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1. Field of the Invention

The invention relates to packaging for hygroscopic resin materials, and
more particularly the invention relates to methods for packaging a hygroscopic
resin composition wherein said method comprises packaging the composition
into @ mono-layer container comprising polypropylene resin and wherein the
container has a wall thickness of between 0.25 mm and 0.6 mm. In a
preferred embodiment, the composition comprises at least one polyamide

resin or a compatibilized blend of polyphenylene ether resin and polyamide
resin,

2. Brief Description of the Related Art

Many engineering resins such as polyurethane resin, polycarbonate
resins, polyester resins, and polyamide resins as well as various blends
containing these resins are hygroscopic to varying degrees and absorb
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bei ng useaa%cgﬁ R PAFkaGING kgt lows very little moisture permeation. Resins may

remain packaged for many months before being used so moisture pickup by
the resins while packaged is highly ikely to occur, this is however highly
undesirable. Moreover, the packaging cost needs to be minimized since most
packaging is discarded after a single use.

Conventional manufacturing processes for such resins often involve use of

@ compounding extruder to mix the resin with any additionai components.
The material typically exits the extruder through a die in the form of numerous
strands which are in turn cooled in a water bath and chopped into pellets for
packaging. By controliing the degree of cooling in the water bath and aliowing
the strands to dry any residual moisture before chopping into pellets,
manufacturers can control the level of moisture in the pellets up to the
~ packaging stage. In order to maintain the level of water.very low, special
packaging must be used that has a very fow water permeation level.
Conventional packaging is often a multi-layer structure, for example, a two-
layer structure of an aluminum foil adhered to a secand layer, often made
from polyethyiene or polyvinyi chloride. Three layer structures for packaging
are also used wherein the aluminum foil layer js sandwiched between two
plastic resin layers. These conventional packagings have sufficient moisture
barrier properties to maintain very low water leveis in the packaged resin
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of the resin increases oo much over time, making it necessary to dry the resin before

molding it.

It is therefore apparent that there continues to be a need for improved methods

for packaging hygroscopic resins.

SUMMARY OF THE INVENTION

The invention relates to packaging for hygroscopic resin materials, and
more particularly.the invention relates to methods for packaging a hygroscopic

- resin composition wherein said method comprises disposing the hygroscopic
composition in a container effective to limit moisture pickup by the hygroscopic
composition to less than 0.15 weight percent after twenty weeks, wherein the container
comprises a monolayer of polypropylene resin, wherein the monolayer has a thickness
between 0.25 mm and 0.6 mm, and sealing the container. In a preferred embodiment,
the composition comprises at least one resin of the group consisting of polyurethanes,
polycarbonates, polyesters, and polyamides. These and other embodiments of the
invention will become apparent as described herein.



packagi ng to avoi d having the packaging distort or have pellets of the

resin adhere to the packagi ng. Special manufacturing equi nt, and/ or
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and 0. 60 n¥heSpiner énshPBberme ereferatlyroataedn004® Wh MF 0.40 mm. The
package structure is free of a metal layer, such as an aluminum foil fayer
- The packaging structure may vary widely in size, such as from vary smaI;
packages of a few grams of materig! to fairly large, for example, as alinerin a
bulk package of 500 kg or more. After filling the package with the desired
amount of material, the package can be sealed by conventional meth;ads such
as, for example, heat sealing or sealing with an adhesive. The package can

be manufactured by methods known in the packaging art.

Although most any resin material may be packaged in accordance with the
present invention, it is most useful for packaging hygroscopic resin materials.
Such hygroscopic resin materials include any resin that needs to have a
moisture pick-up below about 0.15 weight percent water, preferably below

. about 0.10 weight percent water after being packaged for about 180 days
This invention is especially useful - for packaging pofyurethanes.
polycarbonates, polyesters, and polyamides as well as various blends and’
alloys containing at least one of the aforementioned resins.

In a preferred embodiment of the invention, the resin material comprises at
least one polyamide resin. The polyamide containing resin may be a
conventional polyamide resin, for éxample, nylon-6, nylon-6,6 nylon-12 or
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known in thelyBhényIdhes&nbl 245 ahs éy;?c')iﬁé’j‘rln%c}/e r;ggig ér?dr Otggth these reaction
products' improve the compatibility between the polyphenylene ether resin and
polyamide resin. The improved compatibility results in enhanced-physicaf
properties such as, for example, increased ductility. llustrative compatibilizing
agents for blends of polyphenylene ether resin and polyamide resin include
citric acid, maieic anhydride, fumaric acid, malic acid as well as various

derivatives of the foregoing.

