
J U N E 2016  |  W W W . P C I M A G . C O M36 � � �

F
ibers have been an important part of human life 
for thousands of years. Most of what we wear is 
made of either natural fibers such as cotton or 
wool, or synthetic fibers like polyester or nylon. 

Synthetic fibers like polyester are made in a melt spin-
ning process. This process gives the filaments the rod-like 
structure seen in Figure 1.

Preparation of Highly 
Fibrillated HDPE Fibers
In the 1970s, Crown Zellerbach sought to produce a syn-
thetic wood pulp from high-density polyethylene (HDPE). 

Performance Characteristics of 

Coatings Containing Highly 
Fibrillated HDPE Fibers

By Jeffrey R. Hyde, Ph.D., Vice President, Sales 
and Marketing; and Bruce A. Prezzavento, Ph.D., 
Technical Director, MiniFIBERS, Inc., Johnson City, TN

FIGURE 1 »  A micrograph of cut polyester fiber.
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FIGURE 2 » Manufacturing process of highly fibrillated high-density
polyethylene fiber.

Currently, this fiber is manufactured in this manner by 
Mitsui Chemical.1 This process is described in Figure 2.

High-density polyethylene is dissolved in hexane, and 
this solution is emulsified with a polyvinyl alcohol water 
solution. The emulsion is then extruded through a die into a 
heated vacuum with holes that determine the fiber’s diam-
eter, which ranges from 5 μm to 25 μm. The highly volatile 
hexane flashes off vigorously, leading to a fiber that has a 
highly branched, or fibrillated, three-dimensional struc-
ture. The product is then cut to lengths ranging from 0.1 
mm to 1.0 mm, depending on the grade, and then formed into 
a wet lap sheet. The main use of the fibers in this form is for 
heat-sealable filtration papers for coffee and tea.

These wet lap sheets are then processed further to sepa-
rate the fibers into individual filaments and dry them to a 
moisture content of less than 2%. For coatings applications 
the grades of interest are the short- and medium-length 
fibers, with lengths between 100 μm to 900 μm, and diam-
eters between 5 μm and 15 μm. Grades with enhanced 
dispersion in water-based systems are made with an addi-
tional treatment of polypropylene glycol. The physical 
properties of commercially available grades of fibrillated 
high-density polyethylene fiber are listed in Table 1.

TABLE 1 » Commercially available grades of fibrillated 
high-density polyethylene fiber.

Standard, 
untreated grades

ESS5F ESS2F E380F NA E780F E990F

Treated grades 
for improved 
dispersion

ESS50F NA NA E505F NA NA

Average fiber 
length (mm)

~0.1 ~0.6 ~0.5 ~0.6 ~0.9 ~1.0

Fiber diameter (μ) 5 5 15 15 25 20
Surface area (m2/
gm), measure by 
gas absorption

12 12 8 8 8 8

Canadian 
standard freeness

570 550 720 670 680 725

Specific gravity 
(g/cm3)

0.96

Melting point 
(°F/°C)

275/135

Moisture content 
(%)

Less than 2.0
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Studies Performed
The benefits of fibrillated fibers in coatings include 
improved pigment suspension and prevention of hard set-
tling, improved burnish resistance and stain resistance, 
improved water and alkali resistance, improved film duc-
tility, reduced MFFT, predictable pseudoplastic rheology, 
reduced viscosity loss in deeply tinted systems, and advan-
tages in Brookfield viscosity, sag reduction, and flow and 
leveling characteristics. 

These benefits are described with the use of results 
obtained from studies performed on an exterior acrylic flat 
paint and an elastomeric roof coating.

Exterior Acrylic Flat Paint Formulation
A 100%-acrylic exterior paint was prepared at an inde-
pendent laboratory,2 and tests were conducted comparing 
a cellulosic thickening agent with two different fibers; 
a short, fine fiber (ESS5F), as well as a medium-length 
and medium-diameter fiber (E380F). The formulations 
are depicted in Table 2. A broad range of paint tests were 
conducted including rheological tests, optical tests and 
film property tests. Observations and evaluations are pre-
sented in sections below.

