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The present invention relates to a process for minimizing the formation of undesirable byproducts in ozonated liquids comprising
the steps of providing a container comprising a polyester comprising repeat units from a dicarboxylic acid component comprising at least
about 85 mole percent terephthalic acid, 2,6-naphthalenedicarboxylic acid or a mixture thereof and at least about 85 mole percent ethylene
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PROCESS FOR IMPROVING THE FLAVOR RETAINING
PROPERTY OF POLYESTER/POLYAMIDE BLEND CONTAINERS
FOR OZONATED WATER

Field of the Invention

The polyester container market for carbonated and still mineral water and
other liquid products requires exceptionally low levels of acetaldehyde (AA) and/or
other flavor-affecting compounds which can contnbute to undesirable taste.
Ozonation via treatment with free ozone, whici is frequently used to punty such
liquid products, especially water, can resuit in formation of these flavor —aftecting
compounds as byproducts of the ozonation process. The present invention relates
to containers capable of preventing generation of AA or other flavorants which

resuit as a byproduct from the ozonation process.

Background of the Invention
AA is an inherent side product which is generated during the polymenzation

melt phase and subsequent processing of PET and other polyesters into useful
articles such as containers. Some amount of residual AA may remain 1n the fimished
articles. The amount of residual AA level depends in part on the conditions used to
process. For example, poly(ethylene terephthalate) (PET) resin prepared using
dimethyl terephthalate (DMT) leads to typically 9-10 ppm AA in the bottle sidewall;
however, terephthalic acid (PTA) based PET resins lead to much lower levels of AA
in the bottle sidewall, 1.e., 5-6 ppm. Despite the significant improvement in the PTA
based resins, this level of AA 1s still perceived to be too high. In fact, customer taste
testing has indicated that consumers can taste about 20 ppb differences in AA.
Consequently, there has been significant customer interest in reducing the residual
AA content as low as possible.

Because some water may contains varnous contamunants it 1s desirably

disinfected prior to bottling. Chionnation and ozonation are two common methods
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for disinfecting spring water. The ozonation process leaves residual ozone in the
water which is subsequently bottled. Ozonated water stored in conventional PET
containers may acquire an undesirable taste due to the presence of various flavorants
such acetaldehyde and/or other compounds, some of which may be the byproduct of
the ozonation process. Thus, it is highly desirable to provide containers for use with
ozonated water that have acceptable flavor retaining properties and clarity.

U.S. Patent 5,258,233 discloses the use of a blend of a low molecular weight
polyamide with PET to reduce acetaldehyde. In this patent, it is stated that less than
2% polyamude should be used to minimize color and haze. Similarly, U.S. Patent
5,260,233 discloses the use of a blend with low molecular weight polyamide with
PET copolyesters to reduce acetaldehyde. U.S. Patent 5,340,884 discloses the art
of precompounding the polyamide with polyesters to create a concentrate that can
be diluted with a polyester and still yield the desired properties.

Jammes et al descnibe the formation and behavior of some keto acids and
aldehydes in dninking water treatment process including an ozonation step (Fr. Rev.
Sci. Eau (1995), 8(3), 333-54). Specific disinfection byproducts may also induce
immediate water quality deterioration due to the objectionable organoleptic
properties. Anderson et al describe in Can. Proc. Water Qual. Technol. Conf
(1994), Pt. 1, 871-908 the ozone byproduct formation in three different types of
surtace waters. Ozonation byproducts which were examined in this study included:
acetaldehyde, propanol, butanol, pentanol, hexanol heptanol, octanol,
benzaldehyde, glyoxal, and methyl-glyoxal, oxalic acid, pyruvic acid, oxalacetic acid,
and similar organic compounds.

