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ABSTRACT

The | argest conponents of the municipal solid waste stream are paper and
paper products. Paper comes in many grades and from many sources. A
significant portion of wastepaper is readily identifiable and can be easily
sorted and collected for recycling into paper products. Od newspapers,
of fice paper, and old corrugated containers are exanples of these identifiable
paper types. An even greater portion of wastepaper is not easily sorted and
collected: this portion includes packaging, plastic coated paper, and m xed
paper. In addition, nmany forns of wastepaper contain contanminants such as
adhesives, inks, dyes, metal foils, plastics, or ordinary household wastes
These contam nants nmust be separated fromthe wastepaper before the fiber can
be recycled into paper products. This is not the case when recycling into
wood- based conposites. In many uses, wood-based conposites are opaque,
col ored, painted, or overlaid. Consequently, wastepaper for recycling into
conposites does not require extensive cleaning and refinement. Thus,
conposites provide an unusually favorable option for recycling mxed and
contami nated paper and other materials. The USDA Forest Service, Forest
Products Laboratory is currently investigating the uses of these materials in
wood- based conposite products. This paper discusses possibilities for
manuf acturing sel ected conposites from wastepaper and other waste materials.
Met hods for producing the conposites and the resultant product properties and
attributes are described. Research and devel opment needs for maximzing the
benefits of using recovered waste materials for conposite products are

di scussed.



| NTRCDUCTI ON

A conprehensive waste managenment programrelies on the aggregate inpact
of several courses of action: waste reduction, recycling, waste-to-energy
schemes, and landfilling (Kovacs 1988). O these actions, recycling is the
most likely to provide great inpact fromfurther research. Increased use of
recycl ed paper fiber will allow the markets for fiber conposites to grow
Wi thout increasing the use of virgin tinber. Therefore, forest products
industries will benefit from such research because |ess expensive raw
materials will be available for producing high-quality conposites. As part of
this effort, the USDA, Forest Service, Forest Products Laboratory (FPL) has
formed a multidisciplinary team of governnent, university, and industry
specialists to prepare a detailed problemanalysis to focus research on
composites from recycled nmaterials. Some material in this problem analysis
was used in preparing this paper (Rowell et al. 1992).

In the United States, nearly 80 million tons of 6,000 paper and
paperboard products are produced each year. Mre than 70 nillion tons of this
material enters the municipal solid waste stream (MSW. Few paper products
are produced solely fromfiber and water. Mdst products consist of a fiber
matrix to which some mineral or chemical conmpound has been added to enhance
the utility of the product. Wen these paper products enter the recycling
process, the materials that were fornerly property enhancers become
contaminants. \Wether they art adhesives, inks, dyes, nmetal foils, plastics,
or inorganic materials, contamnants need to be separated from the paper fiber
before the fiber can be recycled into other useful paper products. This is

generally not the case when wastepaper is used in wood-based conposites. In



many uses, wood-based conposites of varying types art opaque, colored,
painted, or overlaid. Consequently, recovered paper fibers used in the
production of composites do not require extensive cleaning or refinenent.

This report describes the potential for producing selected conposites
from wast epaper and wastepaper fiber. Using materials that coexist with
wast epaper for composite production is also considered, including a variety of
plastics and other materials that "contam nate" the wastepaper resource. W
first discuss the availability of waste materials fromthe MSW stream and the
desirability of devel oping ways to recycle these materials into useful,
hi gh-perforning, value-added conposites. W then describe methods for
preparing and selecting wastepaper to nmake sel ected conposites and discuss
product properties and attributes. Finally, we outline research and
devel opment needs for maximzing the benefits of using recovered waste

materials for conposite products.

MUNI Cl PAL SOLI D WASTE AS SOURCE OF MATERI ALS FOR CDVPCSI TES

A consi derabl e anmount of data are related to the inventory of the US.
MSW stream (Table 1). in 1990, paper and paperboard, wood, and plastics
accounted for approximately 73.3, 12.3, and 16.2 x 10° tons of the MSW
stream respectively. These figures are expected to increase to 96.1, 18.4,
and 21.1 x 10° tons annually by the year 2000 (EPA 1990). O the nore than
73 nillion tons of paper waste, approxinmtely 16% were ol d newspapers, 20%
were old corrugated containers, and 56% were mxed papers. Magazines were
just under 2% of the total, and other mscellaneous paper made up the

remai ning 6%



Table |--Estimated distribution of materials generated

in nunicipal solid waste (MSW stream in 1990%

Amount in MSW stream

Wi ght

Sour ce (percent) (x10° t)

Paper and paperboard 37.% 73.3
Yard waste 17.9 35.0
Met al s 8.3 16.2
Food waste 6.7 13.2
G ass 6.7 13.2
Pl astics 8.3 16.2
Textiles 2.9 5.6
Wod 6.3 12.3
Rubber - | eat her 2.3 4.6
M scel | aneous i norganics 1.5 2.9
O her 1.6 3.2
(Total) 100.0) (195.7)

aAdapt ed from EPA (1992).