The ratio of polyphenylene ether resin to polyamide resin can vary widely
but is preferably adjusted so that the polyamide resin remains the continuous
phase. Preferably the poiyamide is at least about 40% by weight of the total
resin composition. Increasing the level of the polyamide results in enhanced

' ductility and flow and is often préferrgd. The resin compositions may contain
more than one type of polyamide résin such as a blend of nylon 6 and nylon
6,6. When a mixture of nylon 6 and nylon 6,6 is used, it is often preferred to
have a limited amount of nylon € in order to maximize the heat resistance of
the compatibilized blend of a potyphenylene ether resin and polyamide resins.
Minor amounts of nylon 6 are often useful at.improving certain physical
properties, for example, ductility. Moreover, the amine to acid endgroup ratio
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reactive conpoundi ng techni ques involving addition of a conpatibilizing

agent to conpositions containing pol yphenyl ene ether resi l.yam de
resin. The conpatibilizing agent is thought to result iiéréggeg?%eg%oégoduct S

bet ween t he ol yphenyl ene ether resin and a polyanm de resin and that these
reaction pr% B%’%@l?r nprove the conpatibility between the pol yRREg¥ GRS
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The pol yphﬁgwngnea eélQSé Eesi.rt1s useful in the prg)sesmﬁs‘{hﬁ{/éé{rﬁ i%(l%rﬁériﬁ e all
_ ransiion temperature (i.e. Tg) higher than the oven
ter-npe.rature are desirabie as is use of a polyamide resin having a melting
point {i.e. Tm) greater than the oven temperature. In a preferred embodiment,
tf:ae polyphenylene ether resin comprises copolymer resins of 2,6-
dimethylphenol and 2,3,6-trimethyiphenol and the polyamide comprises nylon

6,6. Other variations in the resins are also useful based upon similar
principles.

The compatibilized blend of polyphenylene ether resin and polyamide resin
may addjtionaliy contain various property modifiers such as elastomers for
ductility enhancement. Usefui elastomers for this purpose are knoWn in the

| art and inciude, for example, styrenic block copolymers and various acid
functionalized “ethylene-propylene copolymers  {(e.g., EP-graft-maleic
anhydride). Other property modifiers include nucleating agents, stabilizers,
flame retardants, pigments, dyes, mineral fillers and reinforcing agents.

One advantage of the present invention is that conventional manufacturing
Processes wherein the resin material to be packaged can exit a compounding
extruder through a die in the form of numerous sfrands, cooled in a water
bath, and chopped into pellets for packaging can be readily utilized. The
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known pol yphenyl ene ether resins. Preferable resins include poly(2,6-

di met hyl phenyl ene ether) as well as the copol yner resin f 2, 6-
di met hyl phenol and 2, 3, 6-tri met hyl phenol . These and oth rgsaﬁeffg’ﬁraﬂ@ of the
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numer ous sPréanns apgdl.ee mm. F_N&ag@rt_)re bl@tagthSagjde Pwﬂ’z"%@\?@ﬁ%ﬁ%ﬁ&zgr
ackagi n utilized. The Sept enber
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di stortion
when packaged and wherein the packaging container comprises a mono-layer

of polypropylene resin free of a metal layer and wherein the container has a
wall thickness of between 0.25 mm and 0.60 mm.

The following illustrative examples demonstrate various embodiments

of the present invention. However, they are not intended to limit the invention
in any manner.

Exampies

Example 1.

A compatibilized resin blend of polyamide-6,6 and polyphenylene ether
resin was prepared on a twin-screw extruder using methods known in the art.
The resin blend was allowed to exit the extruder through a conventional die as
strands of extrudate. The strands were passed through a water bath and
allowed to exit the water bath and air cooled to remove residual moisture.
The cooled strands were chopped into pellets having a size of about 4 mm by
3 mm. The pellets had a temperature between about 50° and about 70°C.

Pellets were packaged into a bag made from polyethylene resin having a
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of the package or adherence of the pellets to the package. It should be
clear that the present invention includes a container f a
conposi tion conprising at |east one hygroscopic resin vvﬁ%re %%gg?@%
conposi ti on“%alﬁ 53 l:‘?errper ature of at feast about 60C when packaged- and
wherei n t he "contar Rer conprises a nono-layer of polypropyl enepeeskidokige

of a netal |ayer and wherein the container has a wall thickness of between
0.25 mmand 0.60 nm It should be clear that the present invention includes

thod f ti t | t h
Cesin wner ol ioRes W i R o b o B soree %enafsai@weoniamégé%%%%p' i
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of polyprop%Iene resin free of a net ayer and

a wall thi BRYBEE EMARFEWEEDEONEST mBOANB0D 2R ab@utﬁm@cfwyé)ﬁfa% ed info
at vari ous enbodi nent-s rge

