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WO 2007/ 027877 PCT/ US2006/ 034007 1 METHOD AND
APPARATUS FOR PELLETI ZI NG Bl OVATERI AL COVPCSI TES
FI ELD OF THE I NVENTION 5 The present invention
relates to a nethod and apparatu

‘V%?&ﬁ@g#%% underwat er pelletizing and subsegﬁngmmmnﬂm7
accel erated drying of polyner biomaterial conposites
.and foanmed pol ynmer biomaterial conposites to produce
pellets with significantly reduced noisture 10
content. More specifically,, the present invention
relates to a nethod and apparatus for underwater

PMETHOD AND ARPABATHBEOR SELETZING| BIOMATERNALGRMPOSITES

pol ypropyl ene, substituted pol yolef ins, such as
‘pol yvinyl chloride and pol ystyrene, polyesters,
pol yam des, 15 pol yuret hanes, pol ycarbonates or

_Eﬁhauﬁﬁﬁﬂﬁidmmﬁﬂiﬁzﬂegoing, mhich contain a solid or

sem -.solid biomater
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process descri bed herein produces pellets and
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pelletizing polyolefins, such ag polyethylene and
polypropylene, substitutedjpoiyblefins, such as polyvinyl
chloxride .and polystyrene,. polyesters, polyamides,
polyurethanes, polycarbonates or &opolymers of the

foregoing, which contain a solid or semi-solid
biomaterial component, such as polysaccharides, including
cellulosics and starches, or proteinaceous material,
including poly?éptides, inclqding éxpandable composites,
with subsequent accelerated drying of thoge pellets and
granules, expandablé or otherwige, in a manner such that
the moisture content of those pellets or granules is
significantly reduced. The pelletization and drying
process described herein produces pellets and granules
having a desired level of moisture approaching one per

cent {(1%) or less.



BACKGROUND OF THE | NVENTI ON The wood products
industry has had extensive focus on conposites of

"pol yners and wood products for many years. As high
qual ity resources for decorative trimapnd,5 exposed -
wood surfaces'.have di m nished over the years t here
has been considerable effort to find econom ca
alternatives Mich of that interest has involved

| ene, pol ypropyl ene, and pol yvi nyl

ﬁ%%@?% The latter of these has al so bégﬁ%%%hgﬁﬂm7
|nvest|gated extensively for use as a foaned
conposite wth wood flour and various inorganic
fillers. More recent considerations have extended the
areas of interest to conskruction materials such as
decking, to recycle interests for the paper and wood
pEACRGRMLSt DY, TS ankENTgowast e byproducts from

ferment ati on processes., The nt i NUOUS _Upsur, ge 3
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with wood flour and various inorganic fillers.

More recent considerations have extended the areas
of interest to construction materials such as décking, to
regycle interests for the paper and wood pulp industry,
and to waste byproducts from ferméntation processes. ‘The
continuous- upsurge of petroleum p‘i:'ices has led to
additional considerations for sources of recyclable
plastics as well. Further interest;s have developed in
landscaping applicai:ions’, automobile components, and for
pet odor control applications.

A major concern is the control of moisture leading '
to the final product. High moisture content leads to
potential loss of structural integrity in the finished
product due to stress cracking and bubble formation. The
surface finish may alsc be comwpromised by uncontrolied
moisture levels. Also of concern ig the temperature

constraints imposed by the use of cellulosics which are
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3 particularly prone to charring with el evation of
the processing tenperature. This concern has limted
the choice of plastic materials fromwhich the
conposites can. be made. 5 Drying of the biomaterials
is time-consunming and economically expensive. This
is further conplicated by the |ikelihood of npisture
upt ake by the bi o-conponents of the conposite on
storage necessitating costly humdity control or
WReT07stper meabl e packagi ng. Processi ng whi€HUS2ep6/034007
| eads to uptake of environnmental humdity or invol ves
di rect exposure to water, therefore,. has not been
attractive to the industry. Production throughput
suffers fromrate constraiqnnts by the need to reduce
the water content before and/or 15 during the

fih LAt dng, 3;519&&8 Sto TenaMeirly WAL eSBaFat iSOl gerand
al l eviate undesirabl e noisture-uptake, many |
iDvOgsErinG HeNRETETSEL ed ThESc GRBESTE PR himAEP@nthe

fal L , . . ¢ L on
A T e e e e e L
tdeegedeoncerns that this invention has taken focus
to provide a techni Qrm t.he : :
i el Ronpasi BLOT PRI R e g BBheuing, aad
opinbgi edllhexpenpbnent sTiard iso fextded temrideessingy

(e 5B b o RET=Rith Ssih: Py the, P17 dhenshre,,
[HOERS HdiPos@fe B dtbeaye Thtesplanasy covolyetmadity

cont i nuous roducti on sequence of extrusion, .
ﬁ'é’lnltgf’?—f&f paper-impermeable packaging. Processing which

leads to uptake of environmental huﬁidity or involves
direct exposure  to water, therefore, has not been
attractive to the industry.

Production throughput suffers from rate constraints
by the need to reduce the water content before and/or

during the formulating process. To avoid unnecessary

- storage and alleviate undesirable moisture-uptake, many

industries bhave resorted to composite formulation
followed immedizately by extrusion ‘or other production
techniques to form the fimal product,. '

It is with these concerns that this invention has
taken focus to provide a technique to form the polymer
biomaterial composite without unnecessgary preliminary
drying of the components and to expedite processing to
prepare intermediate pellets .suitably dry for later
processing, tfansportation, or multiple-step processing
as required. This process involves a continuous

production saguence of extrusion, pelletization
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WO 2007/ 027877 PCT/ US2006/ 034007 4 underwater, and

accel erated drying to acconplish the
noi sture content conposite.
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As used in this application, the term"pellets" is
intended to describe the product forned in an
underwater pelletizer in its broadest sense and
“includes granul es and any ot her shaped and sized
particles formed in an underwater pelletizer. The
present invention is directed to a pelletizing .
nmet hod and apparatus that p#foduces .polymeric pell et
conposites with mninmal underwater residence tine
IMARF FHEY g AOEyfficient heat to

S UMV 4 d
SeAd 2l lll 131 8, {018 AL KL RGLD! AEESEadUplh LbHRE Oy
provi de suffrcrentty I'ow noisture |evels approaching

onnteericdent dd9dride kbs spragurhoferiede inegui r enent
for an additi |, .heating,.st t 0 ric
peﬁ%?wggﬁf)o%‘? estlﬁre‘fco%ntgjbtsa F?l%%talsggsgo%}e{ggi ng. In
onEASEest grarherss issdpany idedrashmidtodnflosipedcessi ng

pol ymer . biomaterial conposites int ellets

P RATHAGS LS 8P SR TRUCRPTLARAGS Tl &
pol ymeryhi oRBl At alnve@fPaside at heatgh ta di felDbilzAng
into an underwater pelletizer, cutting the conposite

steEhes apdtapnrelataEs that REdvpes IRivaeric pellet

t ‘fﬁ@BQEEéQ 9,531 GiGAmReShi® rwel otk slseomesaife such
pe trzer as a water and pellet slurry and drying

s dilghtc bhpp steteipe shdifd cletinheet ek Asd frfnihdnts dilg
step. pf_transport,i sal ' ell.et s Lnecludes
R R e T L g
angbipell-et 1atalis arparoaahbey @i demategrt t{d%Aspl rldse
frqn1saidF@§ILeta and ga%d peIISéE 10 _4f t%LEn e

| MPSPREE HRS ST 8 G HE e~ Hoi*St 878 Upt aKe "By 357 P
peidreife paNifhdAexeadit eodnpaspes tpmind dby kAl ofonal
said pellets, Previous disclosures have denonstrated.
t REOCEFFERY1 veness of pelletization and cooling to

o%alorpe aspect, there is provided a method for processing polymer
biomaterial composites into pellets inclﬁding the steps of
extruding strands of a polymer biomaterial composite through a die
plate into an underwater pelletizer, cutting the compdsite strands
inte pellets in said pelletizer, transporting said compogite
pellets from said pelletizer as a water and pellet slurry and
“drying said conq:iosit’e pellets, characterized _:i.n.' that .said step
of trarsporting said compomite pellets includes .injectingda high
velocity, inert gas into said water and pellet slurry bBo causs
said water to aspiwate from said pellets and wzaid pellets to
_réta.in internal heat, to reduce moisture uptake by said pellets,
and to expedite tramsport and drying of said pellets.
Previous disclosures have demonstrated the
effectiveness of pelletization and cooling to obtain
suitably dry pellets but typically have avoided
‘exposure to moilsture, especially to direct immersion in
water, anticipating significant and undesirable uptake
of the water by the biomaterlals. In accordance with

the present invention, it has been discovared that



suitably dry pellets but typically have avoi ded
exposure to noisture, especially to direct imrersion
in water, anticipating significant and undesirable
upt ake of the water by the biomaterials. In
accordance with the present invention, it has been
di scovered that 6a polyner conposite pellets can be
obtai ned in an acceptably @ry state when subjected
palghey aidthodat pebhalid icansbambtisénefli tnfaem t he
reduction of th resj dence.tinme, of the [Lets.in
PRESREARYY SFgr FFAtEhiRen |Sé1§§}?ﬁ*'geas chF‘é’%EQ%}aetati n
heapel 48l srorehbect | sy theethimeriba bBi Bher e
content within the pellets. W 2007/ 027877
PeFLUSIB0 671054 06 7 e 70efd Sk opthiss i2&Shi GhoF Rt edtus
healsod Ne,saldiets fust ibenseparrired cbr eRrébeiwater
as quickly as possible with significant increase in
rhéuspdde WollstwiechoRtref MEEW.D fiHenPehécBRit of the
underwat er pelletizer and into and 5 through the
dryi ng apparatus. The pellets exit the dryer

retai ning much of their |atent heat and can be
transported as required on conventional vibrating
conveyors or simlar vibratory or other handling
equi pnent such that with the additional tinme the 10
desired noisture level is achieved. Storage of the
hot pellets in conventional heat retaining
containers or heat insulating containers is included
in the instant invention that provide tine to
conplete the desired |evel of drying. The desired
noi sture | evel obtai ned



