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ABSTRACT

Technol ogy has brought many benefits to the world. Along with these
benefits cone problens, one of which is the disposal of solid waste
materials. For exanple, in the United States in 1988, paper and paperboard
and wood and plastics accounted for nearly 60% of the nunicipal solid waste
stream  Devel oping alternative uses for recovered materials hel ps solve
landfill problenms and creates new materials that bal ance performance
properties and cost. Conposites can be made from conbi nati ons of waste wood
and plastic materials. Wod-plastic conposites research is being conducted
using either nelt-blend or fiber mat technology. Wth nmelt-blend processing,
where the ratio of waste wood to thermoplastic is approxi mately 50:50, the
materials are intimately blended in either a high-intensity mixer or a
twin-screw extruder. The resulting blend can be processed by conventiona
plastic processing equiprment into sheets, films, or nolded parts. The blend
can be augnented by a variety of conpatablizers or coupling agents. Fiber mat
processing involves the mxing of a variety of materials and air laying the
materials into a mat. This mat can then be pressed into a flat panel or
mol ded into shapes. This paper provides a brief overview of the research in
progress at the USDA Forest Service, Forest Products Laboratory, to nake
val ue-added conposites. In addition, research and devel opment needs are
outlined that will maximze the benefits of using recovered waste materials
for conmposite products.

| NTRODUCTI ON

The word waste projects a vision of a material with no value or useful
pur pose. However, technology is evolving that holds promise for using waste
or recycled wood and, in some cases, even plastics to nake an array of
hi gh- per f ormance conposite products that are in thenmselves potentially
recycl abl e.

A conprehensi ve waste managenment program nmust rely on the aggregate
i mpact of several courses of action: waste reduction, recycling,
waste-to-energy schenes, and landfill (Kovacs 1988). The greatest inpact that
is likely toresult fromfurther research is in the area of recycling.
I ncreased use of recycled biobased resources will allow the markets for fiber
conposites to grow without increasing the use of virgin tinber. Therefore
forest products industries will benefit from such research, because
i nexpensive raw materials will be available for producing high-quality
conposi t es.

Wien fibers, resins, and other materials are used as raw materials for

products, such as paper, extensive cleaning and refinenent are required. When
recovered fibers, resins, and other materials are used for the manufacture of
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conposites, extensive preparation is not required and thus greatly reduces the
potential cost of manufacturing.

This paper focuses on wood-based resources that either presently enter or
could enter the recycling stream both comercially and residentially. This
i ncl udes newspaper, packagi ng, wood pallets, other forns of wood-based fiber
products, and all forms of industrial and residential solid-wod and
wood- based conposite waste. The use of resources that coexist wth wood-based
resources is also considered, including a variety of plastics and other
resources that “contam nate” the wood-based resource.

The purpose of this paper is to describe the potential for producing
sel ected conposites from waste wood, paper, and plastics. Discussed first is
the availability of waste materials in the municipal solid waste stream and
the desirability of devel oping ways to recycle these materials into useful
hi gh- perf ormance, value-added conposites. Methods for making sel ected
conposites are then described, and discussion is offered on product properties
and attributes. Finally, research and devel opment needs are outlined that
will maximze the benefits of using recovered waste naterials for conposite
products.

MUNI CI PAL SOLI D WASTE AS SCURCE CF
MATERI AL FOR COWPCSI TES

A consi derabl e amount of data is related to the inventory of the U S
muni ci pal solid waste (MSW stream In 1988, paper and paperboard, wood, and
plastics in the MSW stream accounted for approxinmately 71.8, 6.5, and
14.4 x 10°tons, respectively. These figures account for nearly 60% of
MSW By the year 2000, these figures are expected to increase to 96.1, 8.4,
and 21.1 x 10°tons annually (EPA 1990). In addition to the wood fiber in
the MSW stream |ow grade wood, wood residues, and industry-generated wood
waste in the formof sawdust, planer shavings, and chips are now bei ng burned
or otherw se disposed.

Many problens are associated with the use of waste materials, including
collection, analysis, separation, clean up, uniformty, form and costs.
Assum ng that these problens can be overcome on a cost-effective basis, sone
of the resultant reclainmed materials should be useful ingredients for a range
of val uable conposites.