~illustrativ s.denmonstr
i nventi on. %b%gfaaeet ﬁgy" QPB/ ﬁ%ﬁ’y PRt dRaBdhawing aithiakness m}featMomml ﬂneany

manner . BPh&g Hid A i bl esiy pol yani de-6, 6
and pol ypheny}’eneﬁéé?herggrém r??\;\/(ags}ahr ebao%)éﬁéléﬁeapei \ﬁ?%?%gjrei‘%*"e@(@qqﬁcﬁ@r Cusi ng
met hods™ kndtas nacedsenate avomircbstbetmmalbdi edflerstcedol theghy& extruder
t hrough a conventional die as strands of extrudate. % sﬁigé‘tﬁaﬁglﬁe
passed 't hr 8‘ ter bath and allowed to exit the vvater bath and air

cool ed to- rembue residual moisture. The cool ed strands were chopped into
pell ets having a size of about 4 mMmby 3 nm The pellets had a tenperature

bet ween about Irboraendo abstutnoi®@%e pibRIUME to a bag made from
pol yet hyl e%‘?”@ SI n h ving a7 5 %e ten%ir&?étg%ﬁggg&gqg%oﬂéﬂaﬁ 93191

thi ckness Wesmpe +ﬁ§§ %@gcwwrﬁ:pnéhcamubasbﬂme@ebbmt bleadhsr sslyamiddhe bag.
6,6 and polyphenylene ether resin were packaged in thin wall bags and tested
for weight percent water over time at atmospheric conditions with a relative
humidity of about 50-70%.

Days | PE/AI PE@ 0.2 mm | Paper/Al
0 0.04 0.09 0.07
21 0.08 0.09 0.06
63 |0.10 0.20 0.06
97 |o0.08 0.12 0.07
139 [0.10 0.26 0.07

'PE/Alis a two-layer package of polyethylene lined with aluminum foil

As can be seen from the above data, the packag'ing structures containing a
metal layer have very good barrier properties and result in very low moisture
pick-up levels, even after 139 days. Poiyethylene packaging as

conventionally available is not suitable for long time storage due to the high
moisture levels.



The pol yet hyl ene bag was unacceptable at this pellet tenperature. Pellets
havi ng a tenperature between about 500 and about 70C wer into a
bag made from pol ypropyl ene resin having a thickness of %?%ﬁéﬁﬁ%?gﬂ%?

pol ypropy! §pg ohg@;$li d- not distort. Cooling the pellets to bel ow about 500C
was necessary to avoid distortion and adherence to the pol yePR/USHEMS].
Exanple 2. In order to test noisture pick-up of pellets packaged in various
packagi ng structures, pellets of a conventional conpatibilized resin blend
of ponani@gangﬂ@3and pol yphenyl ene ether resin were packaged in thin wal
bags and teste for weight percent water over tine at atnospheric
conditions with a relative humdity of about 50-70% DaysPE/ Al'PE @0.2
mrPaper / Al 00NG%de0BOCUMPAEOTEBEILESD PicRELE 8D p&ts 22M2kB6e8 19 HA8S mZde B

1390. 100. 26Q, 07- PE/, Al i £ Wo- | k f pol yefhyl lined wth
e 2 R kel b AT PRt e Lok e hirsin: o e
cont ai ni Ngpackd¥ii@! strayRiredawatHeet Y ngaad ]@?’%E' eé%;rgggp%qet '&3?9 r{t@ﬁélt in

very |l ow noisture pick-up levels, even a 1 ays.
packagi ng e@mpaiirilized iresial bigndveli palyemide-ndtarxlipohtphenyend efi@r tresm

t e d ' [ e | |s. 8.5 Septenmber 2003 WO 00/ 51913
Examne 3. aio s BREd Sy b BYF biiosht B-ater Qralr g, dievijeeibaga I ot s
packaged iwelmgsratdader atriospheficRigh@itidna Wit baelii e urkdfly ofBHSurss- of @
nonol ayer . %0 pqm/pr Q‘Ple/l ene

%. The thickness of the polypropylene layer was 0.3 mm +0.01 mm. '

Weeks | PE/Al PP

4 0.14 0.14
8 10.12 0.11
12 0.12 0.12
16 0.12 0.12
20 0.12 0.12

As can be readily seen by these data, the mono-fayer polypropyiene
package unexpectedly performed as well, within experimental error, as the
palyethylene/aluminum two-layer package conventionally used. A package
outside the scope of the present invention and having a wall thickness of 0.2
mm polypropylene will have an unacceptable high water absorption. It was
unexpected that such low moisture levels could be obtained with the method
and container as claimed herein.

