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POLYPHENYLENESULFI DE COVPOSI TI ON AND APPLI CATI ON
Cross- Reference To Rel ated Applications This
w@p@siocsti on clains priority to provisional appdT/ostooomes27
60/ 496, 097, filed on August 18, 2003. TECHNI CAL Fl ELD
Th n echnpi qu | at-es I el '
POLRHENPLARE S LB B EUIBRT TN ARl WPBEIE A FTON
flexibility properties relative to PPS. In particul ar,
the present technique relates to el astoneric PPS

conposi tions at gre use as..a flgxihle coating,
fiber, or bartd} '===“c"=.w'= ALST %%aRE ionis

intended to introduce the readerto varjo as t f

arThlwwﬁa%w@mar@r%mtRsovalppé@@p%%%@e@/489,%?%@63 on August

present invention that are described and/or clained
18,20@3.o0w. This discussion is believed to be helpful in

-providing the reader with background information to

facilitate a better understanding of the various

aspects of the present invention. Accordingly, it

shoul d be understood that these statenents are to be

read in this light, ZIECHNICAL EMALD hdication of what

subject matter may constitute prior art to the present

i nThaipiesent teEheiqneomlaet ganemdly yorelastpmstic polyphgilybsieisuide (PPS)

and ot her polyners which nmay be nol ded or shaped when

compoSRibBwRH impkyved fIBAbIRY piopeitiRs rd@iet6 PPS N 2 Bar(iB@Ar, the present

cool ed, are conmonly incorporated into comercial an
techntlnﬁﬁ%laf‘é% W {;lggoﬁg 9§P§@9m?9§ft‘f&g§ﬁat a?@ﬁsteflﬁ léL ?rﬂexible coating, fiber,
ernoplfastic materials typically vary in their

characteristics, such as their flane resistance,
or barrier.

BACKGROUND ART

This section is intended to introduce the reader to various aspects of art which may be
related to various aspects of the present invention that are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information
to facilitate a better understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are to be read in this light, and not

as any indication of what subject matter may constitute prior art to the present invention.

Thermoplastic polymers, such as plastics and other polymers which may be molded or
shaped when heated but which harden in the desired shape when cooled, are commonly
incorporated into commercial and manufacturing goods and packages. Particular
thermoplastic materials typically vary in their characteristics, such as their flame resistance,

impact resistance, flexibility, chemical resistance, heat tolerance, and so forth. As a result,
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I mpact resistance, flexibility, chem cal resistance,
heat tol erance, and so forth. As a result,suitable

wo b@soophasti c materials are general ly sel ect ePicT/0820841026927
appl i cation based upon the demands or constraints of

.. the appljcation.. Occasionally, h ver, a .

suitaplf heiRplasts mataiels Argenemly Sebgrd I enappficetion bassd ypon the
suited for an application rmay be unacceptable because

demagfls ghcapssaintsbite anphigatione Qosisienally ghovesygns| thermoplastic material
pol yphenyl ene sul fide (PPS) is a high-performance

that raipht otherwisgbd Wwell suifeldest arcapplitdtiopanay béaraved pta@bidaiiteyof an
di mensi onal stability, chem cal resistance, flane

unsuftésié shae&istiand which is electrically non-conductive.
However, PPS may be too inflexible or stiff for sone
applications in which a high degree of flexibility,
resilience, or inpact resistance are desired. For
exanpl e, the stiffpess qf PPS would generally preclude
i tisorgxample, polyphanylege pfide (H}%t)rlsa% Eghmfeﬂn%s ehggeering
bendabl e or conformabl e, such as for wires or cables,

thernguplastic avithagnod tlzarmal stabihity, dioressionaltstabilityf cheonead reséstancerflame
other articles which nust be resistant to inpact

resis@lACERERd whikheY electridal BRmbasdtctbe MplsveveQ PPB ady tso inflexible or
sufficiently flexible, resilient, or inpact resistant

. . v v g |
st ol bl BESRAR S LR bk RALIGRY, (et Pl
. PPS- based cgonposi tion havi r r flexibilit .
resisaich 5 OFSHof DLHRILS BT Tare o TS oty EEhefally, pclydesis use as a
is highly desirable. Simlarly, articles or goods
coating fusrspbsteatasyghichumpstbecsngabde o eonforajaplgesuch@s dorowisgs agables, or
or as a structural conponent are highly desired. BRI EF
as a donfiankitTh @ Instoiiidh NESoaivienstoagther arfticlek evhichviangtibe mesistant to
may become apparent upon reading the foll ow ng
impa@fdhdged description and upon reference to the
dramngs in which:Fig. 1 illustrates a wire coated
Wi th a PPS-based blend, in accordance with one aspect

However, a PPS-based composition that was sufficiently flexible, resilient, or impact
resistant and which possessed the other desirable qualities of PPS might be desirable for such
uses. In particular, a PPS-based composition having greater flexibility and/or impact damage
resistance relative to pure PPS is highly desirable. Similarly, articles or goods incorporating

such a composition, either as a coating or as a structural component are highly desired.

BRIEF DESCRIPTION OF DRAWINGS

Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:



of the present technique; Fig. 2 illustrates a
mul ti-layer structure incorporating a barrier |ayer,
w0 moaocsrdance with one aspect of the present PCT/US2004/026927
technique; Fig. 3 illustrates the extrusion of a
patih S [ I Mal g ' is -
ko e g O i oA TP i, [ o PRRGURE, on aspect
Ofﬂlill&§g%%@§suéhe closing of the nold and the bl ow ng of
THE DAY f Fig. 3; Fig. 5 illustrates the cooling
of the blowfornmed article of Fig. 4; Fig. 6
illustrates the ejection of the blowforned article of
Fig. 5; Fig. 7 illustrates a piece of a nulti-piece
arltig.c) dlustonesta moltteldyér soctubeinoarpbiatihngy darriet tayet, i gccofdance
Fig. 2, in accordance with one aspect of the present
5 with érRC3pédidethelprébenGedtnigiRt rates a piece of a nulti-piece
article constructed fromthe nulti-layer structure of
Fig. 2, in accordance with one aspect of the present
techni que, after insertion of one or nore inner
C 0 ts to be included in the finished article; .
FTGE. 0 iRt fealrugonal 4 parioe 0o armolg e RiongRadiee. o
pi eces such as those depicted in Figs. 7 and 8, in
accorgdanse mitirmae agpachobihe peesprgdechoiquehe present techni que;
Fig. 9Aillustrates a close-up view of the junction of
two pieces conprising the nultipiece article of Fig.
9, in accordance with one aspect of the present
¢ aehni o . $ . .
& of ;G e CACSIR FR1d 48 (EBRMEIY B¢ phiEng R >
aspect of the present technique; Fig. illustrates the
assenbly of a nulti-piece article fromthe pieces of

FEgs. 7 and/or 8 via hot Egate wel di ng, in accordance
wilith dHRsHatpethe coplingref the blownformed miickeund Fig. 4,

Fig. 6 illustrates the ejection of the blow-formed article of Fig. 5;

15
Fig. 7 illustrates a piece of a multi-piece article constructed from the multi-layer
structure of Fig. 2, in accordance with one aspect of the present technique;
Fig. 8 illustrates a piece of a multi-piece article constructed from the multi-layer
20 structure of Fig. 2, in accordance with one aspect of the present technique, after insertion of

one or more inner components to be included in the finished article;

Fig. 9 illustrates a multi-piece article comprised of pieces such as those depicted in

Figs. 7 and 8, in accordance with one aspect of the present technique;
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Fig. 12 illustrates the assenbly of a nulti-piece

article fromthe pieces of Figs. 7 and/or 8 after
whoedospiste wel di ng or ot her adhesi on or bondi NBCT/US2004/026927
~ techniques, in accordance with one aspect of the

present . ni qu and. Fi es a
D aRBcTA B e 8 e g Vies b punifon B R e Shprising the mult-
accordance with one aspect of the present technique.
piecenoies oF . BARRYsauENOe Withiqre pRRgENT] @Npmemﬁ%qham%u on
Ther nopl asti c bl ends based on pol yphenyl ene sul fide
(PPS) may be used in a variety of manufacturing,
commerci al, and/or consuner applications. In

pemgl mJllu@gtratssrﬂa@ Fhlatio® oPﬁS picte df higﬁhvwathaﬂqaﬁﬁng, in
thernopl astic that may be used in the manufacture of a

e mechani cal and/ or
accor\éﬁﬁée%;r'%/}%: aIFe aasp %étérkgj SéeEJ r&ewvﬁ%gl ilp;é desi red. For exanpl e,
PPS may be SU|tabIe for applications in which high
nmodul us, stiffness, thermal stability, dinmensiona
stablllty chem cal resistance, flane resistance,
anigol] lusteates tha ssamhlycefriduelti-pieeeyartele frioasthe pitcesrofdigs. 7
PPS may be incorporated as a manufacturing conponent
and/Ri8t i hot3)1 &8 SvetdinglSn acfdinté Withlonohspect dfahapiebas tdchnique;
blend, i.e., a conposition of PPS and one or nore
ot her constituents, such as other thernoplastic
naterials el astoneric materials, copolyners, resins,

rel nts ditive a d o, forth. . .
! 35 o B b AP R AR il of i 7
advantageous when partlcular properties of a

and/az Sradter hoteplate vaalding asothprsadhgyien aregcmdettg teplBugpes ontgeeordance with

properties of the constituent may be | ess desirable.
one adspeebe ofithe e htaedhnéquel alel vari ety of uses of

t her nopl astics, the devel opment of suitable

t hernopl astic blends that accentuate the desired

properties of a

Fig. 13 illustrates a motor vehicle incorporating a fuel tank constructed, in accordance

with one aspect of the present technique.

MODES FOR CARRYING OUT THE INVENTION

A. Introduction

Thermoplastic blends based on polyphenylene sulfide (PPS) may be used in a variety
of manufacturing, commercial, and/or consumer applications. In particular, crystalline PPS is
a high-performance thermoplastic that may be used in the manufacture of a variety of articles
in which the mechanical and/or electrical properties of PPS are desired. For example, PPS
may be suitable for applications in which high modulus, stiffness, thermal stability,
dimensional stability, chemical resistance, flame resistance, and/or electrical non-conductivity

are desired. The PPS may be incorporated as a manufacturing component either alone or as a
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constituent of the blend while mnimzing any

undesired properties of the constituent are often
wale@snend4f or particul ar uses. For exanple, a PRSHDs®ed026927

bl end may be desirable as a coating for a flexible

substra S cabl e or r constitu
consefenof f Heim ot tleitndie bEompvaie sftpEigitein: giore SREH
textile product, or as a structural conponent in the
constiteanis, surlt asthesfthesmeplastig materiplsrelasteperiggmatsrialsi qogolymers, resins,
liquids. Therefore, it may be desirable to forma
reinfdrbiap ap@itg atdicived, endlscfontar i si ng a sui tabl e grade and/ or
sufficient quantity of PPSto retain the desired
chem cal, electrical, thermal, and/or nechanica
properties of PPS but al so conprising one or nore
er .co stltu ts 19 r
¢ IBSsRRRE oS AR TRk g bg%@ﬁ%ﬁ%% Bigicular
blend. B. Suitable PPS—Bas d BI exanp 0
Propepifey. i d<eBs P e uph 3S BE Sy ‘?Sﬁﬁﬁi é‘&h A%&PWF?W Oé constituent
i npact danmge resistance conpared to PPS and
may polsssedesiraige.slidseda dng tol the ddd vaalety ef uses of betmopdasticsithe
flame resistance nay be formed by conmbining a treated

develbhRett@FistitabddthelRdplatic bieadothaiRicentand thadeiras prpeities of a
'I'J he PPS-based bl end may conpri se about 40 to 95% by

constﬂﬁérg Wfth%fblérl'aewﬁﬂeeﬁln%1 dﬁjgsﬁté/elﬁldg&{egkbggé/or@ stdt tﬁé)ﬁ t%l&ﬁ%re

inic copolyner, ut y wei ght
the el ast oner Hloeemo of PS-
oftenie S (OREMBPUA ol TS8P S S L ARSerodks Ay BRosrblps 2
ol efinic copolyner. The weight ratio of the olefinic
coatingfookyflenible Bibsirate.sugk ameable gis wited ag 4 congiiaent of a figer, such as
about 20: . As one of ordinary skill in the relevant
may 8¢ Wovér ihtoapglothairadeile ploductiarisiatstrastued] cofgotne incthe construction
constituents are selected such that they total 100% by

ofa c‘@/ﬁiagm' fcﬁfstc;r% WA GRED OBtk d 18R, it E)l'idyoc;e deRirs N8R RRhiaoON

t he ot her constltuents of the blend, the PPS may

thermoplas[w gfencclI comprising a suitable grade and/or sufficient quantity of PPS to retain the
desired chemical, electrical, thermal, and/or mechanical properties of PPS but also
comprising one or more other constituents to impart the desired degree of flexibility and/or

impact damage resistance to the blend.