Source separation and recycling not only extend the life of landfills by
renoving materials fromthe MSWstream but al so nmake available | arge vol unes
of valuable raw m aterials for use by industry in place of virgin resources
Industrial use of such nmaterials reduces both costs for raw naterials and the
energy it takes to make a finished product (New York Legislative Comm ssion
1986). The nmin requirenents are that the recycled ingredients neet the
quality and quantity of the consum ng production operation

THERMOFORMABLE WOCD- PLASTI C COVPOSI TES

Ther nof or mabl e conposites are classified into two general types based on
the nmanufacturing process: nelt-blend and air-laid nonwoven nat fornation
Both processes allow and tolerate differences in conposition and in the
| ignocel lulosic conponent.
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Currently, the primary application of thernofornmed conposites, both
melt-blend and air-laid nonwoven, is for interior door panels and trunk liners
in autompbiles. Additional |arge-volume, |owto-npderate cost applications
are expected in areas such as packaging (trays, cartons), interior building
panel s, and door skins.

For many applications, it is certain that virgin ingredients can be
replaced by some recycled ingredients in nelt-blend and nonwoven nat
formation. For exanple, the thermoplastic polyner nmight be totally or
partially replaced by high-density polyethylene (HDPE) from nmilk bottles,
pol yet hyl ene terephthalate (PET) from beverage bottles, or even nonsegregated
plastic mxtures from MSW Large quantities of a variety of industrial waste
plastics are also available and should be considered. The virgin
l'ignocel | ul osic conponent nmight be replaced by fibers from wastepaper or waste
wood. These substitutions offer potential benefits in reducing both MSW and
the cost of the conposite processes. In some cases, the properties of the
conposite will probably be inproved, for exanple, by substituting wastepaper
fibers for wood flour in the nmelt-blend process.

The following sections are not intended to be a conprehensive review of
recent research on wood fiber-thernoplastic conposites. Described are the
effects of sonme inportant composition and processing variables in the-
conmposite processes, including prelinmnary indications of the effects of
recycled ingredients.

Mel t-Bl end Conposites

The use of lignocellulosic fillers in plastics is widely known and
practi ced. Thernosetting plastics have been filled with wood flour since the
turn of the century. The fillers have served nainly as extenders to the more
expensive plastic resins. Recent devel opnents have increased the interest in
m xi ng wood flour and fibers into thermoplastics as both fillers and
rei nforcements.

A typical conposition for a thernmoplastic nelt-blend conposite is 40 to
60 wei ght percent wood flour or cellulose pulp fiber with a powdered or
pel l etized thernmoplastic, such as pol ypropyl ene or polyethyl ene. In the
melt-blend process, the wood-based fiber or flour is blended with the nelted
thermoplastic matrix by high-intensity shearing or kneading. Currently, the
primary commercial processes enploy tw n-screw extruders or high shear
t hermoki netic-type mxers. The mixture is extruded into sheets or pelletized
for subsequent operations. Limts on the melt viscosity of the mixture
restrict the amount of fiber or flour to about 50 weight percent. Fiber
length is limted by fiber breakage as a result of the high shear forces
during the nelt-blend process.

Publications are beginning to appear on the effect of recycled
ingredients on the behavior of melt-blend |ignocellulosic-polyolefin
conposi t es. Sel ke and col | eagues (1988) showed that conposites from aspen
fiber and once-recycled bl ow ol ding HDPE frommilk bottles possessed
essentially equivalent strength and nodul us properties as did those of
conposites made from virgin HDPE;, however, inpact energy was reduced.
Woodhams and others (1991) found that conposites made from pol ypropyl ene and
pulp fibers or fiberized old newspaper possessed strength and inpact
properties simlar or superior to those of conposites made from wood



Brent English 329

f1our-pol ypropyl ene systens. In prelimnary work at the Forset Product
Laboratory (FPL), we conpared the properties of wood flour-polypropyl ene and
wood flour-HDPE systens with properties of a fiberized old newspaper-HDPE
composite. The differences between wood fl our-pol ypropyl ene and wood
flour-HDPE systems were qualitatively consistent with expectations based on
the lower strength and greater flexibility of HDPE relative to pol ypropyl ene.
Al so, strength was inmproved by substituting fiberized old newspaper for wood
flour.

