10

15

20

25

30

WO 00/21743 _ PCT/US99/23367
-1-

COMPOSITES CONTAINING CELLULOSIC PULP FIBERS
AND METHODS OF MAKING AND USING THE SAME
: TITLE OF THE INVENTION '

Composites Containing Cellulosic Pulp Fibers and Methods of Making and Using The

Same
'RELATED APPLICATIONS
* This application is a continuaition—in-part of U.S. Application Serial No.
09/169,663, filed October 9, 1998, hereby incorporated by reference.
BACKGROUND OF THE INVENTION
Field of the Invention -

This invention relates to improved composite materials containing cellulosic

pulp fibers dispersed in a polymeric matrix material. The invention also relates to
melt-blending and extrusion methods of making these composites and methods of
using the same in injection molding applications.

Description of the Related Art

Several publications are referenced in this application. These references

describe the state of the art to which this invention pertains, and are incorporated
herein by reference. ' o |
In the plastics industry, fillers and reinforcement materials are typically used
to improve the properties of plastics. The addition of such materials can improve
properties such as conductivity, strength, modulus values, notched impact resistance,
etc.
Glass fibers are the most used reinforcement material for thermosets and
thermoplastics. Glass fibers impart high strength, dimensional stability, and heat
resistance to a plastic composite. Although glass fibers achieve desirable reinforcing
properties, glass fibers are costly, abrade processing equipment and increase the
density of the plastic systems. In certain applications, these disadvantages outweigh
the advantages of using glass fibers as a reinforcement additive.
Cellulosic pulp materials have been evaluated as fillers for plastics in the past.
Klason, et al., “Cellulosic Fillers for Thermoplastics”, Polymer Composites, (1986);

Klason, et al., “The Efﬁciency of Cellulosic Fillers in Common Thermoplastics. Part

1. Filling without processing aids or coupling agents”, Intern. J. Polymeric Mater.,
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Volume 10, pgs. 159-187 (1984); Snijder, et al., “Polyolefins and Engineering Plastics
Reinforced with Annual Plant Fibers The Fourth Internatlonal Conference on Wood

Fiber-Plastic Composues, pe. 181 191
Cellulosic pulp materials have relatively low densities (approximately 1500

kg/m®) and result in reduced wear on the processing equipment compared to glass and
mineral materials [e.g., the density of wollastonite, a mineral fiber, is 2000 kg/m’; the
density of E(electrical). glass fiber is 2500 kg/m gl However, prior investigations of
the use of wood cellulqs_,lg pulps or raw !1gnocellulosxc-gesources (e.g., wood flour,
bagasse) in polymeric ﬁ_iaterials such as thermoplastics found that a pronounced
discoloration of the composite material occurred with the use of these materials at

| temperatures above 200°C Furthermore, the use of such pulps were found to cause

significant off-gasing and disadvantageous odors, principally due to impurities such
as lignin. Moreover, prev:ous studies have also found that at temperatures above .
200°C the cellulosic fibers themselves had poor remforcmg properties compared even
to ground wood and ce]lulose flours [Klason, et al., Intern. J. Polymeric Mater.,
Volume 10, p. 175 (1 984)] ‘These disadvantageous results directed previous research
efforts to the use of ci:l_iulosic materials in polymers having melting temperatures

‘below 200°C such as pﬁlypropylene, and polyethylene (melting temperatures below

180°C), and away from higher melting temperature materials. _

It would be desirable to provide an improved reinforcement filler for uée in
polymeric materials su_éh-as thermoplastics where the filler has a lower cost, lower
density, increased reinforcing characteristics, reduced abfasiveness, and the ability to
be processed at high-teinperatures (e.g., above 200°C). .

' _ OBJECTS OF THE INVENTION
It is an object: of the invention to overcome the above-ldentlﬁed deficiencies.

Itis a_nother-objgct of the invention to provide an improved composite
containing cellulosic pulp materials and methods of making and using the same. -
- Itis a further object of the invention to provide improved composites

containing cellulosic pulp:materials' having reduced discoloration and lower densities.
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It is a still further obJect of the mventlon to prov1de extrusion/injection molded
products made from the nnproved compos1tes and methods of making and using the
same.

The foregoing and other objects and advantages of the invention will be set
forth in or are apparent from the following description.

SUMMARY OF THE INVENTION
The inventors of the present application have surprisingly and unexpectedly

discovered improved composite materials containing a cellulosic pulp as a reinforcing

‘material. The cellulosic pulp fibers used accdrding to the invention have an alpha-

cellulose purity greater than 80% by weight. The use of such cellulosic pulp materials
not only provides improved structural characteristics to the composite at a reduced
cost and with only a modest increase in the density of the plastic system, but also do
not significantly abrade the processing equipment, generate malodors, or result in
unacceptable discoloration of the composite. Additionally, the use of the cellulosic
pulp materials according to the invention allows for the blending of the components -
and shaping of the resultant composite material at lower processing temperatures.

Surprisingly, the composite materials may be injection molded using processing

temperatures below those used with conventional composites, even below the melting

point of the polymeric matrix material itself.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

One aspect of the invention relates to improved composites containing

cellulosic pulp fibers dispersed in a matrix, wherein the matrix comprises a polymeric
material and said cellulosic pulp fibers have an alpha-cellulose purity greater than

.80% by weight. Preferably, the composite comprises greater than 1% and less than

60% by weight cellulosic pulp fibers, more preferably less than 50% by weight
cellulosic pulp fibers, even more preferably, less than 40% by weight and most
preferred around 30% or less by weight. Preferably, the fibers are substantially

-dispersed throughout the composite.

* According to one embodiment, the cellulosic pulp fibers have an alpha-
cellulose purity greater than 90% by weight, preferably greatér than 95% by weight,
more preferably greater than 96% by weight, even more preferably greater than 98%.
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According to another embodiment, the cellulosic pulp fibers have a lignin
content less than 2% by weight; preferably less than 1-%-by weight, more preferably
less than 0.5% by weight. | |

Suitable purified cellulosic pulps include Ultranier-J, Rayfloc-J-LD,
Porosanier-J-HP, Ethenier-F-UHV, Sulfatate-H-J-HD énd Placetate-F, each of which
are available from Rayonier, Specialty Pulp Products (Jesup, GA and Fernandina
Beach, FL). All of these pulps have an alpha-cellulose purity of 95% or greater with
the exception of Rajrﬂbo—] (about 86% alpha-cellulose content). All are softiwood
pulps with the exception of Sulfatate-H-J which is manufactured from hardwood

‘fibers. The Placetate and Ethenier grades are sulfite pulps whereas the others are kraft

pulps. Such pulps are readily available commercially. Other suitable cellulosic pulp
materials from other manufacturers include Estercell and Viscocell (International
Paper-- Natchez, MS), Supersoft (International Paper — Texarkana, TX), Borregaard
UHV-S (Borregaard, Sarpsborg, Norway), Saiccor Acetate and Saiccor Viscose -
(Saiccor-Umkomass, Squth Africa), Weyerhaeuser MACII (Weyerhaeuser,
Cosmopolis, WA); Buckeye A-5 and Buckeye Cotton Linters (Buckeye Technologies
~— Perry, FL and Memphis, TN, respectively). . .

The cellulosic j;ulp' fibers may be derived from a softwood pulp source with
starting materials such as various pines (Southern pine, White pine, Caribbean pine),
Western hemlock, various spruces, (e.g., Sitka Spruce), Douglas fir or mixtur_és of
same and/or from a ha'rdwbod pulp source with starting materials such as gum, maple,
oak, eucalyptus, poplar, beech, or aspen or mixtures thereof. _ _

Commiercial pulps are typically available in sheet form. In order to facilitate
the blending of the fibers with the polymeric material, the fiber sheets may be broken
down to individnél fibers or small aggregates of fibers. According to one
embodiment, the cellulosic pulp fibers are granulated so that the fibers can be readily
dispersed in the polymeric matrix. The step of granulating may be performed using a
rotary knife cutter to break up the pulp material. The granulation process, however,
also reduces the length of the fibers. - A reduction in fiber length typically decreases
the reinforcing impact of a fiber additive. The granulated cellulosic fibers typically
have an average length between 0.1 and 6 mm.
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According to another embodiment, the cellulosic pulp fibers are pelletized to
form pellets of fibers without granulating the fibers since the step of granulating the
cellulose fibers prior to blending with the polymeric material decreases fiber length.
Replacing the granulating step with the use of pelletized fibers preserves the fiber
lengthto a much greater extent, and also allows for adequate feeding and mixing of
the fibers with the polymer. With greater fiber length retention, the tensile strength
and unnotched Izod impact properties of the composites are substantially enhanced.
The fibers in pelletized form are mixed with the polymeric matrix material and fed to
the extruder. During melt blending, the pellets break down allowing the individual
fibers to be readily dispersed throughout the matrix. Advantageously, the pelletizing
of the fibers does not significantly decrease the fiber length which increases the
reinforcing proberties of the fibers. '

| The fiber length may also be reduced during the blending operation.
Accordingly, one preferred embodiment involves introducing the pellets at a later
stage of the biending process. For-exam.ple, the fibers may be introduced at one of the
latter zones of a twin screw extruder to enable sufficient blending with the polymer
without a signiﬁcant reduction in fiber length. It has been discovered that the color of
the resultant product is appreciably improved when this embodiment of the invention
is practiced.