B. Suitable PPS-Based Blends

An example of a PPS-based blend possessing improved flexibility and impact damage
resistance compared to PPS and possessing substantial chemical, electrical, and/or flame
resistance may be formed by combining a treated PPS resin, an olefinic copolymer, and an
elastomer. The PPS-based blend may comprise about 40 to 95% by weight of the treated PPS
resin, about 5 to 50% of the olefinic copolymer, and about 1 to 20% by weight of the

elastomer. In one embodiment of the PPS-based blend the blend includes less than 10% by
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to nodify reactive end-groups, such as by acidifying
the end-groups. In particular, it may be desirable to

WO e0meMe3iDNi ¢ speci es, such as sodi um or chl orPCEUSDNE)26927
associated with the reactive end- groups Thi s

. dei i on rocess dDb var
weigfifoltie ffPafeshop Wk gL ah e P e SIS T o clastomer
acid, hot water, ani ¢ solvents, or sone conbinatjon
typiceHly istrbout 3:1 é‘a@lffmng . Trscongf ordinary gkiflrin shavelevant sy wikle
per formed subsequent to polynerization and recovery of
apprédidte, RRSquamticibs 6fsthe blehth eonstitueRBRSré salddiedosuchy ttean tHeg sotallH®% by
treatments may be carried out in the presence of heat
weigﬁ?g{/tﬁg bRhd &6 nggsmél{ desired, to inprove the efficiency
the treat As descri bed bel ow, the deioni zing
treatnment may al so be acconplished prior to the
term nation of the PPS polynerization process, i.e.
under pol yneri zation conditions ei oni zati on,
¢ hRrigidh cepitingtion Wthtth‘éO@Pre%’tnétH“?’ﬁ?so} @ﬁ@gﬁnésthﬂ? SqBa bpreated
ion content, may be |less than 900 ppm if not |ess
to mbdh&nreﬁﬂblemnmgrdﬂm, PiRBas by badifyieg tlecendmgyoupsc Ly dertippgr, it may be
resins having a relatively | ow nol ecul ar wei ght as

desitdBlelto AR IEHIE spdcies, duchadbodieh YreRISribéiunthssociated with the
relatively high nol ecul ar wei ght. In sonme instances,

reactg\%éc%gléa@ r}YeEr st ITh%sod’gl&ﬁ%a‘%ﬁﬁ g?(%ﬁ%ethg)f]f)e L &8 shetdl'b‘i' a‘j\‘ﬁgfegﬁof

ization o yners y be”incredsed

hy heatj th sence .of
oo BT TR S o BB A o
peroxi de, after polynerization. Al though PPSiprepared
combyatgnyofgh@g dregtmamys. Pheadepinigiegitrgaimenis nwéggm‘f ormed subsequent to
technique, it may be desirable to usea substantially
polyhiefigdtionpal yeteretyaifitiegP RS, sedtads oncthy wet BPS floffec granules. The
wei ght for formng a PPS bl end. As used herein, PPS
treatfgl?fm rrﬁaél%fc%{*riéd‘iﬁﬁ in 8 rﬁ)?&%&e%f heRtAn@RP 8firdn 1f %qu‘éﬁl ® ifprove the

ofrecurring units represented by

efﬁcfc'etn[:}lfI 8{' e ?rleatfrn%rngu J\sa described below, the deionizing treatment may also be

accomplished prior to the termination of the PPS polymerization process, i.e., under
polymerization conditions. After deionization, the ion content of the treated PPS, such as the

sodium ion content, may be less than 900 ppm, if not less than 500 ppm.

The PPS to be treated may include PPS resins having a felatively low molecular
weight as well as essentially linear polymers having a relatively high molecular weight. In
some instances, such as with low molecular weight resins, the degree of polymerization of the
PPS polymers may be increased by heating the PPS polymers in the presence of oxygen or in
the presence of a crosslinking agent, such as peroxide, after polymerization. Although PPS

prepared by any process may be employed in the present technique, it may be desirable to use



and may conprise up to 30 nole %ofrecurring units
represented by one or nore of the follow ng structura
wo ooosniast S-S-. C f S) To inprove the affini pgr/os200h1€26927

PPS resin as descri bed above for the olef nic
copol r, the PPS resin e subjected t .

a subaRE s bl Emprianine ST B ETE el B formjns < PP
PPS to be treated is in the formof powdery particles,

blendoarticularly fine particles, to facilitate the
efficiency of both the treatnent and any subsequent
washi ng processes. In regard to the acid treatnent,
the polynerized PPS, including recently polynerized or

Weh s FR& hefByY, PP8 doipRis&LA 1448t P mefi %, &1d cxabdll$ 90 wid1©% or more
under suitable stirring or heating conditions. For

%q#!s | ' olution with a pH of
> Ofre(iéﬁlggh@g rggrg%q}ttjeo rtgggﬁ%%a%ugbeti c acid solution
may be heated to approxinmately 80 Cto 90 C and the
PPS i mersed for approxi mately 30 m nutes under
stirring. The treated PPS may then be washed one or
nore t} , such as with distilled or deionized water
t hat Sfreated up to 100 C or higher under
pressu In general, acids which may be enpl oyed
i ncl ude those which do not deconpose or deteriorate

PPS. In.addition to,acetic.acid. other_ exanples of
and rggy-spragiAePih ol theld o if 1B pre Ry Biec e og e
silicic, carbonic, and propionic acids. An organic
followiigstmeturs domda nay be enpl oyed instead of or in
addition to the acid treatment to inprove the affinity
10 of the PPS resin for the olefm c copolyner. Treatnent
of

il Cily

To improve the affinity of the PPS resin as described above for the olefinic

15 copolymer, the PPS resin may be subjected to a deionizing treatment, as noted above. In
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the PPS by this technique may be acconplished by

i mrersing the PPS in one or nore organic sol vents,
wowdos/osesir ri ng and/ or heat when suitable. The peros®neck6927

PPS nay be treated after washing and drying or while

still Wi th pol |zat| n ven
geneiah gk o et T o B R e S s Al patiles, to
w th an_organi c solvent or solvents to treat the PPS.
facilispribeefliciensy dibpihghe freaimepiandany Fulbssauey Yaphing sLICoSHAT:
may vary, depending on the solvent, fromroom
tenperature to approxi mately 300 C. Sufficient organic
sol vent treatnent, however, can be obtained from

appRIrexdr e @b Béc%ﬁregtlﬁéht 1RO Qyn@ﬁ@&ﬂ@’s] GnMdih§ fecOhtBApilgmerized

sol vent and the tenperature the treatnment may occur
or w%ﬁP:gleg]{aﬁ ! g@stq%lrrsgd Oaxg aﬁcg% §{natéc1 d oc}lllﬁ(ﬂ?urg%ﬁ %lﬁ Ibiseogn\lr?% or heating
particularly limted, generally the des ffe
condws DECTSHEBIPHe AN BYHeORBARCHA GO SPIULEP M % ar%ﬁ? ef ised to treat
m nutes ornore, either in a batchor continuous rmnner .
PPS. Afheeacetic acid mzllutipn triag bPRSated yodapprdmetdlyod B dE tn¥ eC andrias PPS
with distilled or deionized water, dependi ngon the

imm&¥adEfor 8SproRintatdly 3@ ftinkxed hndee stﬂﬁlngt Thé trbdied BPYaftiyhen be washed
sol vent. The water wash,if perforned, naybe carried

one o(}%(ﬁg tlH‘R:S ctt ngﬁh d%'hul%‘a g0 &dioM atef t‘ﬁﬁt}ﬂﬁ}e be Adifed up to 100° C

rganlc sol'ven treatmsnt I'S not mte In regar

or hl%l?ﬂ% \%gﬁlif% pg%lé\\é/r%n 2 %% Xt e?ttl 3}3, E(}yggl %}9@;&% those which do
Exanpl es of organic solvents i ncl ude, but are not

not degampase ot deterioraterRRS: dgeddition tegetiageigopther axamplasiod such acids
(such as Nmet hyl pyrrolidone, N, N-dinethylformam de,

inclulle by dhocbhiy,|salfetiq phdgphoific,3iliak, reiboyic] mddanpiohidiacnise,
hexanet hyl phosphoryl am de, pi peradi none group, and so
forth). Ot her possible organic solvents include,
sul foxi de and sul fone group solvents (such as di net hyl

2ﬁ%¥1 %)éqlag% gvegﬁﬁ zélgles grlﬁ%y e(érgtélﬁyécf}llngtngd of (ﬂqn %.8(11{181!; {oht)he acid
treatment to improve the affinity of the PPS resin for the olefinic copolymer. Treatment of
the PPS by this technique may be accomplished by immersing the PPS in one or more organic
solvents, with stirring and/or heat when suitable. The recovered PPS may be treated after
washing and drying or while still wet with polymerization solvent or wash water. Indeed, the
PPS polymerization mixture may be mixed with an organic solvent or solvents to treat the
PPS. Temperature during treatment with the organic solvent may vary, depending on the
solvent, from room temperature to approximately 300° C. Sufficient organic solvent
treatment, however, can be obtained from approximately 25° C to 150° C. Depending on the
organic solvent and the temperature, the treatment may occur at high pressure to prevent
boiling of the solvent. While the period of organic solvent contact is not particularly limited,

generally the desired effects may be obtained by treating for approximately five minutes or
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as acetone, nethyl ethyl ketone, diethyl ketone, and
acet ophenone). Additional possible organic solvents
WO pasoos4et her group sol vents (such as di et hyl pet/i82004/026927
di propyl ether, dioxane, and tetrahydrofuran) and
hal i de 0 sol vents (such chl orof o t hyl ene
moresHIRF B4 bAIcH 91 GOt SRR bl ier dTAYT g PR F; Ry ashed one or
per chl or oet hyl ene, nonochl or oet hane, dichl oroethane,
morettimasaith disdldadrsieionizsd sttesr deperding on e watehwhshiliy and Railing
so forth). Al cohol and phenol group solvents (such as
pointEtheedighnic edlha@nolThe pracep avash, if parfoeamed, mpebd eannéd out at up to 100°
et hyl ene gl ycol, propylene glycol, phenol, cresol,
C, orPneehie: RRsgkycol . pol ypropyl ene glycol, and so
forth) and aromati c hydrocarbon group solvents (such
as benzene, toluene, xylene, and so forth) nmay al so be
enpl oyed. In addition, the PPS nmay be treated with hot
wat er, such as distilled or deionized water, t
i nteRrganih gol5e It itsARENG TS Noh EMpPpdIn IEER tp efgaPWéogweé?Sitﬁ fhe extent
copol ymer. Hot water treatment may be perfornmed using
that thabmanistsolvknt doed 86t decompbsegh deterivvateePPSWwhExdmples eff orgarac
Cor greater may be nore effective at providing the

solvel@Shé186k, Bhear: ¢t limned {0, frthitsxenfcohtaBX@TPdIa; sodvedis8ich as N-
anount of PPS, including wet or recently polynerized

meth{giro e G 1ERRE Fr e RTR Be LOea  n

, ressur.e. vessel . Thqugh the ratio.may.vary, the
dimefhufEap i Bpans Jorine RGP huR e PIBECS dsoun dadsqyfort)
PPS per liter of water. T'pipally, t he water treatnent
Othei possible grganiogelvenis awludneﬁ%/ oxidaashHdfane gapunesol ents (Regheas

treatnment, the PPS may be washed one or nore tinmes to

dimeft oM foxadey dimmdedisaEone; eunlfdaeniml sovibithpatdiet@eqreup solvents (such
treatments may achi eve dei oni zation or acidification

bnd, BectRTS181 4eoRE Rfethy Ik RARBaldNREBPRGRNE) ARG possible
asacdeg%ra%ﬁé J@nagﬁiévézt ig process m?thin %he reactgr

orgarHcr:] gc?l(lents include ether group solvents (such as diethyl ether, dipropyl ether, dioxane,
and tetrahydrofuran) and halide group solvents (such as chloroform, methylene dichloride,

trichloroethylene, ethylene dichloride, perchloroethylene, monochloroethane, dichloroethane,

tetrachloroethane, perchloroethane, chlorobenzene, and so forth). Alcohol and phenol group

solvents (such as methanol, ethanol, propanol, butanol, pentanol, ethylene glycol, propylene

glycol, phenol, cresol, polyethylene glycol, polypropylene glycol, and so forth) and aromatic
hydrocarbon group solvents (such as benzene, toluene, xylene, and so forth) may also be

employed.

