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The invention relates to packaging for hygroscopic resin materials, and more particularly the invention reiates to methods for packaging
a hygroscopic resin composition wherein said method comprises packaging the composition into a meno-layer container comprising
polypropylene resin and wherein the container has a wall thickness of betw:

een 0.25 mm and 0.6 mm. In a preferred embodiment, the
composition comprises at least one resin of the group consisting of polyurethanes, polycarbonates, polyesters, and polyarnides.
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relates to RESppsted or- packagi ng a hygroscopic resin conposition wherein
sai d nmet hod conprises packaging the conposition into a nono-bP@yeses3io

cont ai ner conprising pol ypropyl ene resin and wherein the container has a
wal I thickness of between 0.25 nmmand 0.6 nm In a preferred enbodi nent,

the conposition conprises RACkRASE FORE i resin or a conpatibilized
bl end of pol yphenyl ene ether resin and %%%Fgghﬁygéi%_s 2. Brief

Description of the Related Art Many engi neering resins such as pol yurethane
resin, polycarbonate resins, polyester resins, and pol yanm de resins as
wel | as various blends containing these resins are hygroscopic to varying
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fromthe air. In manufacturing proc the resins special handling
precautions_are necessary to mnimze the water absorption. Oten the
resins are PPbopeleatie smal| pellets that are packaged for shipnent to a
"ol der or converter into articles of commerce. The pellets are typically
dried by the nolder to reduce the | evel of absorbed water to very | ow

| evel s to avoid issues such as material degradation and surface appearance

i ssues. .
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to packaging for hygroscopic resin materials, and
mo.re particularly the invention relates to methods for packaging a hygroscopic
-resm composition wherein said method comprises packaging the composition
Into a mono-layer container comprising polypropylene resin and wherein the
container has a wall thickness of between 0.25 mrh 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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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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pol yur et feamegature limitation of the polyethylene package and mamtaln a low moisture level |n
the pellets. With such known packaging it cannot be avoided that the moisture content
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.
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OF THE | NVENTI ON PCT/ US00/ 03191 According to this invention,

provi ded a PHRRMYPHY structure of a nonolayer conprising pol | ene
resin wherein the nono-layer is between 0.25 mm and 0. 60 mn¥§f/@géq/%?]y

between 0.28 mmand 0.40 mm The package structure is free of a netal

| ayer, such as an alumnumfoil layer. The packaging structure may vary
widely in size, such as fromvary small packages of a few grans of
in a bulk package of 500

material to fairly large, for exanple, as a liner

kg or nore.D@ngenfT@NldFi-@% %,nglmgkage with the desired amount of material,
t he package can be seal ed by conventional nethods such as, for exanple,

heat sealing or sealing with an adhesive. The package can be™ manufactured
by net hods ARplicablehe packagi ng art. Al though nost any resin material may
be packaged in accordance with the present invention, it is nost useful
for packagi ng hygroscopic resin materials. Such hygroscopic resin
materials include any resin that needs to have a noisture pick-up bel ow
about 0.15 weight percent water, preferably bel ow about 0.10 wei ght

per cent WaQEﬁ'AIaEIDaEsbeimg)maskag@d\/ém-r,o@bout 180 days. This invention is:
especi ally useful for packagi ng pol yurethanes, polycarbonates, polyesters,

and pol yamd el l as various blends and alloys containing at |east
one of the a?gCrC@EF?JHQitBn HEENHN, there is provided a packaging structure of a

monolayer comprising polypropylene resin wherein the mono-layer is between
0.25 mm and 0.60 mm, preferably between 0.28 mm‘and 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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The compatibilizing agent is thought to result in reaction products between the
: pofyphenyléne ether resin and a polyamide resin and that 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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total resin conposition. Increasing the |evel of the po ' r ts in
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fine-tuni n\é\b%@re?tééﬂs%%féq g‘aﬁhec%%ﬁ%mppégioﬂesi red in the final conposition.
The pol yphenyl ene ether resins useful in the present invention-include all

known pol yphefyieepelyphdrylche Sths: reliraf shhs Lncl ude pal y(2, 6-
di met hyl phenyl ene et herljw as well as thlgé%g!o%\ f@ﬁeé%sgf]ﬁafeaﬁogﬂ%clude all
di Imet hyljphgﬂgﬁ;’hniapgi’@?’gl?‘g n@ﬂﬁﬁy![l[ﬂsm&)h &0l ,Pfémg@@n?eﬂﬁ?efmﬁei g;diﬁzzs_of t he
pol yam de af3 R n er resins do not detract tfrom :
present i n\_/ené?gl%. Iwngcgrrp(gﬁl i %ﬁs %F\'Lr &Pn tH?gWOP@WQFesﬁ@Irmcefi 8.8desired
to acconmstiae ylpleanad et R 68, 6t BthyHeh PV |_ene et her, resins
havi ng a gl as3 t{qansi '{non terrFerature (i.e. q%feﬁg%gpﬁ?ﬁlgﬁaﬁﬂgs&?éﬁe
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Enbodi ﬁrent ,mv'Efﬁnoﬁ. WCCH']%‘M}% Widtel igh aheat res;stancg is desired to
accommodate, for example, paint cure ovens, polyphenylene ether resins
having a glass transition temperature (j.e. Tg) higher than the oven
temperature are desirable as is use of a polyamide resin having a melting
point (i.e. Tm) greater than the oven temperature. In a preferred embodiment
the polyphenylene ether resin comprises copolymer resins of 26-
dimethylpheno! 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