10

15

20

25

15 is determned by the permssible levels in
processing or production steps to foll ow and may
approach one per <cent (1% or |ess. The pol yner

bi omat eri al conposites which can be pelletized in
accordance w th the present invention- 20, generally

i nclude as theéir basic conponents a suitable polyner
and biomaterial particles. Appropriate additives are
al so included. The rel ative percentages of these
basi c conponents can vary dependi ng upon t
P} W88 Dol yner and bi omaterial particl es?ﬂ-%ggicszoazséasmo'f
typically have 5% - 950 polymer and 100 - 90%

bi omaterial particles. W 2007/ 027877

PCT/ US2006/ 034007 8 The separation of the pellets
fromthe water and subsecuent increase of the pellet
speed to the drying apparatus is acconplished by a
conbi Aat hern@fl ipheashidie ddtém dsrtonthe RES-SHS AUt

simul taneous 5 aspjration of t gL . nCReRth g1 et
plest I@P%W%éroﬂwghﬁn‘ﬁaetr%?%r&%éﬁi& i%e? wat elfrehbox in
_tgaegrﬁ@&gént Sﬂﬂa&%&ﬁeaiﬁ t0le opéed _mn:lt Btblifehi’q‘ci}efm 3a% is
inected. into the transport pinpe.lL [

htcer thorerts nEbar PR RRRArRTUST TRG Tt
hi%r%%{gﬁe&é sd%ggigngsﬁgﬁ{ﬁso | Thed yetdlaks, enit ridgen or
any other suitabl"e "Tnert gas. The.in ectgd alho
seryeas revatsipig aneht hé thedfel2FMD h\'?gjﬁoian fF&ctTvel y
separ at i it f . ' 1o, Mapeatesh ai r
fE’P‘H’? F%% as Je%@t:l. D8 oPohetst :

EPTFRtrease e speed of transport olf_lgt he

pebively®rk Oopnd millrnwtetatarl et gPFner dii

equipment such that with the additional time the
desired moisture level is achieved. gtorage of the hot
pellets in conventional héat retaining con_tainers o?
heat insulating containers is included in the instant
invention that i::rovide time to complete the desired
-1eve1 of drying.. The desired moisture J.evel obtained
is determined by the permissible levels in processipg
or production steps to follow and may a_.pproach one per
cent {1%) or less. |

The polymer biomaterial composites which can be
pelletized in accordance with the present invention
generally inciude as their basic components a suitable
polymer and biomaterial part.icles. Appropriate
additives are also included. The relative percentages
of these basic components cal vVary depending upon the
selected polymer and biomaterial particles, but
typically have 5% - 95% polymer and 10% - 90%

biomaterial particles.



15 the dryer. This increase in transport speed is
sufficiently rapid to allow the pellet to remain at a
tenperature hot enough to initiate the drying process
for the pellets which may be further drired with
transport threugh a centrifugal dryer. ‘otther 20
conventional nhethods of drying the pellet with

conpar abl e efficiency may be enpl oyed by one skilled
in the art and are intended to be included herein. To
achi eve aspiration of the water and i ncreaBer/oi2ne/034007
?P&Wgﬁg?ﬁ speed fromthe exit of the pelletizer 25"

~waterbox to the dryer, the air injected nust be at

very high velocity. In accordance with the present

~invention; the volunme of the injected air should be
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of transport of the

at WD 2007/ 027877 PCT/ @82606/ 034007 9 |east 100

cubic neters per hour based I nj.ecti tarough a
val veTheitasparatton ith t&eaﬁ%}]g%spl%gﬁ é%]ga f1ow

vgj}bg%ﬁgg l; MAEYsd hRGEer ganter wbhd tir dlighgoving

Vor GIe, rying efficiency, and pi.pe dlan%;er as wll
kg parate rist @gdowljeﬁ@dsém Fe%o“ﬁjr’rg‘?ﬁzeo%ﬁ . The rate
of the air.i,njiectiaon d t Pers|diktytagpddiisng i S
BFEFSPRTSS r%é%f%%%g,di{“ﬁ?gugh use of a %II Lvalve or
idpakayBby eaTebhawiisen | 0OBEEITRH THhePSt aﬁ/ eav
transport pipe_after. . OLect ghatwatRagul at i on
1 HPB%’@‘FFRE i Ee@%‘?uée&e e bt Lo or

vé nechani sm all ows nore contr ol

T

f1:dRe, LesidieneRetiseidagnlet heepe [9ast isipigrted

transport pipe and, dryjng.app aRgh SeMEss £60
iimﬁ%%etﬁ’émsé’?ﬁtrﬁﬁ’%r#eoa%%ﬁe pe-Iltzlte/ water slurry.

Yhﬂ!%ﬁ&@ﬁgiébparatus. The term “air” hereafter ig
intended to include air, nit:ogen or any other guitable

inert gas. The injected air serves Lo aspirate the

water into vapor effectively separating it from the
pellets. The injected air further increases the agpeed

pellets to and ultimately through

the dryer. This increase in transport speed is
sufficiently rapid to allow the pellet to remain at a
temperéture hot encugh to initiate the drying process
for the pellets which may be further dried with

transport through a centrifugal dryer. Other

| conventional methods of drying the pellet with

comparable efficiency may be employed by oqe gkilled in
the art and are intended to be included herein.

To achieve aspiration of the water and increase
the transport speed from the exit of the pelletizer |
waterbox to the dryer, the azir injected must be at very
high velocity. In accordance with the present

invention; the volume of the injected air should be at



reduced or elimnated in the transport pipe by use of
15 the val ve nechani sm after the injection point as
well. Regulation of the air injection provides the
necessary control to reduce the transport tine from
the exit of the pelletizer waterbox through the
dryer allowing the pellets to retain significant
heat inside. 20 Larger dianeter pellets do not |ose
the heat as quickly as do snaller dianmeter pellets
?E%(M;ﬁgﬁfore can be transported at | owerraEUSIEI6054007
han the smaller pellets. Conparable results are
achi eved by increasing the air injection velocity as
pel | et di ameter decreases as wll 25 be understood by

‘one skilled in the art. Reduction of the residence

time between the pelletiz& waterbox and the dryer
exit leaves sufficient heat in_th L £ a0
2@@3?OQMB?¢bP€TTﬂ§§GO€P§§%687%afﬁgac fél%ét%eédesired

' Level . 1 he o et enthen ddfmehentpipesi d8hife
Serpett Byt hane:

e enhanced t hrough use,.of
- ltaew- yehaien vAGL vidaERn 5%%1?{-%6&?& i b |t8%v’v'°ﬁl8h8‘é‘ﬁ et
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Lelease Jorg(amgt b LBl anakOIpidy aughotde aseiol e

JOAVERL | storage containers or heat insulating
ceEkREERIS bys onecasdded. iThFRe Mthod and appar at us

has Dbeen di scovered to.he effgctive £ diRgrgol yners:
hereiﬂhed%g@rP e .eﬁﬁ%éﬁgﬁg level's approachi ng_one

%@gpiﬁgnis % ranng prosfierad| hiangl BRarPfe Pl cent
1% may be 10 achi eved by _t foleY ael aRpakat us
d@é@?iB%dﬁHEFéWﬁ?Ve0%?&5?#3%“%?E%%%@§25idence times
fﬂgggggyﬁregip@n drreel seerinhbenisn mwinbe aRPAIEEdCRs
needed to optim ze _ 1 of the
through this valve mechanism allows more contxo

residence time for the pellets in the transport pipe

and drying apparatus and serves to improve the
aspiratien of the pellet/water slurry. Vibration is
reduced or eliminated in the tramsport pipe by use of
the valve mechanism after the injection point as well.
Regulation of the air injectiom provides the
necesgary control to reduce the transport time from the
éxit of the pelletizer waterbox through the dryer
allowing the pellets to retain significant heat inside.
Larger diameter pellets do not loze the heat as quickly -
as do smaller diameter pellets and therefore can be
transported at lowex velocity than the smaller pellets.
Comparable results are achieved by increasing the air
injection velocity as pellet diameter decreases ag will
be understood by one skilled in the art. Reduction of
the residence time between the pelletizer waterbox and

the dryer exit leaves sufficient heat in the pellets to



results for the particular formulation as wll be
understood by one skilled in the art. Additional 15
heati ng steps are elimnated through use of the
process and apparatus described herein.. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a' schematic
illustration of an 20 underwater pelletizing system

i ncludi ng an underwater pelletizer and centrifuga
dryer manufactured and sold by Gala Industries, Inc.
wébA)s®f Eagl e Rock, Virginia, wth ai PCI/Ap8esI36M7
and vi brating conveyor in accordance with the
present invention. 25 Figure 2a is a side view
schematic illustration of the vibrating conveyor of
Figure 1. WD 2007/027877 PCI/US20061034007 11 Figure
2b is an end view schematit%illustration of the

vi brati ng conveyor of Fiqure 1. .Figue 3.llustrates
{ RETEBTP N CE7oFed Mot =iitier VAIEr poPT I rioRy <t em
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process |ine has been shut down. Figure 4 |§la

s e RBFF e itHings Vi-Bra o ds REW PP “art O appHiaeis T For

! '}%F.Eagésffom e6Li 8P dNkaavBe Sliubn thdaise bem t he

pelletizer to the dryer in accordance with the

prreseattionednsitoragd GoPEgipers % haak cHetfdng

| UL AL O SOOULOGLA,  PERLSIHihoAPRA Alisrhots gy |

gas tnjection intot sfurry line fromthe .

pakkat dverovegetiheo dry erffentivelifny the mxmsdedhstew

o%@éggigégj ﬁ%&sguéé]féy%lngﬁﬁégééhﬁgg one per cent
(1%), and preferably less than one per cent (1%) may be
achieved by the process and apparatus described herein.
Variation of the residence times for polymer and
pol?mer blends may be adjusted as needed to optimize
results for the particular formulatiog as will be
understood by one skilled in the art. Additional
heating steps are eliminated through use of the process

and apparatus described herein.

BRIEF DESCRIDPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an
underwater pelletizing system, including an underwater
pelletizer and centrifugal dryer manmufactured and sold
by Gala Industries, Inc. (“Gala”} of Eagle Rock,
Virginia, with air injection and vibrating conveyor in
accordance with the present invention.