Elastomeric Roof Coating Formulation
An elastomeric roof coating was prepared and tested by an 
independent laboratory2 in accordance with ASTM 6083.
A cellulosic thickening agent was compared against two 
different fibers; a short, fine fiber (ESS5F), as well as 
medium-length and medium-diameter fiber (E380F). The 
formulations are depicted in Table 3. Observations and 
evaluations are presented in sections below.

Benefits of Highly Fibrillated Fibers
Particle Suspension
Highly fibrillated fibers have a complex structure with 
many interstitial voids. These can be seen in the micro-
graph of a single highly fibrillated polyethylene fiber, 
shown in Figure 3. This picture of a single fiber shows a 
main fibril, or branch, of approximately 25 μm and many 
smaller fibrils, some of which are less than 1 micron in 

size. This fiber has a specific gravity of 0.96 g/cc and will 
have a tendency to float in water. Typical pigments and 
fillers used in coatings are more dense and will have a 
tendency to sink in water. When these fibers are dispersed 
in water along with fine-particle-size pigments or fillers, 

TABLE 2 » Exterior acrylic flat paint study formulations comparing syn-
thetic with natural fiber

Component (lb/100 gal)

Exterior Acrylic Flat Paint Formula A B C

Water 228.5 228.5 228.5
Natrosol 250 MHR 2.5
ESS5F 11.5
E380F 11.5
Mix on high speed 20 min.
Tamol 1124 7.4 7.4 7.4
Triton CF 10 2.2 2.2 2.2
Propylene glycol 8.2 8.2 8.2
Drewplus T-4507 2.0 2.0 2.0
Kathon LX (1.5%) 1.7 1.7 1.7
TiPure R-706 200.0 200.0 200.0
Optiwhite 50.0 50.0 50.0
Minex 4 175.0 175.0 175.0
Grind
Rhoplex VSR 50 423.6 423.6 423.6
Drewplus T-4507 2.0 2.0 2.0
Texanol 5.8 5.8 5.8
Polyphase 663 7.2 7.2 7.2
Acrysol RM 2020NPR 19.6 19.6 19.6
Water 9.0
Total 1144.7 1144.7 1144.7

TABLE 3 » Elastomeric roof coating study formulations comparing syn-
thetic with natural fiber.

Component (lb/100 gal)

Elastomeric Paint A B C D

Water 144.6 143.1 143.6 144.1
HEC QP 5200H 4.2
ESS5F 12.1
E380F 6.1 12.1
Mix on high speed 20 min.
Propylene glycol 24.4 24.4 24.4 24.4
Tamol 850 4.8 4.8 4.8 4.8
KTPP 1.4 1.4 1.4 1.4
Nopco NXZ 1.9 1.9 1.9 1.9
Duramite 422.2 422.2 422.2 422.2
R-960 70.4 70.4 70.4 70.4
Kadox 915 46.9 46.9 46.9 46.9
Grind
Rhoplex EC 1791 470.6 470.6 470.6 470.6
Nopco NXZ 1.9 1.9 1.9 1.9
Texanol 7.0 7.0 7.0 7.0
Skanke M8 2.1 2.1 2.1 2.1
Ammonia (28%) 1.0 1.0 1.0 1.0
Water 7.9 6.0
Acrysol SCT 275 1.5 1.0 0.5
Total 1211.3 1211.3 1211.3 1211.3

FIGURE 3 » A micrograph of fibrillated synthetic fiber.
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the particles become entangled with the fiber. Once com-
bined, the agglomeration of fiber and pigments or fillers
form a unified density and stay suspended in the fluid. 
This is especially attractive to coatings formulators to pre-
vent hard settling of pigments in coatings during storage.

This effect is demonstrated by a simple lab experiment 
in which sand, having a specific gravity of 2.6 g/cc and 
a mean particle size of 250 μm, is suspended in water by 
fiber. A mixture of 48% sand, 51% water and 1% fiber was 
prepared by hand shaking in a small jar. The resulting 
mixture is like an emulsion, which is shelf stable for many 
weeks. This effect is shown in the photographs in Figure 4.