" The matrix material of the composite comprises a polymeric material melting
preferably between 180-270°C. Suitable polymeric materials include polyamides,
PET (polyethylene terephthalate), PBT (polybutylene terephthalate), or mixtures
thereof. .Other suitable materials include PTT (polytrimethylterephthalate), ECM
(ethylene-carbon monoxide) and styrene copolymer blends such as
styrene/acrylonitrile (SAN) and styrene/maleic anhydride (SMA) thermoplastic
polymers. Still further materials include polyacetals, cellulose butyrate, ABS
(acrylonitrile - butadiene-styrene), certain methyl methacrylates, and
polychlorotriﬂuoroethylene' polymers. '

Accoi‘ding to one preferred embodiment, the polymeric material is a
thermoplastic having a melting point greater than 180°C, more preferably greater than
260°C, and even more preferred between 220-250°C. Preferably, the polymeric
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material is a ther.moplasﬁc selected from nylon 6, nylon 1_2_,-nylpn'66 or mixtures

- thereof.

- According to another embodiment, the compoéite may comi:rise éthermally
sensitive additive which is sensitive to elevated processing temperatures to resultina
novel composite product. Since the polymet/fiber composxtes of the invention can be
processed at lower-temperatures, thermally sensitive additives otherw1se mcompatlble

with a polymeric material due to high processing temperatures can be employed. For

-example, an additive which can not be employed in a nylon injection molding

application because of the high temperatures conventionally employed may be used

with nylon according to the present invention since lower processing temperatures

| may be used. The result is anovel injection molded product having improved

properties and characteristics. Suitable thermally sensitive additives include anti-
microbial compounds, colorants, and fragrances. ) | _

The reinforced composites according to the mventlon have unproved
properties and characteristics. Advantageously, the composite of the invention has
improved properties with only modest density increases b_f the polymeric fn_atrix
material. More specifically, the cellulosic ﬁb_ers_of the invention can be added to the
polymeric matrix material without major increases in the densxty of f_he resulting

composite material, unlike what occurs When reinforced with equivalent amounts by

‘weight of the more dense glass fiber or mineral material alternates (e.g., see Table

IVA in Example 1) _ _ _

According to one embodlment the compos1te has a dens1ty less than 30%
different from the unfilled polymeric material and a tens1le strength 10% greater than
that of the unfilled polymenc matenal More preferably, the composne has a density
less than 20% different from and 2 tensﬂe strength 20% greater than that of the
polymeric material. = - |

According to another embodxment, the compos1te has a dmsny less than 30%
different from and a tensile modulus 50% greater than that of the polymeric material.
Preferably, the composite has a density less than 20% diﬁ‘érent from and a tensile
modulus 80% greater than that of the polymeric mateﬁél; |
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According to yet another embodiment, the composite has a density less than
30% different from and a flexural strength 25% greater than that of the polymeric
material. Preferably, the composite has a density less than 20% different from and a
flexural strength 45% greater than that of the polymeric material.

According to a still further embodiment, the composite has a density less than
30% different from and a notched Izod impact strength less then 30% different from
that of the polymeric material. Preferably, the composite has a density less than 20%
different from and a notched Izod impact strength equal to or greater than that of the
polymeric material.

Another advantage of the invention is the reduced discoloration in the
resultant composite. Prior use of pulp fibers typically resulted in substantial or severe
discoloration of the final product. This discoloration is significantly reduced or
avoided using the present invention.

The composite may further comprise at least one coupling agent or

compatibilizer. Suitable agents include titanates, zirconates or mixtures thereof.

- Preferably, the coupling agent is present in an amount greater than 0.0001 % and less

than 3% by weight, more preferably in an amount less than 2% by weight.

The composite may further comprise at least one colorant to alter the color of
the composite. Suitable colorants include carbon black, TiO, and the like.

Another embodiment of the invention relates to a composite comprisiﬁg at
least 5wt % fibers dispersed in a matrix comprising a polymeric material, wherein the
composite has a density less than 5% greater than the polymeric material and a tensile
strength 2% greater than the tensile strength of said polymeric material. Preferably,
the composite has a density less than 2% greater than the polymeric material and a
tensile strength 3% greater fhan the tensile strength of said polymeric material.

Another aspect of the invention relates to methods of making the improved
composite material comprising the cellulosic pulp fibers and the polymeric material.
According to one embodiment, the mixture is formed by blending granules of the
polymeric material with the pulp fibers to form a composite blend. The pulp fibers
may be granulated fibers or pelletized fibers. The polymeric material may be in the
form of granules, pellets, particulates, fibers or the like.
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- 'One embodim;mt relates to a method of making a composite material -
comprising the steps of;' -
(@)  forming a mixture comprising cellulosic pulp fibers and polymeric
material; and
‘(b)  melt blending said mixture to form said composite material;
‘wherein said cellulosic pulp fibers has an alphanellulose purity greater than

'80% by weight.

The polymeric/pulp fiber mixture should have a moisture content less than 5%
by weight, preferably less than 1% by weight and/or is substantially free of solvent.
Preferably, the cellulosic pulp fibers are dried prioi' to said blending.

According to oﬁe embodiment, the method further comprises the step of
granulating the pulp méterial prior to forming the mixture. - Suitable granulating
devices include a rotary knife cutter. - :

‘According to another embodiment, the method further comprises the step of
pelletizing the fibers to form pellets of the fibers prior to forming the mixture.

One preferred embodiment relates to a method comprising melt
blending/extruding the mixture of polymeric material and cellulosic pulp fibers to

_form an extruded composite. Preferably, the melt blending/extruding is achieved

using a twin-screw: extruder.

'One surprising advantage resulting from the invention is the ability to inelt
blend the polymeric material with the pulp fibers at lower temperatures. Preferably,
the blending is at a blending temperature below the melting temperature of the

-polymeric material, 'mpre preferably, the blending is at a blending temperature at least

10°F less than the melting temperature of the polymeric material, even more
preferably at least 20°F less, even more preferably at least 30°F less and most
preferred at least S0°F less. |
The method of the invention may further comprise the step of comminuting
the composite blend to form composite granules suitable for use in applications such
as injection molding, melt extision, melt pultrusion, etc.
~ Another aspect of the invention relates to the use of the composite materials of

the invention to form an injection molded product. Accordingly, one embodiment of
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the invention relates to a method comprising the step of.injecﬁon molding the
composite material to form an inj ected molded product. Preferably, the method
compﬁses injection molding granules of the composite.

Surprisingly, the use of the cellulosic pulp fibers of the invention enables
injection molding to occur at reduced temperatures relative to injection molding
composites containing fillers such as glass fibers and mineral fillers (e.g.,
wollastonite).

According to one embodiment, the injection molding is at processing
temperatures below the processing temperature for molding glass- and mineral-filled
polymers. Preferably the injection molding processing temperature is at least 20°F
less than the melting temperature of the polymeric material, more preferably at least
30°F less than the melting temperature of the polymeric material, more preferably at
least 40°F less than the melting temperature of the polymeric material and most |
preferably at least SO°F less than the melting point of the polymeric material. In the .
examples shown in Table VI, the cellulose fiber composites were injection molded at
nozzle and barrel zone temperatures approximately 100°F less than those for the
glass-and mineral-filled polymers.

Yet another aspect of the invention relates to methods of using the improved
composites to form improved products such as composite granules and injection
molded products. .

One embodiment of the invention relates to a composite granule composed of
fiber-reinforced polymeric material comprising a multiplicity of the cellulosic pulp
fibers dispersed in a matrix of thermoplastic material. Preferably, the granules have a
largest dimension less than 10 mm.

Another embodiment of the invention relates to an injection molded product of
the fiber-reinforced thermoplastic material comprising the cellulosic pulp fibers
dispersed in a matrix of the thermoplastic material. The injection molded product
may have a complex shape with multiple sharp corner radii.

EXAMPLES

The following examples are illustrative of some of the products and methods

- of making the same falling within the scope of the present invention. They are, of
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course, not to be 'considei;éd in any Way limitative of the invention. ‘Numerous

changes and mbdiﬁcations can be made with respect to the invention by one of

ordinary skill in the art. |

Example1: Formation of Composites by Twin Screw Extrusion _

Pulp fiber/polymer composites were formed by blending granulated pulp fiber
and nylon 6 granules in a Davis &'"S'tandard (Pawcatuck, CT) twin screw extruder,
which is a 32mm diameter co-rotating extruder, with intermeshing segmented screws
with L/D ratios of 32:1. The extruder has seven heated zones.