Figure 2a is a side view schematic illustration of

the vibrating conveyor of Figure 1.
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15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred
enbodi nents of the invention are explained in
detail. Prior art has been included herein for
purposes of clarification and it is to be understood
that the invention is not limted in its 20 scone to
the details of construction, arrangenent of the
conmponents, or chenical conmponents set forth in the
description which follows or as illustrated in the
w0 2007/0g%77 The enbodi ments of -t he i nvent i onPET/ES52006/034007
capable of being practiced or carried out in various
ways and 25 are contained within the scope of the

i nvention. Descriptions of the enbodi ments which
follow wutilize term nol i ncl uded for
clarification and are WD 2007/ 027877

PCTI U32006/ 034007 [ el I B
the Bréa Ssggﬁggﬁ¥%$%diﬁ%%ﬁg$%§$§F?§technf%ﬁ%ﬁgn
ehglivwidlrent sg byortwyse oki Figdrd 3+ the art. The pol yner
conpanents set_forth for_thi [ [ vide

t hosem@f“‘r&%i hjaiu SREer Fltﬁet Oénpg%ﬁgé V\/I&?htﬁ{ etail as
tfdd Reterepdl heoiz e syet&odsiaem dhsEliosed Jadarisg not

intended to limt the scope af, th invent j.on. .
POPYRRR® BPORRYERR e ERBEETT delny 5P BT Cal Ty G0

for my Er oo 4 i dress b opEhestirak {63, slBowing an

thernoplastic 10, matrix, a coupling agent or..

spawrdtuse £0r| iBRTle H7S IDIPFHERTS ,1%88| %nfeﬁ*,na’n gioe

¥aLh g@%@?ﬁag @ U9 EPGYr IBKCBbSGaEENtWEith the
In

expan or foam ng agents and cross- |inking agents
psesamjuilmgdnbyorhe particul ar end use

‘Figure 5 is a schematic illustration gshowing a
preferred apparatus for inert gas injection into the
slurry line from the pelletizer to the dryer including
an eﬁpanded view of the ball valve in the slurry line.

DETATLED DESCRIPTION OF THE INVENTION

DAt A b e e e e e i

pPreferred embodiments of the invention are

" explained in detail. Prior art has been included

herein for purposes of clarification and it is to be
understood that the invention is ﬁot limited in its
scope to the details of construction, arrangement of
the components, or chemical components set forth in the
description which follows or as illustrated in the
drawings. The émbodiments of the invention are capable
of being practiced or carried out in various ways and
are contained within the scope of the invention.
Descriptions-of the embodiments which follow

utilize terminology included for clarification and are
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appl i cation. Conponents of the fornulation introduced
15 from various recycle processes are well within the
scope of this invention. The biomaterial or fibrous
conponents provide the material strength and surface
properties for & particular product. The'dimensions
of the biomaterial 20- or fibrous conponents are
constrained only by the size of the internedi ate
pel l et desired and to achieve the requisite surf A
WREEELEY] stics. The noisture uptake and F@?@ﬁ?Pgﬁ’°7
of the conposite are strongly influenced by the

choi ce of the biomaterial. The thermal 25 stability
of the biomaterial component is inportant in

consi deration of the polymgr matrix material. Care
shoul d be taken to choose a polynmer with a nelt WO

29Q%£@§3&%7bBCEhEEQQQﬁﬁﬂSADGHelﬁﬁmﬂeﬁpem@mmwmﬂcn
processi ng tenperature whi.ch w|/| %hosgagklfied in”

@H@ﬂﬂﬁﬁ@iGﬂldé@Fﬁﬁbﬁ?%n?qﬁFv?ﬁ%Pﬁﬁ1??& err al

OJIQ'E Rifmal | Yorgtmende éeﬁﬂﬂ:‘bﬁ:ﬁ?{o for 90%is
b|o erla %%H prefé?gﬁfy 30@6to A b|o ter|a| 5
ﬁhﬂ@bakamqanvidﬁaﬁbo%ﬁ)Qﬁ qﬁ%ﬁ%ﬁﬂ

Q e 8N feﬂﬂﬁﬁékhbaSaare Iess
Q%'Qﬁg %P%& pregéra 'y ess than 200" C.
Bi:ﬁal’mbgésﬂ adrsl iimc hoteibtandede taotindtnithggspgpe of the

pokysaccharldes i ncluding cellulosics and starches,
BPot ei naceous materials, includin

pol yp@@!ty.d@s pibanpkany ainmosibed s SYRREAWBd

]E: i%%?:ga\é\oﬁgg@:% %Sgg Pood Nenetls) WAodntlAkE1ayoRd
matrix, a coupling agent or stabilizer, lubricants,
fillers, colorants, and various processing alds They
may also contain expanding or foaming agents and cross- .
linking agents as reguired by the particular end use
application. Componeﬁts of the formulation introduced
from various recycle processes are well within the

scope of this invention.

The biomaterial or fibrous components provide the
material strength and surface properties for a
partlcular product. The dimensions of the biomaterial
or fibrous components are constrained only by the size
of the intermediate pellet desired and to achieve the
requ:.s:z.te surface characteristice. The moisture uptake
and retention of the composite are strongly influenced
by the choice of the biomaterial. The thermal
stability of the biomaterial component is important in
consideration of the polymer matrix material. Care

chould be taken to choose a polymer With a melt
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ground. wood, sawdust, coconut shells, peanut shells,
straw, wheat straw, cotton, rice hulls or husks, 15
al falfa, ricegrass, wheat bran, wheat pulp, bean
stal ks, corn or maize, corn cobs, corn stalks,
sorghum or nilo, sugarcane, orange juice residue,
bagasse, banboo ash, fly ash, peat npbss, kelp,
chaff, rye, mllet, barley, oats, soybean, coffee
resi due, 20 | egum nous plants, forage grass

and
WO 28708 Ber s i ncl udi ng barmboo, pal m henp FCHRs/034007

and jute. Additionally paper products such as
conmput er paper, cardboard, newspapers, nmgazi nes,
books, mlk and drink cartons, and paper pulp find
application in this 25 i ma#ention. Exanpl es of
starches include potato, sweet potato, cassava, and
sé@p@fatuPeobei maoesiss naat enpatesuraciiytie: W31l not

2007/ 027877 PCT/ US2006/ Q34007 4 f t i.
S67 o CREEFIT G cegraragien, ot tpp Bl

peahatsnkr e ihealy apdiuge monghdadia,90% rom corn
as zein, and fron1sorghun1aqg mllet as kafinin. 5
hevaieriads PRE BSHPEPELY af Op 4t iTaF RISV A

depandi-ng URe muMet ieort BRe DS tymelefia b B fArdi ottheor

powder; and on the size and end use of ‘the pellets,
Thepeierdsof EXBFOUOT ZETPRT RIS 2§ pt 38 | 5 afgd ©

~ 1909 04 GpRS oWk & h an aspect ratio of from
%£§§&T%Qg%$ gnd nor e prePerany from2 to 20. For
powderisionaireriatl timiladsi pat tamg gl JirdRfestS rom 15
%gléggééﬂﬁg&%gg; including cellulosics and starches,
and proteinaceous materials, including polypeptides.
Exemplary of cellulosics are wood chips, wood laminate,
wood veneer, wood flake, wood fibers, wood particles,
gfound.wood, gawdust, coconﬁt shells, peanut shells,
straw, wheat straw, cotton, rice hulls or husks,

alfalfa, iicegrass, wheat bran, wheat pulp, bean

stalks, corn or maize, corn cobs, corn stalks, sorghum

or wilo, sugarcame, orange juice residue, bagasse,
bamboo asgh, fly ash, peat moss, kelp, chaff, xye,
millét, ﬁariey, oats, soybean, coffee residue,
legumincus plants, forage grass, and plant fibers
including bamboo, palm, hemp, yucca, and jute.
Additionally paper products such as computer paper,
cardboard, newspapers, magazines, books, wmilk and drink
cartons, and paper pulp find application in this
invention. _

Examples of starches include potato, sweet potato,

cagsava, and stover. Proteinaceous materials inciude
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Ther nopl astic materials shown in the prior art for
use in polynmer biomaterial conposites include

pol yet hyl ene or PE, polyvinyl chloride or PVC, 15

pol ypropyl ene -or. PP, and pol ystyrene or;PS with high
density pol yethyl ene or HDPE being the npst preval ent
in usage. Anpong the fornmul ations for expandabl e
appl i cations, significant focus has been in the area
of PVC or chlorinated PVC, CPVC. The cho

HRYPEBY 20 has often been restricted to fpﬁg@fgme eh’
can be processed at tenperatures bel ow the :
degradation point of the biomaterials. Wth careful
choice of fornulations the variety of polyners can
be extended to include pol4esters, 25 pol yam des,

pol yur et hanes, and pol ycarbonates. Thernopl astic
fareeni sions spifs aslishét hoset Foriprer'®d St hin

t he. sca of h S §.V | OB e At €4 14dS fadQ1iadin,
?EB?%%Q%%?? B%?%%%?%b 034@%?ﬂb15 tﬁzgnnigﬁs,_as Wi th
triremchmirc ess Eripol aumkrfsomr sguilies andaui L&kl 3t t ent i on
o_the cross-linking tenperatures to allow
85t%t0ring, cross-linking, to be done at
t enpermd Wies 6F bye Ghiematakizkgwmrtdedenovibkhisayed or
5 initiated durjng th rocess W_thinp. e of
PRSP GHOPO N BT Gy PERBLE TSt 20 e CLRETHT &2
BWEaE | Qihd kel vde slAwagensha yusolafethyl paklers L DPE,

i near’' | ow densit ol yet hyl ene or, L E, nedium
Fbaseize o _fé@ﬁ?}% ra@ef’w%iﬁsKm, tlmlﬁﬁ&gg nSTYSS £¥on

Re! ¥&t Hyd eReRhsHRPERh adalbbéa- Gl of from 1 to

50, and more preférably from 2 to 20. For powders, the

' particlersize typically ranges from 15 to 425 microns.