Optical and Film Properties
Optical and film property test results of the acrylic exterior 
flat paint formulation described in Table 2 are depicted in 

Table 4. The optical properties of the film  opacity, tint, 
gloss and scrub resistance  were similar for all three 
paints. In addition, there is a small advantage in burnish 
resistance with the smaller fiber and a larger advantage 
in burnish resistance with the larger fiber. Also, stain 
resistance is favored slightly with fiber. Finally, acceler-
ated weathering showed that fiber had no effect on perfor-
mance. Along with these optical properties, longer fiber 
can be used at higher dosage to uniformly impart texture 
to the coating.

Water and Alkali Resistance
Water and alkali absorption of the acrylic elastomeric roof
coating described in Table 3 are depicted in Figure 5. Of 
particular significance is that water and alkali absorption 
are dramatically reduced when the longer fiber is used. 
At 1% fiber loading, both water and alkali absorption 
are more than 30% less than with cellulosic thickener. 
This enhanced performance is thought to be due to the 
hydrophobic synthetic fiber that is dispersed throughout 
the coating, making the penetration of water energetically 
more difficult.

In another experiment, water resistance was 
observed with a 100% acrylic paint prepared with tita-
nium dioxide and Barytes pigments. The first paint was 
made with no rheology modifier, the second was made 
with a cellulosic thickener, the third was made with 2% 

TABLE 4 » Optical and film properties of exterior acrylic flat paint containing natural and synthetic fiber.

Exterior Acrylic Flat Paint Formula A B C ASTM

Test thickener Natrosol 250 MHR ESS5F E380F
Test thickener (lb/100 gal) 2.5 11.5 11.5
RM 2020NPR co-thickener (lb/100 gal) 19.6 19.6 19.6
Burnish resistance, % 85-degree increase 160% 140% 127% D6736
Scrub resistance (cycles, average) D2486
  6 mil bird wet film thickness 1173 1161 965
  12 mil bird wet film thickness 1549 1489 1339
Flexibility, mandrel , procedure A D522
  6 mil wet film thickness, room temp. cure Pass 1/8” Pass 1/8” Pass 1/8”
  6 mil wet film thickness, cold temp. cure Pass 1/8” Pass 1/8” Pass 1/8”
  12 mil wet film thickness, room temp. cure Pass 1/8” Pass 1/8” Pass 1/8”
  12 mil wet film thickness, cold temp. cure Pass 1/8” Pass 1/8” Pass 1/8”
Household stain resistance (10 = stain removed) D4828
  7 days dry / 2 hrs contact
  #2 pencil 5 5 6
  Purple crayon 3 4 4
  Red lipstick 5 5 5
  Carlo Rossi burgundy wine 6 7 8
  French’s yellow mustard 6 7 8
  Coffee 8 8 9
  Average 5.5 6.0 6.7
Color acceptance (1) Pass Pass Pass Rub up 
Roller spatter (1) 5 6 6 D4707
General appearance (10: no defects) 10 10 10
QUV, accelerated weathering, 1000 hrs (1) D4587
  DE* total color difference 0.14 0.07 0.11
  Cracking (10: none) 10 10 10
  Chalk resistance (10: none) 10 10 10
NOTE: (1) Tinted 2 oz/gallon 888-9907 lamp black

FIGURE 4 » An aqueous suspension of sand and fibrillated fiber.
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of the short synthetic fiber, and the last paint was made
with cellulosic thickener at 0.1% and synthetic fiber at 
1%. The paints were applied to glass panels, dried for 
24 hrs and then immersed in water at 25 C for 10 days. 
As depicted in Figure 6, the paints with fiber did not 
deteriorate and flake off, but the paints with no rheol-
ogy additive and the one with only cellulosic thickener 
were significantly damaged.

Film Flexibility 
In a separate experiment, these coatings were also sub-
jected to a ductility test. In this comparison, the paint 
with only cellulosic thickener was compared to paint 
with a combination of cellulosic thickener and synthetic 
fiber. The paints were applied to a steel film, which 
was bent around successively smaller-diameter man-
drels until the coating cracked and failed. Addition of 
the fiber allowed the paint to survive bending around 
a 6 mm rod, while the paint with just the cellulosic 
additive failed to survive bending around a 10 mm rod. 
These results are depicted in Figure 7 and demonstrate 
that the addition of synthetic fiber improves ductility.