Recycling not only extends the |ife of landfilis by remving naterials
fromthe MSWstream but al so makes available |arge volunes of valuable raw
materials for use by industry in place of virgin resources. Many problens are
associated with the use of waste materials, including problems wth
collection, analysis, separation, clean up, uniformty, form and costs. I f
these probl ems can be overconme on a cost-effective basis, sone resultant
reclaimed nmaterials should be very useful. Industrial use of waste naterials
reduces both costs for raw materials and energy required to make a finished
product (New York Legislative Commission on Solid Waste Managenent 1986).

I ndustry use requires that the recycled ingredients neet the quality and

quantity requirements of the consuning production operation.



Table |--Estimated distribution of materials generated

in nunicipal solid waste (MSW streamin 1990%

Amount in MSW stream

Wi ght

Sour ce (percent) (x10° t)

Paper and paperboard 37.5 73.3
Yard waste 17.9 35.0
Met al s 8.3 16.2
Food waste 6.7 13.2
d ass 6.7 13.2
Pl astics 8.3 16.2
Textiles 2.9 5.6
wood 6.3 12.3
Rubber - | eat her 2.3 4.6
M scel | aneous i norganics 1.5 2.9
O her 1.6 3.2
(Total) (100.0) (195.7)

®Adapt ed from EPA (1992).

Recycling not only extends the life of landfills by renoving materials
fromthe MSW stream but also nmakes available |arge volumes of valuable raw
materials for use by industry in place of virgin resources. Many problens are
associated with the use of waste materials, including problems with
col lection, analysis, separation, clean up, uniformty, form and costs. If
these problens can be overcome on a cost-effective basis, some resultant
reclaimed nmaterials should be very useful. Industrial use of waste materials
reduces both costs for raw materials and energy required to make a finished
product (New York Legislative Commission on Solid Waste Managenent 1986).

I ndustry use requires that the recycled ingredients meet the quality and

quantity requirements of the consuming production operation.



COMPCSI TES FROM WASTEPAPER, WOOD FI BER,

PLASTI CS, AND | NORGANI C MATERI ALS

VWast epaper, wood, plastics, gypsum and other materials can be reclained
fromindustrial and MsWstreans and used for several conposite products: wood
fiber-plastic conposites, air-laid wood-fiber-based conposites, inorganic-
bonded wood conposites, and conposites that conbine wood and paper fibers with
other lignocellulosics like agricultural fibers.

The following sections are not intended to be a conprehensive review of
recent research on alternative paper recycling. Instead, we describe the
effects of some inportant conposition and processing variables in the

conposite processes, nost notably, material preparation.

Mel t - Bl ended Ther nof or mabl e Conposites

A typical composition for a nmelt-blended conmposite is about 40 to 50
wei ght percent wood flour or paper fiber with a powdered or pelletized
t hernopl astic such as pol ypropyl ene or polyethylene. In the melt blending
process, the paper fiber or wood flour is blended with the nelted
t hermopl astic matrix by shearing or kneading. Currently, the primry
comercial processes enploy extruders for nmelting and nmixing. The mixture is
extruded as sheets," pellets, or profiles. Limts on the nelt viscosity of the
m xture restrict the anount of paper fiber or wood flour that can be used.
Recycl ed paper fiber prepared for use in a twin screw extruder is
typical ly mechanically reduced to fibers by hammernilling. Proper feeding of

the paper fiber into the extruder is a key factor to the econonmic potential of



mel t-bl ended paper fiber/plastic conposites (Myers and Oenmons 1993). The | ow
bul k density of paper fiber necessitates the use of special feeders and can
result in somewhat |ower throughput rates than when plastic is used al one.

