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Abstract

PVC foamed building products have seen good growth lately
due to their favorable properties and economics. Continued
good growth is seen for the future. Expanding application areas,
especially in the US market have created a need for knowledge
on formulation and processing parameters.

Application areas are explored as well as raw material consider-
ations, processing methods and parameters, and final physical
properties.

Introduction

Solid rigid vinyl, or polyvinyl chloride (PVC), continues to grow
as a preferred alternative to wood and other products in many
building applications. Vinyl siding and window production
growth rates are between 10 - 20% annually. PVC pipe is the
largest application area for rigid vinyl. Home interior and exterior
products, fencing, decks, yard and garden items are also 
increasingly available in rigid PVC. As this growth of vinyl 
consumption in building products continues, so does the push 
to find ways to make these products more economical and 
versatile, therefore the push towards foamed PVC products.
Formulating these products in order to get the proper physical
properties can provide a challenge for the average producer of
solid PVC products.

Market Trends

There are currently three major markets for PVC foam; profile,
sheet and foam core pipe. In 1989 the US PVC foam market
(82,940,000 lbs.) was divided as 73% PVC pipe, 22% profile and
5% sheet. The European market was significantly larger
(243,000,000 lbs.) and more evenly distributed as 38% pipe,
31% profile and 31% sheet.1 Applications for foamed PVC grew

at an annual rate of 35% for the years 1989 through 1991. By
1998, the building and construction market will account for
more than 85% of the total PVC foam market, with a growth
rate of 
5-10% annually. There are several applications with forecasts of
higher growth rates such as foam PVC profiles at a rate of 
15% annually. Industry suppliers of additives to the foam PVC
markets believe that opportunities do exist for rigid foam 
but may be several years away. The primary applications in
building and construction are extruded profiles for door and
window frames, PVC foam core pipe, PVC foam sheet and
boardstock, weather stripping and flooring (tile and carpet 
backing). The higher than GDP growth forecast for the next five
years is based on foam PVC being supplied as an alternative 
to current building materials (wood, aluminum, etc.) used in 
residential construction as well as an expected new market for
PVC foam siding substrate and/or complete panel.

Why Foam?

Why foam? PVC foam offers many advantages over solid rigid
vinyl such as:

Lower cost per unit volume - Foamed vinyl is less dense than
solid rigid PVC. The  foam cells displace PVC resin and additives
with gas, a less expensive commodity than PVC compound.

Greater rigidity - thin sheet vinyl products, such as siding panels
(approximately 40 - 45 mils) can be stiffened by foaming the
product to produce a thicker panel with the same amount of
material for a stiffness, weight, and “feel” more similar to wood.

Easier handling and machining - Foamed panels or sheets 
handle, saw, nail and screw more similarly to wood than do solid
vinyl sheets. Vinyl foam products can also be planed, drilled, and
glued like wood - no special skills or tools are necessary.2

Better insulating properties - Foamed vinyl takes advantage of
the air pockets to slow thermal conductivity. PVC foam pipes
don’t “sweat” like other pipe materials. This thermal insulation
aspect is of interest in siding and window applications. For
instance, the thermal conductivity of a 120 x 3 mm profile of
foamed PVC with a density of 0.6 g/cm3 was measured to be
0.062 W/m K (DIN 52, 612), while the conductivity of a solid
vinyl piece was 0.16 W/m K2.
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Improved sound deadening - Foamed PVC slows the 
transmittal of sound waves as compared to solid materials,
once again due to the excellent insulating properties of the
entrapped air.

Wood substitute - As wood prices continue to rise, vinyl is a
cost effective and ecologically sound alternative. Foamed vinyl
creates a product that handles similarly to wood. In addition,
vinyl is a maintenance free, rot resistant alternative requiring
no priming or painting, a very tangible bonus to the average
homeowner. When compared to white pine, the data shows
that PVC foam outperforms pine in impact strength, nail
holding ability, and resistance to burning.4

PVC compound cost control - Foaming vinyl replaces PVC
resin and additives with gases. This is potentially one way of
controlling costs as PVC resin and additives increase in price
and supplies become tight.