In addition, the PPS may be treated with hot water, such as distilled or deionized
water, to improve the affinity of the PPS resin for the olefinic copolymer. Hot water

treatment may be performed using water which is 100° C or higher. Water which is at 170° C
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pol yneri zation conditions. In particular, such a
treatnment may reduce the nunber of steps, such as wash
wa@pasnesevery steps, associated with PPS produeeT/082004/026927
and/ or may reduce the ash content, i.e., inpurities,

S

or gre{g?egwagal(—{egﬁc?r\éer _e‘cjt\i;vFeioF{:\?Qro‘?/u Qg a}?%?f%?%}%ﬁ@l Igp%%gt?cséggn.l For
i ncorporated by reference. For exanple, an acid or

examplej @l Byes amaunto BRSy ingludingawet or seachdy polypeeizedzBlS.gpay be added
reacti on m xture under polynerization conditions. The

to a ghendnunacf water, silidht is drenheytetie. aodddd0aCt@miger, and stirred in a
appreci abl e amount of pol ynerizati on has occurred but
WelvREsel. OTRRIEH A At T vaky) ety BEPPS-8-ater h&ally be 200

pﬂBSTfpiéglly, ?he acfd g?\ggPdic éolution S aggggk Y s

[ L at el lqr te the term ' . the. Co
or e PP B 8t Ryplly e R e el lfed gt iy anrer
or acidic solution is added to tpe pql ynmeri zati on
atmosphgyey Adfter ot WatgE Beatmsnty Hisi i paxbe WH@’% ORG REMOELYMEHto remove
m xture. In particular, the nole ratio of acid to PPS
any unil¢siretheomponehés. r ange of 0.025:1 to 0.1:1, with a ratio
in the range of 0.4:1 to 0.8:1 being typical.Oganic
or inorganic acids which are soluble in or mscible
Wi th the polar organic conpound or solvent, such as

r’?"a\/yﬁg@%e by @ag%&ggﬁg fagflw{/c{‘g iRRLA R dr 5@1&15@&3@1‘1 §F HEPPS end-

e used. Sui e organi c acl

i ncl ude,, but are nat [imted t acetic acid,..fqgrmc

Broups iR FOTE AR R L e Arsia dcdiev AGS iR oni fisfrsror under
phthalic acid. Simlarly, suitable inorganic_ acids

polymerigatioie cénditiansh lip particalet, duchrolesémens imayegwuesshe aumber of steps,
sul furic acid, phosphoric acid, boric acid, nitric

such &cwekh sddedovesi siatdr mgediatpd osthPRSeproduttion iand/orinay dedunge the ash
phosphat e, carbonic acid, and H2SO Subsequent to the

conteR 4kl iRPurffes! ehafkGvedtd PES A5 EchSOhrbédsO s disdiSsed in U.S. Patent No.
pol yneri zation may be termnated.” Term nation may be

5,352?'%33?%& Si? Eéjreg’}’ inaclo}p%\r/\e/{tgcpb}; rré?ergnecrerper ature of the

For example, an acid or acidic solution may be added to the polymerization reaction
mixture under polymerization conditions. The acid or acidic solution may be added after an
appreciable amount of polymerization has occurred but prior to termination of the
polymerization reaction. Typically, the acid or acidic solution is added immediately prior to
the termination of the polymerization reaction. A sufficient amount of acid or acidic solution
is added to the polymerization mixture to reduce the basicity of the polymerization mixture.
In particular, the mole ratio of acid to PPS will be in the range of 0.025:1 to 0.1:1, with a ratio

in the range of 0.4:1 to 0.8:1 being typical.
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pol yneri zation mxture to fall below that at which
substanti al pol ynerization occurs, typically bel ow 235
w@200801%11 t ermi nati on of the polynerization repCt/SI004/026927
the PPS polynmers nay be recovered by conventi onal
techniques, i.e., filtration shi ng, .f]lash recayer .
e PRI i it (B kol e ditpcbler oy (8 TONE banic
dei oni zed by the acid treatnent such that the . .
compasiag P& pl ey ch anNrmethy k2 Prmelidane o fshspolimerizatipp migture may be
enpl oyed in conjunction wth the techni ques descri bed
used hExanples Bbsuitakizrpgaic acidH8clpdd, putare maylilnecd o peatiedicidly formic
treating the polynerization mxture with acid as
acid,foRbO¥&d, finhst acid, dHdtheHopobsida phthakig adid1 SARi1ABS shitdbie
a 50% by wei ght sodi um hydr oxi de (NaOH) aqueous

ror R A A2kl P oL 4 0 o

nd. 0. 4% by wei ght. sodj um.sul f.i de may be prepared,
phosthgre dsi) hpfis AC.gie 26k uw@*mdr%&en&aamwa fgpgm
(NaQAc) powder, and 104.1 L (27.5 gal.) of
dihydtogest phisplate warbohicdsite 2afNNE3O.may be added to a stirred
(400 rpnm) reactor, which may then be purged with
nitrogen. This m xture may then be heated to about 72
C (342 F) and dehydrated to renove water while the

CSPELGL 2G5 b P By pPhm o

e T T e S S

for 1.5 hours. Then 2,000 L of glacial acetic acid may
polymerizagign anikiire toefal dglomothatgt pvhich sphstpntial pglymeyizgfionggours,
and allowed to react with the reaction m xture for
typicalip béloty 23i5A ML esftatterAvifation(dBte polymdiieatioe aezictiom thei BESurodymers
may then be flashed at about 282 C (540 F) to renove

may b8 feciMRe@BH coBlehBbiaY tdchfiqhESS: £ ot MHBbn, WARIHE! Mash recovery, and so
salt-filled polymer nmay be tw ce washed W t h
forth. The recovered PPS is effectively deionized by the acid treatment such that the

recovered PPS constitutes modified PPS which may be employed in conjunction with the

techniques described herein.

For example, a PPS polymer may be prepared by treating the polymerization mixture
with acid as follows. First, a mixture of 32.40 kg (71.42 Ibs.) of a 50% by weight sodium
hydroxide (NaOH) aqueous solution with 39.34 kg (86.74 Ibs.) of a solution containing 60%
by weight sodium hydrosulfide (NaSH) and 0.4% by weight sodium sulfide (Na,S) may be
prepared. This solution, 11.34 kg (25 1bs.) of sodium acetate (NaOAc) powder, and 104.1 L
(27.5 gal.) of N-methyl-2-pyrrolidone (NMP) may be added to a stirred (400 rpm) reactor,
which may then be purged with nitrogen. This mixture may then be heated to about 172° C

(342° F) and dehydrated to remove water while the temperature is increased to about 211° C
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454.25 L (120 gal.) of deionized water at anbient
tenperature, then filtered, then washed with 302.83 L

W@ 3@sgad34) of deionized water at 77C (350F) f opCB0S2004/026927
m nutes. The solution nmay be filtered to recover

r Qxijrat el . 16 bs T, recpver

11 PR TS % a8 TendioraSib dnobaRehn DGE) A T & gz%‘&f RAP may
|l ess. The aforenentioned deionization techniques ar

be chgrgetl i thereastard (i myjxareimpy ke heatedobont 242° Eh(S4AEF) and held for
reacti ve end-groups have been nodified, such as by

1.5 hawisdThee 2,000 mL sfoglevisraceticsacidimap be addtidrtatlye ekdtdd withn3.79 L (1
the relevant art will appreciate, other deionizing

gal.) bERIMP SERl0RRA 18 keaet Rifh BIERLQYBH niRhedI R %sowstﬂainntets h€279° C
scope 0 his disclosure. Furthernore, the different

6353 oni zi ng techni ques descri bed may be enpl oyed
E%arately or in conbination. For exanple, PPS which
has been acid treated nay subsequently be treated
under an organic solvent or with hot water, and so
forth. In addition to deionizing and/or acidifying the
PPBe rehaioRPSxtay may slenie ftashdsd atabowti 288° Ca5#QUE) to remove the
addi tives, such as antioxidants, heat stabilizers,

NMH 4 dofidif¥ the FR&CPpSIRheN THRARNsaI-fIUVd pbBEiek hiz§he twhe e with
bl ack, netal deactivators, plasticizers, titanium

45438 B@ A5 Aaal gbﬁﬁ%&h%d ét@é/at aEHb?é’i‘rt dgr%]gegﬁl fechgh GABLS; then washed

esi ves, iers, I n anount

ot. affect . the de3| r f the P

wuh‘ﬁﬂé&hi (R el Eaired vitraet %qrcfa%@%ﬁ fier 30 migfes niﬁgsolunon

may al sobe presentin anmounts thatdo not affect the
may e §itered tprespear mpproximel 26. 76tk (SAftisacd PPSo ddeirerovergd PPS

suchas peroxi des, crosslinking accelerants, and/or
exhiitseaskh Bkiteg of apprbkineitely 0/P3yoradssobe i ncorporated into

the PPS. The treated PPS, with or wthout the

addi ti ves noted above, may be incorporated into a

PPS- based blend. In addition to the treated PPS and

an’¥h oregnee(rjltlgl(lj % (Ielaln?zsa‘tlon techrFl)fEc;%esbare u(sjeful in producing a deionized PPS

in which the reactive end-groups have been modified, such as by acidification. However, as
one of ordinary skill in the relevant art will appreciate, other deionizing techniques may also
be employed which are within the scope of this disclosure. Furthermore, the different
deionizing techniques described may be employed separately or in combination. For
example, PPS which has been acid treated may subsequently be treated under an organic

solvent or with hot water, and so forth.

In addition to deionizing and/or acidifying the PPS, the PPS may also be combined
with various additives, such as antioxidants, heat stabilizers, lubricants, nucleating agents,
UV stabilizers, carbon black, metal deactivators, plasticizers, titanium dioxide, pigments,

clay, mica, flame retardants, processing aids, adhesives, and tackifiers, in amounts which do
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bl end al so conprises an ol efinic polyner, such as a

copol ynmer or terpolyner. The ol efinic polynmer nmay
w@oipnisel at | east 50% by wei ght of an a- ol ef i PCT/B8DIN4/026927

as et hyl ene, propylene, butene-1, and so forth and

l.ess.than 50% by. wei.ght a glyci ester. EX | es
not S HhG ARtk PEssetieS SRR astorate S b Rlengie QoS other
techni que include glycidyl acrylate, gljcidyl )
polymgtsat §lpabepregang i apound Ihat:ciq/mataéf,ectat%@ desired prapsrtieyh dgents
ol efinic polynmer may conprise 40% by wei ght or |ess of
that #ifiat bresslinking yuvhras petokles resasslinldhg deoeteron® and/suchssinking
vinyl ether, vinyl acetate, vinyl propionate, nethyl
inhitks, hith QisoBRtiRddrpsmRichagb Yhebs, acrylonitrile, styrene,
and so forth. In addition to the ol efinic copol yner,
one or nore elastoners may be mxed with the PPS.
Typically the el astomer or el astonmers conprise at
| east 50% by wei ght of ethylene. Possible el astoners )
| nehe aeate RS, ayigh Sroy thqutihesddtiy es pofed AR(SeRpY Pg incorporated into
copol ynmers of ethyl ene/ propyl ene, ethyl ene/ but ene,
a PP8tbasdderleridorlopyditing talihetesated RP Stapd any) derited ddditiy ese they PPS-based
but adi ene/ styrene bl ock. O her possible el astoners

blend Bigb WekBpfise @h YWiEinse Sily@eh) yhabns awopblyaRf ¥t fefpolrhét. The olefinic
nmet hacrylic acid or alkyl esters, and/or the netals

poly i@t fnfly E&ﬁéﬁ&e{ gt lela“iﬁtdst(ﬁﬁé lbi?\{@i \ PF&?&-B%;ﬁlch% e gﬁegg,f propylene,

ordi nary [ readi appre

SRS e R R J A———

copol ymers of ethylene with acrylic acid, mnethacrylic
esterg high madbended |in thetnsesent taehniquednelpdaglyeidyk aerylpter glymidyl
an al kyl group is typically selected which has 1 to 5
methaarylbuné) $laidyrethaboy g lagd soforthu CTheallefatiopelymer may aoi@prise 40% by
but are not limted to, ethylene/acrylic acid ester

weighPROY B afotheHGIpoBindr28bIE @RRRAGhicY SnGRRRE WIBK & Ahyl ether, vinyl
et hyl ene/ nmet hyl "acryl ate, ethyl ene/ethyl acryl ate,
aceta%,rl)(rlly? rf)% 1cgn%PeX Ime: Cyrl %clzr%a?e, maert]lgyl %tle?l)(a{c?yrigt{e,ba%try\fénitrile, styrene, and so

forth.

In addition to the olefinic copolymer, one or more elastomers may be mixed with the
PPS. Typically the elastomer or elastomers comprise at least 50% by weight of ethylene.
Possible elastomers include, but are not limited to, the respective copolymers of
ethylene/propylene, ethylene/butene, ethylene/propylene/diene, and hydrogenated styrene/
butadiene/styrene block. Other possible elastomers include copolymers of ethylene with
acrylic acid, methacrylic acid or alky] esters, and/or the metals salts thereof, and polyamide
elastomers. As one of ordinary skill in the art will readily apprehend, other copolymers may

also be suitable as an elastomer.
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acrylate. Simlarly, exanples of suitable

et hyl ene/ net hacrylic acid ester copol yners include
waeopslysser s of et hyl ene/ net hyl nethacryl ate, PCT/US2004/026927

et hyl ene/ et hyl nethacryl ate, ethyl ene/ propyl

crylate, and ethyl ene/ butyl acryl at e. .
nofnerag%rﬁé%lastpwsrsao lswgwoaéy%ar@ CM?%&Q%WQS&%‘}%
of copol yners of ethylene/acrylic acid and/or ethylene
methaenytiaeeig] and adkyil @stetsi &wlihe eetal lsaltstherapt, smpkkyl group fretypically
el astomer copol yners, such as the sodi um zinc,
seledisd WBiSh AR 1 63 €drbidAs didrhd)i Bxampiédion sﬂdﬂtlaﬁﬁﬁhefﬁ&gﬂ&&é, b are not
salts, are intended to be enconpassed in the general

limitig§§£ %wwnefac&pf L8 eSRP é&aﬁﬁ gacpagethefr%sg&%e %61¥01§1Jﬁbxls of

appr eci sel ect ed” el ast oner

I
vy G FFE e O DL Bl LBl 2B 4§t cnencruy
conbi ned to create the PPS-based blend. As noted
acrylgiso\iimilamy epmsples gsmisblerrahydenehnstaasy litoesid ester qoaokyms include
by wei ght of the deionized, i.e., acidified, PPS
copolyasérs of ethplehe/methyl hthabyylateichiytenefethyhmediaefyilate,ethylene/propyl
copol ynmer, and about 1 to 20% by wei ght of the

tHab BB OIRA ethly Rn@/BAtyE FRAMLARAL., AL R6tellaBoME, it Ser| RSl
me thlgn 10% gylyvvgl gh?@of thlcrewdgl ef i ni g gopol ymer . Ther %

inclu {;onr;esglgt QOF?% by %}5 olf) %tﬁ%]ﬁ@{{? rgl?cpz?élé/ &%Zhggr? meq]ﬁcryhc acid.