Thermoplastic materials shown in the prior art for
use in polymer biomaterial composites include
polyethylene or PE, polyvinyl chloride or FVC,
polypropylene or PP, and polystyrene or PS5 with high
density polyethylene or HDPE being the most prevalent
in usage. Among the Fformulations for expandable
applications, significant focus has been in the area of
BVC or chlorinated PVC, CPVC. The choice of materials
has often been restricted to those which can be
processed at temperatures below the degradation point
of the biomaterials.

With careful choice of formulations the variety of
polymers can be extended to include polyesters,
polyamides, polyurethanes, and polycarbonates.
Thermoplastic materials as well as thermoset polymers

are within the scope of this invention. The use of
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nol ecul ar wei ght pol yet hyl ene or |l HWWPE al so known
as ultra-high density pol yethyl ene UHDPE. Al so
within the scope of this invention are olefinics
enconpassi ng pol ypropyl ene or PP, poly 15

al phaol ef i ns or '"PAO i ncl udi ng pol yners and copol yners
exenpl ary of which are pol ybutene, polyi sobutene,

pol ypent enes, pol ynet hyl pent enes, and pol yhexenes.

Pol ystyrene or PS and pol y(al pha- net hyl styrenes
WOBHBTr i | e- but adi ene-styrene or ABS, acF?Fﬁ%k@@B“WT
styrene-acrylonitrile or ASA, styrene-acrylonitrile
or SAN, and styrenic block copolyners are included
herein by exanple. Anorphous, crystalline, and sem -
crystalline materials aresa so included within the
scope of this invention. 25 Polyvinylchloride or PVC
anebeflsetisni aé e cnpehy vimyl izl oni g1 wierGPVEeasires
described for this invention pay. be plasticized aor

UFBtsUsc rERRREIRE Ry S TOFFr 278 A temperaturgs to
PGHS2RQ6L 034007 ch8=£e1 148862Sta honmpel waer or in

copol yirers incorporating the ol efinics previously
ctenmeratuges| ondy shpelgate HeactéeRp Nt PoReSHRE T

Ml .QRi tar | AVAN ' ' OF, b a ;
R e L
hymiresybiehyl acryl ate, vinyl acetate, vinyl tol uene,

and cryl ami de by way. of lLe est
pol ya%o&g@ ?H%gﬁ/e al’f Bona %sl,?( g%s .%%ﬁ%fﬁ&g)?}h g‘%é%u%met hi n
t ey stempe tof pdhyathyfienat oo ILDHEQ UL dnedre Toor dehaied

S$g¥;;€%%&e£geo§”f£5%%?idigéﬁ e%%& §?pégyethylene ox
MDPE, high density polyethylehe or HDPE, and ultra-high
moleculay weight polyethylene or UHMWPE also known as
ultra-high density polyethylene UHDPE.

Also within the scope of this invention are
olefinics encompassing polypropylene or PP, poly-
alphaolefins or PAO including polymers and copolymers
exemplary of which are polybutene, polyiscbutene,
polypentenes, polymethylpentenes, and polyhexenes.
Polystyrene or PS and poly(alpha—méﬁhylsﬁyrenes)L
acrylonitrile-butadiene-styrene or ABS, acrylic-
styrene-acrylonitrile or ASA, styrene-acrylonitrile or
SAN, and styrenic block copolymers are included herein
by example. 2Amorphous, crystalline, and semi-
crystalline materials are also included within the
scope of this invention.

Polyvinylchloride or PVC and chloriniated
polyvimnylchloride or CPVC as described for this

invention may be plasticized or unplasticized and way
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10 the material is below the degradation point of the
bi omaterial. As is famliar to those skilled in the
art, this can be achieved by use of copolyners wthin
thls broad fam |y of condensation chem stry.

Pol yesters useful for the present invention are of

15 the general structural formula

(OR sub.1.0.sub.x.[(CCO R sub. 2. (C=0].sub.y and/or

é&géﬁ%ﬁsﬁub 1.0].sub.x.[ (CCO R sub. 2.0] . suly f0520061034007

and R sub. 2 herein described inclu
al i phatic, -cycloaliphatic, aromatic and pendant
substituted 20 noieties including but not limted to
hal ogens, nitro functionalities, alkyl and aryl
groups and may be the sam® or different. Mre
preferably, polyesters herejn described include

PBF Y3 e ReRPRIRIATRE| GF eI GoppRymers incorporating

Pohy (dléﬁ]:%&.ﬁwg REriRiephthed 8t) wedl £ Tin polymerlc
pol y(butyl ene 25 tereg thal ate)- or PBT, poly(ethylene

n&PrRIBitdcer Gtk POy emyﬂrlakem gangligeoe loride,
p@éag(félb%%a mgyﬁgp apaat ) H;Bé%ag, el

copol yners. r 007/027577 PCT 7034007 17
F@Y@nﬂﬂmﬁé§YM@@#yﬂaﬁaarV@hﬁlpiQﬁnatB,lmwmyﬁlﬁmiu@ne,oind

E%%ﬂﬁ%% e rﬁﬁﬁ%ﬁ Lo [(C=OR sub. 2. (C=0] . sub

K abmgﬁsﬂe?@)lgﬁm R L o 2 et
. up. .. S;U . SUD. Su er
Reiitsnihel At phe  Soone o, BRa St oh Shota

Ao MRirimtlaned pandanhat the processing temperature of

the material ig below the degradation point of the
biomaterial. As is familiar to those skilled in the
art, this can be achieﬁed by use of copolymers within
this broad family of condensation chemistry.
Polyesters useful for the present invention are of

"the general structural formula
(OR.sub.l.O).sub.x;[(CuO)R.sub.z.(C=0)].sub.y and/or
[{C=0)R.sub.1.0] .sub.x. [(C=0)R.sub.2.0] .sub.y. R.sub.l
and R.sub.2 herein described include aliphatic,

" cytloaliphatic, aromatic and pendant substituted

moieties including but not limited to halogens, nitro
functionalities, alkyl and aryl groups and may be the
same or different. More preferably, polyesters herein
describad include poly(ethylene terephthalate) or PET,
poly{trimethylene terephthalate) -or PTT, poly{butylene
terephthalste) or PBT, poly{ethylene naphthalate) or
PEN, polylactide or PLA, and poly{alpha-
hydroxyalkanoates) or PHA and their copolymers.
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substituted noieties including but not limted to

hal ogens, nitro functionalities, alkyl and aryl
groups 10 and nay be the sane or different. R herein
descri bed includes but is not limted to. aliphatic,
cycl oal i phati ¢, '‘and aronmatic noieties. Mfe

pref erably, polyam des include pol ytetranethyl ene

adi panmi de or nylon 4,6, polyhexanethyl ene adi pam de
or 15 nylon 6,6, polyhexanethyl ene sebacam de or

g k@dmoBs710, PCT/OS2006/034007
pol y( hexanet hyl enedi am ne- co- dodecanedi oi ¢ aci d) or
nyl on 6,12, polycaprol actamor nylon 6,

pol yhept anol act am or nylon 7, pol yundecanol actam or
nylon 11, pol ydodecanol actgmor nylon 12 and their 20
copol yners. Pol ycarbonates useful for the present

! nvenbg%pamf&& Usekhf SNSRIl pBLEda! Wdlnt oA of
[(C-O OR sub.T. O . sub. x. [ (C=0 OR.sub. 2. 0] . sub. y.

Fehey genennll Fegsrzahef@mitlgescri bed i ncl ude

a c [ {08 ang._

R R g A e e
laldggens, nitro functionalities, alkyl and aryl

B e et L

sulpssubul eshd ik phene| hearilpodatesivhbrimciudphenol is

GrheohehE YL gBetie SbSFIRRER wher e Ph

Tuesstihbes Mdiethhenyhcnidiggapa: sihistiimieststdncl ude

but are not limted to alkyl, c cloalﬁy
1@§§ﬁs, nitro functionalities, alkyl an

giy%rggéqps
and may be the same or different. R herein deéscribed
includes but is not limited to aliphatic,
cycloaliphatic, and aromatic moieties. More
preferably, polyamides include polytetramethylene
adipamide or nylon 4,6, polyhexamethylene adipamide ox
nylon 6,6, polyhexamethylene sebacamide or nylon 6,10,
poly (hexamethylenediamine-co-dodecanedioic acid) or
nylon 6,12, polycaprolactam or nylon 6,
polyheptanolactam or nylon 5, polyundecanclactam or
nylon 11, polydodecanclactam or nylon 12 and their
copolymers;

Polycarbonates useful for the present invention
are of the general structural formula
[(C=0)OR.sub.1.0] .sub.x. [{C=0)OR.sub.2.0] .sub.v.
R.sub.l and R.sub.2 herein described include aliphatic,
cycloaliphatic, aromatic and pendant substituted
moieties including but not limited to halogens, nitro

functionalities, alkyl and aryl groups. More



and nitro functionalities. R sub.l and R sub.2 may be

the sane or different. Polyurethanes useful for the
pr esent invention are 10 of the general structura

formul a -

[ (C=O OR sub. i, N(H R)] . sub. x[ (C=0 OR. sub 2 N(H, R) . sub
.Yy . Rsub.1 and R sub.2 herein described include
allphatlc cycl oal i phatic, aromatic and pendant

substituted noieties including but not
WAPWYHTE"? nitro functionalities, alkyl ang¥EE%F%QM%§m7

groups. R herein described |ncludes but is not
limted to aliphatic, cycloaliphatic, and aronatic
noi eties. More preferably, polyurethanes descri bed
herei n include polyether ygol yuret hane and/ or

pol yest er pol yuret hane 20 copol yners incl udi ng
rumdﬁﬁnahébbsﬁgﬁﬂna;bbsetgsuﬁnuipde E&snnﬁdolaﬂddR sub. 2

S o est
copoﬁ yrréngd FRRC ec%:'g%% iver sge%%l IE %ﬁgﬁat 8 %fnd

da&omwmabsuxeﬂufqmmhyarHmﬂhnﬁﬂﬂ and. BEﬂﬂﬂiEUPHSHWﬁy be

ed of t | east. one_dio 5_inc ng ethylene
GRS (2 =80 X (PRt o et  52haH BBty Scol
5 ]d&d&libéﬁedh@phel}yé Rithq e %bbsﬂlﬁlerﬂﬂltlﬁﬁgﬂﬁ@'but
1, 3- hexanedi ol hexanedi_ol neopentyl