The compdsife samples had the following compdnents as set forth in Table I:

TABLE
~ Sample - Components
Nylon 6: - Ashlene 829L*

30ULT-0-0-N6: 30% Ultranier-J Pulp \ 70% Nylon 6 (Ashlene 829L)
30ULT-2-0-N6: 30% Ultranier-J Pulp \ 2% L44-N"\ 68% Nylon 6 (Ashlene 829L)

© 30ULT-4-0-N6: 30% Ultranier-J Pulp \ 4% L44-N\ 66% Nylon 6 (Ashiene 829L)
~ 30WOL-0-0-N6: 30% Waollastonite \ 70% Nylon 6 (Ashlene 829L)

. 30RAY-0-0-N6: 30% Rayfloc-J-LD Pulp \ 70% Nylon 6 (Ashlene 329L)

© 30RAY-2-0-N6: 30% Rayfloc-J-LD Pulp \ 2% L44-N \ 68% Nylon 6

'(Ashlene 829L)
30ULT-0-0-N6: 30% Ultranier-J Pulp \ 70% Nylon 6 (Ashlene 829L)
30ULT-2-0-N6:  30% Ultranier-J Pulp \ 2% L44-N \ 68% Nylon 6 (Ashlene 829L)
30POR-0-0-N6: 30% Porosanier-J-HP Pulp\ 70% Nylon 6 (Ashlene 829L) -

30POR-2-0-N6: 30% Porosanier-J-HP Pulp\ 2% L44-N\ 68% Nylon 6 :

(Ashlene 829L) :

30ETH-0-0-N6: 30% Ethenier-F-UHV Pulp\ 70% Nylon 6 (Ashlene 829L)
30ETH-2-0-N6: 30% Ethenier-F-UHV Pulp\ 2% L44-N \ 68% Nylon 6

| ‘(Ashlene 829L) | -
30SUL-0-0-N6: 30% Sulfatate-H-J Pulp\ 70% Nylon 6 (Ashlene 829L)
30SUL-2-0-N6: 30% Sulfatate-H-J Pulp\ 2% L44-N \ 68% Nylon 6 (Ashlene 829L)
30PLA-0-0-N6: . 30% Placetate-F Pulp \ 70% Nylon 6 (Ashlene 829L)
30PLA-2-0-N6: 30% Placetate-F Pulp \ 2% L44-N \ 68% Nylon 6 (Ashlene 829L).
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33GLA-0-0-N6 33%F iberglass Reinforced Nylon 6'(AShléne 830L-33G)

(a) . Ashlene 829L and Ashlene 830L-33G are avallable from Ashley Polymers
(Brooklyn, New York)

®) Ken React L44-N is a titanate compatlbxhzer obtained from Kenrich Petrochemicals
~ (Bayonne, NJ)

Initially, extruder temperatures were above the melt temperature of the nylon 6
polymeric material. Then temperatures were reduced as the nylon 6/cellulosic fiber
blends were introduce'd into the extruder. The steady state processing conditions for
each of the sémplé runs are set forth in Table II; the zone temperatures given
represent their temperatur_e'_at steady state. Note that in most of the latter runs listed in
the Table, zone 1 temperature of 400°F was used. This is 30°F below the melting
point of the pure nylon 6 (Ashlene 829L) polymer.



|

TABLE I _
Overview of Twin Screw Extrusion Processing (U.S.)

" Study: Rayonier Six Specialty Pulp Fiber/Nylon 6 Composites _
Sample: ZoneT [Zone2 | Zone3 | Zoned | ZoneS | Zone 6 | Zonc 7 | Die | Melt | Perct. | Mokt | Setew
o _ : Face Temp | Load Press ' A |
. _.(°F) CH | | CH | CP |. (P (°P P |1 ¢ _]_(®sh | RPM)

| Nylon 6* . - L - - .= - - - - - - | - e

"1 300LT-0-0-N6 440 410 | 395 250 235 235 { 235 445 437 | 700 | 520 | 310
[ 30ULT-2-0-N6(L44-N) 4335 410 395 230 230 230 230 | 445 444 72 | 500 | 310

' 30ULT-4-0-N6(L44-N) 435 410 3935 220 220 | 220 220 445 436 70 | 520 [ 330
30WOL-0-0-N6~" " . - - - " N T - - - .
30RAY-0-0-N6 425 400 375 130 180 180 180 425 434 80 540 260 ||
 30RAY-2-0-N6(LA4-N) — 400 | 375 350 | 180 [ 180 | 180 180 421 |- 431 "80 - | 500 | 280§
300ULT-0-0-N6 450 425 400 | 215 215 215 215 435 445 60 350 310
| 300ULT-2-0-N6(L44-N) 440 420 400 200 200 200 200 445 465 80 [ 330 330
30POR-0-0-N6 425 | 400 375 180 180 | 180 180 430 446 71 320 310 -
30POR-2-0-N6(LA44-N) 400 375 350 160 160 160 160 425 434 83 350 | 310 -
30ETH-0-0-N6 400 360 320 170 170 170 180 423 429 65 320 | 300

~ | 30ETH-2-0-N6(L44-N) 400 | 360 320 170 170 170 | 170 425 | 427 | 70 420 | 300

"I 30SUL-0-0-N6 425 | 380 | 340 180 180 180 180 435 454 | 82 370 | 330 .
30SUL-2-0-N6(L44-N) 400 | 375 | 350 185 185 185 185 435 | 460 85 3500 | 340 -
30PLA-0-0-N6 415 380 330 150 150 150 150 425 426 65 370 | 300
“30PLA-2-0-N6(L44-N) 400 375 | 350 150 150 150 150 422 422 70 600 | 300
33GLA-0-0-N6~° - - - - - - - - - - - 1 -

a - not processed through the twin screw extruder.
b - obtained in pre-blended composite form for injection molding.

—Z'[-.

E€PLIT/00 OM

LIEET/66S/.LOA
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The extruded composite products were subsequently comminuted to form

composite granules suitable for use in applications such as injection molding.

The samples made at 30% loading were injection molded into identical
“dogbone” shaped test specimens of equal volume and tested for inechanical
properties in a dry, “as-made”, condition'against injection molded controls of pure
nylon 6 (Ashlene 829L) and nylon 6 filled with 33% glass (commercially available as
Ashlene 830L-33G) and with 30% wollastonite (an inexpensive fibrous mineral
material — this composite material was prepared by RTP Corporation).

Injection molding was carried out using a Cincinnati Milacron — 33 ton
recipmcaﬁng screw - Type VS 33, 28mm frame injection molder with screw diameter
of 32mm; L/D of 20:1, nozzle of 3.2mm. The processing conditions for each of the

sample runs are set forth in Table III.



TABLE III
OVERVIEW OF INJECTION MOLDING PROCESSING (U.S.)

1| Study Rayonier Six Specialty Pulp Fiber/Nylon 6 Composites o
| Sample Pack | Hoild | Mold | Nozzle Inj | Pack | Hold |.Cool | Cushion
Press | Press | Temp | Temp | Zonel | Zone2 | Zone3 | High | Time | Time | Time -
IR Jo@Sh ) - @SD - CF) | B | CH LCH [P L e LT 6 G L
- *Nylon 6 1450 - |- 450 -} 1047440 | 4607 460 | -460- . 15| .55 . 5. o801 049
30ULT-0-0-N6 800 | 800 243 | 440 | 450 450 450 5. | 5. 10 | 30 027 |
- I 300LT-2-0-N6 (L44-N) 800 | 800 250 440 450 450 | 450 15. | 5 10 — 10 026 |
1 30ULT4-0-N6 (L4A4N) | 800 800 [ 250 440 450 | 450 450 15 | 5 [ 10" 10 .1 . 027
30WOL-0-0-N6 750 | 750 240 450 460 “460 460 15 S |. 10 1|.30 | 020 .
[30RAY-0-0-N6 "800 | 800 250 | 440 460 260 460 15 | 5. | 10 | 10 | . 020
30RAY-2-0-N6 (L44-N) 800 00 250 [ 440 460 460 | 460 15 5 10 [ 10 022 .
| 30ULT-0-0-N6 _ 800 800 250 440 450 450 | 450 15 5 i0 30 031
[ 300LT-2-0-N6 (L44-N) 800 800 | 250 440 450 450 450 15 | 5 | 10 10 ~0.28
30POR-0-0-N6 800 300 250 | 440 460 460 460 15 5. [ 10 15 0.23
 30POR-2-0-N6 (L44-N) 300 800 250 450 460 460 460 15 5 10 15 0.18
30ETH-0-0-N6 750 750 250 430 | 450 450 | 450 15 ~5 | 10 10 0.31
. .{ 30ETH-2-0-N6 (L44-N) 900 | 800 | 250 440 460 | 460 460 15 | 5 [ 106 | 10 | 026
30SUL-0-0-N6 800 | 30 250 ~430 460 | 460 | 460 .| 15 5 | 10 | 15- [ 023
[ 30SUL-2-0-N6 (L44-N) 300 800 250 450 460 460 460 15 5 10 15 0.23
[ 30PLA-0-0-N6 850 | 800 250 440 460 ~460 460 | 15 5. [ 10 10 0.26
 30PLA-2-0-N6 (L44-N) 850 800 | 250 440 460 460 460 15 5 10 10 029 _
[ 33GLA-0-0-N6 . 650 400 248 530 550 550 550 15 5 20 1 20 0.34

EPLIT/I00 OM

LIECTI6680/LDd




10

WO 00121743 LT e, - PCT/US99/23367

- 15 - s g =
Some of the best mechamcal property results obiained In this particular stady
[VA. The two pu]ps that ylelded tﬁe best results were the

hardwood pulp, Sul_fatatcj-H-I , and the softwood pulp, Placetate-F. Of these two

are presented in Table'

pulps, the fibrous hardwood pﬁlp gave superior results. Both of these pulps are of
high cellulose purity (alpha-céliulose contents of about 98% for each). Mechanical
property test results from the least pure pulp utilized in tlus study (Rayfloc-J-LD) are
illustrated in Example 3.