Minimum Film Formation Temperature
Formulators have reported that formulations containing
fibers exhibit improved coalescence properties in emul-
sion paints. In order to test this, minimum film formation 
temperature (MFFT) studies were conducted by the Uni-
versity of Southern Mississippi.3 A reduction in MFFT was
expected if the fibers enable coalescence. As depicted in 
Figure 8, less than 1% of synthetic fiber clearly enhances 
coalescence and reduces the minimum film forming tem-
perature of an acrylic resin.

Shear-Thinning Rheology
Formulators frequently use fumed silica to control the 
rheology of industrial paints that are not water based. 
For example, rheology modification of epoxy formulations 
by fumed silica is very common. As illustrated in Figure 
9, an investigation of the rotational rheology of an epoxy 
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FIGURE 5 » Water and alkali absorption of elastomeric
roof coating containing natural or synthetic fiber.

Water Resistance Test

Immersion in water of 25 ºC for 10 days

ESS-50F shows excellent resistance to water damage

No Additive HEC 0.1% ESS-50F 2.0% ESS-50F 1.0% HEC 0.1%

FIGURE 6 » Waterborne coatings, water resistance test – courtesy of
Mitsui Chemicals, Inc.

Bending Test

Fibers provide excellent flexibility to the coating

Additive: HEC (0.1%)
Diameter of Mandrel: 10 mm

Additive: HEC (0.1%) & FDSS-50 (1%)
Diameter of Mandrel: 6 mm

FIGURE 7 » Waterborne coatings, bending flexibility test.
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resin diluted with a standard co-solvent illustrates the dif-
fering performance of pseudoplastic rheology modifiers. 
While 3% fumed silica exhibits a greater overall thickening 
than one-quarter to one-third of that amount of synthetic 
fiber, including a slight dilatant tendency between 1 s-1

and 4 s-1 added synthetic fibrillated fiber produces a deeper 
(faster declining) shear-thinning effect upon viscosity. For 
example, 0.8% of the larger fiber exhibits a viscosity drop 
of more than ten-fold in going from a shear rate of 0.05 
s-1 (16,500 cP) to 0.9 s-1 (1,480 cP), as compared with an 
approximate four-fold drop with fumed silica over the same 

shear range. Of interest is the thickening trend exhibited as 
the diameter and length of the fiber increases from 5 μm x 
100 μm (0.8% ESS5F) to 15 μm x 700 μm (0.8% E380F), 
respectively. Also of practical importance is the intermedi-
ate performance of a blend of the two fiber grades ( ), the
ratio of which offers unlimited viscosity property latitude to 
a coatings formulator. Typical experience in the field indi-
cates that a loading of one fourth the level of fumed silica 
will achieve comparable rheological performance.

Viscosity Drop Reduction in Deeply Tinted Paints
Controlling the viscosity of deeply tinted paints contin-
ues to be a problem for the industry. Dispersants and
surfactants used in the rheology modifiers interact with 
those present in the tint base, and sharp drops in viscos-
ity occur. Consequently, the shortest fiber was evaluated 
alongside several polyurethane (PU) thickeners to see 
if the fiber’s physical rheology functionality was more 
immune to this phenomenon. Paints were made and 
Brookfield, KU and ICI viscosities were measured for the 
untinted base paint. These parameters were then mea-
sured after tinting with 8 oz. per gallon of universal lamp 
black. Depicted in Figure 10, these results demonstrate 
that the fiber was much more effective in preventing the 
steep drop in Brookfield viscosity that typically accom-
panied PU-thickened paints. Further research is being 
conducted to determine the effects of a combination of 
fiber with the best-performing PU thickener.