Pel | etizing paper fiber may inprove feeding. Research needs to be conducted
to determine if pellets can be made of sufficient strength to be handl ed
efficiently, yet weak enough to break up and di sperse during the extrusion
process.

In a technological alternative to extrusion for the production of
mel t - bl ended conposites being used at FPL, a high shear therno kinetic mxer
(K-mxer) is used to nelt blend the paper fiber and plastic. Recycled paper
prepared for use in a K-mixer is typically mechanically reduced to fragments
of 5 to 100 mf by hammernilling or chopping. Because paper fragnents have
a higher bulk density than do paper fibers, feeding problens are sonewhat
reduced when paper fragnents are used. The high shear forces encountered in
K-m xing effectively reduce the paper fragments into individual fibers or
smal | fiber bundles. These high shear forces also tend to break the paper
fibers, to some extent limting their useful |ength.

Publications are beginning to appear on the effect of added recycled
materials on the behavior of melt-blended Iignocellulosic-polyolefin
conposites. Selke et al. (1988) showed that conposites from aspen fiber and
once-recycl ed bl ow nmol ding high-density polyethylene (HDPE) from nmilk bottles
possessed essentially equivalent strength and high-density polyethylene
conposites made from virgin HDPE, however, i mpact energy was reduced with the
former (Yamet al. 1988). Wodhanms and others (1990) found that conposites

made from pol ypropylene and pulp fibers or fiberized old newspaper possessed

strength and inpact properties generally superior to those of conposites made



from wood flour-polypropyl ene systens. In research at the FPL, the properties
O wood flour-polypropyl ene and wood fl our-HDPE systenms were conpared with
properties of a fiberized old newspaper-HDPE conposite. The differences

bet ween wood f 1l our-pol ypropyl ene and wood fl our-HDPE systens were
qualitatively consistent with expectations based on the |ower strength and
greater flexibility of HDPE relative to polypropylene. Al so, strength was

i mproved by substituting fiberized old newspaper for wood flour (Myers et al.
1991).

Al t hough ol d newspapers appear to be the paper fiber of choice for many
mel t-bl ended conposites, other options exist. Mxed office wastepaper should
performas well as old newspapers, as long as coated papers are avoi ded.

d ossy nmgazi nes can be used but nmagazines contain large quantities of
inorganic fillers (Clemens and Myers 1993). \When conpared on a wei ght basis
to other wastepaper, the high filler content of glossy magazine results in
reduced anount of fiber; mechanical properties suffer as a consequence. old
corrugated containers may also be an option for conposite production, but
little research has been conducted on this fiber source in the area of nelt
bl endi ng.

Currently, the primary application of nelt-blended thernoformed conposites
is interior door panels and trunk liners in automobiles. Sonme producers of
plastic lunber are adding wastepaper fiber to their product to increase
stiffness and reduce creep. Additional |arge-volune, |owto-noderate cost
applications are expected in areas such as packaging (trays, cartons,

pal lets), interior building panels, and door skins.



Nonwoven Mat Conposites

In contrast to melt-blended conposites, nonwoven mat technol ogy involves
room tenperature nmixing of lignocellulosic fibers or fiber bundles with other
long fibrous materials (usually synthetic fibers). Nonwoven processes allow
and tolerate a w de range of wastepaper types dependent on application. Wth
this technol ogy, the ambunt of paper fiber can be greater than 90 wei ght
percent. After the fibers are nmixed, they are air laid into a continuous,
| oosely consolidated mat. The mat then passes through a secondary operation
in which the fibers are mechanically entangled or otherw se bonded together.
This lowdensity mat may be a product in itself, or the mat may be shaped and
densified by a thernoformng step. The renainder of the discussion in this

section will be on Iow and high-density products.

Low Density

Lowdensity nonwoven nmats are conposites made using the aforenentioned
nonwoven mat process without significant nodification by post processing.
These mats have a bulk density of 50 to 250 kg/ni. Nonwoven technology is
particularly well known in the consumer products industry, where this
technology is used to nake a variety of absorbent personal care products,
wipes, and other disposable itens. These products use high-quality pulps in
conjunction with additives to increase absorptive properties. Qher
applications, described next, can use dirty wastepaper reduced to fragments by

hamerm [ 1ing, chopping, or shredding.