The results in Table IVA also illustrate the lower density (lighter weight)
materials that can be prepared using cellulose fiber reinforcement versus the heavier
glass or mineral (e.g. WolléstOnite) materials. They also indicate the improvement in
properties that can result by incotporating a compatibilizer such as the L-44N titanate
(e.g., note the iinproved values for the Placetate and Sulfatate composites containing
2% L-44N versus those without).



Table IVA - Mechanical Property Data On Dry (“as made”)
Injection Molded Composites®

% of

b - 33 GLA-0-0-N6

*” shaped parts of equal volume,

S — e — *Eg
Sample Density, || Tensile | % of % of Tensile | %of % of Flexural | % of
g/em® Strength, | Glass® Nylon6 || Modulus, | Glass® Nylon6 | Strength | Glass® | Nylon6
MPa GPa MPa
30 WOL-0-0-N6 1.383 62.7 56.3 104.2 6.51 81.2 236.7 1057 | 721 .| 164.6
. .J30PLA-0-O-N6 _ || 1220 || 712 | 694 1282 || 5.12 | 63.8 1861 || 1074 | 732 .| 1673
[ 30PLA2O-N6(I44-N) | 1220 | 819 | 736 | 1360 | 335 | 667 | 1927 ] 1139 | 776 .| 1774
30 SUL-0-0-N6 1218 80.9. 72.7 1344 5.21 65.0 - 1804 113.1 714 | 1762 ||
30 SUL-2-0-N6 (L44-N) || 1.228 865 | 717 | 1437 || 5.1 71.2 - 207.6 121.6 82.9 1894 |
33 GLA-0-0-N6 1.351 111.3 100.0 184.9 3.02 100.0 2016 || 146.7 100.0 - | 2285 |-
Nylon 6 1.138 60.2 540 | 1000 275 34.3 1000 || 642 | 438 100.00
Flexural | %of | %of Notched | % of %of | Un % of % of
Modulus, | Glass® Nylon 6 Izod, M | Glass® Nylon6 - || Notched | Glass® Nylon 6
GPa Izod, M - : B
30 WOL-0-0-N6 6.27 83.0 263.4 25.83 56.5 107.5 ||  174.48 " 43.0 234
30 PLA-0-0-N6 5.11 ~ 6171 | 2147 23.20 50.8 965 239.53 59.1 2.1
- 130 PLA-2-0-N6 (L44-N) 545 72.2 2200 || 25.10 54.9 1044 || 246.65 60.8 331
30 SUL-0-0-N6 5.38 713 226.0 23.80 52,1 990 || - 278.20 - | 68.6 373 |
30 SUL-2-0-N6 (L44-N) 5.88 71.9 2470 25.28 55.3 105.2 31833 78.5 42,6
33 GLA-0-0-N6 755 100.0 317.2 45.70 100 190.2 405.58 100.0 544
Nylon 6 238 314 100.0 2403 | 526 1000 || 745.85 183.9 100.0
a - Identical “dog-bone

-91-
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In Table IVB are pmmted the specific mechanical property results on the best
Sulfatate and Placetate nylon 6 composites. given in Table IVA. These data reflect the
mechanical properties that would result from making injectioﬁ molded parts of equal
weight rather than parts of equal volume (the density or specific gravity of the
composites is factored into the determination of these values--see fobtnote “a” of
Table IVB).



Table IVB: Specific Mechanical Property Data

on Injection Molded Composites®

the density of the composite to obtain the values presented here).

b-  33GLA-O-O-N6

[ Sample Filler Tensile | %of % of Tensile | % of % of Flexual | %of %of .
Strength | Glass® Nylon6 [ Modulus | Glass® Nylon6 | Strength | Glass® | Nylon6
MPa GPa MPa . )
30 WOL-0-0-N6 Wollastonite 453 55 86 471 79 195 764 ~70 136
- 30 PLA-2-0-N6 (L-44N) || Placetate ~ 67.1 81 127 . | . 4.39 74 182 934 86 166 -
- IF30 SUL-2-0-N6 (L-44N) | Sulfatate — 704 | 8 133 4.65 78 | 193 99.0 [ 176
33 GLA-0-0-N Glass fiber 82.4 100 156 593 . 100 246 108.6 100 193
'NYLON 6 none 529 64 100 241 41 100 56.4 52 100 -
e — - -
Sample Filler Flexual | % of % of Notched | % of | % of Un- %of | %of
Modulus | Glass® | Nylon6 | Izod, M | Glass® nylon6 | notched | Glass® Nylon 6
GPa Izod, IM :
30 WOL-0-0-N6 Wollastonite 453 81 217 18.7 55 89 126.2 42 19
30 PLA-2-0-N6 (L-44N) || Placetate 447 | 80 214 20.6 61 08 202.2 67 31
30 SUL-2-0-N6 (L44N) || Sulfatate 4.79 86 229 20.6 61 97 259.2 86 40 -
"33 GLA-0-0-N6 ‘Glass fiber 5.59 100 267 338 100 160 300.2 100 46
~ |NYLON6 none 2.09 37 100 21.1 62 100 6554 | 218 100 -
a- Values for parts (“dogbones”) of equal weight--density or specific gravity differences noted in Table IVA are factored in (i.e., values in Table IVA are divided by

—8‘[_

€5L17/00 OM
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Clearly the com_pbsites made according to the iriyeﬁtion have substantially
improved properties relative to the non-reinforced thermopiasti,c material (i.e., nylon 6
in this example). It is also apparent that the reinforcement performance of the high
alpha-cellulose pulps, Sulfatate-H-J and Placetate-F in this Example, approaches that
of glass fiber particularly when méking parts or components of equal weight (e.g.,
from Table IVB note that the specific flexural strength and modulus values for 30%
Sulfatate-H-J reinforcement are 91 and 86%, respectively, of the counterpart values
for 33% glass reinforced nylon 6. These results are ontstanding and represent a major
technological advance (i.e., the reinforcement of a high melting point engineering
thermoplastic such as nylon 6 with cellulosic fibers to yield reinforcement properties
approaching'thosé of glass fibers). If results were “normalized” for 30% glass fiber
rather than 33%, the results for 30% Sulfatate and Placetate would appear even better.

Additionally, the composites of the invention also are less abrasive to the
processing 'équipment than glass or mineral materials.

Example 2: Injection Molding Trials

Injecﬁoﬁ molding trial runs were performed using an Engel injection molding
machine of an early 1980°s Model (165 ton - 7 oz. - 3 heat zone). The mold was a
water heated (190°F), single sprue, two cavity mold for a Westinghouse® electrical
cable harness/separation product. The molded part was 50mm x 135mm and had a
complex geometry for filling the mold completely. The product has 11 tabs aﬁd 20
sharp corner radii that require adequate filling for product acceptance. The partis a
good demonstration of a polymeric composite’s ability to flow.