6



: : : f 2 6
he pol yphenyl ene ether resin conprises copolynmer resins o , _
E:Ii me!tohylyghengl and 2,3,6-trimethyl phenol and the poly gergg_g)gpég es
nylon 6,6. Qher variations in the resins are also usefu RO
simlar principles. The conpatibilized blend of polyphenylene ether
and pol yam N PR3 may additionally contain various propertncmm?hofosﬁ_ss
such as elastoners for ductility enhancenent. Useful elastoners for |

, . : K

in the art and include, for exanple, styrenic bloc
Egrgf))s”ere?;e kngvvn ' QuUS ci.d  functionalized ethyl ene-propylene copolyners
(epg EP- g‘%eg@i tERigH rgrﬁWdP?d@f".”t"(’h"ﬁérb%‘ﬂ%@r@@l)ufo‘éﬂ_ i a?dsag?gusuaiﬁ:,neral

| y B0 I ts I.,gments, es, .

fiTlors and corepy, Sb@en 28h% 5o, 208 ARMEELE endlhaapent fodiropon 15
that convertfitoaplackagebaateionge atins pEBas (IR Bhdkddee T eS| ”h”af e of
packaged can exit a conpoundinhg extruder through a=die in the form
numer ous strand bat h, and chopped into pellets for

oled,in er ) cho

packagi ng can bgh?lg@db?ydﬁ?ri ﬁ}l]%fei 1€ Preseng 'BYgétpﬁ_lbm@Eg?ae(B;ndtgggﬁ?ngignd
about 110, T ot aperanly Bora taRerERgoR R ok HFOuGR AT Redit whern | cant
| 3?2? E)rt i o’nsa& C@h‘@qsiiénalw ar teatfreratne efaft 1688t AEbledGd QHHE graegége%- 't

houl d be hat ..t he present invention includes a contain - _
;ackagi ng. é@%‘%’&”{ '@nco{@ﬂ‘ﬁfaf EPMGTIaes RSRGRO-tAYET 10§ golypromylene essin frudeer ei n

sai d conposf &i PRtMaGySr éﬁ@ﬁf{i%%ﬁgﬁﬁg%%@%g%gﬁ fgg»\gq%ﬁ G \ggﬁgf B%@k%%g?eeand
\g?e;elngt ;P&g&:ﬁ? 27 Qb i ttshouldine aleaethatdise prewint ifvingibRaaguaks Ret ween
method for packaging a composition comprising at least one hygroscopic
resin wherein said composition has a temperature of at least about 60°C
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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0.25 mmand 0.60 mm It should be clear that the present invention includes

a nmethod for packaging a conposition conprising at |ea opi ¢
resin wherein said conposition has a tenperature of at I%Ieggpt%g@é%&@gc

when packag%ﬁd‘gﬁ lve_yher ei n the packagi ng contai ner conprises a nono-| ayer
of pol ypropyle P¥sin free of a netal | ayer and wherein the ponusicgisorhas

a wall thickness of between 0.25 mmand 0.60 mm The follow ng
illustrative exanpl es denonstrate various enbodi nents of the present

i nventi on. ver, re.nqt intended to limt the invention in any
manner . Exa{rrr#g o8 %Exoétrgqpﬁinr%: %Reg%ﬁ'ﬂ)aﬁ?%%r’f@@@ 50838 pebietsnatdhsregatoytheibde: 6, 6
and pol ypheTige gthyiehe BR$wh d : i_n-screw extruyder using
met hods known ?ﬂﬂ){ heﬁart : %’he S\;\gi?ﬁéﬁgﬁﬁ "\"‘A/gg“%#e\(@(?g&e@&eé%ufe-t ﬁaee"@féi ruder
through a chaviega temperaiuse detwsen abdst 50° extirabdaf 70°Eheesd Eg?ﬁasgae‘rﬁhggl r

- passed thro et _bath and allowed to exit the water
cooled to r%%ﬁg%& E-HHT PRIyPEPRYIENe reRiB hawingda shickness vafr 6. Ghappethd nt o
pel | et s havhdlgpmp§icht B ; by . The .pel l ets had a tenperature
bet ween abo;tbjt g%opgnd ab%%ﬁﬁ%%.t%' ge| reFé’%!A@néh%aRﬁi‘&g%@ iORIW Al 5858e from
pol yet hy| erias sstessaay tmgvaid HistoRept entatdhdfeie tﬂgWﬁ o ﬁggd 03191
ts a He .

