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A COMPOSHE MATERIAL AND COMPOSITE PRODUCT

Field of the invention

1he present inveniion is directad (o a composite material comprising a
celiuiosic maierial, high impact polystyrene (HIFPS) and styrene maleic
anhydride (SMA). The cellulosic material may be thermally moditied prior to
ceing mcorporated into the composite material. The present invention 18 also
directed 1o a composite product that comprises the composiie material
according to the invention.

Background

Traditionally, fences, decks, doors, windows, cladding and siding are made of
components fashioned from solid wood. These products are oiten consigered
more aesthetically appealing than those made of metal or cement, for
example, metal tences or cement block walls or decks. However, alter a
penod of time, solid wood producis may naturally begin 1o break down from
weather exposure and biological infestations. I is known that this
deterioralion can be tempered by treating the wood with widely avalable
weather resisiant coalings, painis, varnishes, finishes and the like.
Untoriunately, however, treated wood products can ofien deteriorate within a
short pericd of time requinng partial or compilete replacement. Mainienance of
many sold wood materials that are suitable tfor fencing, decking, windows angd
Qoors is costly. in addilion, pecause of natural varations in wood,
replacement of individual components may resuit in an mconsistent, uneven
appearance to ine products.

Many products, technologies and igeas are used {0 make extruded or molded
thermoplastics as an alternative {0 wood in semi-structural outdoor
applicalions such as decking, park watkways, chilgren's playgrounds, seals
and benches. The thermoplastic most widely used is polyelhviene, typically a
recycled product from HDPE, LDPE & LLDPE milk bottles, film etc. Other
thermopiastics widely used include polystyrene, impact modified polystyrene,
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PV and polypropylene. Many systems also use inorganic fillers such as
calcium carbonate, and talc or cellulosic filler, typically wood or other nafural
fibers, compounded into the thermonplasiic 1o enhance properties and make
the compound ook more tike the wooden lumber it replaces. These sysiems
are rapidiy gaining market acceptance, especiatly in decks where they have
advantages of long-term durability and reduced mainienance. They have an
additional advantage because of receni health concerns regarding the
chemicals and preservatives used {o treat wood for ouldoor applications ang
in view ot the scarcity of durabile hardwoods.

Many composites, such as cellulosic/polymer composites are used as
replacements for ali-natural wood, particiepboard, waler board, and other
simiar matenal. For exampie, US 3,808,302, US 4,081,153, US 4,686,251,
US 4,708,623, US 5,002,713, US 5,087,400, US 5,151,238, US 5,417,904;
US 5,848,524, US 6,280,667, US 6,827,995 and US 6,936,200 relate to
Orocesses ior making plastic/celiviose wood replacement progucts.

Solid compaosites of styrene-maleic anhydride and wood-based fillers are
disclosed in US 3,765,834 US 3,894,975 and US 3,958,069, Canadian
Fublished Palent Application No. 2,626,992 A1 and “Propertias of Styrene-
Maleic Anhydride Copolymers Containing Wood-Based Fillers”, Simonsen et
al., Forest Products Journal, Vol. 48, No. 1, pp. 889-92, January, 1998.

As compared 1o natural woods, cellulosic/polymer compaosiies offer superior
resistance 10 wear and tear. in parlicuiar, celiuiosic/polymer compaosites have
enhanced resisiance to moisture. in fact, it is well Known that the retention of
moisiure 1S a primary cause of the warping, sphintering, and discoloration of
natural woods. Moreover, celluiosic/polymer composites have the appearance
of natural wood, and they may be sawn, sanded, shaped, turned, fastened,
and finished in the same manner as natural woods. Celluiosic/polymer
composiies aiso have petler surface wear resistance than solid wood,
egpeciaily in apphcations like floornng and decking where reguiar abrasion
occurs. Consequently, celiulosic/polymer compasites are commonly used for
applications such as interior and exterior decorative house moldings, picture
frames, furniture, porch decks, deck ralings, window moidings, window
components, door components, rooting struciures, bullding siding and
cladding, and other suitable indoor and outdoor components. Furthermore,
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celiuiosic/polymer composites may repiace highly durable and scarce
hardwoods, e.g. ropical hardwoods.