Two different cellulose polyamide composite (CPCs) and two mineral

"polyamide compoSites_ (MPCs) blends from Example 1, along with Rayfloc-J

similarly melt blended with a maleated polypropylene compatibilizer (1%) and carbon

black colofant-('l %), were injection molded to determine the feasibility of injection

molding on a small/medium scale commercial injection molding machine. The
composite blends are in the order in which they were injection molded and are as

follows:
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~ SampleNo. = - Composite Composition -
Run#1 - 30ULT-2-0:N6 ~ - 30% Ultranier-N2% L44-N\68% Nylon 6.
Run #2 - 30ULT-0-0-N6 ~ 30% Ultranier-\70% Nylon 6 -

"Run#3 - 30RAY-1-1-N6 ' 30% Rayfloc-J-LD\1% MP1000\1%
Black\68% Nylon 6

Run #4 - 33GLA-0-0-N6 33% Glassfiber\67% Nylon 6
Run #5 - 30WOL-0~0—N6 - 30% Wollastomte\_?()% Nylon 6

Run #1 - Sample 30ULT-2-0-N6

At the beginning of the trial, the heat zone temperature settings were in the

range of 515°F beca__us_e this was the expected regular proc__essmg temperatures for

-nylon 6 composites. .Not surprisingly, the first products from the injection mold

burned. o . _
As aresult, the temperatures were reduced to 450°F at the nozzle and 460°F
across the board for the three heat zones. An attempt was made to m_pectlon mold the

first cellulose pulp composite. It was successful in ﬁlhng the mold but was

| somewhat dark in color which was an indication of too high of a temperature settmg |

As the molding contrnued the temperatures were contmually set lower and lower and
the composites progressed from black to brown to hrgh quahty parts.
The temperatures were reduced further to 420°F at the nozzle and 390°F in all

‘three barrel heat zones. As the temperatures dechned the product quality improved

dramatically. There was some “orange-peel” effeets on the surface quality of the
finished products. It is believed that if the mold was orl\steam heated, a high gloss
finish would have beeu produced. Moreover, the mold was steel_ rather than stainless
steel. Stainless steel helps with a surface ﬁnish. ThlS 1s an important note to make if
a high gloss surface finish is desired. There tv_as _som__e __difﬁculty fee_ding the material
from the hopper into the injection screw. As aresult, a hrgh RPM .screw velocity was

used to convey the material toward the nozzle. This may have induced some shear

- heating of the polymer, as well as some fiber degradatjon.
 Run #2 - Sample 30ULT-0-0-N6

The 30ULT-0-0-N6 sample ran well using the processing parameters which
were already set up from Run #1. The un-coupled CPCs were lighter in color because
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no L-44-N was used during compounding. The L-44-N ch;dnges the color of the
composites to a tan color. The composites had some orange'peel effect again due to
the water heated mold vs. oil\steam heating and higher temperatures available for
mold heating. Overall, this was a successful run using an un-coupled composite
system on a small\medium commercial scale injection molding machine.
Run #3 - Sample 30RAY-1-1-0-N6

The 30RAY-1-1-0-N6 sample (not from Example 1) was selected to evaluate

how the black colorant affects the processing and product appearance of the

composites. Processing conditions were set using the conditions of Run #2. The
material started to flash excessively on the first few parts and it appears that the
colorant may be acting as a processing aid\internal lubricant. Since, the colorant was
acting as a processing aid, the nozzle temperature was reduced to 400°F from 420°F,
as was the injection pressure. It was an interesting observation that the nozzle and
three heat zones were all set at 400°F and below, which is 30°F below the melting
point of the nylon 6 (Ashlene 829L). The resultant composites appeared to have
uniform coloration, but was not absolute due to the same orange peel effect of the
surface of the part. This run piovided a good indication of how these composites can
be colored. Using a TiO, additive to produce a cream colored compos1te would
provide the range of colors from cream to black.
Run #4 - Comparative Sample 33GLA-0-0-N6

After the three CPC trial runs, the 33GLA-0-0-N6 compos1te was molded into
products. The nozzle temperature was raised to 500°F and all three heat zones were
set to S00°F as well. Molding with the glass filled nylon 6 was easy at these hlgh

temperatures and the material filled out the mold very well. The composites still had
some flashing and orange peel on the surface, like all of the other CPCs. The
resultant composites were cream white to grayish in color. One interesting
observation is the increased temperatures required to mold the glass composites. The
injection molding conditions of the inventive composites were over 100°F below that

of the glassfiber composites.
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Run #5 - Comparative Sample 30WOL-~0-0-N6
In addition to cellulose and glassfiber reinforced polyamide composites, a

wollastonite reinforced composite (30WOL-0-0-N6) was also molded using the same
conditions used for the 33GL.A-0-0-N6 composite (Run #4). The first few.saxﬁples
were somewhat problematic to mold, but the parts filled completely with some -
flashing due to the mold itself. The composites we,fe cream white to grayish in color

with some orange peel on the surface. The prbblem with the molding continued and it

~was determined that there was some moisture uptake after drying. There was only a

limited number of samples produced (five setsin all). The run was stopped after the

moisture problem was identified.

- Summary & Comments Regarding Runs #1 through #5

After reaching reasonable molding conditions for the 165 ton - 7 oz. injection
molding machine; the ihjebti’on molding of the electrical wiring cable harness
proceeded smoothly. The sharp reductions (i.e. greater than 100°F) in processing
temperatures using the invenﬁve composites were surprising and unexpected. A :
summary of the composites is set forth in Table V. The processing conditions are
summarized in Table VI below: . | S

Table V: INJECTION MOLDING SAMPLE IDENTIFICATION

" Sample Matrix- Coupling ™ - Fiber | Colorant
Agent | '

30ULT-2-0-N6 | 68%-N6 2% 144N 30% Ultranier | None
30ULT-0-0-N6 | 70%-N6. "None | 30% Ultranier | None
30RAY-1-1-N6 | 68%-N6 1%MP1000 30% Rayfloc 1% BLK
[ 33GLA-0-0-N6 | 67%N6 - | None 33% Glass None -
{30WOL-0-0- | 70%-N6 None 30% None
N6 ST _ : ‘Wollastonite :

:I=T
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Table VI: OVERVIEW OF INJECTION MOLDING PROCESSING (U.S.)

Sample | Pack | Hold | Mold | Nozzle | Zone | Zone | Zone [ Inj. [ Pack | Hold | Gool
) | Temp o 1 2 3 "High | Time Time Time

- _(PSI) | (PShH | CH) (°F) CH | CA | CH 1 6 (s) (s) (s)
30ULT- | 500 500 190 420 300 390 395 5 10 10 12
2-0-N6 _

30ULT- { 500 500 190 390 390 395 395 5 10 10 12
0-0-N6 _

30RAY- | 450 500 190 400 390 | 390 395 5 10 10 12
1-1-N6

[ 33GLA- | 500 | 500 190 | 500 500 | 500 | 500 5 10 10 12
0-0-N6 _ _

30WOL | 500 500 190 500 500 500 500 5 10 10 14
-0-0-N6

Overall, the injection molding trial runs were successful in terms of obtaining
an acceptable injection molded product. Low temperature processing was confirmed
as was weld line strength, the effects of colorants as a processing aid, and the mold
temperature effect on surface quality.

Example 3: Pelletized Fibers Versus Granulated Fibers

Rayfloc-J pulp in fibrous form having a Kajaani weighted average fiber length
(WAFL) of 2.2 mm was mixed in a Hobart mixer with water, sodium carboxymethyl
cellulose binder [type Na-CMC-7H4F (Hercules Aqualon Division)] and Berocell 509
softening agent (Eka Chemicals, Paper Chemicals Division). The ratios of dry fiber
to the CMC binder and Berocell softening agent were 100:0.5:0.5 , Tespectively. After
blending in a Hobart mixer, the mixture was fed to a Kahl pelletizing mill to form
cylindrical pellets [Kahl Pellet Mill, type L175 (Amandus Kah! Nachf.-- Hamburg,
Germany)]. The pulp was pelletized at about 60-70% moisture content with the Kahl
mill being operated at variable feed rates that allowed the pellets to discharge at
between 0.1 to 0.3 kg/min. The pellets were dried overnight at 190°F. A typical
pellet was from 6-8 mm in diameter with a length of 3-5 mm. The pellet density was

around 0.6 g/cm®. This densification improves material handling properties and easier

feeding of the extruder equipment.

After pelletizing, Kajanni fiber length measurements determined that the

. WAFL was 1.8 mm. The pellets (designated RAY-P) were blended with Nylon 6

(Ashlene 829L) in a weight ratio of 30:70. Of this total blended amount, 29.7% is
fiber, 0.15% is CMC, 0.15% is Berocell, and 70% is Nylon 6.
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As a control blend, granulated Rayfloc-J pulp fiber (WAFL of 1.1 mm),

| des1gnated RAY-G, was blended with Nylon 6 ina 30 70 weight ratio.

_ Each of the resultmg blends above G.e., RAY-P and RAY-G with Nylon 6)
were processed through the twin screw extruder (Daws-Standard 32 mm, co-rotating,
intermeshing screws) usln'g the same conditions [The Zon'e 1-7 temperatures (°F)
were 450 425, 400, 225, 225, 225, and 225, respectavely The die face temperature
was 430°F].

~ The melt blended composites were then injection molded (Cincinnati "
Milicron- 33 ton reciprocating screw-Type VS 33, 28 mm frame) using the same
conditions (450°F, s¢réw velocity of 50 rpm, cycle time of 35 seconds). Injection
molded parts were evaluated by standard ASTM procedures for their mechanical
properties. Evaluat'ion..of these properties were made on a dry, “as-made” condition,
and after conditioning in-50% relative humidity (RH) at 72°F for 40 hours (standard
ASTM conditions) fo obtain what are referred to as conditioned, “in-service” values.
The results are summanzed in the- Tables below.