Viscosity and Flow Properties 
Brookfield, KU and ICI viscosities, sag resistance, and
flow and leveling characteristics of the exterior acrylic 
flat paint formulations described in Table 2 are depicted 
in Table 5. The short, fine fiber (ESS5F) contributed less 
viscosity in all three regions when compared with the cel-
lulosic-thickened paint. The longer, thicker fiber (E380F) 
gave much more viscosity in all three regions compared 
to the shorter fiber. This is the first important rule that 
was discovered. At the same addition rate, a longer fiber 
will give more viscosity than a shorter fiber. It is believed 

TABLE 6 » KU viscosity, sag resistance, adhesion and
flexibility of elastomeric roof coating.

Component (lb/100 gal) ASTM

Elastomeric 
Paint

A B C D

Water 144.6 143.1 143.6 144.1
HEC QP 5200H 4.2
ESS5F 12.1
E380F 6.1 12.1
Viscosity, KU, 
ASTM D462

103 102 108 124 D562

Sag resistance. 
14 - 60 mils

45 25 30 >60 D4400

Adhesion, psi, 
galvanized 
steel

300 325 325 300 D4541

Flexibility, 
mandrel , 
procedure A

Pass 
1/8”

Pass 
1/8”

Pass 
1/8”

Pass 
1/8”

D522

TABLE 5 » Visco-elastic properties of exterior acrylic flat paint containing
natural and synthetic fiber.

Exterior Acrylic Flat Paint Formula A B C ASTM

Test thickener Natr. 250 MHR ESS5F E380F
Test thickener (lb/100 gal) 2.5 11.5 11.5
RM 2020NPR co-thickener 
(lb/100 gal)

19.6 19.6 19.6

Brookfield, #4 Spindle, 
2.5 RPM (poise)

378 58 240 D2196

Viscosity, KU (KU) 102 94 105 D562
Viscosity, ICI (poise) 1.4 1.3 1.7 D4287

Sag resistance, 4 - 24 Mils >24 12 >24 D4400

Flow and leveling 6 9 8 D4062
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that this rheological performance is developed physically.
When dispersed, the fibrils are spread open, and when 
the fluid is sheared they fold in, reducing viscosity. When 
the shear is removed the arms spread out again, almost 
instantaneously, and viscosity is recovered (very little 
hysteresis). Sag resistance is consistent with rheology. 
The shorter fiber gives less sag resistance than the larger 
fiber, which is similar to the cellulosic thickener. These 
film property tests reveal a very interesting and unique 
comparison. While increasing sag resistance, the fiber 
also exhibits an improvement in flow and leveling proper-
ties. Fibril capillary action with the synthetic fiber at rest 
is believed to be responsible for improved paint flow and 
leveling while simultaneously reducing sag.

Another comparison was made in a separate study with 
the elastomeric roof coating formula depicted in Table 3. 
Two addition levels of the larger fiber (E380F) were tested 
against the higher dosage of the short fiber (ESS5F) and the 
control formula thickened by a cellulosic additive. In terms 
of rheology, the loading of the longer fiber gave more rheol-
ogy than that of the shorter fiber. This is because the longer 
fiber has larger fibrils, which extend into the fluid further 
and provide more resistance to flow. The related KU viscos-
ity data (ASTM D462) is depicted in Table 6 and Figure 11.

Also illustrated in Table 6, sag resistance (ASTM 
D4400) followed this rheological trend with the follow-
ing order of sag resistance: longer fiber (1%) >> longer 
fiber (0.5%) > cellulosic (0.35%) > shorter fiber (1.0%). 
Adhesion to galvanized steel (ASTM 4541) and flexibility 
(ASTM 522) are acceptable with all of the coatings.

Conclusions
Highly fibrillated HDPE fiber is a remarkable additive for
coatings. Laboratory testing has confirmed a number of 
interesting simultaneous benefits with which formulators 
can use to make improved coatings. These include:
 Improved pigment suspension and prevention of 

hard settling;
 Improved burnish resistance, stain resistance and 

weatherability;

 Elevated resistance to water and alkali; 
 Higher film ductility;
 Reduction in MFFT;
 Predictable pseudoplastic rheology;
 A reduction in viscosity loss with dark pigments;
 Advantages in Brookfield viscosity, sag reduction, and 

flow and leveling characteristics. �
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