Those skilled in the art have recognized that excessive moisture confent in a
synthetic wood composition may resuli in a poor gualty end product. In
narticuiar, excessive moisiure content in g synthetic wood composifion may
result in an end component that is susceptible 1o swelling, cracking, and
crumbling appearance. Consequently, it may be necessary to dry cellulosic
matenal 10 a predetermined level prior 1o introducing i into the synthetic wood
composilion. Even aiter the celiuiosic material is dried, i has a natural
tendency to reabsorb moisture from the environment. As a resul, it may also
o8 necessary 1o store the dried celiulosic material in a moisture controlied
environment to prevent the celtuiosic matenal rom reabsorbing agdiional
moisture peiore being added {0 the synthetlic wood compaosition. In light of
these considerations, it may be difficult and costly to maintain sufficiently dry
celtulosic material while shipping it between ditterent locations.

Flastic fence componenis have been developed as alternatives or
supplements to traditional, natural wood fences. For example, Us 5,100,108
descrives a meathod of constructing & fence py providing a flexible, plaslic,
roliable fence board thal can be unrolied and fastened o spaced apart fence
nosts. The Hlexible tence board is made with heighf and width dimensions
simuiating a standard wooden board and with a length of 350 feet or more.
Accoraing to this patent, the fence board is formed in a conbinuous extrusion
nrocess of g flexible thermoplastic material.

US 5,404,685 describes a wall or fence made in part of fcamed polystyrene
plastic components, more specifically, plastic columns and paneis.
Construction of a fence in accordance with this patent requires mulliple steps.
For example, wall or fence stability 18 achieved by pouring a reinforcing tiller
material, such as concrete, into g holiow of the polystyrene plastic columns
atter the columns have been secured 1o the ground. A hardened ouler surface
of the fence is achieved by applying an exterior finish, such as sfucco or
special exterior paint, {0 the fence or wall alfer the fence has been
consiructed.

However, the synihetic wood or wood composite products described above,
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typically have disadvantages when their mechanical properties, especially

when strength and sliffness are compared with the wood they replace.

Further, the wood/cellulosic composites described apove are susceptible {0

creep when subjecied to continuous oads and/or high ambient temperatures.

Additionally, these maleriais tend o warp atter iong term exposure (o heat.

Because of these struciural limitations, ihe use of ihe synthelic wood products

described above is olten restricted {o less structural applications. For

axample, in decks they are used for geck boards but typically cannot be used
for the vertical posts and joists that pbear the loads of the whole structure.

10 However, compared to products made of thermoplastic polymers, which
typically have a high coetfiicient of thermal expansion, wood/celiulosic
composites generally have improved thermal stability. Pure thermopiastic
potymers have a high level of thermal expansion. The introduction of
Hgnoceliuiosic fiver (o the polymer reduces the thermal expansion coeificient.

(AN

15
US 8,221,663 describes a method of making toamed articles having a density
of not more than 1.3 g/om?.

Cne problem related to methods for preparing polymer-wood compositions is
20 1o ensure that the congitions are such that ariicies with desired propertias,

such as hermaoplastic weldability, can be achieved. In some embodiments, i

s important to be able to obtain symmetrical articles having fine details and

speciiic profiles and shapes. A further problem relates {0 ensunng that a

sutficiently high proportion of cellulosic fiber can be used, yet resulling in an
25  article with the desired properlies.

Thus, there is a need in the art to provide compaosite materials and composite
product that overcome the above-gescribed probiems, as well as methods of
making such compaostie materials and composite products.

Summary of the invention

it is an obiective of the present invention (o provide a composite material
35 comprising celiulosic fiber having improved properties, such as improved
sirength and stifftness properiies as well as low creep.
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Another object of the present invention is 1o provide a composite proguct
comprising such a compaosite maferial.

These objectives and other advantages are achieved by the present
invention.

The present invention is directed 1o a composite material comprising af least
0% by weight of a cellulosic matenal, at least 1% by weight and less than
20% by welight ot styrene maleic anhydride and from 5% 1o 50% by weight of
a high impact polystyrenea. in one embodiment of the present invention, the
composite material may comprise other fillers such as calcium carbonate and
other inorganic fillers.