Product differentiation - Foamed vinyl building products can
be produced with different constructions, shapes, thicknesses
and “feel” that may offer the customer certain advantages over
solid constructions.

Processing

It is necessary to control several additional parameters during
processing of foamed PVC versus solid rigid vinyl. These
include melt viscosity and elasticity, gas pressure generated by
the blowing agent, and solubility of the gas in the PVC melt.
There are two current processes used which address these
issues by different means - the “free foaming” process and the
“inward foaming” or “Celuka™” process.

In the free foaming process (Figure 1), the melt expands freely
upon emerging from the die, increasing both in cross section
and in extrudate length. By varying the draw down rate, the
density and thickness of the final product can be controlled.
Processing conditions, formulation, and choice of blowing
agent chemistry are used to control final product performance.
Free foam processing is preferred for the production of thin,
geometrically simple (including hollow) profiles. Board and
pipe are also produced with the free foaming process.

In the inward foaming or “Celuka” process (Figure 2) the
extrudate surface is immediately cooled upon exiting the die.
This suppresses cell formation on the surface, creating a hard
finish while allowing foam to expand towards the center of the
melt as it rejoins after passing around a mandrel5. This 
processing technique also involves simultaneous calibration of

the final shape. The Celuka process is preferred for the 
production of profiles thicker than 6 millimeters, boards and
sheet. Board stock of up to 1 inch thick has been commercially
produced using the Celuka process.

Comparing the two processes, the distribution of density 
differs across the cross section of each product. The free 
foaming process produces an even density across the cross 
section of the product with a thin skin of higher density 
material (Figure 3). The Celuka process produces a nearly
solid surface of controlled thickness with a low density 
core, the density gradually decreasing as it nears the center
(Figure 4). The thickness of the more solid surfaces of Celuka
products may be controlled by the intensity of cooling from
0.1mm to greater than 1.0mm. The surface appearance is 
similar to solid rigid vinyl constructions. Free foam products
exhibit a less rigid, textured surface finish.

Single and twin screw extruders suitable for the extrusion of
solid PVC can be used for processing of foamed PVC 
products. Die design considerations correspond largely to
those used for processing solid PVC. A particularly important
point is that the die cross section should decrease uniformly
down to the die outlet. This helps to keep the melt pressure
above the gas pressure or vapor pressure of the blowing agent
nearly to the end of the die. Die lands should be kept as short
as possible, since foaming of the melt in the die results in
shearing which destroys the cells at the extrudate surface.6
Typically, the calibration unit and cooling bath must be made
longer for foamed products than for the production of 
corresponding compact products due to the lower heat 
conductivity of cellular products versus solid wall products.

When extruding foamed PVC, special considerations need 
to be addressed over the extrusion of solid PVC. The 
plastification of the compound containing the blowing agent
should occur as rapidly as possible and at a relatively low melt
temperature so that the melt prevents the escape of already
formed gas through the throat of the hopper.7 The PVC melt
containing blowing agent is conveyed under high pressure
through the screw channels and the die. Decompression zones
must be avoided. To prevent premature expansion of the melt,
the pressure in the die should fall below the gas pressure of the
blowing agent at as late a stage as possible. Expansion of the
melt in the die would result in shear forces which would
destroy the cells that have been formed.
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Properties

Foamed rigid PVC products will differ in physical properties
versus solid vinyl due to the variation in density across a cross
section of the product. Some typical property comparisons can
be seen in Table 1. Foamed PVC can be sawed, milled, drilled,
nailed, screwed, and handled more similarly to wood using
conventional wood working tools. In exterior applications, the
light and heat stability of appropriately formulated foamed
products are comparable to solid vinyl (Table 2).