%F’G’i‘?é?f?l“la@r/teszébs}o%‘?’ai gl &3, 1A Togen,

gé%ﬁ?ﬁlttt}?d Eﬁﬁ‘ct&o\fﬁﬁgtl@de(i@@%bhw SRe 1:9'%0!;, may be
u - nedi ol

X (ﬁaﬁ@t By |§F1§panedd| ol ,
2, 2- diggy gpﬁ%eéhﬁleg ﬁggﬁﬁ'fgr t%ee}g ﬁ:?b EQQHEL}Jn ]aj%'
pr opane 2-net hyl -1, 4- pent aned 3 2,45

10 -qierdh@ngdheral $’qmt:hyra31,®m@ﬁaaned| ol, 2,2, 4-
[(c:o)oa.sub.l.n(a,a)}.sub.x[(czo)oa.sub.z.mu,m.sub.y'

R.sub.l and R.sub.2 herein described include

aliphatic, cycloaliphatic, arcmatic and pendant
substituted moieties including but not limited to

15 halogens, nitro functionalities, alkyl and aryl groups.
R herein described includes but is not limited to
aliphatic, cycloaliphatic, and aromatic moieties. More
preferably, polyurethanes described herein include
polyether polyurethane and/or polyester polyureﬁhane

20 copolymers ineluding methylenebis(phenylisocyagate).
R.sub.l and R.sub.2 may be the same or different.

Polyesters and copolymers, polyamide copolymers,

bpolycarbonates and copeolymers, and polyurethanes and
copolymers may be comprised of at least ome diol

25 including ethylene glycol, 1,2-propylene glycol, 1,3-

' propylene glycol, 1,3-butanediol, 1,4-butanediol, 1,5-
pentanediol, 1,3-hexanediol, 1,6-hexanediol, neocpentyl
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rimethyl -1, 3-pentanedi ol, 2-ethyl-1, 3- hexanedi ol ,

2,4-trimethyl -1, 6-hexanedi ol, 1,2-cycl ohexanedi ol ,

, 4- cycl ohexanedi ol , 1, 2-cycl ohexane di net hanol, 1, 3-
ycl ohexane dinet hanol, 1, 4-cycl ohexane -di net hanol,
10 di ethyl ene glycol, triethylene glycol,’

pol yet hyl ene gl ycol, dipropyl ene glycol,

tripropyl ene glycol, polypropylene glycol,

pol yt etranet hyl ene glycol, catechol, hydroqui none,

weewoedirde, 1,4 bi s(hy, 3roxynet hyl) - benzenBCT/YS2R06{054007

bi s (hydroxyethoxy) benzene, 2, 2-bis(4-

hydr oxyphenyl ) propane and i somers thereof.

Pol yesters and copol yners, - pol yam de copol yners,

pol ycar bonat es and copolxa;rs, and pol yur et hane

copol ynmers may be conpriséd of at |east one | actone

or 20, hydrox i-d.in j duHV AR ER ORE glyeol,

Eéﬁ?ﬂ’a&egﬁ%%/&%lgeg{% %hggél)gg gl ycolic ltz;ci d, 7 .

a;hﬁﬁyxnm%etbfmgﬁnaﬁﬂo&,a@iardi@ﬁﬁﬁyl-lr3‘Pr°Panedl°1'

3- hydr oxypropoxyaceti c.agi d,_ droxybmitari-a . aci d

Byzmﬁ&ﬁqﬂggé%a T %ﬁpﬁﬁgﬁﬁggfe%§§§ﬁg %o%olyééis,

ng¥f5g6g5§,agdgaﬁqﬁopguyﬁenSan¢ﬁﬂq}faBb@@ﬁh&?’i;4

copol ymers, and pal yurethane, _conal.yner y be

coapErasH odp armef 15 épﬁF%%’?ecfﬂ%%kgEnb?'aﬁ or whi ch

gﬁ %Q%%mﬂlg,ggﬁ%é@mbt hakthyBai,d-heeedizy 027877
1 US2006/

032007 20 terephthalj c_aci ,
Rapht hat owwElz 161 of DFFSRFEPL abi Wgﬁagi@é%ﬂn%%",l'

%;ktb beﬂgﬁgﬁEHQEY!iiﬁéﬂay@;oﬁeﬁane.dimetpanol. 1,3-
cycl ohéxanedi car boxylic acid, dlphenyld|c€%boxyllc
asjiciehezarec idiinethenell . JI . drEFFLOBERTS SHPBHEA 4,

diethylene glycol, triethylene glycol, polyethylene

t

2
1
C

glyceol, dipropylene glycol, tripropylene glycol,
palypropylene glycol, polytetramethylene glycol,
catechol, hydroguinone, isosorhide, 1,4- |
bis (hydroxymethyl) -benzene, 1,4-
bis (hydroxyethoxy) benzene, 2,2-bis(4-
hydroxyphenyl) propane and isomers thereoﬁ.

Pélyesters and copolymers, ‘polyamide copolymers,
polycarbonates and copolymers, and pquurethane

copolymers may be comprised of at least one lactone or

| hydroxyacid including butyrolactone, caprolactone,

lactic acid, glycolic acid, 2-hydroxyethoxyacetic acid,
and 3-hydroxypropoxyacetic acid, 3-hydroxybutyric acid
by way of example.

Polyesters and copolymers, polyamides and
copolymers, polycarbonate copolymers, and polyurethane
copolymers may be comprised of at lsast one diacid

exemplary or which are phthalic acid, isophthalic acid,



5 azelaic acid, sebacic acid, fumaric acid, pinelic
acid, wundecanedi oic acid, octadecanedioic acid, and
cycl ohexanedi aceti c acid. Polyesters and copol yners,
pol yam des and . copol yners, polycarbonat'e, copol yners,
and polyurethane 10 copol yners may be conprised of
at | east one diester including, by exanple, dinethyl
or diethyl phthalate, dinethyl or diethyl
i sopht hal ate, dinethyl or diethyl terepht
H&Vﬂ??”naphthalene- 2, 6- d. |carboxylatepe@ggﬁmmgﬂg7-
Polyan1des and copolyners pol yest er copol yners,
pol ycar bonat e copol yners, and pol yur et hanes and
copol ynmers conprised of diam nes including 1, 3-
pr opanedi am ne, 1, 4-butanegi am ne,
1, 5- pentanedlan1ne 1, 6- hexan edi am ne,
liSraaicanedd alding, nhphbhZlemiecasedi @mbeaylic acid

1, 12- dodcanedi am_ ne, - 1,16-. hexadecanedi_ani ne,
pﬁ%%w%ﬁsaﬁanﬁ%lba&l%dmaﬂfw&a& ‘?fedfx Lerher

Acdorflie2BhOQrhRRRRY Bt hane, da.pﬂenyldlcarboxyllc
di et hyl -1, 5- pent anedi ami ne, 4-trimethyl,
pesidtheananie asid 2g3uERT ﬁﬁf-ﬁyladfm%éﬁéﬁedu ami ne
20848 d DRl detbihilhbhgi ENVaRLIFR fiih, aenagtcl ddid ed
as escrlbed herein. WO 2007/ 027877
PEMem2e060034001, 2etpdegrraddedc aribopdtymers,

- ol ycar bonat e copol ymer and
SRt Sesab, pol yrer s
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ners may be conprised of at | east
one | aollgavorrsardmbd capbdynérs| pdlyeyrigiespiaoidact am

pgcgzgcg)llylmglrnsmpedly a[:)rrb%lng.%e g&polymers, and polyurethane
copolymers may be comprised of at least one diester
including, by example, -dimethyl or dietliyl phthalate,
dimethyl or diethyl isophthalate, dimethyl or diethyl
terephthalate, and dimethyl naphthalene-2,6-
dicarboxylate.

Polyamides and copolymers, polyester copolymers,
polycarbonate copolymers, and polyurethanes and
copolymers comprlsed of diamines including 1,3~
propan.ed:.a_m:r_ne, 1,4~ buta_nedlamme, 1L, 5—pentaned:|.am1ne, .
1, 6-hexanediamine, 1,8-octanediamine, 1,10- V
decanediamine, 1,1i2-dodcanediamine, 1,16- .
hexadecanediamine, phenylenediamine, 4,4'~
diaminodiphenylether, 4,4‘-diaminodiphenylmethane, 2,2-
dimethyl-1,5~-pentanediamine, 2,2,4-trimethyl-1,5~-
pentanediamine, and 2,2,4-trimethyl-1,6 -hexanediamine
are included in this invention and are not limited as

described herein.
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5 heptanol actam capryl actam nonanol actam

decanol actam undecanol actam and dodecanol act am by
way of exanple. Polyurethanes and copol yners,

pol yest er copol yners, pol yam de copol yners, and

pol ycarbonate copolynmers nmay be conprised of at

| east one isocyanate 10 including but not limted to
4, 4" - di phenyl met hane dii socyanate and i soners,
t ol uene diisocyanate, isophorone diisocya :
WRIUHHTYI enedi i socyanate, ethyl ene diisogsgﬁg?gvnﬁmT
4, 4" - et hyl enebi s(phenyl i socyanate) and i soners,
xylyl ene 15 dii socyanate and i sonmers, tetranethyl
xylyl ene diisocyanate, 1,5-naphthal enediisocyanate,
1, 4- cycl ohexyl diisocyanatie, di phenyl nethane-3, 3'-
di net hoxy-4, 4' -di i socyanate, 1, 6-hexanediisocyanate,
1, 6- divodgayhied @ndl 2ppellytets, apelihydirex vpolym8ra
bi s(i socyanat onet hyl ) cycl oghexane d. 1, 10-
RENRRIPLERRs drRed st TG STk SPpeavasrs

| P HROE3hEHi ddd @F bielbasimdnat Lastdw moridnogaehd er
conmpatibility of the resins fqr the nore,pol ar’

bl RGP APECP NG EBp | PREF D4 H8RE s FFRFACER bond

t R hieBLeLth 2l &9 1tbeaR| afdnatiol 8B4 X RRErPLAVLAE,
enhanced di nensional stability, reater inpact

resdespandactapr enst dogpeneo diSpEr Y dpboigxanple.
2007/ %ﬁgﬂ?e X egs%glg6égﬁéﬂQrZ*arsgzg$fﬁe§ﬂé¥ ous

mat eri a ction of creep, and reduce the water
uptekemend . pekidslides wobbivepnst, 8hé PoYHEThsdRgte

