiber resins available one can select a melting 
and bonding performance to optimize fabric properties. These new polyolefin resins can be used 
by themselves or in bicomponent fibers. Today with two step fiber production, a highly oriented 
polypropylene fiber can match polyester fiber strength. Though one can make high strength or 
easier bonding polypropylene fibers from new resins these fibers do not necessarily guarantee a 
high strength non woven fabric. 

  



 

• We expect someone will develop an economic alternative to gel spinning technology for 
ultra high molecular weight polyethylene fiber production. UHMW PE is today drawn into 
fibers with a higher strength to weight ratio than any other material, including steel. These 
fibers are used for ultra high strength fabrics used in articles like bullet proof vests. Lower 
costs would allow their use in geosynthetic products. 

• We would expect polybutene-1 (“PB-1”) creep resistant fibers and/or film layers. PB-1 is a 
very creep resistant polymer which can be held at high levels of stress and elevated 
temperatures for 20+ years of use. PB-1 fibers in fabric or a thin layer of PB-1 in a multi 
layer film/sheet will impart desirable creep properties to geosynthetics. 

 

• We would expect development of lower cost higher performing heat and light stabilizer 
additives. Current systems are almost 20 years old. New chemistries may be 
discovered to extend the life expectance for all polypropylene resins while lowering the 
costs. In geomembranes accelerated weathering takes 2-3 years to reach an end point 
so it will take years to implement these new developments. The first flexible 
polypropylene geomembranes are over 8 years old now. In the next 12 years we will 
have FPP installations which demonstrate the durability of this new polymer. 

  



• One can expect Ziegler-Natta and metallocene catalysts to be combined in Reactor Granule 
Technology (RGT) to make novel materials with an expanded range of properties. For 
example Professor Galli reports the discovery of multi catalyst RGT has recently opened a 
new way for the industrial exploitation of metallocene catalysts.2 In order to be used in modem 
commercial processes, single site or metallocene catalysts had to be provided with the same 
capability of controlling the morphology of the resulting polymer (shape, dimension, density, 
mechanical resistance) as is available with the MgCl2-supported Ti-- catalysts. The most 
promising way to solve this problem turned out to be the supportation on granules of a porous 
olefinic polymer, which acts as a microreactor for the further polymerization of olefins with the 
second catalyst. A good, homogeneous distribution of the metallocene catalyst in the porous 
PP microgranule is the basic prerequisite to get a perfectly spherical, compact polymer from 
the metallocene. 

In contrast to observations with inorganic supports, the characteristics of the metallocene 
catalysts remain unchanged (chemical activity, selectivity and structural specificity). Because 
molecular weight control as well as controlled polymer tacticity and comonomer distribution is 
now possible using these catalysts, their industrial application is obviously of increasing 
interest. The morphological characterization of the polymers obtained from MRGT applied to 
metallocenes shows an intimate blending of the two different polyolefins in terms of structure 
and molecular weight, the two components having grown on the same granule 

This Suggests that these materials offer improved mechanical properties in comparison with 
similar blends prepared through mechanical mixing. In this mixed catalysis process, the 
advantages of multi-site heterogeneous catalysts, such as polymer processability, are 
combined with those of single-site catalysts, such as elastic properties. With metallocenes we 
expect to be able to obtain an optimized rubber quality allowing us to achieve the maximum 
impact resistance with the minimum volume fraction of the rubber phase. At the same time, 
the loss in flexural modulus could be minimized. 

We think that many possibilities exist to produce in synthesis a wide range of new properties 
not obtainable with any other existing polymerization or compounding technology.  

 

• One can expect the commercialization of the Multi Zone Circulating Reactor (MZCR) 
technology. Professor Galli reports “The MultiZone Circulating Reactor (MZCR) represents the 
latest major breakthrough in the application of high yield catalysts and Reactor Granule 
Technology (RGT) for the creation of novel polymeric materials.2 

  



In the MultiZone Circulating Reactor (MZCR) the growing polymeric granule is kept 
continuously circulating between two interrelated zones, where two distinct and different 
fluodynamic regimes are realized. 

In the first zone, the polymer is kept in a ‘fast fluidization”; leaving said zone, the transport  
gas is separated and the polymer crosses the second zone in the “packed bed mode” and is  
then reintroduced in the first zone. A complete and massive circulation is obtained between  
the two zones, managed by pressure balance 

The fluodynamic peculiar regime of the second zone, where the polymer enters as dense  
phase in “plug flow”, offers the opportunity to alter, through simple but substantial means, the 
monomeric composition with respect to the chain terminator (hydrogen). 

With a proper dimensioning of the two zones, it is possible to get a broad polymer molecular  
weight distribution, even starting from a catalyst able to develop only a limited molecular  
weight distribution. Moreover, intimate mixing of polymers that are different and even  
mutually incompatible is obtained, not only because they have grown in the same granule but  
also because the polymers are generated through short cyclic steps.” 

• Polymer conversion process advances will be needed to convert these resins into new  
products. Many processes already exist for thermally or adhesively bonding polymer  
products into composite structures. New processes, like those developed by Reifenhauser,  
which combine fiber production, needle punching and extrusion coating could create the most 
cost effective way of making engineered geosynthetics on a large scale. As with automotive 
and appliance applications polymers can be used to make products which the improve quality 
and part functionality while reducing a products assembly and manufacturing costs. 

Direct impact for geosynthetics 

• One can expect engineered composites of membrane, textile, and drainage channels 
produced  
under quality controlled factory conditions These will install quickly and facilitate welding  
with edges protected with film. These products could eliminate most site handling yet  
facilitate field installation. 

• One can expect higher strength, lighter weight more creep resistant and durable geotextiles. 
New and unique fibers with improved creep and tensile properties. These fibers could be  
useful for soil and concrete reinforcement or many other applications. 

• One can expect exposed FPP membranes with even longer life expectancies and an 
expanded color palette. These membranes are already useful for floating covers or caps in 
seismically active and soil deficient regions. 

• One can expect removable caps for covering bio reactor type landfills. These removable  
caps would facilitate recycling of landfills after the bio reaction is complete. Bioreactor landfills 
may also benefit from a base liner of flexible polypropylene as it has higher  
temperature resistance than PE. 