The celluylosic material may be thermally modified celluiosic maternial. The
thermal modification is carried out by heal treatment, pretferably at a
temperature between 160-250°C, preferably between 200-230°C at
atmospheric pressure or at a temperature above 120°0C at an elevated
pressure according to methods known in the art.

The composite material comprises at least 20% by weight of celiulosic
material, preferably belween 25-75% by weight and even more preferably
oetween 40-05%, 45-65% or between 50-60% by weight of celiuiosic
material.

in one embodiment, the compaosiie material comprises at least 2% and less
than 20% by weight, such as from 2% 1o 15% by weight or from 2% 10 10%,
5% 10 10% or 2% 10 7% by weight of styrene maleic anhydrnide (SMA).

1he celluiosic malerial may consist of a singie form of celiuiosic malerial or for
example a mixture of different types of fibers. The cellulosic maiernal may for
exampie be provided in the form of wood particies or puip. Examples of pulp
inctude mechanical pulp, semi-mechanical or chemical pulp, such as
thermomechanical pulp, chemithermomechanical pulp or chemical pulp
(manutfaciured in the kratt or suliite process) or dissolving pulp. The wood
particlies may for example be ground wood, wood Hiour or sawdusi. The
celiuiosic maternial may be compacted belfore deing used {0 prepare the
composite material according o the present invention.
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1he celluiosic maiernal may have g particie size below 1 mm, preferably below
0.50 mm and even more preferably below 0.25 mm or below 0.1 mm. i is
oreferred that ihe celiviosic malterial has a small size since 8 more even
gispersion and distribution of the cellulosic matenal in the composite matenal
1S achieved. if the cellulosic material is in the form of cellulosic fibers, the
fibers preferably has a fiber length below 1 mm, preterably below 0.50 mm
and even more preterably below 0.25 mm or dbelow 0.1 mm.

The celiulosic maierial may be in the form of a powder. Thus, the cellulosic
material may comprise celluiosic fibers that have been mechanically freated
{0 produce a powder. The size of the celiulosic matenal is of importance to be
abie to obtamn a composite matenal where the cellulosic matenal 1s evenily
distributed. it has been found that i the cellulosic malterial is in the form of a
powder it 1S easy {0 achieve a good dispersion and mixture with the polymer.

The high impact polysiyrene (HiPS) can be for example a gralt copolymer of
wherein polybutadiene has been added during polymerization (o pecome
chemically bonded 1o the polystyrene and which has subseguently been
mixed with normal polybutadiene. HIPS is commercially avaiiabile, for
exampie under the name Bexirene.

The SMA (styrene maleic anhydride) 1s a synthetic polymer that is built up of
styrene and maleic anhydride mongmaers.

The present invention also relates {0 a process oy producing a composiie
proguct which process comprises the steps of: providing a cellulosic material,
high impact polystyrene (HIPS) and styrene maleic anhydrde (SMA), feeding
said cellulosic material, HIPS and SMA to an exifruder and extruding the
composite proguct.

The temperature used in the extruder is preferably above 180°C.
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Letalied description

The present inveniion relales {0 a composite malerial comprising celiulosic
maierial, high impact polystyrene (HIPS) and styrene maleic anhydride
(SMA). It has surprisingly been found that the composite matenal according o
the present invention provides enhanced strength and stifiness properties.

The process abilily of the composite material according o the present
invention is suitable or nigh strength composite proties 1or appiications such
as windows and doors and heavier infrastructure applicalions where normal
wood-polymer composiies and plastics are not suitable.

The improved strength and stability observed is enhanced by an esterificalion
reaciion between the cellulosic material and matnx components. in one
embodiment of the present invention, the gravimetric density of the composite
material and composite product is higher than 1.0 g/cm?, such as higher than
1.3 g/om®.

Furthermore, by using thermally modilied cellulosic material in the composite,
it has been found that a composite having particularly advantageous strength
properties is achieved.