Properties of Selected Melt-Blend Conposites

Scientists at the FPL believe a great opportunity in thernoformable
wood- pl astic conposites lies in the area of the nelt-blend process. Research
inthis area has focused on process paraneters, coupling agents, and product
properties. Both recycled and virgin materials have been tested.

The primary comrercial product nade by the nmelt-blend process is an
extruded blend of 50% virgin polypropylene (PP) and wood flour (W). Early
testing at FPL (unpublished) and at the University of Toronto (Wodhans, et
al. 1991) showed that certain properties could be increased by substituting
old newspaper fiber or cellulose fiber for the wood flour. Tests were made at
the FPL to determine this effect nore thoroughly, as well as the effect of
coupling agents and the use of recycled HDPE from old mlk jugs.

Materials- - The PP was Fortilene 1602'from Sol vay Polymers, Inc. (Deer

Park, Texas). The HDPE was recycled frommlk bottles. The wood flour was
western pine (-40, +80 nesh) from American Wodfiber Co, (Schofield,

W sconsin). Cel lul ose fiber was Sol ka-Floc BW40 from Janes River Corp.
(Hackensack, New Jersey). The old newsprint (ONP) was hamrermilled to 15-nm
flakes. The coupling agent used was E-43 powder, a maleated PP. obtained from
East man Chem cal Products. , Inc.

Met hods--A 1-L thernokinetic high-shear mxer (K-mixer) was used to blend the
conposites. The fillers were mixed alone for 1 min. The polyners were then
added and mxed for an additional mnute. The HDPE conposites were ejected
fromthe K-mixer at a tenperature of 185°C at 2,800 rpm The PP conposites
were ejected at 200°C at 3,000 rpm  The material was then injection nolded,
and the specinmens were tested according to ASTM standards (ASTM 1984a,b).
Results are shown in Table 1.

Mel t - Bl end Conposite Conclusions-- Melt blending the polymers has a significant
negative effect on inpact strengths. In nost cases, however, the tensile
strength values were inproved. Conpared with the wood flour, both the BW40
fibers and the ONP fibers inproved the tensile strengths of conposites with
either polymer. However, the fibers increased the inpact energy with PP but
decreased the inpact with HDPE. This difference may be due to a better
conpatibility of the E-43 with PP than with HDPE. Consistent with the
properties of the unfilled polyners, the filled PP conposites had greater

1The use of trade or firmnanes anywhere in this publication is for reader
infornmation and does not inply endorsenent by the U S. Departnent of
Agriculture of any product or service.
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Table 1.--Mechanical properties of gelected melt-blend composites using
E-43 as a coupling agent.

Izod Impact Energy Tensile Tests
(ASTM D256-84) (ASTM D638-84)
Polymer Filler Notched Unnotched MOE Strength
(J/m) (J/m) (GPa) (MPa)
PP WF 18.7 72 3.72 34.1
HDPE WF 36.4 81 2.60 27.7
PP BW-40 24.7 114 4.80 48.2
HDPE BW-40 30.7 68 3.78 36.3
PP ONP 20.8 109 4.89 47.1
HDPE ONP 28.6 73 3.79 37.6
Virgin PP 16.0 640 -- 33.1
Virgin HDPE 130.0 -~ -- 29.6

a ,
--, not available.

tensile strength and nodul us val ues and | ower notched inpact energy val ues
than did the filled HDPE conposites.

Nonwoven Mat Conposites

In contrast to the melt-blend process, nonwoven mat conposite technol ogy
i nvol ves room tenperature air mxing of lignocellulosic fibers and fiber
bundles with thernoplastic fibers or granules. The resultant m xture passes
through a needling step that produces a lowdensity nat in which the fibers
are mechanically entangled. The mat is then shaped and densified by a
thernoformng step. Wth this technol ogy, the amount of Iignocellulosic fiber
can be greater than 90 wei ght percent. In addition, the lignocellulosic fiber
can be precoated with a thernosetting resin, for exanple,
phenol - f or mal dehyde. After thernoformng, the product possesses good
tenmperature resistance. Because |longer fibers are required, this product can
achi eve better mechani cal properties than that obtained with the nelt-blend
process. However, high wood fiber contents lead to increased noisture
sensitivity.

