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Glass-reinforced PVDF
w i t h  u l t r a - h i g h  m o d u l u s
This new material adds strength and increases 
heat resistance |  By David A. Seiler Sr., Gary Dennis & Dr. Saeid Zerafati, Arkema Inc.

Glass fiber-filled PVDF All-purpose molding and 
extrusion homopolymer PVDF

Property* Method Conditions English/ 
Common units Value

Tensile strength
ASTM
D638

73°F (23°C) psi (MPa) 17,400 (120) 7,500(52)

Tensile elongation at break
ASTM
D638

73°F (23°C) % 3.0 55

Tensile modulus
ASTM
D638

73°F (23°C) psi (MPa) 1,143,000 (7,900) 281,000 (1,940)

Flexural strength
ASTM
D790

73°F (23°C) psi (MPa) 25,300 (175) 11,000 (76)

Flexural modulus
ASTM
D790

73°F (23°C) psi (MPa) 952,000 (6,600) 280,000 (1,930)

Notched Izod 
impact strength

ASTM
D256

73°F (23°C), 
7.5 J hammer

ft*lbf/in (J/m) 1.9 (99) 2.0 (104)

Heat deflection
temperature

ASTM
D648

264 psi, 248°F/hr 
(1.8 MPa, 120°C/hr)

°F (°C) 318 (159) 230 (110)

Mold shrinkage
ASTM
D955

23°C, 50% RH % 0.25 3

*Typical property values — should not be construed as sales specificationsTable 1. Property comparisons of standard PVDF homopolymer and glass fiber-filled PVDF

olyvinylidene fluoride (PVDF), first 
commercialized in 1964, is consid-
ered a high-performance fluoropoly-

mer with versatile properties and performance 
features. Among a large set of useful proper-
ties, PVDF is broadly chemical resistant, highly 
abrasion resistant, creep resistant (FN-2) and 
stable to intense ultraviolet sunlight for many 
years, and it supports a 150˚C relative thermal 
index rating (FN-1). 

With these properties, designers continue to 
find new applications for PVDF in a growing 
number of applications. The first major mar-

kets for PVDF were fluid handling components 
for strong acids and halogen environments; 
insulations and jacketing for high-temperature 
and flame-resistant wire and cables; and long-
life architectural finishes for outdoor, exposed 
metal building components. In recent years, 
PVDF has experienced large growth in oil 
exploration piping, solar panel components, 
water filtration equipment, food processing 
equipment subjected to aggressive cleaning 
agents, and foamed flame-resistant insulations 
for aircraft interiors. 

Compared to many other polymers developed 

during the same time period, little work has 
been accomplished related to reinforcing PVDF 
to increase its strength and stiffness for those 
applications in which plastics continue to find 
design niches traditionally served by metals. 
PVDF compounds using carbon fiber were 
developed years ago, and they provide novel 
performance improvements in strength and 
tolerance stability, but a higher product cost is 
associated with this technology. 

Many engineering polymers and commodity 
polymers such as ABS, nylon, polypropylene, 
PPS, acetyl, PEEK, polysulfone and PEI have all 
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AdvantaPure now offers its high-purity silicone suction hose with a National Sanitation 
Foundation listing (NSF-51). Applications for the APSW hose include ultrapure water trans-

fer, food processing, beverage conveyance, washdown stations, 
skid systems, and other suction and discharge uses in the food, 
dairy, beverage, pharmaceutical, biopharmaceutical, chemical and 

cosmetics industries.

AdvantaPure
www.advantapure.com
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Silicone suction hose
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FEATURED PRODUCTs

Flexicon’s TIP-TITE Drum Dumper is suitable for operation in Class II, Division 
2, Group E, environments. It allows dust-free transfer of bulk materials from 
drums into process equipment and storage vessels. The 
drum dumper features a remotely located hydraulic 
power unit with a NEMA 7/9-rated main control panel 
and two sub-panel enclosures of the 
same rating located on the drum 
dumper frame.

Flexicon Corporation
www.flexicon.com
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Watson-Marlow Fluid Technology Group’s MasoSine Certa Sine pump is 
ideal for high-viscosity food product handling with low shear and zero pul-

sation. Offering 3A and EHEDG Type EL, Class I, certification, the 
Certa pump significantly minimizes cleaning time, 
resulting in a more efficient production procedure. 
The faster cleaning time also reduces chemical and 
water use, reducing wastewater requiring disposal.  