PPS—based bl end al so conprise o e ) . .
Likepiigenths mestHgalityeh e ¢losiemap coioh SR SO o the 6008 HaF rotassium,
by weight or less for 100 parts by wei ght of the total
calcigh, titheurRRSymoiuef, iand magogsony salts, argnoterdegldo bagnconmpassed in the
desired, the reinforcing agents may be treated with a

genced) ld@édr@ﬁo@@ﬁfh% ,coﬁcblﬁﬁheﬁ,&s 6hd ahsedimaryt kildtiathe artwill @ppiieCiate.
i ncorporation in the PPS-based bl end. Exanples of

rei nforcing agents include fibrous reinforcing agents,
such as inorganic and carbonaceous fibers, and hol | ow
reinforcin

s e peese Sl ety riingiers ShpBdRiN e oS sapabymep idified

beads silica, boron nitride, silicon carbide, and so
PPS ;‘emdtahsomated additives may be combined to create the PPS-based blend. As noted

above, the PPS-based blend comprises about 40 to 95% by weight of the deionized, i.e.,
acidified, PPS resin, about 5 to 50% by weight of the olefinic copolymer, and about 1 to 20%
by weight of the elastomer. In one embodiment, the blend includes less than 10% by weight
of the olefinic copolymer. The weight ratio of the olefinic copolymer to the elastomer
typically is about 3:1 to about 20:1. The PPS-based blend may also comprise one or more
reinforcing agents, as described below, at 400 parts by weight or less for 100 parts by weight
of the total of the PPS, olefinic copolymer, and elastomer. If desired, the reinforcing agents
may be treated with a coupling agent, such as silane or titanate, prior to incorporation in the
PPS-based blend. Examples of reinforcing agents include fibrous reinforcing agents, such as

inorganic and carbonaceous fibers, and hollow or solid granular reinforcing agents, such as
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The PPS-based bl end may be nelt-blended by a variety
of techniques famliar to those of ordinary skill in

wo b@sargss1 For exanpl e, the PPS, ol efinic copol papUs200he26927
el astoner, and any desired reinforcing agent or agents

... may be nelt-blended under high shear.at. a te rature .
slicalpo i ARBTG5 PR e SR bRS Sishchitas FRBTGAUIToR carbide,
280 to 340 C, in an extruder. The constituents may be
and gorferthi xed or may be metered, simultaneously or
separately, into the m xing and bl endi ng equi pnent.
The resulting m xture may then be pelletized upon
extrusion to facilitate transport and future

Pr 9REPHE BEsed BhdhRa; %@%b@nﬁwbﬁl _§v?§é§f bRtekMniques familiar to those

chem cal Iy nonreact’ive, flane resis , generally

i,nper bl e t i qui d an a and.flexjhl e  The

of orpFR! ST 1y e 6 FREiaty JuCbpe! ARy AP gt nd shisioiypmd any
.the elongation at break associated with the blend

desired geinforqiag ageaheragents Ay be melsblendsd under high sheasat a imperature
rupture expressed as a percentage of the original

abovk elmgmblting poimé of the P8 suchlae bERBet A8 ko BAON T, inyani extriubder. The
has an el ongation at break greater than 150% as is

consHEREK FdyYbedReirdd 6 thef bémbletod] AhRiltaRMULINDr sépiedteldSino the
Wi re coating. As one of ordinary skill in the art wll

.. i . , C f .
i PR A OO b RS L SR o gt
giﬁrbodi ment to, produce other desired el ongation at
to fagjlifate transpert and RENE PROGESTIRE. o PPS-based blend with an
el ongation to break between 00%to O % rmay be produced
using a |l ower percentage of elastoner. Simlarly, a
PPS- based bl end with an el ongation to break between

15986 PPS- 2R HKNdIE gatedllynahembieallp modieacttl el flameg residtanyeherally
percentage of elastoner.C. Applications of a Flexible

imp%@ngé( | %fdelq%ﬁﬁg.nma?kﬂ hd ABxvR2sER Rk ®ity GPatd PESbARA blend may

Strate

be evidenced by the elongation at break associated with the blend, i.e., the elongation of a
specimen at the moment of rupture expressed as a percentage of the original length. In
particular, the PPS-based blend typically has an elongation at break greater than 150%, as is
generally desirable for a flexible coating, such as a wire coating. As one of ordinary skill in
the art will appreciate, however, the percentage of elastomer or other constituents may be
altered based on the desired embodiment to produce other desired elongation at break ranges.
For example, a PPS-based blend with an elongation to break between 100% to 150 % may be
produced using a lower percentage of elastomer. Similarly, a PPS-based blend with an
elongation to break between 150% to 200% or greater may be produced using a higher

percentage of elastomer.
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The pelletized PPS-based blend may be used in the
construction of commercial or manufactured goods,
weRdosmer93as the sole material of constructi on OPCEHESHE04/026927
constituent of a conposite construction material. For
I ithe PP jb%_ D tane ] ating

in Flg . For exarrple a mxture of the constituents
laf @h@gﬁ@%x@&%ﬁﬂmy be melt bl ended, such as in
an extruder, and subsequently pelletized. The

pe ll“hebélm{ie@ PPSGbass\bléddanayee neel tie theaddstaictibn dﬁdorﬂﬂﬁbmial or
the substrate to be coated, such as the wire 24 or

manﬁﬁ@ﬂu d %’}Qﬁﬁ Qithbr {58Me Qge kel Qnhalden oi‘ pd 9?6}} FleXI L(f}gi

wires 24 a es are exanples o
ated b

RS- based bl e
coms?%ts f“léﬁessF o BRI RS e g P e coating
a coatin conprl S| n a PPS- based bl end may be
22 f%rpmur%e?d* qrothes dlexibleanpdip, rdelé‘fé{eérlll §ig- dudonexanple, agnixture of the
article, such as a gas tank, chem cal drum Kkitchen
constituentsi df ,thealms -basefl biemd maguemaltbleadsls suxhyashe an ettardentahy
flexible due to their conposition, and nay benefit

subsERitIR peldstizeMITRE pdletizQXbIBAEMEY tc-frelﬁﬂ)%%’elﬁh%ﬁ@ exthitRd onto the
coating may act as a protective sheathing of the

t .
subsggfgﬁn& 'gg Qaq%cg g?& {s’%gymg ;igg) Q%atlﬂ?é ‘gféeggegb o&ﬁ%ﬂg $8lden into a

ossessi ng sone degree of inpact reS|stance. Though
Comggzﬁings of other substrates is one possible

application of the PPS-based bl end, the PPS-based

blend itself may be the primary material of

construction. For exanple, single-piece or nulti-piece

COWldlengirés D andrdablel &% emyl;)l@e of flexiBI} i€ Whithénay be coated by the
chem cally nonreactive and/or flame resistant and

PPSMQE&*%IQ&E SERE f1SABR UG58 n?efy td s%hQM Edated. Tlﬁbr%Q%blre}"&anting

comprising a PPS-based blend may be applied to the interior or exterior surfaces of an article,
such as a gas tank, chemical drum, kitchen utensil, and so forth. Such surfaces may be
inherently flexible due to their composition, and may benefit from a coating of a flexible
PPS-based blend. The coating may act as a protective sheathing of the underlying substrate,
such as by providing mechanical, chemical, thermal, or electrical protection, while possessing

some degree of impact resistance.

Though coatings of other substrates is one possible application of the PPS-based
blend, the PPS-based blend itself may be the primary material of construction. For example,
single-piece or multi-piece containers or articles may be formed which are chemically non-
reactive and/or flame resistant and which possess some degree of flexibility. To construct

these articles, the PPS-based blend may be molded or formed by a variety of known
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these articles, the PPS-based blend nmay be nol ded or
formed by a variety of knowntechni ques, including, but
wmodosioigsiet ed to injection nolding, extrusion nedTURDN4/026927
conpression nol di ng, transfer nolding, and bl ow
m n Fj bers .The . PPS: based end may. al so,. either .

techiifigeingiudfi, BECLHEN R TERCDM T EEET PRam ngsamipression

formed as strands or fibers. The PPS-blend fibers nay
moldirg, tiaghsfebmolding and hlow forming. or fabric that may be used

to formfilters, canvas, clothing, and insul ation,

such as electri caI insul ation. For exanple, the

PPS- based bl end may be extruded or formed as threads

0r pkfands which nay conprise the fibers thensel ves or
1m41—1 may be associated | engthw se, i.e.,

gg%f’gﬂ Enal | 0 4 %Omeagveaiox}e orfl%??nﬂéncttlggﬂnﬁl bt Bnstituents,

abric, or cloth or ot herwi se assocj ated, such as to
be fomﬁdnasr strands ondibess.i Ahe BPS-blead fibersanay indum hsevevse intprsigth or
are fornmed fromthe PPS-based blend, the fibers, and
fabriogtiat niaglbe usedie fHro filtetsecdnviae chthipgsmd sssutptioas |ich as electrical
flexibility and less brittleness relative to pure PPS.

insuldfién.f F&PexBinbiel the PPSthiBed blofd fahBY erirsdddsr BSMEdQR thb&is or
Iength of PPS’ pol ynmers conprising the fibers or

stra.néé,@b %f' A%‘;L Ls'e tlk‘eaﬁl%’rs l%te%tggﬁ/w &S\Nﬂﬂ ﬁ{ag} Bk 'ays%}:%tedtlgfgél%wise,

i ncor porated as one or-nore

) struturet 0sSe |onal

ie., '@@gatwféraalb épf@rm.t%% bgrs. d???%ﬁtogﬁ?‘f &%%ﬁé?ﬁag ﬁﬁaﬁrstnil?a be woven to
exposed surfaces. For exanple, referring to Fig. 2,

formm fekiile] fabre, osclatiy,tonotheboise hesocipted orugh patocform ﬁlaf@r ma@rlal or
| ayer 52 is depicted. The barrier layer 52 may be

insulafomr BéRdseothe fibedsaky/foli&d framRREPP8Yastdblant] thasfibers, and materials
descri bed above; a different thernoplastic, such as

mad® ﬁjo}ﬁDtBQ ﬁ%!ex@,nﬁdssess greater flexibility and less brittleness relative to pure PPS. The

flexibility of the fibers may also depend on the length of PPS polymers comprising the fibers

or strands.

3. Multi-Layer Structures

Alternatively, the PPS-blend may be incorporated as one or more layers of a multi-
layer structure that possesses additional desired properties or different properties on the
exposed surfaces. For example, referring to Fig. 2, a multi-layer structure 50 that
incorporates a barrier layer 52 is depicted. The barrier layer 52 may be comprised of: solely
PPS, a PPS-based blend as described above; a different thermoplastic, such as polypropylene;
or a thermoplastic blend possessing the desired properties, such as vapor impermeability. A
barrier layer 52 of PPS or a PPS- based blend may be formed as a solid layer, a film, or finely

dispersed particles. As one of ordinary skill in the art will readily apprehend, additional
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or a thernopl astic blend possessing the desired
properties, such as vapor inperneability. A barrier
wo aysn1B21 of PPS or a PPS- based bl end rmay be poOT/mBDOE626927

a solid layer, a film or finely dispersed particles.
As qne of ordinary skill in the ar i1l readi

layerg gf, ﬁ@ﬁ%ﬂ&:la&a diregteical rgeslso AR PR ?lithqra%vreyfom orasa
structure 50 may al so conprise PPS, either in pure

consfitpenh afra RBS-basedhlendt uent of a PPS-based bl end. The
mul ti-layer structure may include additional |ayers
that inpart inpact resistance and/or formability to
the nulti-layer structure 50. For exanple, an outer

| ' . : .
YL m@ﬁl-gl?é(r stiaci{ire §(§m%é gl{cgﬁcﬁ%iﬂi\él%nﬁqg}‘ér@ﬂhat mgkﬁnd‘l?g{lpﬁét

| ayer SO nmay provi esired structura

. mechanj,c roperti.es. The outer |ayer. 54 may be
resisEB LR IOFHIRRY PR bRy e S Eoe FrT ey gt laver 54
hi gh-densi ty pol yet hyl_l ene (HDPE%é pol ypr opyl ene, (PP),
may gg1ve AS a poitsElineg cgdtiage ﬁ)gpg}gh{aﬁgq @l;o (npgp;o’wde desired structural
pol y(et hyl ene terephthal ate) (PET) or other polyners
and/draméchgnichleprogszii¢se T heronpee ldyiee §4 mak de camposadaf PP SSBP $rhysed
al so conprise a blend of polyners, or it may include a

blendL pYIFL@1RO klyﬁ'ﬁgﬁbghﬁléﬁﬁty%lfe@l%lﬁ{ee(ﬁm, olyp@pylene (PP), nylon,

possésses the ‘desired properties. In addition, as

epi;cted in. Fi I
poly (iRl isdfreplineh® ERTF rSGAMEltciePlBled (BN, S otfr Botymers
.secondary | ayer 56 _ma rovide addjtional, protecgtio
havipgthedgardd prapsrigs. |Tatg¢é>¥1,tee é%)/@hyggl%’ R Owamprlé$ a BL:Q@ of B‘Qymersa or
or it may provide desired structural and/or nechani cal
it mayriogled¢ a esytled pblgmenstch dsargerclat HOPEUthet BBsesisghe desired
secondary | ayer 56, if present, may therefore have the
prop&@e or a simlar conposition as the outer |ayer 54.
Al ternatively, the secondary |ayer 56 may i npart
different properties to the nmulti-layer structure 50
than the outer |ayer 54 and may, therefore, have a

different or,dissimiar, compostion hased JRop. {10f ed in the
multi-layer structure 50. The secondary layer 56 may provide additional protection for the
interior layer, such as the barrier layer 52, or it may provide desired structural and/or
mechanical properties to the multi-layer structure 50. The secondary layer 56, if present, may
therefore have the same or a similar composition as the outer layer 54. Alternatively, the
secondary layer 56 may impart different properties to the multi-layer structure 50 than the
outer layer 54 and may, therefore, have a different or dissimilar composition based upon the
desired properties. Though the multi-layer structure 50 depicted in Fig. 2 is comprised of a
limited number of layers for simplicity, the number of layers comprising the structure 50 may
be decreased or increased to accommodate the end use. For example, additional layers may
be present depending on the chemical, structural, electrical, mechanical, and/or flammability

requirements of the multi-layer structure 50 overall.
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desired properties. Though the multi-layer structure
50 depicted in Fig. 2 is conprised of a limted nunber
wobosaysss for sinplicity, the nunber of | ayerBCT/US2004/026927

conprising the structure 50 may be decreased or
i ncreased to accommodate the end use. For exanpl e,
additional |ayers may be present dependi ng on the
chem cal, structural, electrical, nechanical, and/or
f | Basedpipon the qoamesitioneat the barrienayain puteslaver 54, and sesoadary
50 overal |l .Based upon the conpositions of the barrier

layet $y@f pro&nt)potecor hargdie 18ykrs S8 ohag be predentyin teyraultidsyef istructure 50
present), one or nore tie layers 58 may be present in

to fabiliatéMHetadhdstHEST ok At W ghotlert Podf d@hpld, ﬂia@eriallkesuch as Xtel®
adhesi on of one |ayer to another. For exanp