PELL G228 M) o edde:bLaA: REOJUSLS one isocyanate
including but not limited to 4,4’-diphenylmethane
diisocyanate and isomers, toluene diisocyanate,
isophorone diisocyanate, hexamethylenediisocyanate,
ethylene diisocyanate, 4,4'-
methylenebis (phenylisocyanate) and isomers, xylylene
diisocyanate and isomers, tetramethyl xylylene
diisocyanate, 1,S—naphthalenediisccyanaté, 1,4~
cyclohexyl diisocyanate, diphenylmethane-3,3'-
dimethoxy-4,4’ ~diisocyanate, 1,6-hexanediisocyanate,
1,s—diiSGCYanatofz,2,4,4—tetramethylhexane, 1,3~
bis (isocyanatomethyl)eyclohexane, and 1,10-
decanadiisocyanate. ' 7
Coupling agents are preferably incorporated into
- the formulation to confer greater compatibility of the
regine for the more, polar biomaterials. The coupling
agents effectively bond the biomaterials to the plastic
matrix and provide enhanced dimensional stability,

greater impact resistance, more efficient dispersion of
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Clydvh Ngb

Exenpl ary of these coupling agents or stabilizers are
5 mal eat ed pol ypropyl ene, nal eat ed pol yet hyl ene,

| ong- chain chlorinated paraffins or LCCP, paraffin
wax, metal soaps, silanes, titanates, izirconates,
and surfactants. Water-sol uble binders serve simlar
adhesi on- 10 pronotion and can be included in the

pol ymer biomaterial conposites for the present

%viﬁﬁ;omgr These binders confer greater s@lcyhishdotds4007
0 e i o

materials and are particularly effective
for recycle applications as denonstrated effectively
in prior art. 15 Exanples of these include
pol yacryl am de, polyacrylic acid, polyvinyl alcohol,
pol yet hyl ene gl ycol, pol yg2nyl pyrrolidone,
substituted cel lul ose, sodium carboxynet hyl
c édhleu E bizeyuss pdcamidizlr aefdethidn ¢ lcgkeBe, and strfiugm

hydr oxypropyl._cel | ul ose,_ . [

ca eo%ﬁ%’f ﬁ‘%tﬁ"ffﬁr%ye?%gﬁl%ggl %ﬁ%‘&ggg.gzgﬁbﬁl%ant s are
alingetesd izl pelidets hes predlens then\iénbi oprodudiwat

t hey ephanc e dispersion of the_ Dbio erials_as
WEPTRIREY G BoE R Do agr T, S P T FRa
drageatid eallypebyyle@ticinagebbad wnggtapend) 1dig-
resuLti%%Lpnoblenatic degradati on and dis¢ol oration

T8 SolFaeprrt Rrraiddne: PECF: RFHR0 7 a6 T and

=t Be1bhouRt8iaaktes W 200AL024 B Tema
PCT/ US2006/ 034007 23 Thr oughput rates and surface
presgéretxEare significantly nodified by choice of

the luﬁﬁééEigbﬁﬁile binders gerve similar adhesion-
promotion and can be included in the polymer
biomaterial composites‘for the present invention.
These binders confer greater solubility of the
biomaterials and are particularly effecﬁive for recyele

. applications as demonstrated effectively in prior art.
Examples of these include polyacrylamide, polyacrylic
acid, polyvinyl alcohol, polyethylene glycol,
polyvinylpyrrolidone, substituted cellulose, sodium
carboxymethyl cellulose, sodium hydroxyethyl cellulose,.
sodium hydroxypropyl cellﬁlcse, and sodium
carboxymethylhydroxyethyl cellulose.

Lubricants are. alsc desirable for the present
invention im that they enhance the dispersion of the
bioﬁaterials as well and reduce excessive heating due
to frictional drag, effectively reducing that drag and
the resulting problematic degradation and
discoloration. They also facilitate reduction of

agglomeration and clumping of the biomaterials.
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Silicone oil, paraffin wax, oxidized polyethyl ene,
netal stearates, fatty acid am des, ol eoyl

pal mtam de, 5 and ethyl ene bi s-stearam de are

i ncl uded herein by way of exanple. Fillgrs can also
be used to reduce costs and serve to nodify
properties as is readily understood by those skilled
in the art and are included within the scope of 10
this invention. Foam ng agents including nj

QB EREY oxi de, but ane, pentane, hexane an#%%@;034007
-descri bed chem cal foam ng agents (CFA) follow as
exanples fromprior art disclosures as well.

Consi deration fromprior disclosures have 15
denonstrated that high noipsture levels in the

bi omaterial feed can be reduced by drying techni ques

flbAud G4hes engkidhtRde préderwids pirkor to

~introduction into.the extruder or can_be (educ&g

siignil £icamilyy mgdi Fhed thib chedes oid &t rsFoRet
gﬁgﬁ?@g%iﬁo Details ! BkSadi&a ?al%dﬁyla@e,scwe

i nventi on ut are included herein_by way of

meftel esicenraveisst frety | zial smadeni gHeyL4p9dRAAENKEen
i_ntroduced into t fyu i 1 i at
N PREP e, Bt b ie g fRE WheThRRPHODEAR & oy

product results.
widekwapes. pel | etizing systemfor use in association

L WD BT e RSO SERSERE Aty
RET S260 64034001 e s 24s Sys tremiii 5y desicgnaed Gendrae y
by reference nunmber 10 . N
killed in the art and are included within the scope of
this invention. Foaming agents including nitrogen,
carbon dioxide, .butane, pentane, hexane and well-
dezcribed chemical foaming agents (CFA) follow as
examples from prior art disgclosures as well.

Consideration from prior disclosures have
rdemonstrated that.high moisture 1evelé-in the
biomaterial feed can be reduced by drying techniques
familiar to those skilled in the art prior to
introduction into .the extruder or can be reduced
significantly during the feed and extrusion processes.
Details of this are outside the scope of this invention
but are included hereinrby way of reference. Moisture
levels as high as 40% have been introduced into the
extruder with appropriate venting to achieve acceptable
product results.

An underwater pelletizing system for use in
association with the present invention is shown

schematically in Figure 1. The underwater pelletizing
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and includes an underwater pelletizer 12, such as a
Gal a underwater pelletizer, with cutter hub and

bl ades 14 exposed in the separated view fromthe
waterbox 16 5 and die plate 18. In the underwater
pel l etizing system 10, the polyner biomateria
conposites to be processed are fed from above using
at- | east' one polyner vat or hopper 160 typically

‘hg%ﬁw%%ngtruder 155 and undergo shear andpdflusreatosdoer
€ polynmer. The polyner biomaterial conposites
are typically extruded at tenperatures |l ess than
220' C to avoi d degradation of the biomaterials. The
melt may continue to feed through a gear punp 22

whi ch provides a smooth a®# controlled flow rate. The
15 polyner nelt, as required, nax?be fed into a

seyHiE lehdngtynaied BEgeTel W) Yot T ERAC A EF k1 Br

oo %iﬁéﬁudég! if patddakes Qiekibanenys smierkak. The
mel t ows into a polymer diverter valve 24 and_into
dezlaoinderivater reldietippnt evitd cPhESsthuh fadbplades

POL YIEL, B! §pf hMSEOn LM ohghthe dse
hg é%gﬁﬁggrl?ﬁ@% t éégag%%sébx 16 and are cut by the
r ahditdirgptatéer8 hub and blades 14 to formthe

desired [ lets or_.granu - a
descrﬁﬁbggﬁe &%ﬁT@g%&Bﬁ%ﬁ%?fEE% ﬁg%ﬁ%gsgﬁd§m€ther
- cpafyul BibaaseAtdl evnpgstie: desbeefrpotysmt arkofie@5

as_are readily understood by sgnegne skilled in the,
affom é'lbé“’ren’t‘ﬁi’aﬁéoa%]t%sﬁ ™ pé’g'gﬁ‘%ro?ra h?'s TReent i on.
Q2N P2 18¥d BCTd:H9006 10500 uRBePd ashat ahds
denonstrated the nunerous . .
heat to melt the polymer. The polymer biomaterial 7
composites are typically extruded at temperatures less
than 220°C to avoid degradation of the biomaterials.
The melt may continue to feed through a gear pump 22
which provides a smooth and controlled flow rate. The
polymer melt, as required, may be fed into a screen
changer 20 (Figure 1) to remove any bulk or oversize
solid particles or extraneous material. The melt flows
into a polymer diverter valve 24 and into die holes in
the die plate 18. The strands of polymer melt formed
by extrusion through the die holes enter into the
waterbox 16 and are cut by the rotating cutter hub and
_ blades 14 to form the desired pellets or granules. The
process as described herein is exemplary in nature and
other configurations achieving the desired polymer flow
ag are rea&ily'understood by someone skilled in the art

are included within the scope of this invention.



nodi fications and additives to the extrusion process
whi ch are useful in reducing the degradation of the
extrudate thermally or oxidatively. Anong these 5

adapt ati ons are included vacuumrenoval of byproducts
and excess nononers, hydrolysis reduction, control of

. catalytic depolynerization, inhibition of

poI yneri zation .catal ysts, end-group protection,

nol ecul ar wei ght enhancemsnt pol ynmer chai
"@(’E"%‘Ef’é'?l 10 and use of inert gas purges. fbv%msg?osmmw
enters the wat er box 16 through pipe 26 and rapidly
renoves the pellets so forned fromthe die face to
forma pellet and water slurry. The process water
circul ated through the petd etizer waterbox as
included 15 in this invention is not limted in
conpqs.giltdxoarandaﬁaq/emoushratfaﬁé@w BEEoUE 0sol vent s,

and, processing Libd 1%
pefi Btqardaisns % lvegggﬁgg%e% %ﬁt%% andior

Rk B ik tiRRepoLh fdduviag Wnd: Idegt;'@d@,ﬁ@l@nsq%(y@eby

those skilled in_the art’ eII Oy roslurry
spttedaha fé%ﬁ%lﬁﬂeo‘ﬁ\/ﬁxéflﬁsgz ougzjl'ﬁ\tp 5 ﬂ@gz% and is

%ﬁQé@é(@f{:dﬁso\g@red 1hRBuHY ¢cBdm t Henenighl. QlfubrerduqﬁFé 30.

ccordance with this inventi air Ctd
|amﬂoezs¢aﬂr?r WRATONETS0 B Vﬁ%sff)e‘{]‘jrﬁté‘fj er aB?lll@ngL acent

5afzﬁﬁtthedﬁ?81h’mf9&?%£% Wahpi boxidkd cnd near the

ng o urry I'ine 30. This preferred site
7;(3;1&1mér:azattmm jasteilpetd acmd-oaPER RIESCFARBport of

'tégiegg é?t5%£BEQNQHEQQZZAEQE87£o£§aléﬁ$%&Q@/eﬁﬂéﬁgaonzﬁ
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~and use of inert gas purges.