US 5,362,784 disclosed compositions of polyalkylene imine (PAI).
Particularly polyethylene imine (PEI) and polyester polymers, including copolymers
and denivatives thereof, such compositions can be used in producing films and
devices which are capable of scavenging unwanted aldehydes. However, there is no
disclosure regarding the use of ozonated water in containers made from the resin
blends.
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J. Poly. Sci: Part A Polymer Chemustry, 34, 3573(1996) disclosed the use of
N-dialkyl amides, particularly dimethyl acetamide as sacnificial ozone scavengers, in
the preparation of functional polystyrene. The publication does not disclose the use
of polyamides either separately or 11 combination with polyesters. In addition, there
1s no indication that the dialkyl amides improve the flavor of ozonated water
packaged in polyester containers.

JP 92-317959 921104 discloses the use of ozone for the disinfection of
water, typical process and concerns known in the industry. The patent does not
describe the use of polyamides as a method 1o improve the taste of the ozonated
water.

J. Dairy Sci. (1994), 74(1), 96-9 descnbes the descnbes the effect of ozone
on the taste of water packaged in poly(ethylene) containers. The “off-taste”
generated durning ozonation could be controlied by the treatment of the containers
with butylated hydroxytoluene (BHT, 185 ppm). The publication does not descnibe
the “off-taste” 1n polyester containers, nor the use of polyamides to improve the

flavor of the water.

Descnption of the Invention

The present invention relates to a process for minimizing the formation of
undesirable byproducts in ozonated liquids compnising the steps of:

providing a container comprising a polyester comprising repeat units
from a dicarboxylic acid component comprising at least about 85 mole percent
terephthalic acid, 2,6-naphthalenedicarboxylic acid or a mixture thereof and at least
about 85 mole percent ethylene glycol; and from about 0.05 to about 2 weight % of
at least one polyamide which displays a melting point below that of said polyester,
and

filling said container with an ozonated liquid.

We have surprisingly discovered that the presence of certain additives in

polyester based beverage containers reduces the “off-taste” which is imparted to a
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hquid, such as water by a disinfection process such as ozonation.

Polyesters
The polyester, component, of the present invention is a polyethylene

terephthalate (PET) or polyethylene naphthalate (PEN) resin. Copolyesters and
biends of PET and PEN can also be used. The polyethylene terephthalate resin
contains repeat units from at ieast 85 mole percent terephthalic acid and at least 85
mole percent ethylene giycol, while the PEN resin contains repeat units from at least
85 mole percent 2,6-naphthalene-dicarboxlic acid and at least 85% ethylene glycol,
based on 100 mole percent dicarboxylic acid and 100 mole percent diol.

The dicarboxylic acid component of the polyester may optionally be
modified with up to about 15 mole percent of one or more different dicarboxylic
acids other than terephthalic acid or suitable synthetic equivalents such as dimethyl
terephthalate. Such additional dicarboxylic acids include aromatic dicarboxylic acids
preferably having 8 to 14 carbon atoms, aliphatic dicarboxylic acids preferably
having 4 to 12 carbon atoms, or cycloaliphatic dicarboxylic acids preferably having 8
to 12 carbon atoms. Examples of dicarboxylic acids to be included with terephthalic
acid are: phthalic acid, 1sophthalic acid, naphthalenedicarboxylic acid (including, but
not hmited to the 2,6-isomer), cyclohexanedicarboxylic acid, cyclohexanediacetic
acid, diphenyl-4,4'-dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic
acid, sebacic acid, and the like. Examples of dicarboxlic acids to be included with
naphthalene- 2,6-dicarboxylic acid are phthalic acid, terephthalic acid, isophthalic
acid, other 1somers of naphthlenedicarboxylic acid, cyclohexane-dicarboxylic acid,
cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic acid, succinic acid, glutaric
acid, adipic acid, azelaic acid, sebacic acid, and the like. Polyesters may be prepared
from two or more of the above dicarboxylic acids.

It should be understood that use of the corresponding acid anhydrides,
esters, and acid chlonides of these acids is included in the term “dicarboxylic acid".