With thermally moditied celiulosic matenal, i i1s meant that the cellulosic
material has been thermally treated at an increased temperature between
160-250°C al atmospheric pressure or al a temperature above 120°C at an
elevated pressure of above 1 bar. The cellulosic material can be thermally
freated cellulosic fibers of any Kind of celiuiosic wood material. The thermally
moditied cellulosic fibers may be further treated 1o form said thermally
modiiied celluiosic material, €.¢. mechanically trealed and/or chemically
freated. The mechanical treatmeni of the thermally treated celiuiosic fibers
may be done 1o form a powder and one of the advantages with mechanically
treating thermally modified celiuviosic fibers are thal they easily break into very
small particies with unigue shape. Size and shape are Key parameters
influencing numerous composite properties, such as sirength and water
uptake. Because of the very fine particie size and lack of resin compared io
what (s found in normal dried wood the nisk of fiber bungling is greatly
reduced when agding the thermally modified celiuiosic material 1o the polymer
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to form the composite malterial, which in turn ieads 10 more even dispersion
and distribution. Chemical treatment of the thermally treated cellulosic fibers
may be done 1o improve the reactivity of the malernial. it may also be possible
o thermally treat cellulosic tibers that have been mechanically or chemically
freated, e.¢. to thermaily treat celiulosic fiber that have been ground into a
nowder.

1he composite matenal may aiso comprise adaifives that wili enhance the
performance and process paramelers of the composite. Possibie adaitives
may be fubricanis, coupling agents, pigmenis, uv-siabilizers or dlockers
and/or fillers. In one embodiment of the present invention, the composiie
maternal comprises a flame retardant.

The present invention also relates 1o a process for producing a composiie
oroduct which process comprises using an extruder o manufacture the
composiie product. it 18 possibie to use any Kind of extruder.

1he composite maternal according {o the present invention may for example
oe produced in the form of pellets or granules, using a compounding extruder.
Such peliets or granules can be used to manufacture a composite product
comprising the composite malterial. Such composite products can for example
be manufaciured by exirusion, injection moulding, rota moulding, 3D printing
or form pressing. The composite matenal may also be produced in the torm of
a shaped composite progduct, for example by proviging a profile die through
which a shaped composite product is exiruded. Such profiled composite
oroducts may be produced in variety of shapes and for muiliple purposes.

The produced composite product can be used for the production of many
gifferent products, such as clagding, decking, window and door profiles, light
notes, jetlies, joinery, furniture ete. The produced composite products may be
used {or apphcations such as interior and extenor decorative house moldings,
picture frames, furnifure, poreh decks, deck raiings, window moldings,
window componenis, door components, rooiing structures, buillding siding and
cladding, and other suitable indoor and outdoor components. The compaosite
material and composite products according (o the present invention may aiso
be useiul in shoring as well as in marine environments such as submerged
siructures. Furthermore, cellulosic/polymer composites according to the
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oresent nvention may replace highly durable and scarce hargwood, &.g.
fropical hardwood.

Examples

(AN

Abbreviations:

SMA: styrene maleic anhydride {(Xiran from Polyscope)
10 TW: thermally moditied celiulosic material

HIFS: high impact polystyrene

MOE: modulus of elasticity

STD: standard deviation

WP wood-polymer composite
15  Avg: average

COV: coetficient of varniance

Exampie 1

20
In this experiment, the mechanical properties of composiie producis
CoOmprising a composite material according to the present invention were

investigated.

25  Thermally moditied wood {(H W) fibers were used. The fibers were shavings
from pine that had been thermally modified by heating to 212°C for 3 hours
and subseguently ground in a hammer mill and passed through a screen.

1he foliowing formulations where prepared:
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Table 1. Formulations of sampies, % by weight.

Sample Content of SMA content HIPS content
celiulosic
o material | o
Control-pine | Pine50% | 0% _ 1B0% ]
SMAO% TWS50% 0% 50%
 SMA-2.5% TW 50% 2.5%  47.5%
SMA-5.0% TWS50% | 50% 450%
SMA75% |\ TWBH0%  |75% [425%
SMA-100% | TW50%  |10.0% 400%
SMA-12.5% TW 50% 12.5%, 37.5%
SMA-15.0% TW 50% 15.0% 35.0%

The specifications of the piiot extrusion system were as ollows: with the
ioliowing process parameters used in the extruger:

Table 2. Extrusion parameters, Woodtruder eguipment. The cellulosic fipers
were diract fed {o the twin screw and the SMA was added via the single
screw. Lecking board compgosite products were produced.