Mechanical Property Results of Injeetlon Molded
30% Composlte Blends of RAY-G and RAY-P wnth Nylon 6

Table VII-A' Dry, “As-Made” Values

Fxber ‘Source Tens:_le Tensﬂe Flexural | Flexural Notched | Unnotche
- Strength Modulus - | Strength Modulus | Izod | dIzod
(MPa)  ((GP)) | (MPa) | (GPa) | Impact | Impact
| R - : S | ™) 1 /M)
RAY-G' 69.9 5.51 .| 80.6 4.28 21.73 221.64
| RAY-P_ 79.0 5.63 84.2 4358 2378 "] 283.66

Table VII-B: % Improvement of RAY-P Vers_us RAY-G -Composites (Dry)

Tensile | Tensile . Flexural Flexural .. .. | Notched fzod | Unnotched
Strength | Modulus Strength Modulus Impact Izod Impact:
143 122 35 70 |94 |80 '

Table VII-C: Condltloned (50% RH @ 72" F for 40 hours), “In-Semce” Values

| Fiber Tensile | Tensile | Flexural Flexural ‘Notched Unnotched
Source Strength | Modulus | Strength | Modulus Izod Izod Impact
(MPa): (GPa)  (MPa) - (GPa) . . Impact =~ | (/M)
_ ' am) '
RAY-G' -68.2 5.47 1 83.2: 4.41 2198 . 232.02
| RAY-F* | 80.0 5.74 88.1 473 22.47 291.39
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Table VII-D: % Improvement of RAY-P Versus RAY-G
Composltes Conditioned)
Tensile Tensile Flexural Flexural Notched Izod | Unnotched
Strength Modulus Strength Modulus Impact Izod Impact
17.3 4.9 59 73 2.2 25.6

(1) WAFL of RAY-G = 1.1 mm.
(2) WAFL of RAY-P = 1.8 mm.

It is noted from the data set forth in Tables VII A-D that use of fiber in
pelietized form in which the fiber length is longer than in granulated form (1.8 versus
1.1 mm) leads to improvements across the board in mechamcal properties (Whether
evaluated in “dry” or “conditioned” states) The greatest unprovements are in tensile
strength and unnotched Izod impact properties (14-28% improvements). Overall, the
finding of such major increases on pre-pelletizing the cellulose feed to the extruder is -

a major advancement in cellulose polyamide composite preparation.

It is also interesting to note that “conditioning” resulted in absolute

mechanical property values that were generally improved relative to their “

values (e.g., with RAY-P, all values increased upon conditioning except for notched
Izod values). Since Nylon 6 itself tends to lose tensile and flexural strength and

modulus properties upon conditioning, this improves the properties of the cellulose
fiber reinforced Nylon 6 (e.g., with RAY-P, see Table VIII below) even more. This
can be easily noted from analysis of the below values (dry and conditioned) of

injection molded Nylon 6 itself , prepared at the same time as the above samples for

comparative purposes.

- Mechanical Properties of Injection Molded Nylon 6,

- and 30% Composlte of RAY-P and Nylon 6

Table VIII-A: Nylon 6, Dry and Conditioned Values .

“Tensile Tensﬂe “Flexural Flexural Notched Unnotched
Strength Modulus | Strength | Modulus Tzod Izod
(MPa) (GPa) {MPa) (GPa) Impact Impact
_ ™M) (M)
| Dry ] 60.9 2.77_ 66.0 296 17.14 746.63
Conditioned | 56.2 247 1458 1.94 23.80 699.54
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Table VIII-B:30% RAY—P and Nylon 6 Composnte, Dry and Conditioned Values

“Tensile | Tensile Flexural Flexural - | Notched | Unnotched
Strength Modulus Strength Modulus Izod " | Izod
(MPa) 1(GPa) | (MPa) (GPa) . - | Impact Impact
- 1 any | om
Dry 79.0 5.63 842 - 458 12378 - | 283.66
Conditioned | 80.0 - | 5.74 88.1 41.73 12247 291.39

Table VIII-C % Mechamcal Property Improvement by Remforcement
with 30% RAY-P, Dry and Conditioned (Calculated from
Tables VIII-A and VIII-B above) .

Tensile © | Tensile - | Flexural | Flexural . Notched - | Unnotched
Strength Modulus | Strength Modulus Izod Izod
(MPa) (GPa) | (MPa) - (GPa) Impact Impact
N R _ ) (M)
Dry’ 29.7 .' 1032 | 276 547 38.74 -62.0
Conditioned [ 423~ [ 1324 924 1433 56 | -583

(1)  Results relative to Nylon 6 “dry” values: e.g., for tensile strength, 79.0/60.9 x 100

100 = 29.7% increase.

(2) Resultsrelative to Nylon 6 “conditioned” values: e g for tensrle strength 80.0/56.2 x

100 100 42 3% i increase.

With the e:rceptien of notched Izod impact values, mechanical property
 improvements with 30% reinforcement (utilizing RAY-P as a fiber source) increase
"to an even gx'eater'eirtent upon conditioning than that observed in the dry state. From
‘Table VIIIC above, it is noted that the biggest improvement is in flexural strength. In
the dry, “as-made”, state the 30% composite has a value that is 27.6 % greater than -
the “dry” value for Nylon 6 itself. However, upon conditioning'- the flexural strength
“in-service” value i mcreases t0 92.4% above that of its. condltloned Nylon 6
counterpart. The results above 111ustrate the potenﬁal that cellulose ﬁbers have to
. improve the “1n—serv1ce” mechanical propertxes of Nylon 6. '
Examnle 4: Utilization of ngh Purlty Pulps in Long versus Short
| Fiber Form (i.e., in Pelletized versus Granulated Form) |
. This example further illustrates the remforcement beneﬁts of usmg cellulosm
pulp fibers of longer length (ldeally, "as-produced” ﬁbers) via “pellet” form rather
than “granulated” form in which so much fiber length is lost due to contact with the

rotary knife cutter.
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Both Placetate—f‘_ and Sulfatate-H-J were pelletiie_cll.iﬁua manner similar to the
pelletizing of Rayfloc-J in Example 3, except that no Berocell 509 softening agent
was added since the pulps were already quite soft due to their high purity (>95 %
alpha cellulose content). After pelletizing, the Placetate-F was found to have a
Kajanni fiber length measurement (WAFL) of 1.53 mm. Prior to pelletizing, the
Placetate-F fibers had a WAFL of 1.78 mm, so fiber length losses through the
pelletizing process were about 14 %. The losses were about 18% for the Rayfloc-J in
Example 3. With Sulfatate-H-J, after pelletizing the Kajanni fiber length was 0.82
mm as compared with a WAFL of 0.83 mm before pelletizing —a negligible loss
during pelletizing.

~ These Placetate-F and Sulfatate-H-J pellets were individually blended with
Nylon 6 (Ashlene 829L) in a weight ratio of 33:67. The reason for using ~ 33%
blends with the Nylon 6 was to ulﬁmately make direct comparisons with 33% glass
fiber reinforced Nylon 6. Of each total blended amount, 32.84 % is fiber, 0.16 % is
CMC binder, and 67 % is Nylon 6. Each Placetate-F and Sulfatate-H-J blend, and the
composite materials derived from them, are designated below as 33-PLA-P and 33-
SUL-P, respectively. ' | ' S

Each of the resulting blends were processed through the twin screw extruder
using the same conditions where the Zone 1-7 temperatures (°F) ranged from 450°F
for Zone 1 down to 250°F for Zone 7 and the die face temperature was 425°F; The
melt blended cbrhpositgs were then injection molded using similar conditions (470°F,
screw velocity _of 100 rpm, cycle times of 30.2 and 42.5 seconds, respectively, for
33-PLA-P and 33-SUL-P).

The injection molded parts were then evaluated for their mechanical
p;operties; Tﬁe properties on a dry “as-made” basis are given below (Table IX),
where théy are compared directly' with counterpart values for the injection molded
composites méde earlier from Placetate and Sulfatate prepared from “granulated”
fibers, d__esignated below as 30-PLA-G and 30-SUL-G. These "granulated” values are
the same valﬁes, given in Table IVA of Example 1 for samples labeled 30PLA-0-0-N6
and 30SUL-0-0-N6. These parﬁcﬂar composites were prepared using granulated
Placetate and Sulfatate fibers in which Kajanni fiber length values (WAFL) were 0.86
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and 0.53 mm, respectively, as a result of the granulétibn process using a rotary knife

~ cutter. Clearly, these fibers were substantially reduced in length when compared to
those described in this example by pelletizing the fiber (i.., values of 1.53 mm and

0.82 mm, respectively, for Placetate and Sulfatate). Results are also compared in _
Table IX with those for 33 % glass reinforced Nylon 6 (33 -GLA; Ashlene 830L-33G)
and Nylon 6 itself (Ashlene 829L) S

Table IX. Mechanical Property Data on Dry
~ (“as-made”) Injection Molded Composites

PCT/US99/23367

Tensile. | Temsile | Flexural | Flexural | Notched | Unnotched

Sample Strength | Modulus Strength Modulus IZod Imipact | Izod Impact
| (Mpa) (GPa) (MPa) (GPa) M) M
[ 30-PLA-G" | 772 5.12 1074 SIT 232 [ 2395
[33PLAY | 820 (747 |1192 581 [213 | 2651
30SULG’ | 805|521 [131____[338 333 7782
33-SULP | 882 [ 8.71 _ 131.6 693 _ 223 |2786
33-GLA_ | 1148|831 (1504  [8.50 _ 575 15389
Nylon6__| 60.6 2.76 65.1 267 _ 206 | 7462

Fiber source was “granulated” Placetate-F with a WAFL of 0.86.mm. -
Fiber source was “pelletized” Placetate-F with a WAFL of 1.53 mm.
Fiber source was “granulated” Sulfatate-H-J with a WAFL of 0.53 mm.
Fiber source was “pelletized” Sulfatate-H-J with a WAFL of (.82 mm.