t hi ckness of 0.2 mm The bag distorted and sone pell re t he bag.
The polyet kli_"iaqﬂﬁl g was unacceptable at this pellet tenperature. Pellets

havi ng a tenper AEfre between about 500 and about 70C were packaged into a

bag made from pol ypropyl ene resin having a thickness of 0.14 nmm the

In order to test moisture pick-up of pellets packaged in various packaging
structures, pellets of a conventional compatibilized resin blend of polyamide-
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.



pol ypr opyl ene bag did not distort. Cooling the pellets to bel ow about 500C
was necessary to avoid distortion and adherence to the pg&g{e%l ?560§ag.
Exanple 2. In order to test noisture pick-up of pellets pac agegf '~ vari ous
packagi ng pblhohisleys €s; pellets of a conventional conpatibilized resin blend
of pol yam de- 6,6 and pol yphenyl ene ether resin were packageBCT/HSOMI3A9Mmal |
bags and tested for weight percent water over tine at atnospheric
conditions with a relative humdity of about 50-70% DaysPE/Al'PE @0.2
mPaper/ Al 5@ 3090. 07 210. 080. 090. 06 630.100. 200. 06 970. 080. 120. 07

1390. 100. 260. 07 PE/ Al is a two-layer package of polyethylene Iined with
alumnumfoil As can be seen fromthe above data, the packagi ng structures
cont ai ni ng a Inrgder td egepareanwistary piplias bhpeilss fHORBGEYH I8 DB MAGSHEL N

very | ow npi,st | ck- | evel even after 139 days. Pol yet hyl ene
packagi ngngstﬁmt%ﬁ@ﬁ?mgﬁﬁl"?r S&(?at?él’%fr@diesoq‘?d?f & fangvieyer of phyappyiens
storage dupatka BtritBturd®i sithioRit | eN&LS - | F 200 Q91913
Exanpl e 3. pPCT/giL,Jﬂ%?C')C)’ 03191 In order to conpagsg’ %@Lﬁ%?fpﬁckgﬁ\gﬁloﬂé |l ets
pack?ged | ROpagHDilizar resin kiendi of PaElyaMitied, 6 care velphenyikge stde e of a
monol ayer obPBLAYSIW AT Bsted for weight percent water over time. The filled bags

were stored under atmospheric conditions with a relative humidity of about 50-

70%. 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
rese i nventi on and havi n t hi ckness of

tside th f
S?ZS.I m(?n pofyzfggsﬁgwg lwq %fHéGEE%iHQ@ QRN EOHPY % fﬁlﬁ'sﬁﬂﬁpt ion. It
fr2th th th
mrrﬁfho?%ﬁ?cont%?%%r a‘gaghgﬁr?ggigﬁm W%@%‘gﬁﬁ%&%e cﬁ‘gar ?éci)?nwt. hese gata
that this i reféaativertoilinat owistuee piskip by tibe hygrosagpicaomywsitiori lessahan i al
wh inth th t I th bout 0.15
wognt ooy c S5 hsiah Q#@ép“%ﬁ%a@s@v Wgeks cheraibtie Smanaras %%sem VED 1.

A et hod formonelsger BEpelybRIHASEORIsh, SHEIEH thbfolIEjé fad AthickRéd0d
COI'TpI’I ses di SpOSI n I’OSCO i C COI'TpOSI tron In a contal ner ective tO

he
limt noistREWBeB @W"t&i@ W@rrﬁgwpdcse@bmﬁm corfmines. | ess t han

2. The method of claim 1 wherein the hygroscopic composition 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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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
between 0.25 mmand 0.60 nm and sealing the container. R.Selteemath@d 0Gf
claiml wherein the hygroscopic conposition conprises at |east one resin
of the group consisting of polyurethanes, polycarbonates, polyesters, and
pol yam des. 3. The nethod of claim| wherein the hygroscopi c conposition
conprises at |east one polyam de resin or a blend containing at |east one
polyam de resin. 4. The nethod of claiml wherein the hygroscopic
conposition conprises a conpatibilized blend of at |east one pol yam de
resin and at | east one polyphenylene ether resin. 5. The nethod of claim1l
wherein the method conprises packagi ng the hygroscopic material having a
t enper at ure between about 50C and about 110C. S. The nethod of claiml
wher ei n t he SronolTigemethod of claim K ndwreincthedwigrostop® composition 46mpriseg.  The

el 'ets. - 105 -8shoHBTEahDAE ghiiH BB SO s PP suRebERiparRSs.
hygr oscopi cpolyspiesst amhpolyaptidess at | east one resin of the group

consi sting of polyurethanes, polycarbonates, polyesters, and pol yam des.
11 '
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