XE3g@‘%ﬁr lbﬁli-ﬁas?éri' %%n@%g%ﬁa%# %%1?;651%3%91 éﬁx@i mﬁ? éfl?rgécgfjcgl]ns%%) LP) and/or
LT PR SR L L T ST Pl s 5. o

conposition of a tie layer 58 may be determ ned by the
comms@pmqf adee lgferﬁﬁenzadlymmmmtbe prpetiies of theeadjacent layers, such
di mensi onal stability of an adjacent |ayer over the

as the ditgénsihal @atiBtyadfanh@gdjacentlifier 6xdrekd RedgeoMemparimies infd
exanple, a tie layer 58 conposed of Xtel (r) XE3200 may

e bRaSiShiTLE 1) G, 3 E901 S s ga s
TRy e RS B TERT sh o

recycled HDPE. If desired, nultiple tie |ayers 58 may
layem?B ¢psenpsechel lincar EPRE, mayobexdasisable adiaeent pre ouler fageredf or secondary
conpositions of the adjacent layers. In such
layecs & cfUPPERE exycled éIDRE: Ifaysdred, mltiphytibkyead 58 meay be used, as
t oget her al ong one facing to acconplish the bondi ng of

deplé’&éf' Q5 Wb B i |d‘?fferérﬁtc§ﬁ1'p9§1t1@ﬁkdof€mé dh&ht 1a9¥8Y $n suthe

|-Iayer structure be created in a variet y
of, 1 cor ration.
c1rcun%st%nc§ S, thentée?lgy%rg 5] 'gbaly agherf: ogteﬁ-lgr %lgné] Ioréer Qg a%cé),mphsh the

Quter |ayer 54,
bondmg of otherwise dissimilar interior and exterior layers.

The multi-layer structure 50 may be created in a variety of ways in addition to or )
instead of the incorporation of tie layers 58. For example, the barrier layer 52, outer layer 54,
and any additional layers may be subjected to heat and pressure, i.e., lamination, to bond two
or more of the layers together. Alternatively the layer surfaces or adhesives disposed between
the layers may be activated by an energy source, such as UV, IR, thermal, or plasma, thereby
bonding the layers together. As another alternative, a layer of the multi-layer structure 50

may be applied as a laminated film, deposited via spray or plasma spray, or deposited via the

evaporation of a solvent to leave a residual layer of solute.
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and any additional |layers may be subjected to heat and
pressure, i.e., lamnation, to bond two or nore of the

wo aysnssenget her. Alternatively the | ayer surfBCEESING026927
adhesi ves di sposed between the |ayers nay be activated

by.an ener soyrce, such as W, IR thermal,. or ..
ol Wiile T #{Eieampsptiperstprliniauss seipie &e Sagguysem of adnulti-layer
anot her alternative, a layer of the nulti-I|ayer
strucgire 5@ fiometvBOoTTAgrelsepasgp shasth aidilas campaseded tig dagired polymer or
deposited via spray or plasma spray, or deposited via
polyinBeblend plog @ultolyafstctnitd SEmby imstdad be ercateddyi aioaktriisioresr by a
of solute.Wiile the aforenenti oned techni ques assune

multi—f&?er‘:@(ﬁ%ﬁ%iﬂi GrdcREs. For @xeﬂﬂﬁlﬁj thé ﬁﬁﬁ%-lzﬁgf URIHITE 5B %a&r&%nstructed
twdo or nore separate sheets or fil conposed of the

desir ol r or polymer blend, the multi-I|laver .
by 2 SERASE 1B b Wi Slor EF i s Bt u i my B ik ayers
or by a multi-|ayer extrusion process..For exanple, .
are seqpentiglst deppsifesy Hawayer ap anssof ordinapyeskalhinsthe getival agpregiate, the
standard bl ow nol di ng process, using extrusion, or by
aforenrgné onddoprocrsbati angndtymuthalyhexchippesind aeosbinatinh ofiptogesses may be
deposi ted. However, as one of ordinary skill in the
utili3f in ¥édstru@iiy 186 badr8ll ndue 1 3EPstRI¥ARE oned processes are
not nutually exclusive and a conbi nati on of processes
may be utilized in constructing the overall

fornmed, by shaping or nolding, into one or nore )
ar Oned eansigucted tiromehtic By erfstiveues Wsmay Beifhmad; bycshepingmy molding,
i ncl ude containers, such as those used to store and/or

into brieadtSRGre tartidlél or coPOhendd f inRfesh eSihagides hay ioludb colteiners,
chem cal inertness, inperneability, and/or

such{aé ﬂ'ggggéédi tf) ét.orrceé{c%ﬂ%%ﬁcgf filel) %hérﬂ{cﬁlrs,i K bebdrablein WRYR khe

Irab For exanp a’si ngl e-piece construction
arti.cl e 80. conpri.si. t he [ti-l.ayer. stru re 50 .
chenfia! ifsr G ORISR G B JTar RS B Ghi Gt Fictor Batierlayer
Figs. 3 throuPh 6, or via ) ) . ‘
is desirable. For example, a single-piece construction article 80 comprising the multi-layer

structure 50 may be constructed using blow molding, as depicted in Figs. 3 through 6, or via

other processes.

Referring to Fig. 3, a multi-layer parison 82, i.e., a molten tube of polymer, is
generated by forcing the molten polymer or polymers in an extruder 84 through an annular die
86. The parison 82 descends into a mold 88 with an interior shape in the form of the desired
article 80. The mold 88 is closed around the portion of the parison 82 to be molded, as
depicted in Fig. 4, and the parison 82 is inflated by an inflow of gas, such as from a gas
nozzle 90. The parison 82 is inflated until it conforms to the interior shape of the mold 88,

i.e., the shape of the desired article. The article 80 is then cooled, as depicted in Fig. 5, until
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ot her processes. Referring to Fig. 3, a multi-Ilayer
parison 82, i.e., a nolten tube of polyner, is

w@eosnagsed by forcing the nolten pol yner or pob@IESB04/026927
an extruder 84 through an annul ar die 86. The parison

... 82 descends . nto a ld_88 w.th an j.nterior shape
itis RSN P Olon g i Gaokng i, 80 i eggibeseg fom the
closed around the portion of the parison 82 to be |
molch$ {9 gollession apd useedf the prrispn &2 wemmiulthleygratheformeagtartige 80
inflated by an inflow of gas, such as froma gas
shoultbeothis8 Q. multidaya kirecoreSD. iFor exunhé, da thadimplest context, the article
conforms to the interior shape of the nold 88, i.e.,
80 mtag %o&gﬂpﬁeaxpifrmé Shyee 92 afuth 64 £ barﬁ@?la?éﬂjf&fﬁ’l%oor' aPPS-based
then cooled, as depicted 1n Fig. 5 wuntilit is no
onger soft and/or .malleable. Affer cooli e
blend 31 536 lavEl 54, St B St oh Eombr s By
collection and use. If the parison 82 was multi-|ayer,
the fornmed article 80 should conprise a nulti-I|ayer
structure 50. For exanple, in the sinplest context,
t hWhletthis lisor@mareer towhich 8 eingte-pinceeartitlaB0ingay beafpemedfzom a
such as a barrier layer 52 of PPS or a PPS-based
multRl§86stridiife 80! iR MRl cbA¥Rk ittfAay Bd@ddiralle 86\ cotstrBEt d MMBIpiece
54 conprising HDPE. Wiile this is one manner in which
. - B I
i P B LRG0, PRV RAETTR B At o e
desirable to construct a nulti-piece articl.e 100 from.
or chenpigal tankp b FOrLRIp JRIETIPTLORPONERS B%S%QWF Q,rofiﬂ?m}léy ?95%6 for single
desirable to construct fuel or chemical tanks that
piece omistrietidnrtedmiques.chrthesednstances, thidvaultialagerstrkives $G mey pe formed
| arge for single piece construction techniques. In
into tHeeRSirdd @noaests, subleadbddy colnpyaents tiel dlller aedkd, andysolferth, which
formed into the desired conponents, such as body
g@@% i ; kg, d whi ch may
nmygg su g@%%%ﬁ%#éhgégéhﬁPggaﬁﬁgéntﬁgugggﬁgg%hﬁ%lti-piece
article 100. For exanple, individual conponents of a
mul ti-piece article 100 may be created by a

For example, individual components of a multi-piece article 100 may be created by a
blow forming process, a variation on the blow molding process depicted in Figs 3-6. In the
blow forming process, a parison 82 of multi-layer construction is extruded and formed into
the desired article. The formed article may be slit into two or more piecés, such as the
container half 102 depicted in Fig. 7. The two or more pieces, such as the depicted container
top half 102, may be further formed by a forming tool or machine. If desired, internal
components 104, such as a fuel pump, fuel level sensor, filter, diverter, splash baffle, and so
forth, may be inserted into a container half, such as container bottom half 103, as depicted in
Fig. 8, or other piece. As depicted in Fig. 9, the two or more pieces may then be joined to
form an impermeable multi-piece article 100, as discussed below, with or without internal

components 104. A close-up view of the junction between two pieces of the multi-piece
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bl ow form ng process, a variation on the bl ow nol di ng
process depicted in Figs 3-6. In the blow formng
w@r@sAss+l a pari son 82 of nulti-layer construcP€DUS2084/026927
extruded and fornmed into the desired article. The
d.arti le ma sI| into t nore pj ec
article YOS 0K oRiag e bp a1 Rt-pi5S R0 oo Pigned o hiove the
two or nore pieces, such as the depicted container top
de&mdﬁﬂn@EKmﬁ@y@@mturther formed by a forming tool or
machi ne. If desired, internal conponents 104, such as
a fuel punp, fuel Ievel sensor, filter, diverter,
splash baffle, and so forth, may be inserted into a

c omt@hﬁﬁcewai Ifnunﬂas:& s«a%c&fws P be P&Mee mtb a'c%néﬂ?er h&$102, 103

depicted in |g 8, or ot her plece eplcte |n

or OLFSIQQ‘}?% ofI tﬂgﬁ ) e IBbg) tuggegrog%sé guc as vacuum

di scussed belom1 mnth or mnthout i nternal conponents

formiugy as depited g ig- 10- el \ecuwn Somming @ \gauyse S gsasrafsgovhich conforms a
pi eces of the nulti-piecearticle 100 is depicted in

mallfabde maAi-laybestvature S@icexmohk ti0odfehel @Biredishape. Foi mokdlayer
achi eve the desired di nensi ons or shape.

strucﬁhﬁa@ﬁ(‘ﬁ ficbMRlatingdn8el tlord RY&S coithid , 8 viRMurorming process
formed into a container half 102, 103 or ot her pi ece

may &pl&ﬁ@sﬂgﬁ{&fonﬂﬁcﬁ&fﬁll@fh@ sﬁjua};fle% QYR 51 zgldfrf?éjl[peglg.aftei:construction.

as vacuum ornlng, epl c

In vacuum fo a vacuun1 enerate
Aﬂeagﬁfr BIPREIYS RigAck eé@r:@%fmmce@a%ﬁé? 6 S g’@“ﬁ@r iternal

nol d of the desired shape. For nulti-layer structures
compnentscldr paayahd inserisd dntora piepeesuchype a sontainemalf HE, PPSand the pieces
the vacuum form ng process may typically be perforned

joinsthtolférnt e mdltiipiéderagtid® 106G Blid hmbiltibsitceaditiclenDo aallbe trimmed to
after construction. After the respective pieces of the

achlg(}ytfléaggn%&gugg ogggggg? are vacuum formed, internal

conmponents 1 nserted into a piece, such as a
contai ner half 102 103 and the pieces joined to form
the nulti-piece article 100. The nulti-piece article