1The flexural properties (Hexural strength and flexural modulus) were

determined for the

samples:
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Taple 3. Fiexural properties of samples and control/comparative sampies.

-------------------------------------------

-----------------------------------------------------------------------------------------

-------------------------------------------

-------------------------------------------

Sample ~ |Strength  |MOE
Average, YR E Average, a1
___________________________________________ MPa | MPa_ |
 Control-pine | 31.07 1.36 4688 495
SMA-0% 3126 | 7| 5849 170
SMA-25% | 4571 | 326 |6888 |268
SMA-5% 4982 1180 | 6865 237
SMA-7.5% | 50.26 1.80 6431 237
SMA-10% 5029 | 199 |60 328
SMA-125% 4985 | 286 | 5660 | 083
SMA-15%  |49.01 | 214 8531 | 117
 Foamed 04 82 : 3534 :
smAwec* | ol
Commercially 19.99 - 1379 -
available :
WPRCH

W N N N N N N N N N N N N N N ik

" data from decking board sampiles made of NovaChem SMA and pine wood;
wood content 30% and specific gravity was 0.85
7 commercially available product {polypropylens/polyethyiene and 50% by
weight of normal sawdusi); data from technical data sheet of commercially

available WPC

xampie 2

1he dimensional stability of the samples was delermined.

The sampies were first condiioned at room temperature and then immerseo
into water for a tolal of 28 days. The dimensional measurements were
conducted at 24 hours, 7 days, 14 days, 21 days and 28 days ior the watey
absorption and gimensional changes of width, length and thickness.
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Taple 4. Weight gain percentage of the samples soaked in water.

Sampie _____ c4 nours | fdays l4days | 21days 20 days
" Avg |COV |Avg |COV |Avg |COV |Avg \COV  Avg COV.
SMA | 0.085 | 4.47 | 0525|238 |0.822 216 |1.431[354 | 1.222 3.07
o% oo bbb S .
SMA | 0.056 | 33.81 | 0.472 | 25,59 | 0.705 | 18.27 | 0.936 | 15.67 | 0.991 | 10.6
es% || 0l A N T

SMA | 0.049 | 36.39 | 0.381 | 16.89 | 0.613 | 13.91 | 0.817 | 3.35 | 0.884 | 9.62
1S N I (S N N N NN NN N
SMA | 0.044 | 657 | 0336 |3.13 | 0567 |3.28 | 0.793 | 3.05 | 0.847 | 3.01
I3 300 A I NN NN S NN N N R N
SMA | 0.051 | 11.07 | 0.363 | 8.16 | 0.568 | 8.71 | 0799 |6.12 | 0.884 | 7.23
JRLCS S N N N NN N SR NN A S
SMA | 0.055 | 12.77 | 0.363 | 3.47 |0.572 | 268 |0.811 227 |0.886 ] 1.62
vesw | L Ll
SMA [ 0.058 |8.70 |0.355|1.63 | 0603|209 | 0818 1.83 | 0.888 | 1.08
IRECZ N N IR A IR AN U N S R N
Control- | 0.300 | 13.39 | 1.385 | 8.59 | 2.028 | 7.80 | 2.646 | 7.49 | 2.817 | 7.61
nine '

(A
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Table 5. Dimensional change {(thickness swelling), percentage, sampies

soaked in w

ater.

----------------------------------------------------------------------------------------------------------

‘Sample | 24hours | 7days | t4days |
o Avg  |COV |Avg | COV |Avg  COV
SMAO0% | 0510 | 12.420 | 0742 | 15270 |0.888 | 2.080
SMA 2.5% | 0.474 | 19.440 | 0.612 |17.780 | 0.668 | 15610
SMA5% 0523 19750 | 0650 | 13.840 |0.706 | 12110
SMA75% 0531 8470 0617 9440 |0690 9740
SMA10% | 0479 |17.580 | 0.563 | 18.340 | 0.650 | 14.190
| SMA 0420 |18.240 |0.540 | 9.840 | 0612 | 7.820
25% | 0
SMA15% | 0392 |10.300 | 0.532 |8.750 |0.616 8410
Control- | 1.011 | 6460 |1518 | 6550 |1.836 | 6.680
pine b
Sample | 21days || 28days |