One interesting application for |owdensity nonwoven mats is for mulch
around newy planted seedlings. The mats provide the benefits of natura
mul ch; in addition, controlled-release fertilizers, repellents, insecticides,
and herbicides can be added to the mats as needed. Research results on the
conmbi nation of mulch and pesticides in agrononic crops have been prom sing
(Crutchfield et al. 1985). The addition of such chenicals can be based on
silvicultural prescriptions to ensure seedling survival and early devel oprent
on planting sites where severe nutritional deficiencies, animl danage, insect
attack, and weed problems are anticipated. The Forest Service is conducting
prelimnary research on using wastepaper fiber and other |owdensity mats to
improve the survival rate of loblolly pine seedlings in southern Louisiana.

Lowdensity nonwoven mats can al so be used to replace dirt or sod for
grass seeding around new hone sites or along highway enbanknents. The grass
seed can be incorporated directly into the nat. These mats pronobte seed
gernmination and noisture retention. Lowdensity mats can also be used for
filters. The density of the mats can be varied, depending on the materia
being filtered and on the volune of material that passes through the mat per
unit time. The FPL is conducting prelininary work on devel opi ng nonwoven mats
for filters. Al these applications for |owdensity nonwoven mats provide

excellent and attractive outlets for recycled paper fiber

Hi gh-Density

H gh-density fiber mats are conposites made using the aforenmentioned

nonwoven nat process, but these conposites are post forned into rigid shapes

by heat and pressure. To ensure good bonding, the paper fiber can be



precoated with a thermal setting resin (for exanple, phenol-fornal dehyde), or
the paper fiber can be blended with synthetic fibers, thermal plastic

granules, or any conbination of these. Plastic-coated paper is an especially
interesting material to work with, because the plastic coating can serve as a
binder. H gh-density fiber mats typically have a specific gravity of 0.60 to
1.40. After thernoforning, the products possess good tenperature resistance.
Because | onger fibers are used, nonwoven products can achieve better

mechani cal properties than those obtained with the nmelt bl ending process.
However, high paper fiber content |eads to increased noisture

sensitivity.

Li ke | owdensity nonwoven conposites, high-density nonwoven conposites
allow and tolerate a wide variety of wastepaper types and fornms. Dependi ng on
application, the paper may be reduced through hanrernmilling, chopping,
shredding, or pulping. GCenerally, the wastepaper for high-density conposites
needs no deinking or other significant cleaning, but like other conposite
processes, Wwhen surface area of the wastepaper is increased through size
reduction, adhesive and binder considerations change.

Researchers at FPL use nonwoven techniques to produce a nmultitude of
hi gh-density conposite products using wastepaper and other materials,

i ncluding waste wood, agricultural fibers, and plastics. These conposite
products may be flat sheets or nolded shapes. As flat sheets, these materiais
can be used as sheathing, underlaynent, or paneling substrates. However, to
fully exploit the benefits of nonwoven technol ogy, the mats should be nol ded
into shapes. These shapes include autonotive interior substrates, packaging,

and engi neered buil ding system conponents.
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Paper - Fi ber - Based Conposites

For the purpose of this paper, paper-fiber-based composites are defined as
conmposite materials consisting nostly of recycled paper fiber. These
conposites can be wet laid or air laid. The main difference between
paper - fi ber-based conposites and nonwoven conposites is fiber |ength.
CGeneral Iy, nonwovens use and require much | onger synthetic fibers (1 to 20 cm
and | arger paper fiber or wood fiber bundles conpared with paper-fiber-based

conposites, which require individual fibers or small fiber bundles.

Wet - Lai d Paper Fiber Conposites

Commerci al paper-fiber-based conposites are made in a process not
dissinmlar to paper making. In this process, wastepaper is first hydropul ped
to produce a paper fiber slurry. The slurry is used to distribute and
randoni ze the recycled paper fibers into thick mats. The fibers are
interfelted in a reconstitution process and are characterized by hydrogen
bonds produced by the interfelting. Like conventional wastepaper recycling,
the process discussed here generates sludge and effluents that must be treated
or disposed of.

Wet-laid conposites are frequently classified as fibrous-felted board
products. At certain densities under controlled conditions of hot pressing,
rebonding of the lignin effects another bond in the resultant panel product.

Bi nding agents and other materials may be added during nmanufacture to increase
strength or resistance to fire, moisture, or decay. These materials include

rosin, alum asphalt, paraffin, synthetic and natural resins, preservative and
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fire-resistant chenmicals, and drying oils. Wax sizing is commonly added to
i nprove water resistance.