100 may be trimred to
A component of a multi-piece article 100, such as the container half 102, 103, may

be formed by other methods as well. For example, the multi-layer structure 50 may be
constructed during the forming process, such as in an injection compression molding process.
To construct the multi-layer structure 50 in conjunction with forming, the barrier layer 52
may first be inserted, deposited, or applied to the mold as a film, a sheet, a coating of
particles, and so forth. The next layer, such as a secondary layer 56, a tie layer, or an outer
layer 54, may be applied over the barrier layer 54 via injection compression molding. The
heat and pressure of the injection molding process promotes adhesion of the various layers.
Additional layers may be similarly applied until the desired component, compris.ing the multi-
layer structure 50, is constructed. Once the components of the multi-piece article are formed,

assembly of the multi-piece article 100 may proceed as described above, including inclusion
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achi eve the desired di nensi ons or shape. A conponent
of a nulti-piece article 100, such as the container
whados/0iB21 103, may be forned by ot her methodspeEUsE04/026927
For exanple, the multi-layer structure 50 may be
constructed during th 1,.Nn ocess,. such as .in,an
of i Sotrrd BT FRe e b WEHG s BIREE oF FMBUMaR i boch
the nulti-layer structure 50 in conjunction with
desctibedhyiadplow fasming, vaeyun foymiings andrigjectipp sempressipn molding, one of
deposited, or applied to the nold as a film a sheet,
ordigarg ekilliin thecdrt Wil teadilyespprehietld gt bihet formitpetectanduek asneli as pressure
such as a secondary |layer 56, a tie layer, or an outer

forndiRY £id &fd fIFRYnd) SNl teclisOY & fokh %ofi’x?ﬁﬁén%r oft ABHi-piécevdriicle 100.
I nj ection conpressSion nold eat and pressure

I ng. The
of the injection nolding process pronotes adhesi on of

the various layers. Additional layers may be simlarly
ap%Iied until the desired conponent, conprising the

muPt eepAIticeeSconst ruct ed. Once t he
conponents of the nulti-piece article are forned,

as Jbetvarjousfcomipenenss of a mubicpiec articled 00 dGyriwyasganudedbly asariety of
descri bed above, including inclusionof any desired

techhidhéy iRdlud@gMAmenlsitdddb, hWplhe v@él‘tﬂn%,QRrﬂerV @ftivated surfaces or
conponents has been descri bed via blow form ng, vacuum

. i . e e

adnefVgP R @Rk hRS LB RARRE PFS: B, B Bebici I B 11, top and
ot her form ng techpj ques, s as pressute form ng apd .

bot g Campisenaiges 103 10d 26 Bhipaldde 15 b Rt h o e itage 114 s
mul ti-piece article 100. b Assenbling Milti-Piece ]

usedipthieat| the corplemantanusirigenspd fed the respeativahal vespildc 803 in preparation
article 100 may be assenbled by a variety of

for jb@ipni Ontesuffittdnilglineged ihé hewddd durfatd ED4 tay bé edm@ledtadd the
wel ding, IR or WV activated surfaces or adhesives, EMA

compﬁﬁfé;h{gég}: sﬁpa‘éeéqpltcf ;%Hse&‘%g‘éih@ﬁ as AictBd ﬁ{Tpi|§.912 %?eaﬁ‘ﬁg laGh &M junction

top an ottomcontal ner halves 102, 103 are

118 Bf we [ e?sddefp?crte i(r)ltthéJ Ll%Eee-uﬁ"’?fe‘vjv' ot%he Jﬁngtleoant i%q-"igs.%ﬁf.aggnétecli %bove, the

article 100 may be trimmed to achieve the desired critical dimensions after the assembly

Process.

As depicted in Fig. 9A, if the components of the multi-piece article 100, such as
container halves 102, 103, have been constructed such that the barrier layer 52 is disposed on
the interior of the article 100, the complementary surfaces 116 will be comprised of the
barrier layer 52. The fusion or welding of the barrier layer 52 in this manner results in a fused
junction 118 or weld comprising the barrier material, such as PPS or a PPS-based blend, with
the impermeable properties of the barrier layer 52. In this manner, a junction 118 or weld that

is permeable to the liquid or vapors to be contained may be avoided.
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used to heat the conplenentary surfaces 6 of the
respective halves 102, 103 in preparation for joining.

wonms/oswshf i ci ently heated, the heated surface BCTEg200€026927
renmoved and the conpl enentary surfaces 6 pressed

t t.her, . depi ct.ed.jn Fi.g. 12,. creating a fused.
§ HEDP Gie riitipdy aride ahfpes Ban ShpieRATE Pty GRirip as a tvo-
. the junction in Fig. 9A. As noted above, the article
piecelqotaingy fosesimplictiyeane of erdinaenakill icthe as ivwill geadily @pprghend that the
di mensions after the assenbly process. As depicted in
techriqug. m&»be tehdilyhadaptedpo aricies 100 pbivessing mbrepiees oamredenplex
100, such as container halves 102, 103, have been

piece8 ONRfebd GheEbopbmitstof@dolin and He huild vloﬁiﬁﬁés wifl tySicsllySResRfne the

on the interior of the article 100, the conpl enéntary

surfaces 6 W ll be.conpri Ler .l aver .
mun St R oghnlot R B A A B b B HEh ety e readily

manner results in a fused junction or weld conprising
adapief domige P Brmpks complay: mulichicecrisies 0. £ opexaale ciyel tanks 130

bl end, with the inperneable properties of the barrier
may bafemed 2ud incotporaedmtmmptor achicles 1 32 sudr asiats trudkest mogorcycles,
pernmeable to the liquid or vapors to be contai ned may

boats) 8ir@¥% @] Ado \Whith s dBsictet it Fighilgeechahiti fGélgod B ehgise BB vehicle
depicted in the present discussion as a twopiece

ey GEROEATF B8, TP it R 38CoMADan, b e oy

posig T FIARLES 0 BULLF 5,00, DS e L0 D! LS5 ough

tooling and the build volumes will typically determ ne
the fusad junghbee 1 1 Hformedpetnsan theghsambled partspiSuel fugl tanks 3@may
and the present technique may be readily adapted for -

compiise a\MPShor/APSebleahirger 1aysr 52 -apd eneomnbred BBE 1fPact Fayers, i.e., outer
exanpl e, fuel tanks 130 may be forned and i ncor porated

i i 3 . P ’ fordi
v S0 o 5558 USSR S8, s o f v

skill ijnnetglle \%tgﬁqfdlg:rgco@n&e,lo%hersolélugr?ertrrt]a?ériaflsuaerld 1239& rrtlart]eeria J la}rr] &1s8 fbe

employed, depending on the structural, mechanical, and impermeability properties desired.
Similarly, other chemical containers of various shapes and sizes may be constructed using the

disclosed technique.

Though the preceding discussion focuses primarily on the possibility of using multi-
layer structures comprising one or more layers of PPS or PPS-based layers to form either
single- or multi-piece articles, a single layer of PPS may be similarly employed. For example,
a container or fuel tank may be constructed of a single layer of PPS or a multi-layer structure
in which the assorted layers are PPS or PPS-based blends. Such a container or fuel tank
would have the impermeability characteristics as described above if constructed in accordance

with the above techniques, i.e., forming an impermeable weld or junction 118 of PPS or PPS-
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may be stored in the fuel tank 130. A fuel tank 130
constructed by the present techni que nay possess the
whenshig4pf bei ng i nperneabl e or substanti al | yPCT/US2004/026927
i nperneabl e to fuel vapors through the fused junction
tween .t ssenbl ed S, Su fuel tanks
basei e iR BaP R i P S FOBPAIBIRE BARES Dy prchsiiuen described
one or nore HDPE inpact layers, i.e., outer layers 54
abovgnsiich s koo ftming, Vagrumsfosmingagnds forthand maydhesisseatbled by the
| ayers 58. As one of ordinary skill in the art wll
disclosgiogetiniques duble bis Batrpldte ve ldivigedr Inkt airaveddihgyer material s
may al so be enpl oyed, depending on the structural,
mechani cal, and inperneability properties desired.
Sinilarly, ot her chemi cal containers of various shapes

S. be construct
£ e VIS B i RET REMFRER 13 EP e BT  Bf alemative
prlnarlly on, the possibility of u5|ng nultlla er
forms; spgeifig cbodisngnts kava §eandosin oy offramplegn ﬂpﬂ:@amngs and will be
PPS- based | ayers to formeither single- or nulti-piece
desceibtd inl degil lerainnflowvevary it ishafld PESndemstodibthst thie limvehtion is not
enpl oyed. For exanple, a container or fuel tank may be

interfdlef 8 ba/Ginfed & the paitidGlaf fdrY AlscRke?A%atRér, theMNentioh 8B lcover all
structure in which the assorted Iayers are PPS or

modﬁr §t191?sh g&{n%lgxﬁg gn%ﬁ%?%‘at@eiﬁm vO‘?ﬁm?ﬁe g (?) V%{Haéjinvention

npernea ara erietice
0 nstructed i.n accordance with the above

as d%&’@ﬁi?b’(ﬁ]ﬂfeé’?o}"’“@ appefledicliimsn i nper meabl e wel d or
junction of PPS or PPSbased bl ends. The respective PPS
conmponents may be forned by the techni ques descri bed
above, such as bl owform ng, vacuum form ng, and so
forth and may be assenbl ed by the discl osed
techni ques, such as hot plate welding or hot air
wel ding. While the invention may be susceptible to
various nodifications and alternative forns, specific
enbodi nents have been shown by way of exanple in the
drawi ngs and will be
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described in detail herein. However, it should be
understood that the invention is not intended to be

wo ovshe4t o the particular fornms di scl osed. RapdEUS2005€26927
invention is to cover all nodifications, equivalents

and alternatives falling Mt he spirit and scope
of the invention as defin he fol |l om ng appended

clai ms, CLAIM5 What is clainmed is: . A conposition,
conprat s gigmedivut 5% to about 50% by wei ght of an
ol efinic polynmer conprising ethylene and a gl ycidyl

1. estsrompmbitioh, ebd¥prisingabout 95% by wei ght of an
acidified PPS;, and about 1% to about 20% by wei ght of

an abdASVRIFRIboGIOTIN by ek 6PN ¥eRAie pelynir fawngﬂgangedw%e and a
| east one of an acrylic acid, a nethacrylic aci an

ester in which the alkyl group has 1 to 5 carbon
glycaftyﬂgter and respective nmetal salts thereof; wherein the

wei ght tio of the olefinic poly t he el ast oner

r aRBRY 49? male B sby Pgighh a&f%g&{ Eﬁgﬂ’?g conposi ti on

as recited in claiml1, wherein the acidified PPS has a

s odbantl ot abowtt 263 by fweight of athelastomer gomprisiig chipelymers of ethylene
conposition as recited in claim, wherein the

and Q8RRO6hd dHA AAFicAide h ft@Rici aaid B 8] @t ah @hichhBdalkyl group
150% 4. The conposition as reci ted in clai m , wherein

has | s @a&b«ﬂ{ £tb§lg JE}@%A T tQP&ltMHeFlio@t | east one of an

anti oxl| st ab| I zer ubricant, a

wherrclalijnc tlhg %elgqnq ratg) oqlthe gleyvlc po?ymer to ﬁ'ne elastomer ranges from about 3:1 to

about 20:1.

2. The composition as recited in claim 1, wherein the acidified PPS has a sodium ion

content of less than 900 ppm.

3. The composition as recited in claim 1, wherein the composition has an elongation at

break greater than 150%.

4. The composition as recited in claim 1, wherein the acidified PPS is combined with at
least one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a UV stabilizer,
carbon black, a metal deactivator, a plasticizer, titanium dioxide, a pigment, clay, mica, a

flame retardant, a processing aid, an adhesive, and a tackifier.

5. The composition as recited in claim 1, wherein the acidified PPS is combined with

one or more reinforcing agents.
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carbon bl ack, a netal deactivator, a plasticizer,
titanium di oxide, a pignent, clay, mca, a flane
WO edoanosnt , a processing aid, an adhesive, andP@r/US2004/026927

tackifier. 5. The conposition as recited in claiml,
wherein the acidified PPS is conbined with one or nore
reinforcing agents. 6. The conposition as recited in
claim, wherein the conposition conprises |ess than

6. 10Bkelvpmpesitihn apfecitebingllam hivdhepin thesmomppsition gempogpsiess than
produci ng a PPS-based bl end, conprising the acts of:

10% beaelghngf the pfiniEsdlz@ti. on m xture conprising at | east
one sul fur source, at |east one di hal oaromatic
conmpound, and a pol ar organi c conpound under
pol ymeri zation conditions to produce a PPS-pol yner;

L T

pol yneri zati on_reaction; recqyerin? the acidified
PPEAGHaR ppetymesivation mivdpisgommasingatiiepstone ppfuseniegedt least one
an ol efinic polyner of at |east ethylene and a

dihalgdrymatiky toresduad, araredpadar cegasd comepound npdérgiolynerdgadby pardstions to
of ethylene and at |east one of an acrylic acid, a

produLISLydl{medci d, an al kyl ester in which the alkyl
group has"1 to 5 carbon atons and respective netal

sal t er eof t emm .

S FRERR o SRS A SR, BB Uiy e

a PPS-based bl end, wherein the weight ratio of the
polyma¢ref i ni ¢ pol ymer and the el ast omer ranges from about

to abpug 20: . 8. .The met h.od as recited in claim?7,
whemshatingcthel pblyimegizatiom reantionr nore endgr oups

recovering the acidified PPS-polymer; and

blending the acidified PPS-polymer, an olefinic polymer of at least ethylene and a
glycidyl ester, and an elastomer comprising copolymers of ethylene and at least one of an
acrylic acid, a methacrylic acid, an alkyl ester in which the alkyl group has 1 to 5 carbon
atoms and respective metal salts thereof, at a temperature greater than the melting point of the
acidified PPS-polymer to produce a PPS-based blend, wherein the weight ratio of the olefinic

polymer and the elastomer ranges from about 3:1 to about 20:1.

8. The method as recited in claim 7, wherein acidifying the one or more endgroups

occurs prior to terminating the polymerization reaction.