Water entérs the waterbox 16 through pipe 26 and
rapidly removes the pellets so formed from the die face
to form a pellet and water glurry. The process water
circulated through the pelletizér waterbox as included
in this invention 1z not 1limited in composition and may
contain additives, cosolvents, and processing aids as
needed to facilitate pelletization, prevent
agglomeration, and/or maintain transport flow as will
be understood by those skilled in the art.. The pellet
water slurry so formed exites the waterbox through pipe
28 and is conveyed toward the dryer 32 through slurry
line 30.

Tn accordance with this invention, air is injected
into slurry line 30 at point 70, preferably adjacent to
the exit from the waterbox 16 and near the beginning of
the slurry line 30. This preferred site 70 for air
injection facilitates the transport of the pellets by
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increasing the transport rate, facilitating the
aspiration of the water in the slurry, thus all ow ng
the pellets to retain sufficient |latent heat to
effect the desired drying. Hi gh velocity air is
conveniently 5 and economically injected into the
slurry line 30 at point 70 using conventiona
conpressed air lines typically avail able at

manuf yring facilities, such as wth a RmeyIBdcos1007
v%ﬁﬁ%%@% or. Oher inert gases including but not
limted to nitrogen may be used in 10 accordance with
this invention to convey the pellets at a high
velocity as described. This high velocity air flow

i s achi eved using the conpfessed gas producing a

vol une of flow of at |east 100 neters.sup_3/ hour

JSCREES BnE LR AF@TBEPTE FatRe FRTIEGRIRE BRCof a

RILSaE fonPlod 1Rl wheastiB thar sihrgugknlBea 81 g | | ne
30"which is standard pipe dianeter, %Leferably 1.5

ithehpel brts dicamstein Teiiikdsst skatandd bpatt ke effect
fhaw . Dl pey LW sl var ( ' to
S s A e e i R e
amd ebenoiizmldy tihge@teddintet she FHlariyghivel 3¢ialy air

jexi in o, tic s ir
ggf ESEU{A’ el Wg%t AGhR tlE:S. RELLEL & S&gﬂ%é/

enerati ng €r vapor by “asplration, ah I sperses
thyeipal 1eteardilamighat tmarhiFacsbuing Hacieiptepagaiding
t hose gellets at .increased vegg ity .to Ehe dryer 32
' FPeleTRt PR St BOBFRSEEE - 2 '%%Fe{% *HRE"SEROTR from
tihe1vaief e ot eihbesditpenitxdden by bheudbghin
vel ocity aspiration produces a mixture of W)
BEOTF OFVEy MIHETLRIRoUHERA8007C @oAvey the pellets at

" a high velocity as described. This high velocity air
flow is achieved using the compressed gas producing a
volume of flow of at least 100 meters.sup.3/hour using
a standard ball wvalve for regulation of a pressure of
at least 8 bar through the slurry line 30 which is
standard pipe diameter, preferably 1.5 inch pipe

diameter. To those skilled in the art, flow rates and

' pipe diameters will vary according to the throughput

volume, level of moisture desired, and the size of the
pellets. The high velocity air effectively comtacts
the pellet water slurry generating water wvapor by
aspiration, and disperses the pellets throughout the
slurry line propagating those pellets at increased
velocity to the dryer 32, preferably at a rate of less

than one second from the waterbox 16 to the dryer exit

34, The high velocity aépiration produces a mixture of
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pell ets and air which nmay approach 98-99% by vol une
of air. Figure 5 shows the preferred arrangenent for
air injection into the slurry line. The water/pellet
5 slurry exits the pelletizer waterbox 102 into the
slurry line 106:t hrough the sight glasslliZ and past
the angl e el bow 114 where the conpressed air is
injected fromthe valve 120 into the angled slurry
line 116. The injected air, pellets and vaporized
wal @470k 7pr oceed past the enl arged el bow 1FEETASROGOHH7
the dryer entrance. 110 and into the dryer 108. It is
preferred that the air injection into the angl ed
elbow 114 is in line with the axis of the slurry
line 116 providing the n?%inun1effect of that air
injection on the 15 pellet/water slurry resulting in
constant aspiratiqn,of _t LX§,UE&. gk ered
bR sty ?‘Hé Tt (PSP %&Ysib% éfluéfyggl i %ga ?g%ﬁ%%d t he
longi tudinal axis of slurry line 116 can vary from

0" to 90" or more as, requifed 20 rizance: .. n
Che. haRgHESGF THRreD EhPRT St ot raaield (B2 R
hﬂl;géléti% t}eo Bld @16er1fida t ke dwyterr/pe08etThi s
difference in height may be due to %&deHQY%E%al
psbiriso skags obhe Reldeféred 0B NSTPPE| 0 the
g%@éﬁgﬁl% An R HDERE ennsequessa Ty ankdepast

nce in the sizes of the dryer and pelletizer.
Thige prrafler pdboantde whengeths GPERES8edt3%63° with a

R SR Dliaub et sas
116. The injected air, pellets and vaporized water
proceéd past the enlarged elbow 118, through the dryer
entrance:llorand into the dryér 108. It is preferred
that the air injection into the angled elbow 114 is in

line with the axis of the slurry line 116 providing the

. maximm effect of that air injection on the

pellet/water slurry resulting in congktant aspiration of
the mixture.

The angle formed between the vertical axis of
slurry line 106 and the longitudinal axis of slurry
line 116 can varxy from 0° to 20° or more as reguired by
the variance in the height of the pelletizexr 102
relative to the height of the entrance 110 to the dryer
108. This difference in height may be due to the
physical positioning of the dryer 108 in relation to
the pelletizer 102 or may be a consequence of the
difference in the sizes of the dryer and pelletizer.
The preferred angle range is from 30" to 60" with a

more preferred angle of 45°C. The enlarged elbow 118
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28 into the dryer entrance 110 facilitates the
transition of the high velocity aspirated
pellet/water slurry from the incomng slurry line
116 into the entrance of the dryer 110 and reduces
the potential for pellet 5 aggloneration into the
dryer 108. The preferred position of the equi pnent as
described in Figure 5 allows transport of the pellets
fromthe pelletizer 102 to the exit of the dr%Fr 108
WO 200p1TXi mat el y one second whi ch i ni ni zE8STTELE6AGF007
heat 10 inside the pellet. This is further optim zed
by insertion of a second val ve mechani smor nore
preferred a second ball valve 150 after the air
injection at elbow 114. F&hi s additional ball valve
150 allows better regulation of the residence tine
dirtbhehpediyetrs ebbramed Raosfacilidates thée wwdsiddoves

any vibration._that my _occur_in the slurry lLine.  The
. st b6t Shariity AR e o atha fafet Sl Brod
REeS SHEbEAG Fluekytiheaaliie infeatted enbrandheichamber
and ingroves the aspiration fromthe

t

t t
EVPE LI SRoResE the BB eT BELLEY a1y

iBokharts A tiheoSiRe Bhetheopel l ets decrease in
dianmeter. The pellets are e%ected t hrough the exit

126 ofhetprefgryed RUBHERE @ et%ﬁé¥E¢§BP9th$ected
LQWRLfhaq fﬂk%f@h?FySLHYlbwssﬁféhéﬁbﬁ% WEDERE I 1ets

conveyor 84 2571 | lustrated schematically in Figure 2a
dmomFterpeRletizFheltyitcathenspbi ¢ tEsuiTEey &% £he

LEBERLOLY: O} (0 oQlodd GrnY bR REA 8 L3N YEXO 0B hell OVS
ingide the pellet. This is further optimized by
insertion of a second valve mechanism or more preferred

a second ball #alve 150 after the air injection at

elbow 114. Thig additional ball valve 150 allows

better regqulation of the residence time of the pellets

in the slurry line 116 and reduces any vibration that

may occur in the slurry line. The second ball valve

150 allows additional pressurization of the air

injected into the chamber and improves the aspiration
of the water f£rom the pellet/water slurry{ This
becomes especially important as the size of the pellets
decrease in diameter. |

The pellets are ejected through the exit 126 of
the dryer 108 .and are preferably directed toward a
vibratory unit, such as a vibrating conveyor 84
illustrated schematically in Figure 2a and Figure 2b.
The agitation which results from the vibratory action

of the wvibrating conveyor 84 allows heat to be
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WO 2007/ 027877 PCT/ US2006/ 034007 29 transferred

between the pellets as they conme in contact wth

ot her pellets and the conponents of the said

vi brating con_ve%/) This allows uniformty of

tenperature to be achl eved and results in inproved, S

| ower and nore uniform noi sture content of the

pellets. Agitation alleviates the tendency for

eI |lets to adhere to each other and/or top&hBs2e06034007
QMIEPERHs of, the vibrating conveyor as a

‘consequence of the increased pellet tenperature. 10

The residence tine of the pellets on the vibrating
conveyor can affect the desired noisture content to
be achieved. The larger #he pellet the | onger the
residence tine is expected to be. The residence.t