The “% Improvement” of 33-PLA-P versus 30-PLA-G is glven below in
Table X-A, and that for 33-SUL-P versus 30—SUL-G is seen in Table X-B
For Placetate-F the use of the longer ﬁbers in pelletlzed form results in

&> W

: unprovements across the board with the unprovement m tensile modulus being rather

substantial. These increases are far greater than those that would be expected simply
as a result of increasing fiber content in the comp051te from 30 to 33%.

With Sulfatate-H-J the use of longer fibers also led to major 1mprovements in
strength and modulus propertles, but none in Izod 1mpact Itis mterestmg to note that
the “tensile modulus” value for 33-SUL-P has nnproved to the extent that it actually

. exceeds 33-GLA in thls property (Table IX).

Table X-A. % Improvement of 33-PLA-P versus 30—PLA—G Composites.

Tensile Tensxle Flexural Flexural Notched Izod Unnotched
Strength "Modulus Strength Modulus Impact Izod Impact
6.2 459 - 11.0 13.7 17.6 10.7
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Table X-B. % Improvement of 33-SUL-P versus 30_—_5UL—G Composites.

[ Tensile Tensile. | Flexural Flexural [ Notched Tzod | Unnotched
Strength Modulus Strength ‘Modulus Impact Izod Impact
9.0 - 67.1 163 28.8 64 0

Table X1 below j)mvides the "% Improvement” in mechanical properties for
each of the composites shown in Table IX relative to Nylon 6. The values given in
Table IX were used to calculate the values shown.

5 Table XI. % .Impfovement_ Over Nylon 6 for 30-PLA—G and 33-PLA-P, 30-SUL-
G and 33-SUL-P, and 33-GLA

. Tensile Tensile Flexural Flexural Notched Unnotched
Sample Strength | Modulus Strength Modulus Izod Impact | Tzod Impact
30-PLA-G 274 85.5 65.0 914 12.6 -67.4
33.PLA-P 353 170.6 " 83.1 117.6 325 -64.5
30-SUL-G - 335 88.8 ~ 737 101.5 15.5 -62.7
33.SUL-P 45.5 215.6 102.2 159.5 8.2 -62.7
33-GLA . 89.4 201.1 - . 131.0 2183 ~179.1 278

In addition to contrasﬁng how well 33-PLA-P and 33-SUL-P perform relative
- 10 33-GLA, these results also clearly show how introducing longer length fibers to the
10 extruder (via pellets) leads to substantially improved composite properties compared
to introducing the fiber in shorter lengths (via “granulated” fibers).
These resuits contrast markedly with prior art teachings which taught that
cellulose flours performed better than cellulose fibers with a fiber length of ~0.8 mm
in Nylon 6. This may have been due to poor dispersion in the extruder which limited
15 the amount of fiber that could be incorporated (20% maximum). Also, the
temperatures usé,d in extrusion may have been excessive leading to fiber
decomposition. The extruder in the prior art was held at 455°F, or 235° C, for 100
seconds and, in some cases, the biends were processed several times. See, Klason et
al. "The Efficiency of Cellulosic Fillers in Common Thermoplastics. Part 1. Filling
20  without Processing Aids or Coupling Agents", Intern. J. Polymeric Mater., Volume

10, pages 159-1 87 (1984). In contrast, according to the present invention, the
residence time in the extruder is typically ~90 seconds.

Table XTI provid'es' the spéciﬁc mechanical property results for the 33%
reinforced Placetate and Sulfatate Nylon 6 composites (prepared using Placetate and
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Sulfatate ﬁbers m pelletized form), 33-PLA-Pand 33-SUL-P. Also included are
_results for the 33 % glass ﬁber remforced Nylon 6 composxte (33-GLA), and Nylon 6

| itself. ‘As referred to above in Example 1, these data reﬂect the mechamcal propertxes

that would result from makmg mj jection molded parts of equal weight rather than
parts of equal volume (these values are arrived at by d1v1dmg the values in Table IX
by the denslty or speclﬂc gravrty of the m_)echon molded ‘composite—those density
values are: 1.223, 1 244 1 371 and 1.134 for 33-PLA-P 33-SUL-P, 33-GLA, and

Nylon 6, respectlvely)

Table XIIL Speclﬁc Mechamcal Property Data on Dry (“as-made”)
o In]ectlon Molded Composltes '

Tensile = . Tenslle Flexural Fle;rural Notched Unnotched
Sample Strength | Modulus - | Strength - | Modulus Izod Impact | Izod Impact
(MPa) - (GPa) (MPa) . (GPa) (IM) 1 (M)

33-PLA-P 67.0 | 611 97.5 4.5 223 —216.8
| 33-SUL-P 709 | 7.00 1058 |~ 557 179 | 2239
33-GLA 837 6.06 109.7 76.20 419 3031
Nylon 6 534 243 574 235 182 658.0

Table XIII ﬁroVides the “% Specific Property Imbrovement”‘for each of the
composites shown i in Table X1I relative to Nylon 6. The values presented in Table

XII were used to calculate the values shown.

Table XIII % Specific Property Improvement Over Nylon 6
.:for 33-PLA-P, 33-SUL-P,. and 33-GLA .

| Tensile .- . | Tensile Flexural . Flexural Notched Unnotched
Sample Strength - | Modulus | 'Strength | Modulus | Izod Impact | Izod Impact

33PLAP | 255 | 1514 | 695 | 1021 | 225 | 671
33-SUL-P 327 188.1 84.3 137.0 -1.6 -66.1
33-GLA__ | 567 | 1494 | 911 | 1638 _ 1302 | 403

These.resul_lt;:i:llustrate how these high purity .ce_llulose ﬁl_aers contrast with

- glass fibers when used asa reinforcing material for Nylon 6to make composites of

equal weight. Surpnsmgly, the speclﬁc tensile modulus values appear equal or
superior to glass. Unhke the composrtes seen in Table IVB of Example 1, the
composites of this example were prepared usmg no compahblhzer or processmg aids,
such as the L-44 tltauate (which s1gn1ﬁcantly_1mproves performance when used—see
Table IVA). .
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When the 33% Pié,cetate, Sulfatate, and glass ﬁber ;Qinforced samples were
conditioned (50% relatlvé humidity-RH, @ 72 °F for 40hours), all the samples lost
strength and modulus pfdperties just as the Nylon 6 expéﬁcnces (Table VIII-A,
Example 3). The dry and conditioned values, and the “% change” that occurs in
mechanical properties, are provided below (Table XIV). The results for Sulfatate and
Placetate contrast with those obtained earlier for Rayfloc (30% RAY-P using Rayfloc
in “pelletized” form) where slight gains were noted as a result of conditioning (Table
VII-B). The only gains observed here are in Izod impact tests. It is interesting to
note that the losses upon conditioning for 33-GLA appear less than for 33-PLA and
33-SUL in tensile strength and modulus properties, but greater in flexural strength
and modulus property losses.

Table XIV. Mechanical Property Values Before and After Conditioning , and
“% Change” for 33-PLA, 33-SUL-P, 33-GLA, and Nylon 6

Tensile Tensile Flexural | Flexural Notched Unnotched
Strength Modulus Strength Modulus Izod Impact | Izod Impact
.| (MPa) (Gpa) (MPa) (GPa) ™) M)
Nylon 6 _ ' ~ -
Dry 60.9 2.77 66.0 2.96 17.1 746.6
Conditioned 56.2 247 458 1.94 238 699.5
‘0, Change” 7.2 -10.8 -30.6 345 38.9 -6.3
[33-PLA-P __
Dry 82.0 747 1192 5.81 273 265.1
Conditioned 69.8 6.23 1032 4.38 275 287.8
% -14.9 -16.6 -134 -16.0 1.1 8.6
Change”
33-SUL-P
Dry 88.2 8.71 131.6 5.38 233 278.6
_ | Conditioned 79.1 7.93 116.7 5.91 248 286.9
% -10.2 9.0 -113 147 10.9 3.0
Change” :
33-GLA
Dry 114.8 831 150.4 8.50 575 ~ 5389
Conditioned 107.0 ~7.64 126.2 6.52 57.6 541.8
“% -6.8 8.1 -16.1 233 0.2 0.5
Change”

Additional studies relating to the Rayﬂoc-J fibers in pelletized form (like

Example 3) preparing Nylon 6 composites at the 33% level of reinforcement
(designated 33-RAY-P below) with subsequent mechanical property testing in dry

and conditioned form have established that similar property trend losses were

observed upon conditioning similar to the losses observed for Placetate and Sulfatate
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(see Table XV below). Accordingly, it appears that the overall improved results
presented above for Rayﬂoc upon condmonmg G.e., for “30% RAY-P” in Table

VIIIB) are questxonable
_ Table XV, . Mechamcal Property Values Before and After Conditioning ,
5 . . and “% Change” for 33-RAY-P _
Tensile . - T_enslle Flexural Flexm_'al Notched Unnotched
Strength = | Modulus | Strength Modulus | Izod Impact | Tzod Impact
. JoMPa) | (GPa) | (MPa) GPa) . o . M)
33-RAY-P _ S '
Dry 713 827 908 | 4.2 287 | 2225
Conditioned T 7.5 820 434 28.1 226.3
% 80 -6.3 9.7 8.1 22 17
) Cha_nge” .