9. The method as recited in claim 7, wherein acidifying the one or more endgroups

occurs under polymerization conditions.
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occurs prior to termnating the pol ynerization

reaction. 9. The nethod as recited in claim?7, wherein
wa@eoodioiggeng t he one or nore endgroups occurs UPKEUS2004/026927

polynerization conditions.10. The nethod as recited in

c St EeBrfe T i fo bR el Bt grimete clgmurs

rret hod as recited in claim7, conprising pelletizing

occurpaubpEmepbieaecayEngithe PPS-premeret hod as recited in
claim7, wherein one or nore reinforcing agents are
bl ended with the acidified PPS-polyner, the olefinic
copl oyrmer, and the elastoner. 13. The nethod as

11. T eqht aeildd £hadifdt (n cl%?ﬁﬁeéd?nﬁrﬁﬁlggl?eﬁeﬁﬁﬁ ﬂleqilfﬂjgased blend.

conpri ses about 5%to about 50% by wei g t of
ol efinic copolyner. 14. The nethod as reci ted | n claim
7, wherein the PPS-based bl end conprises |less than 10%
by wei ghtof the ql efjnic copolyner. 15. The nethod as
12. ¢ e e aipthad asregited m clatver oVRETEROTPEB SRS EinlprcngREents are blended
conpri ses about 40%to about 90% by wei ght of the
withabe aiflified PPBSholyiBer, the@lefmihogplgpanersaiditbelelastomeni m 7,
wherei n the PPS-based bl end conprises about 1%to
about 20% by wei ght of the elastonmer. 17. A PPS-bl end
fi ber conprising: a plurality of strands, wherein each

13. S FI% s'r ﬁqt%d 11‘?@1%#1& a?\q‘lérglnalﬁ@ ?ﬁs %gs@d%fedgledog{btnsgg about 5%

an of elinic pol' ymer o east et hylene an
ester;. ab 40% t o about 95% by wei ght of an
t0 a@#%b‘%ﬁa&%@é O ShrGIBRRIE B BoRbout 20% by vei ght _of
an el astoner conprising copol yners of

14.  The method as recited in claim 7, wherein the PPS-based blend comprises less than

10% by weight of the olefinic copolymer.

15.  The method as recited in claim 7, wherein the PPS-based blend comprises about 40%

to about 90% by weight of the acidified PPS.

16. The method as recited in claim 7, wherein the PPS-based blend comprises about 1%

to about 20% by weight of the elastomer.

17. A PPS-blend fiber comprising:
a plurality of strands, wherein each strand comprises:
about 5% to about 50% by weight of an olefinic polymer of at least ethylene
and a glycidyl ester;

about 40% to about 95% by weight of an acidified PPS; and
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et hyl ene and at | east one of an acrylic acid, a
nmet hacrylic acid, an alkyl ester in which the alkyl
w@eaapigsas 1 to 5 carbon atons, and respecti veP@EUS1004/026927
salts thereof; wherein the weight ratio of the
ol efinic polyner tot el astoner ranges from about
31 to iBEaYoig b0l vh et o g s iedopplymers of
wherein the acidified PPS has a sodiumion content of
ethylese gnd #tdensome ofmacnydic avidea prthasiydisdcid, pealkyk estqrap which the
17, wherein the acidified PPS is conbined with at
alkyl grasp hasnketodS caborpatbmexdndaedpectivennethl saitathetdofier, a
| ubricant, a nucleating agent, a UV stabilizer, carbon

bl %Evelrf"thg%?éht ?dfifBCJﬂtH@&@ﬁmc oBiln?e?tté ﬁie%ﬂstorﬁértr ek‘ ﬁ’om about

di oxi de, a pignent, clay, a, a flanme retardan

: i;ng aid, an adheS|ve and a tackifier. 20. The
3:1 RS

d fiber of clai m, wherein the acidified PPS
is conbined with one or nore reinforcing agents. 21.
The PPS-blend fiber of claim 17, wherein the strands
conprise less than 10% by wei ght of the olefinic
18. polheBPS-bRdd fiker oftlaith &7, twheken theaeplified PRS has a sodium ion content
def ormabl e substrate; a coating di sposed about one or
of 1e8Pthen 900 pgpaes of the deformable substrate, the coating
conpri si ng: about 5% to about 50% by wei ght of an
ol efi nic polymer conprising ethylene and a gl yci dyl
ester; about 40%to about 95% by wei ght of an

acC

lI‘Ee H’g%l d%ber OP claim 17, wherein the acidified PPS is combined with at least
one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a UV stabilizer, carbon
black, a metal deactivator, a plasticizer, titanium dioxide, a pigment, clay, mica, a flame

retardant, a processing aid, an adhesive, and a tackifier.

20. The PPS-blend fiber of claim 17, wherein the acidified PPS is combined with one or

more reinforcing agents.

21.  The PPS-blend fiber of claim 17, wherein the strands comprise less than 10% by

weight of the olefinic polymer.

22. A coated article, comprising:
a deformable substrate;
a coating disposed about one or more surfaces of the deformable substrate, the coating

comprising:
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about 1% to about 20% by wei ght of an el astoner
conprising copolyners of ethylene and at | east one of

w@nooaoryshi ¢ acid, a nmethacrylic acid, an al kyl p€BUS2004/026927
whi ch the al kyl group has 1 to 5 carbon atons, and

respective tal K sal t hereof ;. wherei.n the wei ght .

ratio dPOHh/odP abqU i5§§/°pla1 right 4fanANRIITiT RV BIRE FoBT s ethylene

fromapout 3:1 to about 20:1. 23. The coated article
and aggly¢iddiesisd in cl ai m 22, wherein the acidified PPS has

a sodiumion content of |less than 900 ppm 24. The

coat ed abotii 40% t@sboue 05 Yy welglel fiamalidifiedFRSgiand t he

coating has an elongation at break greater than 150%

25. Th ' O [ [ : '

the aci IR B AR bR A R R A O simB S ers of
antiaoxidant, a_heat stabilize a..l ubri ca a . .
cthy Ffrand R g e Bty Uy SOt pe e BT sl inyvhich the

net al deactivator, a plasticizer, titanium dioxide, a
alkylgroppdis 1 te Poprbopiatans, and respective mekal aals therept ocessi ng

aid, an adhesive, and a tackifier. 26. The coated
whereintthe veighsratie of thedlé¢finic palyme2®, theblasteiner tangesafrodiabowtB:1 to

PPS is conbined with one or nore reinforcing agents.
about20:1.The coated article as recited in claim22, wherein

the coating conprises |less than 10% by wei ght of the

olefinic polymer.28. A nulti-layer structure,

conprising: at |east one base |ayer; and a barrier

| ayer di sposed on the at .| east one base | r..the |
23. palhs wetedagisle aoipitsdsingpimagse ety saadsgat%e?é’éo}@aay sodium ion

wei ght of an ol efinic polyner of at |east ethylene
content of less than 900 ppm.

24.  The coated article as recited in claim 22, wherein the coating has an elongation at

break greater than 150%.

25. The coated article as recited in claim 22, wherein the acidified PPS is combined with
at least one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a UV stabilizer,
carbon black, a metal deactivator, a plasticizer, titanium dioxide, a pigment, clay, mica, a

flame retardant, a processing aid, an adhesive, and a tackifier.

26. The coated article as recited in claim 22, wherein the acidified PPS is combined with

one or more reinforcing agents.

27. The coated article as recited in claim 22, wherein the coating comprises less than 10%

by weight of the olefinic polymer.
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and a glycidyl ester; about 40%to about 95% by wei ght
of an acidified PPS; and about 1% to about 20% by
waowdogitozaef an el astomer conpri si ng copol ymers BET/US2004/026927
et hyl ene and at | east one of an acrylic acid, a
met hacrylic acid, an alkyl ester in which the al kyl
group has 1 to 5 carbon atons, and respective netal
salts thereof; wherein the weight ratio of the
28. o| Armvitidaygsisymethre; eomprising:ast omer ranges from about
3:1 to about 20:1. 29. The nulti-layer structure as
r eati leastlonebask ddyer;28d wherein the base | ayer conprises
an outer layer. 30. The multi-layer structure as

I eg bhgidr laderCdigioR @&n thaReeBitdnk BEseMaYdrl the BYSler %EP@JMr%mg
Conprlses a cont al ner COﬁprlSlng an interior surface

and an 204 ?54’/ t8| %ur f@c{e bwglrggt o mil émc %/?nrqrs%%tqgésltj et%ylene

as reci
forns the |nter|or surface and the base Iayer forms
and g glycidyt eststor surface. 32. The nulti-layer structure as
recited in claim28, conprising one or nore tie |layers
di sposeagbdm#0iban abdrg U by weightyfean amidifichRP $1cmd
| ayer.33. The nulti-layer structure as recited in

cl ai m 280uted BiaBo@!2008BE velheof drfelAstyifiér CoRfRTsingQ®pdlymers of
| east one of Xtel XE3200 an%ml i near | owdensity

ethyh‘éﬁé Xl‘l?cf Méa%ggn mﬁ‘hn alRficTuldt & nleﬂ?é‘é{yll%ta&d%ﬂ'm laésgetrr%f%gc? the

€
ereln the base conpr | Sts

alkylSé}SW‘iL%ﬁ oEFory s BOIFPEUIN U BifeRal at e).

pol y(et | ene’ terephthalate) 35. The multi-I|ayer
St W eqemfée aveight satioef tharolefimic plyBer yhthesiastontas ranges frem about
| ayer conprises
3:1 to about 20:1.

29.  The multi-layer structure as recited in claim 28, wherein the base layer comprises an

outer layer.

30.  The multi-layer structure as recited in claim 28, wherein the multi-layer structure

comprises a container comprising an interior surface and an exterior surface.

31.  The multi-layer structure as recited in claim 30, wherein the barrier layer forms the

interior surface and the base layer forms the exterior surface.

32.  The multi-layer structure as recited in claim 28, comprising one or more tie layers

disposed between the barrier layer and the base layer.
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one of a film a solid layer, and a dispersion of
particles. 36. The nulti-layer structure as recited in
W@b@s/mB31, conprising one or nore secondary | aper/§S2004/026927
di sposed between the barrier |ayer and the base | ayer.
37.., The |ti-layer structure.as recited in claim?28
33, nZheRRIE FReBRnINT acrepis PoTaB Nogrer tHicast ofiaver
one of an antioxidant, a heat stabilizer, a |ubricant,
comprises et leagtiong 0By teh XE330Qmnds lingsr lavw-density pebysthylingck, a
netal deactivator, a plasticizer, titaniumdioxide, a
pi gnent, clay, mca, a flame retardant, a processing
aid, an adhesive, and a tackifier. 38. The nulti-I|ayer

34, SUTHEMMiRIASr §iRkirE8s teBitdd RicHiIAS8, Wit e bE& lgf’égrgcbﬁlbrises at

| ayer conprises one or nore reinforcing agents.

The [tislayer..structure a ecited in.claim?28
teast e PE PRy phIehE i gheeniy pty BwIshe ol ey iiien o ety tene
wei ght_ of the ol efinic polyner.40. A vapor inperneable
terephthalpte), paly (cthyieneitereplthalgie) i east two structure
conponents forned froma conposite sheet, the
conposite sheet conprising: a barrier |ayer; an outer
| ayer; at |east one vapor inperneable seal between an

35. adjrRé RiultgldyePstRictird s SRSl EmCOBIRABRH the bhitRr ¥BOEomprises
i nper meabl e seal conprising a fused region forned from

ecf US| ' I . the respective
One%@?%k%?ﬁgﬂggﬁﬁégﬁﬁgﬁg h%gﬁ%ﬁ%%&w > The vapor
i nperneabl e structure as recited in claim40, wherein

the barrier |ayer conprises:

36.  The multi-layer structure as recited in claim 28, comprising one or more secondary

layers disposed between the barrier layer and the base layer.

37.  The multi-layer structure as recited in claim 28, wherein the acidified PPS is
combined with at least one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent,
a UV stabilizer, carbon black, a metal deactivator, a plasticizer, titanium dioxide, a pigment,

clay, mica, a flame retardant, a processing aid, an adhesive, and a tackifier.

38.  The multi-layer structure as recited in claim 28, wherein the barrier layer comprises

one or more reinforcing agents.

39.  The multi-layer structure as recited in claim 28, wherein the barrier layer comprises

less than 10% by weight of the olefinic polymer.
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about 5% to about 50% by weight of an olefinic
copol yner of ethylene and a glycidyl ester; about 40%
wo o00alowstl 90% by wei ght of an acidified PPS;, amtrabmoi/026927
1% to about 20% by wei ght of an el astoner conprising
40 COB%%%HEIS of h%lene and at. | east one of an acrylic
© acd’PST TRRSHREINE SLEUCHIE FOMPESILL | ester in which the
al kyl group has 1 to 5 carbon atons, and respective
nefidpass Bve strygtee sompongats formed fiemgedogmositeishiest, de qomposite sheet
olefinic polynmer to the el astomer ranges from about
comprising:o about 20:1. 42. The vapor i nperneable structure
as recited in claim4 , wherein the barrier |ayer
conpri sgpakRemybhan 10% by wei ght of the olefinic
copol ymer 43. Thé vapor inperneable structure as
recitgdaﬁgm%}g%&%40, wherein the conposite sheet
conprises one of’nore tie |layers di sposed between the
barrier |layer and the outer |ayer.44. The vapor
i nfidPaRk QR KAROF eqrTieablg seal Beeenad Adiginapgivwe0f thi grustyre
at least one tie |layer conprises at |east one of Xte
comEBABGOtha vdpor imparmdable sdelnontpyisingl a/fesddyiegion foried fidma the fusion of
vapor inpermneable structure as recited in claim 40,
the bR @dyler bhﬁle@ébﬁ@étide%&lﬁﬁniﬁ@@%dtﬁe%oﬁh ohéngst one of
pol yet hyl ene, hi gh-density pol yet hyl ene,
pol ypr opyl ene, nyl on, poly(butylene terephthal ate),
pol y(et hyl ene terephthal ate). 46. The vapor

[ rnmeabl.e structure as recited in. claimd4Q ere
41, ¢ PRRE SRR Py ble S aS SOire oAt #0y iern g e layer
| ayer, and a dispersion of particles. 47. The vapor
compmygér neabl e structure as recited in claim40, wherein
the conposite sheet conprises one or nore secondary
| aylesus S RO 196 byveeipht bearbalefinie copalymer afiuhytléwee and a glycidyl
out er
ester;
about 40% to about 90% by weight of an acidified PPS; and
about 1% to about 20% by weight of an elastomer comprising copolymers of ethylene
and at least one of an acrylic acid, a methacrylic acid, an alkyl ester in which the alkyl group
has 1 to 5 carbon atoms, and respective metal salts thereof;

wherein the weight ratio of the olefinic polymer to the elastomer ranges from about 3:1 to

about 20:1.