ASTM standards have been a major concern of producers of
foamed PVC building products. In the case of foam core pipe,
ASTM F-891 was created to specifically address the properties
required for PVC foam core DWV pipe8. In the case of vinyl
siding, attempts have been made to create products which
meet existing specifications for solid vinyl siding products with
little success so far. Comparisons of foamed PVC siding versus
solid PVC siding have been done showing that foamed vinyl
siding has improved performance over solid siding in the 
areas of thermal expansion, thermal conductivity and resist-
ance to windload. However, it has poorer properties in the
areas of toughness and cost relative to current commercial
solid products.9 Foamed vinyl siding has become a commercial 
reality in Europe, however, the product is significantly 
thicker than typical US siding.

Raw Material Considerations

A typical PVC foam formulation may contain the following
materials; PVC resin, stabilizer, blowing agent, nucleating
agent, impact modifier, process aid, lubricants and fillers.

PVC Resin - Mass, suspension and emulsion type resins are all
used to make foam products. When choosing a resin for a foam
formulation, it is the viscosity of the resin which affects the
performance of the rigid PVC foam. It is preferable to use a
resin with a K value of less than 62, as foam properties 
typically worsen as K value increases. In cases where a high K
value resin is necessary to attain high strength properties,
higher levels of process aid may compensate by imparting 
better melt elasticity to the resin.

Stabilizers - Many stabilizers participate in a dual role in rigid
PVC foam. They act as heat stabilizers and also activate blow-
ing agents. While organotin, mixed metal and lead stabilizers
are used in PVC foam, not all stabilizers perform equally in
both functions. Organotins, the most frequently used stabiliz-
ers in the US market may dramatically affect the gas yield
depending on their chemical structure as seen in Figure 5.

Blowing Agents - Two types of blowing agents are typically
used in rigid PVC foam. Endothermic blowing agents react to
create gases while absorbing heat from the melt. These agents
are frequently combinations of sodium bicarbonate and citric
acid which result in good skin quality, more controlled gas
release, and are most often found in Celuka type processes for
the manufacturing of profile, boards and pipes. During thermal
decomposition of sodium bicarbonate, CO2 and water are split
off. In contrast to most organic blowing agents, endothermic
blowing agents produce slow foaming and a relatively coarse
celled expanded structure.

Exothermic blowing agents generate heat when they decom-
pose and give off gases. Azodicarbonamide is a common
exothermic blowing agent, evolving mostly nitrogen and 
carbon monoxide with small quantities of carbon dioxide, and
ammonia at elevated temperatures. Exothermic systems offer
a wider processing window, higher gas yield, decomposition
temperatures controlled by the choice of blowing agent and
initiator, and good cost performance ratio. These agents are
mainly used in free foam processes for fine cellular structure
and minimal surface texture. A comparison of some typical
properties for an exothermic and an endothermic blowing
agent can be seen in Table 310.

Nucleating agents - These additives serve as initiation sites for
cell formation to promote optimum gas evolution and the
development of  finer cell structure. They typically act as heat
sinks to initiate cell formation and are sometimes call “blowing
agent activators”. One such ingredient is calcium stearate.
Most nucleating agents are added to blowing agent products
and sold as packages. They can increase gas formation dramat-
ically and help to produce finer cell structure foams.

Impact modifiers - While impact modifiers are generally added
to improve the impact resistance of solid rigid vinyl, in foam
they also act to modify the elasticity of the melt, aid in the 
dispersion of additives, and enhance the processing window.
Additionally, they may help in prevention of brittle failure11,
making the sample more forgiving to dart type impact.

Process Aids - It would be difficult to achieve foam densities
below 1.0 g/cm3 without process aids due to the lack of melt
elasticity. Good elasticity of the melt allows individual bubbles
to expand in the melt without breaking. This results in many
fine bubbles versus large voids or blow-outs which detract
from the structural integrity of the final product. High addition
levels and high molecular weight process aids maximize the
melt elasticity.