 |Avg  |COV [Avg  COV |

SMAO0% | 0955 19.050 | 1041 1686

SMA2.5% 0.685 | 16.800 | 0.769 | 2143

SMA5% 0770 |13.680 | 0.809 | 1313

SMA7.5% |0.748 | 10.750 | 0.750 | 10.63

SMA10% | 0.712 | 12.770 | 0.768 | 13.62

- SMA 0.689 |8.090 |0.730 |7.3%

25% | 0

SMA 15% | 0.680 |9.500 | 0.728 | 7.38

Control- | 2.150 | 8.440 | 2.245 | 8.23

pine |0

it was found that the samples with thermally moditied cellulosic material had
less water absorption (weight gain) and dimensional changes compared {0
the sample made with regular pine.
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The content of SMA significantly aftected the water absorption {weight gain)

and dimensional changes of the sampie.

5  Exampie 3

The coefficient of thermal expansion (CTE) was determined in accordance

with ASTM Standard [ 696 and compared to other conventional plastic and

composite products. The CTk is measured for two directions, lengthwise
10 {(extrusion direction) and widthwise (cross direction {0 the extrusion).

Table 6. Utk values of the sampiles

Sample ~ ecE
-------------------------------------------------------------------------------------------------- Avg  |STD | COV
Controi -pine-iength 2 76 E-05 |516E-06 | 18.71
Controbpine-width | 6.96E-05 | 223E-07 | 032 |
SMAO%dength 486E05 |365E06 | 751
SvAokwan estEws |aoreos |4 |
| SMA-2.5%-length 240 E-05 |213E-06 888 |
SMA-25%width  662E-05 |216E06 |3.26
,__§_3_‘:{?ﬁ__é__@_’f’{g___?g{}_g_jlj}_ ---------------------------------------------- | 251E-05 |261E-06 | 10.42 |
SwASOGwan eesees |7e1Eer |t
' SMA-7.5%-length (230E-05 | 967E-08 042 |
SMATS%widh 665E-05 | 1.32F-06 | 198
SMA-10%length | 229E05 |S74E07 |25 |
"“SM&j—-g%fﬁgﬂ-? ....................................................... B.72E-05 477E-07 | 071
 SMA-12 5%-length (202E-05 | 216E-07 [1.07 |
SunteSewdn oa7E0s [115e06 177
SWACS%dength |2.07E-05  |175E-06 |847 |
| SMA-15%-width 646E-05 |348E08 |539
PVCprofile 50E05 |
- Commercially available WPC** | 2.0 E-05

" the CTE value of the PVC profiles is assumed being lengthwise expansion
uniess the manufacturers mention the expansion direction.
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" the CTE value of a commercially available WP is assumed {o be

ienginwize expansion

it was found that the samples according {0 the present invention showed
coefficient of thermal expansion similar {o commerciglly available WPC and
about 50% of a PV profile which is a major advaniage.

it was found that the CTE for extrusion (lengthwise) direction is much less
than cross (widihwise) direction.

it was found that the samples with thermally modified cellulosic material
showed lower CTE values than with the normal pine.

it was found that the content of SMA contributed 1o lower CTE of the samples.

xampie 4

A study was cammed outf o estimate the teasibility of painting on the surfaces
of composiie producis according o the present invention.

The foliowing samples were prepared (weight-%):

Sample 00000 Description | Note
HIPS-TW-WPC-SMA | HIPS 47.5% with TW | Cut from decking

25% 50%/SMA25% boards

HIPS-TW-WPC-SMA | HIPS 45% with TW 50% | Cut from decking

 5.0% / SMA 5.0%  boards

HIPS-TW-WPC-SMA | HIPS 40% with TW 50% | Cut from decking

10% / SMA 10%  boards

HIPS-TW-WPC-SMA | HIPS 35% with TW 50% | Cut from decking

15% / SMA 15%  boards

SMA: styrene maleic anhydrnde {Xiran from Polyscope)
TW: thermally modified cellulosic matenal {7
HIPS: high impact polystyrene
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() The hibers were shavings from pineg that had been thermally modihied Dy
heating 1o 212°C for 3 hours and subsequently ground in a hammer mill and
nassed through a screen.