42.  The vapor impermeable structure as recited in claim 41, wherein the barrier layer

comprises less than 10% by weight of the olefinic copolymer

43.  The vapor impermeable structure as recited in claim 40, wherein the composite sheet

comprises one or more tie layers disposed between the barrier layer and the outer layer.
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| ayer. 48. The vapor inperneable structure as recited
in claim40, wherein the barrier |ayer conprises at
wo easpioae of an anti oxi dant, a heat stabili zePCT/@S2004/026927

| ubricant, a nucleating agent, a UV stabilizer, carbon
bl ack, a netal deactivator, a plasticizer, titanium
di oxi de, a pignent, clay, mca, a flane retardant, a
processing aid, an adhesive, and a tackifier. 49. The

44. yaphe vanes énpesalshlle sirueiate s seciigd #reezla%éiluwhe@% ahdeag one tie layer
wherein the barrier |ayer conprises one or nore

compréden holeadt vge afjKted XE3300 ail Maqao low-dasitppalyethytamaponent ,
conprising: a conponent body fornmed froma conposite
sheet, the conposite sheet conprising:a barrier |ayer;
and an outer |ayer; wherein at |east one edge of the
component . hody ¢ . e

45. Coﬁ‘rrg% Yvapor inpet eflﬁ P%ﬁz eglg rre?cﬂ{égw gglgf g@ Q?rl%tr?%g s &R&qayer
conponent bod nd. t he second co t can, be ned.

comprisghat Isasigpe Pﬁﬁymﬁ%%ﬂ@h hylges, pebfpmﬂ%nsa mglon,
50, wherein barrier |ayer conprises. about 5% to about

poly@atslme terephthalats), oty (ethgfenatarephtipddtoher of et hyl ene and
a glycidyl ester; about 40%to about 90% by wei ght of
an acidified PPS; and about 1%to about 20% by wei ght
of an el astoner conprising copolyners of ethylene and

46, at Th? éﬁor Pt erﬁfelaﬁl@ \Rﬁ'ﬁ%{#ehg é@lgt]ieg ;/rr élaf’ﬁ?h@ Affetdih thePGirfer layer

an a group

comprises one of a film, a solid layer, and a dispersion of particles.

47.  The vapor impermeable structure as recited in claim 40, wherein the composite sheet
comprises one or more secondary layers disposed between the barrier layer and the outer

layer.

48.  The vapor impermeable structure as recited in claim 40, wherein the barrier layer
comprises at least one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a
UV stabilizer, carbon black, a metal deactivator, a plasticizer, titanium dioxide, a pigment,

clay, mica, a flame retardant, a processing aid, an adhesive, and a tackifier.

49.  The vapor impermeable structure as recited in claim 40, wherein the barrier layer

comprises one or more reinforcing agents.

50. A vapor impermeable component, comprising:

a component body formed from a composite sheet, the composite sheet comprising:
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has 1 to 5 carbon atons, and respective netal salts
t hereof; wherein the weight ratio of the olefinic
w@odoges34t 0 t he el astomer ranges from about 3:RBCT/WS2004/026927
about 20:1. 52. The vapor inperneabl e conponent as
recited in claim, erein barrier |ayer conprises
| ess th%il?arf’(?@aé’ﬁr;\% ght of the olefinic copolyner. 53.
The vapor i nperneabl e conponent as recited in claim
50, whepepwfer ligersonposite sheet conprises one or nore
tie layers disposed between the barrier |layer and the
out er | ayerein &tdeast i adap of tHervp/iporah (bedy osnfomeNto aanating edge of
recited in claimb53, wherein at |east one tie |ayer
a se&ﬁﬁ@ﬁhﬁ&%n@guéhe(ﬁ&tth@ﬁﬁrig la%@r? bt hE38RBoRM bbdy GRS the second
| ow-density pol yethyl ene.55. The vapor 1 nperneable
cO nent .as recited in claimb50, wherein the outer
comp%é}jglfc 0 ?1“5%‘5 at | east one of polyethylene,
hi gh-density pol yet hyl ene, pol ypropyl ene, nyl on,
pol y(butyl ene terephthal ate), poly(ethylene
terephthal ate). 56. The vapor i nperneabl e conponent as
51. r ethe¢ gabor mmpé¢raieabls @pmpheene anrechied inanlaime¥0, Mdgein barrier layer
conprises one of a film a solid layer, and a
compisner si on of particles. 57. The vapor inperneable
conponent as recited in claimb50, wherein the
co [ ' { r -
R e A L L R S
| ayer. 58. The vapor inperneabl e conponent as recited
estehin” ¢l ai m 50, wherein the barrier layer conprises at
| east one of an antioxidant, a heat stabilizer, a
| ubbaut 48%o toaboutA0&aby wgighteran acidified BP3ysindi zer, car bon
bl ack, a netal deactivator, a plasticizer, titanium
di abdude% @ abb@iob by teipht offhiCélastémér @Mpristigadopdlyimerdof ethylene
processi ng aid, an adhesive, and a tackifier..

and at least one of an acrylic acid, a methacrylic acid, an alkyl ester in which the alkyl group
has 1 to 5 carbon atoms, and respective metal salts thereof;

wherein the weight ratio of the olefinic polymer to the elastomer ranges from about 3:1 to

about 20:1.

52.  The vapor impermeable component as recited in claim 51, wherein barrier layer

comprises less than 10% by weight of the olefinic copolymer.

53.  The vapor impermeable component as recited in claim 50, wherein the composite

sheet comprises one or more tie layers disposed between the barrier layer and the outer layer.

54.  The vapor impermeable component as recited in claim 53, wherein at least one tie

layer comprises at least one of Xtel XE3200 and linear low-density polyethylene.
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59. The vapor i nperneabl e conponent as recited in
claim50, wherein the barrier |ayer conprises one or
wones/orsinf orci ng agents. 60. A fuel tank, conpeT/Bs19g4/026927

a fuel tank body defining a fuel tank interior, the
fuel tank body conprising: two or nore body
components, each formed froma respective conposite
sheet, each respective conposite sheet conprising: a

55. baFhd eapor yrarmaalde cemponeptas reeited inclaim 3t woereinthp epter layer
i nper neabl e seal between an adjoining two of the body

comgr3epariedst Sne difylydindend, Hiphrdzrsityl mlgtiallerxopaly popyignag nylon,
fused region formed fromthe fusion of the barrier

polydlr)ﬂg)‘?‘%ngce{%e{) ﬁlﬁ $ BB NS ﬁ‘é’ie?égﬁkﬁ'é%t ody conponents. 6 .

as reC|te l'ai m 60 conprising one or
nore interior conponents disposed within the fuel tank
interior. 62. The fuel tank as recited in claim61l,
wherein the one or nore interior conponents co
56. at Theapor breeraeable perponeat a5 repitgd ln&mnéodwb@rﬁtr&#pw b@@er layer
The fuel tank as recited in claim®60, wherein barrier
comprizge oneafiyfiing @solid bayet, aﬁd/mtlispeﬂsmntofmlw. wei ght of an
ol efinic copol ymer of ethylene and a glycidyl ester;
about 40% to about 90% by wei ght of an acidified PPS;
and about 1% to about 20% by wei ght of an el ast oner

57. C o { i %S}’iop ﬂnée%gmig%&%?%{en? cIi %Ll‘?&ﬁn QW@% He %oﬂposue

acrylic aCI ester
mhlch t he al kyl grou
sheet comprises one or rr){ore seconﬁary layers disposed between the barrier layer and the

outer layer.

58.  The vapor impermeable component as recited in claim 50, wherein the barrier layer
comprises at least one of an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a
UV stabilizer, carbon black, a metal deactivator, a plasticizer, titanium dioxide, a pigment,

clay, mica, a flame retardant, a processing aid, an adhesive, and a tackifier..

59.  The vapor impermeable component as recited in claim 50, wherein the barrier layer

comprises one or more reinforcing agents.

60. A fuel tank, comprising:
a fuel tank body defining a fuel tank interior, the fuel tank body comprising:
two or more body components, each formed from a respective composite
sheet, each respective composite sheet comprising:

a barrier layer

36



10

15

20

has 1 to 5 carbon atons, and respective netal salts
t hereof; wherein the weight ratio of the olefinic
w@odoges34t 0 t he el astomer ranges from about 3:RBCT/WS2004/026927
about 20:1. 64. The fuel tank as recited in claim63,
wherein barrier |ayer copprises |ess than 10%by wei ght
of the ol ef i A QUEDREFYAEY . 65. The fuel tank as recited
in claim60, wherein the conposite sheet conprises one
or nor eatleast bageapsr ithppmsakle beal hetevecn he adiainingiva efite body
and the outer |ayer. 66. The fuel tank as recited in
compdrnty) the vapérampefnaibld sealsdonprgingi ssfubalregion dompiddsesm ate fusion of
| east one of Xtel XE3200 and |inear |ow density
3 : s of ited in claim
the b%%{léﬁ%?}ear/ glpﬂrgl@g %ng%m-gg rﬁj"f“gg% Psﬁﬁipnﬁoél ggﬁét | east one of
pol yet hyl ene, hi gh-density pol yet hyl ene,
pol ypr opyl ene, nyl on, poly(butylene tel ephthal ate),
pol y(et hyl ene terephthal ate). 68. The fuel ,tank as
61. efﬁfl? tgl fank @p sacHEG M CliFePLEIMBPIENgHierqT SROTE ARtgfior components
conprises one of a film a solid |layer, and a
dispaokied patisn the fodl taperiniecloes. 69. The fuel tank as recited
in claim®60, wherein the conposite sheet conprises one
or nore secondary |ayers di sposed between the barrier
| ayer and the outer layer. 70. The fuel tank as

62. eﬂlé ﬁ%l kaﬁk%g ?éecg%% 91 clx\lpr? éﬁivﬂle}&? ﬂgad’n%g)gfndrg}ﬁi%rgotr components

conprises at one o1 "an anti oxl

stabilizer, | ubricant, a, nucleating agent, a W
comptisat lqastqne of 3YBIP, B?‘E‘Ek and,a Hb‘iegFr' d egct igv ator, a
pl asticizer, titaniumdioxide, a pignment, clay, mca,
a flanme retardant, a processing aid, an adhesive, and
a tackifier. 7 . The fuel tank as recited in claim®60,
63. Whahekil tdne abadcited in ¢1aiye60, iR b&2icO Rger0toniprises:

- about 5% to about 50% by weight of an olefinic copolymer of ethylene and a glycidyl
ester;
about 40% to about 90% by weight of an acidified PPS; and
about 1% to about 20% by weight of an elastomer comprising copolymers of ethylene
and at least one of an acrylic acid, a methacrylic acid, an alkyl ester in which the alkyl group
has 1 to 5 carbon atoms, and respective metal salts thereof;
wherein the weight ratio of the olefinic polymer to the elastomer ranges from about 3:1 to

about 20:1.

64.  The fuel tank as recited in claim 63, wherein barrier layer comprises less than 10% by

weight of the olefinic copolymer.
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reinforcing agents.72. The fuel tank as recited in
claim60, conprising a filler neck allow ng access to
wo b@spuwshi t ank i nterior space. PCT/US2004/026927

65.  The fuel tank as recited in claim 60, wherein the composite sheet comprises one or

more tie layers disposed between the barrier layer and the outer layer.

66.  The fuel tank as recited in claim 65, wherein at least one tie layer comprises at least

one of Xtel XE3200 and linear low-density polyethylene.

67.  The fuel tank as recited in claim 60, wherein the outer layer comprises at least one of
polyethylene, high-density polyethylene, polypropylene, nylon, poly(butylene telephthalate),

poly(ethylene terephthalate).

68.  The fuel tank as recited in claim 60, wherein the barrier layer comprises one of a film,

a solid layer, and a dispersion of particles.

69.  The fuel tank as recited in claim 60, wherein the composite sheet comprises one or

more secondary layers disposed between the barrier layer and the outer layer.

70.  The fuel tank as recited in claim 60, wherein the barrier layer comprises at least one of
an antioxidant, a heat stabilizer, a lubricant, a nucleating agent, a UV stabilizer, carbon black,
a metal deactivator, a plasticizer, titanium dioxide, a pigment, clay, mica, a flame retardant, a

processing aid, an adhesive, and a tackifier.

71.  The fuel tank as recited in claim 60, wherein the barrier layer comprises one or more

reinforcing agents.
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72.  The fuel tank as recited in claim 60, comprising a filler neck allowing access to the

fuel tank interior space.
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