The above descnptlon of the invention is intended to be illustrative
and not 11m1t1ng Vanous changes or modxficatlons m the embodiments
described may occur tq those of ordinary skill of the art. These can be made

10  without departing from the spirit and scope of the inve;ntion;
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CLAIMS: .

1. A composite containing cellulosic pulp fibers dispersed in a matrix, wherein
said matrix comprises a polymeric material and said cellulosic pulp fibers have an
alpha-cellulose purity greater than 80% by weight.

2. The composite of claim 1, wherein said composite comprises less than 50%
by weight cellulosic pulp fibers. |

3. The composite of claim 2, wherein the starting cellulosic fibers are in the form

of loose fibers, granulated fibers, dried crumb pulp, or pelletized fibers.

4. The composite of claim 1, further comprising at least one coupling or
compatibilizing agent.
5. - The composite of claim 4, wherein said coupling or compatibilizing agent is

selected from the group consisting of titanates, zirconates or mixtures thereof.

6. . The composite of claim 4, wherein said coupling or compatibilizing agent is
present in an amount less than 3% by weight.

7. The composite of claim 1, further comprising at least one colorant.

8. The composite of claim 1, wherein said cellulosic pulp fibers have an average
length between 0.1 and 6 mm.

9. The composite of claim 1, wherein said cellulosic pulp fibers have a lignin
content less than 2% by weight.

10.  The composite of claim 1, wherein said cellulosic pulp fibers have an.alpha-
cellulose purity greater than 90% by weight.

11.  The composite of claim 1, wherein said cellulosic pulp fibers have an alpha-
cellulose purity greater than 95% by weight.

12.  The composite of claim 1, wherein said cellulosic pulp fibers have an alpha-
cellulose purity greater than 98% by weight.

13.  The composite of claim 1, wherein said polymeric material comprises a

thermoplastic.

'14. The composite of claim 1, wherein said thermoplastic has a melting point

greater than 180°C. _
15.  The composite of claim 1, wherein said thermoplastic has a melting point
greater than 200°C.
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16.  The composite of claim 1, wherein said thermoplastic has a melting point
greater than 250°C.

17. The com'pbsit_'e of claim 1, wherein said polymeric material comprises a
polymer selected from the group consisting of pdlya"thideé (nylons), PET
(polyethylene terephthalate), PBT (polybutylene terephthalate), PTT
(polyh'imethylene'terephthalate) (e g., Corterra by Sheil), ECM (ethylene-carbon
monoxide) (e.g. Canlon by Shell), SAN (styrene/acrylomtnle) SMA (stylene/maleic
anhydride) or mixtures thereof. | :

18.  The composite of claim 1, wherein said polymeric material comprises a-

thermoplastic having a melting temperature between 180-270°C.

19.  The composite of claim 1, wherein said polymeric material comprises nylon.
20.  The composite of claim 1, wherein said polyﬁleric material comprises a
thermoplastic selected from the group cons1stmg of Nylon 6, Nylon 12, Nylon 66 or

mlxtures thereof.

| 21. The composrte of claim 1, wherein said polymenc material has a density and a
" tensile strength (dry, unconditioned value), and said composite has a density less than

20% different from and a tensile strength 20% greater than that of sald polymeric -

‘material.
22, The composife of claim 1, wherein said polymeric material has a density and a

tensile modilus (dry, unt:onditioned value), and said bomposite has a density less than

20% different from and a tensile modulus 80% greater than that of said polymeric

| material.

23.  The composite of claim 1, wherein said polymeric material has a density and a

“flexual strength (dry, unconditioned value), and said composite has a density less than,

20% different from and a flexual stmngth 45% greater than that of said polymeric
material. '
24.  The composite of claim 1, wherein said polymeric material has a density and a
notched Jzod impact strength (dry, unconditioned value), and said composite has a
density less than 20% different from and a notched.Iiod impact .st'rength less than or
equal to that of said polymeric material. '

- (g
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'25. A composite compnsmg at least 5 wt % fibers dlspersed in a matrix

comprising a polymenc material, wherein said compos1te has a density less than 2%
greater than said polymenc matenal and a tensile strength 3% greater than the tensile
strength of said polymeric material. .- _

26. A composite granule for injection molding composed of fiber-reinforced
thermoplastic material comprising a multiplicity of cellulosic pulp fibers dispersed in
a matrix of thermoplastic material, wherein said cellulosic pulp fibers have an alpha-
cellulose content greater than 80%.

27.  Aninjection molded product of a fiber-reinforced thermoplastic material
comprising a multiplicity of cellulosic pulp fibers dispersed in a matrix of the
thermoplastic material, wherein said cellulosic pulp fibers have an alpha-cellulose
content greater than 80%.

28. A method of making a composite material comprising forming a mixture
including cellulosic pulp fibers and a polymeric material, wherein said cellulosic pulp
fibers have an alpha-cellulose purity greater than 80% by weight.

29.  The method of claim 28, wherein said forming of said mixture comprises
blending said polymeric material with said pulp fibers to form a composite blend.

30.  The method of claim 28, comprising melt blending and extrusion of said -
mixture to form an extruded composite.

31.  Themethod of claim 30, wherein said melt blending and extrusion is m a
twin-screw extruder.

32.  The method of claim 29, wherein said blending is carried out at process
temperatures at or above the melting temperature of the polymeric material.

33.  The method of claim 29, wherein said blending is carried out at process
temperatures at a blending temperature below the melting temperature of the
polynieric material. _

34.  The method of claim 29, wherein said blending is carried out at process
temperatures at least 25°F less than the melting temperature of the polymeric
material.

35. The method of claim 28, wherein said mixture has a moisture content less than
10% by weight.

AR
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36.  Themethod of claim 28, whei'ein Said mixture is substantially free of solvent.
37. = The method of claim 29, wherem sald cellulosic pulp fibers are dried prior to
said blending. N ' S C '

38.  Themethod of claim 29, further co_n_;br_ising the step of comminuting said
composite blend to form comprite granules. |

39.  The method of cla1m 38, further compnsmg the step of injection molding said
composite granules to fonn an inje ected molded product

40. The method of claim 28, wherem said method comprises the steps.of injection
molding said mixture compnsmg sa1d cellulos1c pulp ﬁbers and said polymeric
thermoplastic material. o '

41.  The method of claim 39, whei’ciﬁ' said injection molding processing
temperatures are above the melting temperature of the polymeric material.

42.  Themethod of claim 39, wherein said injection molding processing
'tem'peratures are be’ldv(r"the 'inelﬁng température of the pelymeric material.’

43.  Themethod of claim 39, ‘wherein said injection moldmg processing -
temperatures are at least 25°F less than the meltmg temperature of the polymeric
material. A ' :

44, A method of making a composite material comprising the steps of:.

(a) fonmng a mlxture compnsmg cellulosic pulp fibers and a molten polymenc :
material within an extruder, wherem sald cellulosic fibers are introduced into the
molten polymeric m_a_tenal, and

(b)  melt blending and extruding said mixture to form said composite.

45. Themethod of claim 44, further comprising the step of comminuting said
composite to form compos1te granules :

46. - The method of claim 45, further comprising the step of injection moldmg said
composite granules to form an injection molded product.

47.  The method of claim 44, wherein sa:d cellulosic fibers are in the form of
loose, granulated fibers, dry crumb pulp, or pelletized form. .

48.  The method of claim 44, wherein said cellulosic fibers are pelletized prior to
forming of said mix_ture. .

I

L
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49. The methbd of claim 44, wherein said ce_llulosic' fibers are introduced at a
side-port entry. : : |

50. ° A method of moldmg a composite material coi;ifms'i_ng:the steps of injection
molding a mixture conibrising cellulosic pulp fibers and polymeric thermoplastic |
material, wherein said cellulosic pulp fibers has an alpha-cellulose purity greater than
80% by weight.

51.  The method of claim 50, wherein said injection molding processing
temperatures are above the melting temperature of the polymeric material.

52.  The method of claim 50, wherein said injection molding processing
temperatures are below the melting temperature of the polymeric material.

53.  The method of claim 50, wherein said injection molding processing
temperatures are at least 25°F below the melting temperature of the polymeric

material.

R