Lubricants - Lubricants typically control the rate of fusion and
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therefore the rate of heat generation. This affects gas evolution
since blowing agents decompose and generate gas at elevated
temperatures. The formulation must balance fusion characteris-
tics and stock temperature through addition levels and identity
of lubricants to avoid premature gas evolution that could be
drawn off at the extruder vent. Fortunately, conventional
paraffin wax and calcium stearate systems used in solid rigid
PVC formulations work well in foam PVC as do various types
of ester lubricant systems12.

Fillers - Typically, treated fillers are recommended over non-
treated fillers due to the positive effect of the treatment
(stearic acid) on the activation of blowing agents.

Applications

Building products offer a wide range of possibilities for foamed
rigid PVC. Current applications in Europe and the US include
window lineals, siding, soffit, internal and external wall
cladding, room partitions, door panels, balcony cladding, roller
blind boxes, guide rails for roller blinds, skirting boards, curtain
rails, furniture profiles, etc. Non pressure pipe applications
include effluent, sewage, drainage, ventilation, cable ducts,
conduits, reel cores for film, textiles, paper, etc. Densities on
these products range from 0.5 - 0.8 g/cm3.

Conclusions

The recent interest in formulating new foamed rigid PVC
products has created a need for further information on formu-
lation and processing basics as well as ideas for new uses and
products which use rigid PVC foam. The rising cost of wood
and environmental issues around its use as a building material
are creating new opportunities for PVC as a wood replace-
ment product in this field. PVC processors are pushing to 
discover new ways to make old products more cost effective
and are thinking of new applications centered around foamed
rigid PVC.
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Table 1

Property Test Method Unit Values

Extrusion Process free foaming internal foaming compact
process process

profile profile
120 x 3 mm 140 x 10 mm

skin = 0.5 mm thick

Density @ 23˚C DIN 53 420 g/cm3 0.6 0.55 1.4

Impact strength @ 23˚C DIN 53 453 kJ/m2 12 25 no failure

Tensile stress at yield DIN 53 455 N/mm2 17.5 17 58

Tensile stress at break Speed V N/mm2 16 15 35

Elongation at break Test specimen 3 % 40 30 27.5

Shore D hardness DIN 53 505 — 50 80 80

Modulus of Elasticity ISO/R 178 N/mm2 1200 1200 3050

Vicat softening temperature DIN 53 460 C 63 67 78

Coefficient of linear VDE 0304 K-1 0.5 x 10-4 0.54 x 10-4 0.6 x 10-4

thermal expansion @ 20˚C

Thermal conductivity DIN 52 612 W/mK 0.062 0.062 0.16

Water absorption DIN 53 495 mg 5.0 20 4.0

Table II

Bandol, France (ISO 105 A02, A03) Compact PVC Profile Cellular PVC Profile

Color change - 2 years 9/8 Grey, Yellow 9/8 Grey

Discoloration - 2 years 9 9/8

Greying - 2 years 5/4 5/4

Color change - 5 years 8/7 Grey 8 Grey

Discoloration - 5 years 8 7

Greying - 5 years 4/3 4/3

Ranking Scales
range acceptable

Color Change 0- 10 (no change) ≥ 7
Discoloration 0 - 10 ≥ 7
Greying 0 - 5 ≥ 3





Density distribution across thickness of an uPVC
profile produced by the free foaming process
(density: 0.55 g/cm3)

Density distribution across the thickness of an
uPVC profile produced by the inward foaming
process (density: 0.55 g/cm3)

Density Distribution of Free Foam vs. Inward Foam Profile

Figure 3 Figure 4
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The marked effect of organotin stabilizers 
demonstrated on the gas evolution from 
azodicarbonamide blowing agent is shown here.

Thermolite 149 shows marked improvement in
controlled activation when compared to 
conventional tin stabilizers. Note the high level 
of gas evolution, and the freedom from low 
temperature gas release compared to the barium
cadmium stabilizer.

Organotin Stabilizer vs. Thermolite 149

Figure 5 Figure 6
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