Leseyrgad PeEEBOR B PELOTS T TRES P L aeante or

F2thO rebekably cheopbdbretends tige hiseconds,
5 nor e g%craferably 40 seconds to allow the pellets
w@bmmng canveydssi redsdadter I eEMAFY RF t he

g%#eé&#&f%‘%%ohe %5514¥%&d£h@9reéﬂr%s|@ﬁgfmpﬁﬁﬂédgts

ain nore heat 1nside and dry nore quickl
tihaar vanid dndye expéette dioflebup® gEiteatsodfthe d?eé&ﬁ:ﬁg

ter. nversel Yoy r petd 8o aan
g‘?g P § vllgg er %Ie%gﬁlé‘%{i%gnfgg ?lgrlre fequir ed for
t-hecpeh | @ithedro amgabrfm tm:andbmprglqgmswgethe Vigating

gggkéggﬁtgiﬁ%n%e{c%g%%ﬁ?%ﬁt g&egﬁ? hgéncrv?%ﬁ[eé %e r eqw red
fQfpe2Rrdr t her processing. O her net hods of cooling
of neéggqgaéiaégﬁgl%iég]gkothe pellets on the v1brat1ng
cﬁnveyor can affect the desired moisture content to be
achieved. The larger the pellet the longex the
residence time is expected to be. The residence time
is typically about 20 seconds to about 120 seconds or
longer, preferably from 30 seconds to 60 seconds, and
more preferably 40 seconds to allow the pellets to dry
to the desired degree and to allow the pellets to cool
for handling. The larger pellets will retain more heat
inside and dry more quickly than would be expected for
pellets of decreasing diameter. Conversely, the larger
the pellet diameter, the longer the residence time
required for the pellet to cool for handling purposes.
The desired temperaturé of the pellet fox final
packaging is typically lower than would be required for
further processing.

Other methods of cooling or methods in addition to

a vibrating conveyor can be used to allow the pellets



a vibrating conveyor can be used to allow the pellets
WD 20071027877 PCT/ 11S20061034007 30 exiting the
dryer to have sufficient tine to dry and
subsequently cool for handling. The pelilets as
delivered can be packaged, stored, or transported as
requi red for additional processing or final product 5
manuf acture including internediate and fina

expansion of the pellets where applicabl epcdiyszoosnzsoer
HANE2E7T A method for processing pol ymer bionateria
conposites into pellets including the steps of
extruding strands of a Polymer biomaterial conposite
through a die plate into an underwater pelletizer,
cutting the conposite strd@fds into pellets in said
pell etizer, transporting said conpagsite,_ Pellets.from
sek-imel £be | Feretn $oa DREE e?!l%ﬁalﬁfér% eSS Gy Y ahe

dLVi N9 5814 SHUPASIA Banel Rt S, TEhasaniersi aed in that
sai ep f transporting said conposite pellets

i deliveesd oiedis MRCkaEPGh SHPEREei 95 THREEPOgEEdi 7 o
sai d _wat.er. and | S i Qs CEH S naaKibdowader to
2B PTHACE F?5§ﬁ¥§%f$%¥1%#%£%ﬁ%agaid pqlle?é to .

r pinmifadenier hatliwtiaty, inbermafiesendnd t{irely FERRBS P

saiLd pellets nd to' i.te transport and drying
offs %jpﬁgﬁF%?ééh%fe'?ﬁgfﬁggﬁﬁﬂ_- as claimed in claim

1,' characterized in that the drying of said pellets’
achi eves a noi sture | evel approaching 1% and
preferably less than 1t. 3. The nmethod as clained in
claim1, characterized in that said pellets are
transported into a dryer after said



hi gh velocity inert gas is injected into said water

-and pellet slurry. 4. The nethod as clained in claim

-3, characterized in that said pellets exiting sai.d
dryer are kept in notion by a'vibrating. unit during
whi ch said pellets continue drying. 5. The nethod as
clainmed in claim3, charagterized in that said

c‘li njecting of. -the high velocity inert gas into said
Wat’er and pellet slurry causes the speed of the

. . pelilet o hotiard .t ; ' Lver to increase. 6.
intih % JyeLhod, azjé‘{:% ai ﬂn}{gg!é?%ngf ’%% lﬂﬁm%r \Bgﬁg?’%eézfl&li FEFopptes

that ~sal d-gas' T ffectEaPT nth Fairdieg ertemtispelsd ef

pPolymer, yigfage fiadw congioeiné ahrdwensta 10008Bbhkie ande, 5y
cl ai med

undprebeeabl yeabout,ck75M&hoyn, 7.cnIhe method as cl
'intionpéifé%‘ i %Q%Eacte%i zed I'n that said. gas i¢ rands
- el’gn%{cte into sai & weter*AndtHRtPertarsaid composite
PELAUBS LAY B B latiganeet avidtem ahiingeDfed EAVSky, Ofng
dryied dadiuronpos3Ze Beribhe, n@ihadtas .claiyed, . 58'i<?' m.7,
. of ehaksstakiyZet d LbLhal:Sal g line, og {ravel of “sal fF.
verSlir Y _tyrns at an-an " DeriBeiosBien At 6otingnal hiahd
C (,ga_s 7i §791 E6Fed™iP S vPhen. a8l pFhketetihety aso cause
| BRLE | HREeEd P naeiaianed froh asaiet ekl et idds thak Péﬁe% o
' retgiesigenge] ti ,0kosa [, in said line of travel
' i EC,SJLEHriglf:Q%lollSI:EEC?O1‘1\/\7?1% o5 B4 Beligtsi r

 and ItS ated by a ball valve™ : i
A .o%.e ’fro?ngﬁﬁ’éttw%?%ia?h% CEavafst prbletsi m 1,

* cRar d&eerithed - pm elednedsai dipiel ¥ MRihaPhORRLSERA , thae

d .non-foaned -

 the duyesbt eaiacheiRs: o fpaimhle. ; hoamed ;
1%, GRARASKLES, Al Thﬁn met E,od as- cl ai rgrcg Tl PRIt ing
B ‘ 285 G 1g, . - bi i
L ,cyaraterlzdlnt a ‘ald pol yner- bi omat eri al
- conpost Ethad Jeleinsysipotiaier t antaddit erti 0e@QY that
saldp pivdtedsi abre ancrgpsebetad| Vin3@% L0 0% bia%@&‘i‘eréaaild
?llgl'_l velocity inert gas is injected into sald water and pellet
slurry, _ o - ' ’ "
4. The methoc_l'as‘ ql‘a.imed in alaim '3, chara.cteri'z'ed in that

+ . 5aid pellets exiting said dryer are kept in motion by a vibrating.

unit during which said pellets continue drying.

. 5. The method._a_s claimed in clzim 3, characterized in that
.san_.d inj gecting of the high velocity inert gas iﬁto- said water aﬁd
. pgllet ﬁslurry causes ithe speed of the }_Sellets intc anci‘ﬁhrough

 said dryer to increase. L '

‘ . . The method =g t::_l_aimed in elaim 1, chara;:térized in that
said gas is injected into said water and pellet slurry at a flow
rate of at leagtt 100m®/hr, and preferably abouﬁ 175m® /hour. |

7. _The method as claimed in claim 1, characterized in that
said gas is injected  intc gaid water and  pellet ‘glur :
Jubstantially in alignment w’rit;h a line of travel of saia s:il.m.trryry



12. The method as clained in claim1l, characterized
in that. said biomaterial is selected fromthe group
consi sting of polysaccharides, including cellulosics
and starches, and. protei naceous materials, including.
pol ypepti des, and any conbination of the foregaing.
13. The method as clained in*claim1l, 'characterized
in that said bionateriaﬁzincludes fibrous particles

from10 to 900 ' micron a F el
o0 B merhpihret Sgry 1 ealiB ", SEREtlert Bt b i

saiddink aifredavel offasad $lurphEPERF &t FoEIHS YHAP Bat
andbéof’“&tfgrs!ta@h g&‘:ﬂil#j@_&j@&nme&ﬁ Ead mg;:;p:)artl ;I e s<|jze
from 0] a4 By hdt |
cl®ai m=f m‘(’:?‘%efcg@? eﬁazleg 5 &P cﬁwﬁ Smag Herd e

saidalegdtentd (tgmet pE §rbl @e&aﬁgﬁ st rf‘g*‘léf g ng 5 ?’Eis

reqSlsti byt edppol yodlefd repnpoteses todr §alﬁola§/‘érri%‘°s0tl°n‘

pl"ﬂo.‘/u ugafeh:@é@x%daag ek yearhobples: | cherThesnerhoct ssat-
Cl al ne

Sal%@’log’%‘?r BF’%‘E%%i C%%ar 23| te ; Ica?%%’% %é@é%lnee'sgdrﬁan?gr aénd_

onafiemtd cdnposdhéer greater conpatibility between

PGl1y Mek AR HRicOABt Bliiabd in claim 1, characterized in that
said polymer bidmateriai composite has 5% to 95% _polymer_' and 10%
to 90% biomaterial, and preferably 30% to 70% biomaterial.

. 12.  The method as claimed in claim 11, characterized in
, that said biomaterial is selected from the group consisting of
pblysacéharides, including cellulogics and starches, : and
tprotainacaous mat:eria.ls, :anlud:.ng polypept:.des, and any
- comb:.nat:.on of the foregolng

' 13, 'The method as elaimed in claim 11, characterized inr
that: said biomaterial inciudes £ibrous pa:r‘t:n.clefs £rom 10 to 500
‘microns, with an aspect ratio Df from 1 to 50, and preferably
from 2 to 20. ' . : '

14, The method as claimed in cla:x_m 11, characterized in
that said blomaterlal ingludes powdexrs havn.ng a particle size
from 15 to 425 microns.

15, The method as claimed in claim 1, characterized in that’
said., }_:;Dlymer is selected £from the group consisting of
polyolefins, substituﬁed 'polyclefins, polyesters, polyamides,
polyurethanes and polycarbonates.’

16. . The method as claimed in claim 1, chara.cterlzed in that
said polymer biomaterial composa.te‘ 1gcludes one or more agents

to confer greater compatibility between polymer and biomaterial.