Watson-Marlow Fluid Technology Group
www.watson-marlow.com  
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www.processingmagazine.com

Cashco Inc.’s Model 6E00 end-of-line, deflagration flame arrestor is an independent safety 
system for explosion protection. It is available in many sizes and with either threaded or flanged 
connections to fit multiple applications. Designed on the principle of “quenching gap,” the 
crimped SST metal element permits vapor to pass through, which allows a vessel to breath. At 
the same time, an element inside the housing provides an extinguishing barrier by absorbing 
heat, preventing the propagation of a flame from the exposed side to the protected side.  

Cashco Inc.
www.cashco.com
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End-of-line flame arrestor

Dust-tight drum dumper

ONLINE EXCLUSIVE

Cip-capable pump

MasterControl strategic partner Walt 
Murray, pictured above, explains how his 
company's QMS functions across mul-
tiple industries — not just life sciences.

PODCAST: THE IMPORTANCE OF  
STRONG MANAGEMENT SYSTEMS IN 
PROCESS INDUSTRIES

www.bit.ly/2cQJlKa

Equipment must func-
tion accurately to keep 
product at the right 
temperature and odors 
under control.
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been offered in glass-filled versions to increase 
stiffness and help with holding tolerances in 
molding. For various reasons, PVDF glass-filled 
technology has not been highly developed. 
Recently, Arkema Inc. began a technical pro-
gram to develop glass-filled PVDF for applica-
tions in which the end user requires a stiffer, 
stronger and higher temperature-resistant 
fluoropolymer material and in which other 
properties of chemical resistance, abrasion 
resistance, sunlight resistance and flame resis-
tance are important for final product perfor-
mance. The Kynar UHM fluoropolymer series is 
the resulting product line that combines PVDF 
with glass fibers. 

Processing of reinforced 
PVDF compounds
Because of the general ease of processing associ-
ated with PVDF — where typical conditions and  
equipment used in polypropylene, nylon and 
PVC processing can be used, the compounding 
of glass fibers into the PVDF — is not unusually 
difficult. In the same vein, producing injection-
molded parts, such as pump components, fit-
tings, valves or dump tower packing, or extrud-
ed shapes, such as rods, sheets or pipes, is not 
considered more difficult than other glass-filled 
products. Production rates are mostly in line 
with standard expectations for virgin PVDF. 
Images 1 and 2 show examples of extruded 
and injection-molded glass fiber-reinforced  
PVDF products.

Knowing that keeping the processing tem-
peratures lower is a safer procedure with 
glass-filled f luoropolymers, the glass-rein-
forced PVDF products are manufactured 
with relatively high melt flow rate PVDF base 
resin. The addition of the glass fiber drives 
up the viscosity of the polymer blend, but the 
melt flow rate of the recommended polymer 
composite still rests in the range at which 

the product can be injection molded 
at temperatures below 210˚C and 

extruded at or below 240˚C. 

Image 1. Extruded rod made with glass-reinforced PVDF

Image 2. Injection-molded tensile bars made with glass-reinforced PVDF

 All graphics courtesy of Arkema Inc.



Physical & mechanical  
property measurements
By varying the PVDF base polymer molecular 
structure through reaction control or copoly-
merization with another monomer, such as 
hexafluoropropylene (HFP), many standard 
physical and mechanical properties can be 
tailored, and these initial properties can be 
further manipulated by changing the overall 
percentage of glass-fiber filler. Because the 
performance initially targeted with the glass-
reinforced PVDF series was increased flex-
ural modulus, increased tensile strength and 
a heat deflection temperature of more than 
150˚C — all while maintaining a reasonable 
amount of ductility — different levels of glass 
addition were considered. 

Following a battery of testing with the 
known initial mechanical property targets, a 
glass type and a loading was selected as the 
baseline to build the product line. The selec-
tion of the glass fiber “type” and the “percent 
loading” of the glass fiber are of high impor-
tance for different reasons. The selection of 
the glass type highly influences the chemical 
resistance retention in very difficult chemi-
cals often associated with PVDF utilization. 
If the glass is compounded into the PVDF at 
a high enough concentration, it can become 
a limiting factor in the chemical service rat-
ing. The percent loading of the glass fibers 
into the PVDF base is a major influence on 
how high the mechanical properties are 

increased in comparison to the neat resin. 
Table 1 shows the difference in properties of 
Kynar 720, an all-purpose molding and extru-
sion homopolymer PVDF grade, and Kynar 
UHM 6020-20, a PVDF composite designed 
to significantly increase the stiffness, ten-
sile strength and deflection temperature of a 
neat PVDF homopolymer.