There are great opportunities to produce fiber-based conposites of varying
densities from recycled paper fibers. One famly of products, called
Homasote, was first-produced in 1916 and is nade from ol d newspapers and ot her
groundwood paper (Post 1990). O her fiberboard-type products now on the
market also use all or partly recycled wod fiber as the raw material base
stock. These products include insulating acoustical board; carpet board,;
wal |, ceiling, and floor acoustical insulation panels; nail baseboard; and
floor and roof insulation boards. W anticipate that many other uses for
paper-fiber-based products will be devel oped as collection, separation, and

cl ean-up processes are further refined and devel oped.

Wet - Lai d Paper Fiber/Pol yethyl ene Conposites

Research is ongoing at FPL to determine the feasibility of using a wet
| aying nethod for producing paper fiber/polyethylene conposites. The
advantages of the wet laying process when conpared to either the nelt blending
method and the air-laid process are (1) wet laying maintains the Iength of the
i ndi vidual wood fibers (melt blending shortens the fibers) and (2) wet |aying
shoul d result in good interfiber hydrogen bonding, a phenomena that occurs
primarily in paper and paperboard manufacture but to a very little extent in
dry processes.

Wet-laid mats of various blends of nondeinked recycled paper pulp and
granul ated pol yethylene are formed on a screen. The mats are typically about

25 mm thick and have good dispersion. Several additives, including a
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debondi ng agent and a nonionic polymeric surfactant, are being tested for
their ability to conpatabilize the cellul ose/polyethylene system  These

addi tives have been noted to have an inmediate effect as surfactants,
resulting in reduced foanming and increased dispersion during the mxing
process. Research continues on this study. Various ratios of paper fiber to

pol yet hyl ene are being exam ned, as is varying the anount of additives.

Air-Laid Paper Fiber Conposites

Air-laid conposites differ fromwet-laid conposites in that air is used to
distribute and randonize the fibers rather than water. As such, little or no
hydrogen bondi ng takes place and other neans are necessary to bind the fibers
t oget her. Fi ber bonding is usually acconplished with a thermal setting
resin. One FPL research project recently conpleted in this area was the
investigation of air-laid, dry-process hardboards made using old newspapers
(Krzysik et al. 1992). In preparation for the study, old newspapers were
hammerm |l ed using a 25-mm screen. The paper fragnents were then hydropul ped
and nmechanically dewatered. These processes left the paper fiber in a tightly
conpacted wet mass. To ensure even drying, the fibers were opened up using
the hammermi || again, this time with a 6-nm screen. After drying the fibers
were ready for the rest of the study.

Dry-process hardboards are generally made from softwood fiber and a
thermal setting resin. Krzysik et al. (1992) thought these hardboards
represented a favorable option for recycling ol d newspaper fibers. The
objective of the research was to deternmine the effects of various wood fiber

to old newspaper ratios (100:0, 50:50, and 0:100) on the mechanical and
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physi cal properties of hardboards made fromthese fibers. Resin was applied
at the 3% and 7%l evels. Boards made with either 100% ol d newspapers or 100%
wood fiber processed easily. However, the 50:50 boards were nuch nore
difficult to process. Differences in bulk density (old newspaper was nuch
lighter) made blending the materials difficult. In the final nethod, resin
was applied separately to the old newspapers and wood fiber. The two
materials were then blended together in a tunmbler and ran through a single

di sc atnospheric refiner with a wide gap setting to break up clunps and

di sperse resin.

Boards were tested for static bending, tensile strength, dimensiona
stability, and water resistance. As expected, increasing the resin |eve
general ly inproved all neasured properties. Increasing the anount of old
newspapers caused a corresponding deterioration in both mechanical and
physical properties. Even with the reduction of properties caused by the
addition of old newspapers, hardboards nade froma 50:50 ratio containing 7%
resin equalled or exceeded all American National Standard Institute-Anerican
Har dboard Associ ation standards. Based on Krzysik et al. (1992), it is
apparent that at least part of the nornmal hardboard furnish could be
suppl enented with ol d newspapers

Anot her FPL research project was pronpted by a recent |andmark conference
on paper recycling (Focus '95 1991) in Atlanta, GA where three types of paper
were identified as the hardest to reuse for paper products. These were
unsorted nixed office paper, colored paper (the type used for newspaper ads),
and magazine paper. This very prelininary FPL research (Rowell and Harrison
1992) explored the properties of fiberboards made from the nentioned

wast epapers.  For the study, the various wastepapers were hamrernilled into
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smal | fragnments and a thermal setting resin was applied. The resulting blend
was pressed into fiberboard panels for testing. The results of this research
showed no significant differences between boards made at equival ent |evels of
adhesive.  Although no conparisons were nmade to existing products, the study

did show that interesting and attractive conposites could be nade using

wast epapers identified as hardest to reuse.