Nunerous articles and technical papers have been witten, and several
patents have been issued on both the manufacture and use of nonwoven fiber
webs containing conbinations of textile and cellulosic fibers. This
technology is particularly well-known in the consumer products industry. For
exanpl e, Bither (1980) found that polyolefin pulps can serve as effective
bi nders in nonwoven products.
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Brooks (1990) published a historical review of the devel oprent,
production, and use of air-laid, nonwoven, noldable nmat processes and
products. The first nol dabl e wood product using the wet slurry process was
devel oped by Deutche Fibrit during 1945 to 1946 in Krefeld, Wst Cernany
(Brooks 1990). A nol dable cellul ose conposition containing pine wood resin
was patented by Roberts (1955) as well as a process for producing nol ded
products from this conposition (Roberts 1956). The conposition consisted of a
m xture of comm nuted cellul ose naterial and at |east 10% of a thernoplastic
pi ne wood resin that was derived fromthe solvent refining of crude rosin.
Both of Roberts’ patents were assigned to the \Wyerhaeuser Conpany.

From 1966 to 1968, a series of patents (Caron and G ove 1966a,b,c; Gove
and Caron 1966) were issued and assigned to the Weyerhaeuser Conpany. These
patents cover the use of a wood fiber-thernoplastic resin systemin
conjunction with a thernosetting resin system In the early 1970's, Brooks
devel oped a process that produced a very flexible mat using a thernoplastic
Vinyon fiber in combination with a thernosetting resin system (Brooks 1990).
The mat was fed through an oven to nelt and set the Vinyon fiber without
affecting the setting of the thernmosetting resin conponent. This process was

patented by Doerer and Karpik (1984) and assigned to the Van Dresser
Cor porati on.

Properties of Selected Nonwoven Mat Conposites

The FPL has made and tested a wide variety of nonwoven air-laid conposite
materials. These materials include a wide variety of recycled and virgin wood
fibers, recycled and virgin synthetic fibers, agricultural fibers, phenolic
powders, and plastic granules. Al nost any dry fiber can be air-laid into a
mat that can be subsequently pressed into a panel or molded shape. For the
purpose of this paper, only a brief discussion is given on several selected
materi al s.

A conparison was nade between two wood fibers derived fromvirgin Western
Hem ock (Tsuga heterophylla) and recycled denolition wood. The wood fibers
were bl ended with either recycled or virgin polyester (PET) fibers and a
phenol formal dehyde resin.

Materials and Met hods--Hem ock wood fibers, obtained from Canfor, LTD
(Vancouver, B.C.) were produced from 100% pul p-grade chips, steaned for 2 mn.
at 0.759 MPa steam pressure, disk refined, and flash dried at 160°C in a tube
dryer. This processing sequence produced fibrous strands made of individual
fibers, pieces of fiber, and fiber bundles. In this report, these fibrous
strands are referred to as fibers. The denolition wood fiber, obtained from
Wod Recycling, Incorporated, (Peabody, Massachusetts) was prepared from wood
waste taken from the Boston area. The wood waste was shredded, hanmmermil| ed,
and cl eaned before it was pressurized refined in a manner simlar to the

hem ock.

Two types of PET fibers were obtained fromE. |. DuPont deNemours, Inc.
Wl m ngton Del aware). The virgin fibers were 5.5 denier
(6.1 x 10'kg/m), 38 mmlong, crinped, with a bonding tenperature greater
t ha n 215°C.  The recycled fibers were of a simlar configuration. The
phenolic resin had a solids content of 52% a viscosity of 50 to 100 cps (0.05
to 0.1 Pa-s) at 25°C, and a pH of 9.5 to 10.0.
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The processing began by spraying the phenolic resin onto the wood fibers
at a 10% wei ght basis. The wood and plastic fibers were then m xed by passing
them through a spiked drum transferred through an air streamto a noving
support bed, and subsequently formed into a continuous, |owdensity mat of
intertwined fibers. The mat then went through a needling process where
bar bed- shank needl es pass through the mat thickness, and in so doing, resulted
in an increased interlocking of the fibers. The mats were 330 nmw de and 12
to 18 mlong. The mats were then cut into 330- by 330-nm squares. The squares
were then stacked to get the required panel weight. A nanually controlled,
steam heated press was used to press all panels. They were pressed at 190°C
to a thickness of 3.2 nmand a specific gravity of 1.0.