As expected, the glass fiber-filled PVDF 
product shows substantially higher tensile 
strength (120 MPa), flexural modulus (6,600 
MPa), and heat def lection temperature at 
high-load force (159°C). These properties 
matched the original target goals, so this 
product became the baseline for the glass 
fiber-fi l led PVDF series. By varying the 
loading percentage of glass, these numbers 
could be increased or reduced with result-
ing changes in ductility. Increased ductility 
can also be achieved by loading glass into 
a PVDF of higher molecular weight or into 
a PVDF copolymer, such as one made from 
vinylidene fluoride and hexafluoropropylene. 

Flame testing
Previous work with other PVDF and glass 
combinations was presented showing a 
unique performance related to flame burn-
through resistance (FN-3). With this in mind, 
some tests were conducted using a propane 
torch and 1⁄8-inch thick plaques made from  
aluminum, glass fiber, PVDF homopolymer and 
PVDF homopolymer plus a glass-fiber compound. 

The torch was held two inches from a secured 
plaque of each material (see Image 3) with con-
tinuous burning, and the results of the time to 
burn through to the other side of the sample 
were recorded (see Table 2). Image 3a shows 
the final results of the burn through of the alu-
minum panel, and Image 3b shows the final 
results of the burn through of the glass mat. 

It is an interesting result that a 1⁄8-inch alu-
minum panel took 85 seconds to burn com-
pletely through from the constant torch 
exposure. A 1⁄8-inch section of fiberglass 
required only 3 seconds, and a 1⁄8-inch plaque 
of PVDF homopolymer took 28 seconds to 
burn through. The glass fiber-filled PVDF in a  
1⁄8-inch plaque finally burned through after 
430 seconds. Samples of the glass fiber-filled 
PVDF, when made slightly thicker, burned 
for more than 15 minutes without burn-
ing through, showing that, as this combina-
tion becomes thicker, its resistance to flame 
effects became much greater. In fact, though it 
was not measured, a long time passed before 
the heat even transferred to the back side of 
the plaque in the test. This was shown in ear-
lier published works related to PVDF foams 
with the addition of glass mats (FN-4).

Suggested applications
PVDF already is used prominently in the chem-
ical processing, petrochemical recovery, min-
ing, electrical wiring and connections, aircraft, 
military, ship, automotive, solar energy, water 
processing and food processing industries. 
Articles currently already made of neat PVDF 
that could also be enhanced by glass-filled 
composites are pipes, fittings, valves, nozzles, 
clamps, fluid connectors, tapes/films, pump 

Image 3. (Left) The test of a torch applied to the PVDF materials

Image 3a. (Center) Aluminum burn through at 85 seconds

Image 3b. (Right) Glass mat burn through at 3 seconds

“The melt flow rate of the recommended polymer composite still 
rests in the range at which the product can be injection molded at 
temperatures below 210˚C and extruded at or below 240˚C.”



parts, dump tower packing, tanks, wires and 
connectors, and filaments. 

This new series of products is now highly 
flame resistant, strong, stiff and creep resistant 
even at elevated temperatures. With these prop-
erties and the appropriate research and devel-
opment, pump assemblies could maintain high-
temperature service conditions better than ever. 
Other possibilities are: 

• Plastic valves designed to be turned on and 
off frequently without distortion

• Tower packing that does not sag readily over 
time

• Cable insulations exposed to high heat that 
do not thin out or drip off the protected 
cable

• Strong filaments with high chemical resis-
tance that can be used to wrap products for 
high-pressure resistance

• Plastic products designed for prolonged 
system integrity and safety in the event of 
direct fire exposure

Clamping devices that can apply high force to 
the system they are intended to hold.  
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Sample Thickness in inches (millimeters) Structure
Burn-through time 

(seconds)

1 1⁄8 (3.175) Aluminum 85

2 1⁄8 (3.175) PVDF homopolymer 27

3 1⁄8 (3.175) Glass mat 3

4 1⁄8 (3.175) Glass-filled 430

Table 2. Burn-through testing results of aluminum, PVDF homopolymer, glass mat and glass-reinforced PVDF
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