5  The painting/coating condiions were as tolows:
Faint brand NuCoat water-based
Paint product name Super anti-heat Signal Black & Bar Red
Surface preparation Scrubbed with Scoteh Brite and wiped down with
10 Zowo-Plast 1120 or used as supplied
Spray raie Spray booth 75° with 1.8 nozzle size
Spray prassure 55 psi
Room conaition Room {emperaiure under RH 39%
Cure temperature 90.5°F with BH 21%
15 Cure time 24 hours

Test method: ASTM D4541, Standard test method for pull-off strength of
coatings using portapie adnesion testers, was used. Tnhe poriaple aghesion
20 tester was a pull-off tesier, Model PosiTest AT-M from Deleisko.

The tollowing resulis were gbtained:

oample E__%_Y%?f%:953:9%;_?E-.%.‘.?fi?ﬁ-%?iie;%? ______________________________________
HIPS-TW-WPC-SMA25% 237psi
HIPS-TW-WPC-SMAS5.0% 32psi
HIPS-TW-WPC-GMA10% 1 J_pt
HIPS-TW-WPC-oMA 18% | s/3p8t

The puli-ott test was conducted on the hard surtaces with and without
treatment (o evaluate the topological properties of the sample surfaces. The
surface treatment was conducted by scrubbing the surface using Scoteh
Brite® sponges and wiped down with Zowo-Plast 1120, a water-

30 based/bicgegradabie cleaning agent for cleaning and preparing prior {0
coaling.
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The following resuits were oblained for ihe treated surfaces:

---------------------------------------------------------------------------------------------------------------

HIPS-TW-WPC-SMA 15%

Sample =~ 0000 |Averagepull-offstess
HIPS-TW-WPC-SMA 2.5% 555 ps
HIPS-TW-WPC-SMA5.0% | 463psi
HIPS-TW-WPC-SMA10% 677 psi

The puli-oft stress of ali samples are very high which represents the painiing-
ability of the composite products according to the present invention. As shown
above, the SMA content and the surface treatment affect the bonding

sirength.

in view of the above delailed description of the present invention, other

modifications and variaions will become apparent to those skilled in the ari.
However, i should be apparent thal such other moditications and vanations
may be effected without departing from the spirit and scope of the invention.
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A composite material comprising at least 209% by weight of a
cellulosic material, at least 1% by weight and less than 20% by
weight of styrene maleic anhydnde and from 5% 1o 50% by
weight of a high impact polystyrene.

1he composite material according to claim 1, wherein the
cellutosic material is a thermally modified cellulose material.

1he composite material according 1o claim 2 wherein the
cellulosic material has been thermally modified by heal treatment
at a temperature between 160-250°C, preterably between 200-
230°C at atmospheric pressure or at a temperature above 120°0
al elevated pressure.

1The composite material aceording to any one of claims 1-3,
wherein the compaosite material from 2% [0 15% by weight of
styrene maleic anhyaride.

1he composite material according 1o ciaim 4, wherein the
composite material from 5% (o 10% by weight of siyrene maleic
anhydride.

The composite material according (o any one of claims 1-5,
comprising 25-75% by weight of a celiuiosic malerial,

The composite malerial according to claim 6, comprising 40-65%
by weight of a celiulosic material.

The composite material according to claim 7, comprising 45-65%
Dy welight of a celiuiosic malerial,

The composite material according to claim 8, comprising 50-60%
oy weight of a celluiosic material.

The composite material according 1o any one of claims 1-9,
comprising 35-50% by weight high impact polysiyrane.
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1.  The composite material according to any one of claims 1-10,
wherein the celiulosic material has a particle size below 1 mm.

S 12.  1The composite material according to any one of claims 1-11,
wherein the cellulosic material is in the form of a powder.

13. A compaosile product comprising a composiie matenal according
(o any one of claims 1-12.

10
4. The composite product according to claim 13, wherein the
composite product is usetul for cladding, decking, window ana
qoor profies, kght poles, jetties, joinery or turniture.
15 15, Process tor producing a composite product which process

comprises the steps of:
a) providing a celiulosic material, high impact polystyrene (HIPS)
and styrene maleic anhydride (SMA);
n) feeding said cellulosic maierial, HIPS and SMA {0 an extruder;
20 and
¢} exiruding the composite product.
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