Panel s were conditioned at 65% relative humdity at 20°C. After
conditioning, the panels were cut into test specinens and tested in
conformance with ASTM (1987) or TAPPI (1989). Results are shown in Table 2.

Table 2. -- Mechanical and physical properties of air-formed conposites from
recycled and virgin materials.”®

Panel composition

80% Hemlock 80% Hemlock 80% Demo 80% Demo American
108 V-PET 108 R-PET 102 V-PET 10% R-PET Hardboard
10% resin 10% resin 10% resin 108 resin Association
‘Property Standard(1982)
Static Bending
MOR (MPa) 50.6 47.1 43.2 47.8 31.0
Static Bending
MOE (GPa) 3.66 4.36 3.23 3.74 --
Tensile Strength
(MPa) 33.0 28.4 28.3 30.0 15.2
Tensile MOE
(GPa) 4.84 5.12 4.26 4.56 --
Impact energy (J) 36.1 28.7 34.2 30.7 --
24-h water soak/
absorption (%) 43.3 41.3 48.2 44,1 35.0
24-h water soak
thickness swell (%) 25.2 22.3 29.8 26.9 25.0
Linear Expansion
Oven dry to
30% RH (%) 0.25 0.21 0.20 0.20 --
65% RH (%) 0.46 0.44 0.43 0.45 --
90% RH (%) 0.65 0.70 0.64 0.71 --
2 Demo is recycled demolition wood; RH is relative humidity; --, not

available.
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Nonwoven Mat Conposite Conclusions-- Air-laid nonwoven mat technology permits
the use of a wide range of lignocellulosic and synthetic fibers. The
l'ignocel | ul osi c conponents can range fromrecycled or virgin wood naterials to
agricultural fibers. The lignocellulosic conponent can be chemically nodified
to inprove the performance of the conposite in adverse conditions, as

appropri ate. Products can be nmade from 100% pl astic fibers, 100%
l'ignocellulosic fibers, or many different conbinations of the two materials.
Thernosetting resins can be either coated on the lignocellulosic fibers or
added in powder formduring web formation. Additionally, granulated plastics
may be added.

RESEARCH AND DEVELOPMENT NEEDS

The USDA Forest Service, by virtue of its role as steward of the Nationa
Forests, its research nmission, and its |ongstanding expertise in wood-based
conposites and recycling research, is actively engaged in a high-priority
research programon alternative uses for recovered naterials fromthe MsSW
stream  The FPL research programis focusing on devel opi ng val ue-added
conposites from waste materials, including wood-plastic fiber conposites
dry-formed wood fiber-based conposites, and conposites fabricated with
inorgani ¢ binders. For each of these program areas, FPL scientists are

L. devel opi ng nmethods for converting recovered fibers into forns
suitable for subsequent processing into alternative end-use
appl i cations,

2. optim zing |laboratory nmethods for making prototype products,

3. devel opi ng a performance database, including determ ning
mechani cal and physical properties of wood-based products and
conducting analytical tests,

4. determining the potential for recycling conposites with mninal
| oss of properties, and
5. studyi ng product applications and economic viability of

alternative end-use applications.

In each of these research areas, econonic and |aboratory studies are
bei ng conducted on an iterative basis as a neans of setting research
priorities and guiding process developnent. The research will focus on the
conponents of successful recycling systens through determining the supply and
avai lability of waste wood fiber, analyzing the econonmic efficiency of
processing concepts, and studying the nmarket potential for products nade from
recovered fiber. Studies will exanmine the effect of new technol ogies on the
environment, such as the projected inpact on the landfill burden and on the
quality of the air, forests, soil, and water. They will also exam ne the
broader economic inpact of these technol ogies on tinber markets and trade.

CONCLUDI NG REMARKS

Recycling is a critical elenment in the |ong-term managenent of renewabl e
resources. Using recycled wood and fiber for wood-based composites presents
tremendous opportunities for growth, progress, and further industry
conpetitiveness in a world that is rapidly consuming m any nonrenewabl e
resources at an ever-increasing rate
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