It should be clear from these data that this invention includes a method to
package a hygroscopic material wherein the moisture pick-up of the material
is less than about 0.15 weight percent water after 20 weeks.



packaging structures without netal |ayer, pellets of a conventional

conpati bilized resin blend of polyam de-6,6 and pol yphenyl fnggép esin
wer e packaged and tested for weight percent water over tine Sep ?EP?

bags were stored under atnospheric conditions with a rel atlve hum d|ty of
about 50- 70% The thickness of the polypropylene layer was 0.3 mm 0. 01 nm
WeeksPE/ Al PP 40.140. 14 80.120. 11 120.120.12 160.120.12 200.120.12 As can be

readily Seen\fmAThSSGlaﬂﬁ@lED the nono-|ayer polypropyl ene package
unexpectedly performed as well, within experinmental error, as the

pol yet hyl ene/ al um num two I ayer package conventional | y used A package

out si de the gcope, 0 rese i nventi on and havi n t hi ckness of
0.2 . mm pol yi‘r opyia‘e'ﬁ'g lwq %fHéGEE%iHQ@ QRN EOHPY % fﬁlﬁ'sﬁﬂﬁpt ion. It

was unexpecgéeh g%{ﬂ th the
nmet hod and contéa?%%r a‘gaghgﬁr?ggigﬁm "%’F‘?l t%%ﬁﬁ%g%e cﬁ‘gar ?éci)?nwt. hese data
that this i reféaativertoilinat owistuee piskip by tibe hygrosagpicaomywsitiori lessahan i al
wherei n the t he mat rla Ls,|ess,than about O0.15

wei ght per cednrﬁs\%/a#éﬁt Q#@EP@BQ{A%{@Y wge S ?@%@P%@‘ pgséﬁﬂ MED 1.
A net hod f ormonsisget 6opel wm@mm WHEeH thé%ﬂ&&ﬁé*ﬁhéé‘%cﬁﬁ% '
conprlses dlsp03|n&hthe groscopi c conp05|t|on i n a contal ner ective to

limt noi st REWEeB @W"t&i@ P3Groe epdseeling i cordaines. | ess than 0. 15
wei ght percent after twenty weeks, wherein the container conprises a
nonol ayer of pol ypropyl ene resin, wherein the nonol ayer has a thickness

bet ween 0. 22.nm aftte theffodrof clair 1sehérehvtte ygresiapid édmposition comprises
: at least one resin of the group consisting of polyurethanes, polycarbonates,
polyesters, and polyamides. |

3. The method of claim 1 wherein the hygroscopic composition comprises
at least one polyamide resin or a blend containing at least one polyamide
resin. ‘

4. The method of claim 1 wherein the hygroscopic composition comprises
a compatibilized blend of at least one polyamide resin and at least one
polyphenylene ether resin.

5. The method of claim 1 wherein the method comprises packaging the

hygroscopic material having a temperature between about 50°C and about
110°C.

8. The method of claim 1 wherein the monolayer has a thickness between
0.28 mm and 0.40 mm.

7. The method of claim 1 wherein the hygroscopic composition is in the form of
pellets.
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2. The nethod of claiml| wherein the hygroscopi c conposition conprises at
| east one resin of the group consisting of polyurethanes, polycarbonates,
pol yesters, and pol yam des. 3. The nethod of claiml| whéeér edapttdmber 2003
hygr oscopi ¢ conposition conprises at |east one polyamde resin or a blend
containing at |east one polyamde resin. 4. The nmethod of claimI| wherein
the hygroscopi c conposition conprises a conpatibilized blend of at | east
one polyam de resin and at | east one polyphenyl ene ether resin. 5. The
met hod of claim 1 wherein the nethod conprises packaging the hygroscopic
material having a tenperature between about 50C and about 110C. S. The
nmet hod of claim | wherein the nonol ayer has a thickness between 0.28 nm
and 0.40 mm 7. The method of claim| wherein the hygroscopic conposition
isinthe formof pellets. 10 5 Septenber 2003 8. The method of claim?7
wher ei n t he 8hygr dé€oprthasbeficigim 7 ovhereimthedygroscopicesmposition eshpridest he
Oy dog. 2 g2t BheRELk BrShO 8RS oBMiHY BB Gritnar, BERLSTbonatSS,
polyesters, and polyamides.
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