Structural Paper Products

Researchers at the FPL have devel oped a structural fiber concept called
FPL Spaceboard (Setterholm 1985). In the process of making Spaceboard,
various wastepapers such as ol d newspapers, old corrugated containers, or
m xed office waste are prepared by conventional paper pul ping neans. The
paper fiber is not usually deinked.

The production of Spaceboard is generally a wet formng process not
dissimlar to paper making. To nmake the three-dimensional structural board
wood or paper fibers are suspended in a wet slurry, water is renmoved via
vacuum and the fibers are press dried against rubber nolds with wafflelike
configurations to produce two symetrical halves. An adhesive is then used to
bond the two hal ves, creating nunerous small shaped cells in the center of the
boar d.

Wth this technique, Spaceboard can be nmade as a laninate or a sandwi ch;
it can be thin enough for strong |ight-weight corrugated containers or thick
enough for wall sections. The result is a fiber conposite structural materia

that is strong in every direction.
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Laboratory tests showed that Spaceboard is between 30 and 200 percent
stronger than; conventional corrugated fiberboard. This strength is due to the
special configuration of the core and the superior strength inparted by the
press dry nethod that nolds the core and facing together.

Wth further refinement, Spaceboard can provide the wet strength and
di mensi onal stability necessary to build highly engineered structures, as well
as significantly inproved fiberboard containers. The superior performnce
paranmeters of Spaceboard are inproved strength and weight characteristics of
press-dried fiber facings, unequaled versatility in mechanical design
variables, sheet size, cell size, sandwi ch thickness, core density, and
adaptability to a wide range of raw materials.

Spaceboard is a concept in structural fiber construction and, as such, its
full potential for application and its economic payoff are just now being
determ ned. Spaceboard is currently licensed for packaging and structura
applications. Spaceboard is an excellent outlet for recycled paper fiber, and
as for other composites mentioned in this paper, the paper fiber requires

little or no cleaning and deinking.

I nor gani c- Bonded Wod Conposites

Wbod particles or paper fibers held together with an inorganic matrix,
such as portland cenent or gypsum forma conposite that can be used in a
variety of structural and industrial applications (Mslenm 1990). These
conposites have a uni que advantage conpared with sone conventional building
materi al s because they conbine the characteristics of both the wood fiber and

mneral matrix. Some of these conposites are water resistant and can
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wi thstand the rigors of outdoor applications, and alnost all are either
fireproof or highly fire-resistant and are very resistant to attack by decay
fungi.

A unique feature of inorganic-bonded conposites is that they are adaptable
to either end of the cost and technol ogy spectra for building materials. In
the Philippines, cement board is fabricated using nostly manual |abor and is
used in |ow cost housing. In Japan, cenent board fabrication is autonmated
and cenent board is used in very expensive modul ar housi ng.

I nor gani c-bonded wood conposites, which provide another najor recycling
opportunity for wastepaper and wastepaper fiber, are made by bl ending
proportionate anounts of the wastes with inorganic materials. The nost
apparent and widely used inorganic material is cement. Portland cement, when
conbined with water, imediately begins to react in a process called hydration
to eventually solidify into a solid stone-like mass. The second nost used
i norgani c binder is gypsum The gypsum can be nmined from natural supplies or

derived fromflue gas. Gypsumis commonly used in the manufacture of drywall.

Cenent Board

Generally , cenment board is a 50/50 mixture of cement and wood or ot her
l'ignocellulosic fiber. Cement board is suprisingly |ightweight, is easy to
nail and saw, and has excellent insulation properties. In addition, cement
board is very resistant to noisture, rot, and insect and vermn attack

Cenent board shoul d be of great interest to individuals in the wastepaper
pul ping industry. One large solid waste material problemfor that industry is

sludge.  Sludge consists of short paper fibers, fiber fragments, inorganic
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fillers, inks, water, and other waste materials. Cenerally, this sludge is
either landfilled, used as a one-tinme soil conditioner, or burned. Burning
may not be the best option because of the high noisture content and |ow fue
value of sludge. Scientists at the FPL believe that sludge can be used in

cement board and that the high nmoisture content will be advantageous.

The sludge could be utilized in two ways. The first is to make a
conventional cenent-bonded conposite and substitute a portion of the
l'ignocel lulosic content with sludge. A second strategy involves the
production of a three layer board. The center layer would be a lowdensity
conposite with quite large wood el ements. The outer layers, or faces, would
be high-density mixtures of sludge and cenment that would be snooth and ready
to take paint or other finishes.

Sone advantages of using sludge in cenent board are paper mills could find
an outlet for their sludge, the landfilling or burning of sludge could be
elimnated, and making cenment board from sludge and other recycled wood
products coul d extend the forest resource.

Al'though interest in this technology is grow ng in Europe, the
Phi l'i ppi nes, and Japan, the United States is just starting to utilize the
excel l ent properties of cenment board. Several conpanies have started to
manuf acture roof shingles, shakes, and slates made from cement and paper

fiber. Some conposite slates have 60-year warranties (Loken and others 1991).

18



Gypsum Bonded Conposites

Anot her inorganic material that can be used to make conposites is gypsum
Gypsum can either be derived by mning fromnatural sources or can be obtained
as flue gas gypsum Flue gas gypsum now being produced in very |arge
quantities because of Clean Air Act regulations, is the result of introducing
lime into the conbustion process to reduce sul phur dioxide emnissions. By
1995, nore than 100 power plants throughout the United States will be
producing gypsum  Flue gas gypsum can replace mned gypsum

Gypsum bonded wood and paper fiber panels can replace standard gypsum
wal | board. A d newspapers are reduced to fibers by hammerm | ling and are
mxed into the slurry that forns the panel. The fibers make up 15 to 30
wei ght percent of the finished panel. The gypsum paper fiber panels have
strong nail- and screwholding properties, good noisture and fire resistance,
and inproved inmpact, nmold, and nildew resistance (Donnell 1990). Q her
reported advantages of these panels include inproved anti-sag properties (for
ceiling boards), better sound insulation, and easy installation (joints do not
require taping). Gypsum boards with wastepaper content are now being marketed
by Louisiana Pacific, H ghland American Corporation, and Schenck Industries
(Loken et al. 1991).

The conbination of paper fibers with inorganic binders provides a unique
opportunity to utiltize wastepaper fiber. Research has clearly indicated that

i norgani c-bonded conposites can meet structural and industrial needs.
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RESEARCH AND DEVELOPMENT NEEDS

The USDA Forest Service, by virtue of its role as steward of the Nationa
Forests and its research nmission coupled with its expertise in wood-based
conposites and recycling research at the FPL, is actively engaged in a
high-priority research program on alternative uses for recovered materials
fromthe vsw stream  The FPL recycling research programis focusing on
devel opi ng val ue-added conposites from waste materials, including wood and
paper fiber/plastic conposites, air-laid wod- and paper-fiber-based
conposites, and conposites fabricated with inorganic binders. For each
program area, the FPL is

(1) devel oping nmethods for converting recovered fibers into forns

suitable for subsequent processing into alternative end-use
appl i cations,

(2) optimzing |aboratory nmethods for making prototype products,

(3) devel oping a performance data base, including determ ning nechanica

and physical properties of wood-based products and conducting
anal ytical tests,

(4 determning the potential for recycling conposites with mnimal |oss

of properties, and

(5) studying product applications and econonic viability of alternative

end-use applications.

In each research area, economic and |aboratory studies are being conducted
on a continual basis to set research priorities and guide process
devel opment.  The research will focus on the conponents of successfu

recycling systems through determining the supply and availability of waste
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wood and paper fiber, analyzing the economc efficiency of processing
concepts, and studying the market potential for products made 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, roil, and water. Studies will also exanine the

broader economic inpact of these technologies on tinber markets and trade.

CONCLUDI NG REMARKS

Recycling is a critical element in the |ong-term nanagenent of renewable
resour ces. Recycling paper fiber into conposite products enhances resource
conservati on. The USDA Forest Service, Forest Products Laboratory, is
uni quel y capable of a wide range of conposites research. This research is
transferable to industry through technol ogy transfer activities. The
industrial sector has the technical know edge and equi pnent to separate and
process solid waste and to nake useful, economically viable products from
waste materials. Partnerships in recycling research will benefit resource

conservation and pronote economc activity.
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