In addition, the polyester component may optionally be modified with up to
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about 15 mole percent, of one or more different diols other than ethylene glycol.
Such additional diols include cycloaliphatic diols preferably having 6 to 20 carbon
atoms or aliphatic diols preferably having 3 to 20 carbon atoms. Examples of such
diols to be included with ethylene glycol are: diethylene glycol, tnethylene giycol,
1,4-cyclohexanedimethanol, propane-1,3-diol, butane-1,2-diol, pentane-1,5-diol,
hexane-1,6-diol, 3-methylpentanediol-(2,4), 2-methylpentanediol-(1,4),
2.2.4-tnmethylpentane-diol-(1,3), 2-ethylhexanediol- (1,3),
2,2-diethylpropane-diol-(1,3), hexanediol-(1,3), 1,4-di-(hydroxyethoxy)-benzene,
2.2-bis-(4-hydroxy-cyclohexyl)-propane, 2,4-dihydroxy-1,1,3,3-tetramethyl-
cyclobutane, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, and
2,2-bis-(4-hydroxypropoxyphenyl)-propane. Polyesters may be prepared from two
or more of the above diols.

The polyethylene terephthalate resin may also contain small amounts of
trifunctional or tetrafunctional comonomers such as trimellitic anhydnde,
trimethylolpropane, pyromellitic dianhydride, pentaerythritol, and other polyester
forming polyacids or polyols generally known 1n the art.

Preferably said PET polyesters compnse at least about 90 mole%
terephthalic acid or dimethyl terephthalate and about 90 mole% ethylene glycol
residues

Polyethylene terephthalate based polyesters of the present invention can be
prepared by conventional polycondensation procedures well-known in the art. Such
processes include direct condensation of the dicarboxylic acid(s) with the diol(s) or
by ester interchange using a dialkyl dicarboxylate. For example, a dialkyl
terephthalate such as dimethyl terephthalate is ester interchanged with the diol(s) at
elevated temperatures in the presence of a catalyst. The polyesters may also be
subjected to solid state polymerization methods. PEN polyesters may also be
prepared by well known polycondensation procedures.

Many other ingredients can be added to the compositions of the present

invention to enhance the performance properties of the polyesters. For example,
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crystallization aids, impact modifiers, surface lubricants, denesting agents,
stabilizers, antioxidants, ultraviolet light absorbing agents, metal deactivators,
colorants, nucleating agents, fillers and the like can be included. All of these
additives and many others and their use are well known in the art and do not require
extensive discussion. Therefore, only a limited number will be referred to, it being
understood that any of these compounds can be used so long as they do not hinder

the present invention from accomplishing its objects.

Ozone Scavenging Compounds

Applicants have surpnisingly found that a number of compounds which are
known to reduce residual AA 1n polyesters also act as ozone scavengers when
incorporated into containers for ozonated substances. Suitable ozone scavenging

compounds include high molecular weight polyamides such as those disclosed in

U.S. Patent 4,837,115; polyamides, polyalkylene phenylene ester and polyalkylene

phenylene ester ethers such as those disclosed 1n U.S. Patent 4,052, 481;
polyalkylene imines particularly pblyethylene iminés such as those disclosed in U.S.
Patent 5,362,784; and low molecular weight polyamides such as those disclosed in
in US 5,340,884. Compounds having superior ozone scavaging capabilities and
polyester compatibility are preferred. Suitable ozone scavaging compounds display
a melting point below the melting point of the polyester (PEN, PET or blends
thereof). Preferably said ozone scavaging compound is a polyamide and more
preferably 1s a polyamide selected from the group consisting of low molecular
weight partially aromatic polyamides having a number average molecular weight of
less than 15,000, low molecular weight aliphatic polyamides having a number
average molecular weight of less than 7,000 and wholly aromatic polyamides.

Combinations of such polyamides are also included within the scope of the
invention. By “partially aromatic polyamide" it is meant that the amide linkage of
the partially aromatic polyamide contains at least one aromatic ring and a

nonaromatic species.
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The partially aromatic polyamides have an 1.V. of less than about 0.8 dL/g.
Preferably the 1. V. of the partially aromatic polyamides is less than about 0.7 dL/g
and the number average molecular weight is less than about 12,000.

The aliphatic polyamides have an 1. V. of less than about 1.1 dL/g.

Preferably the 1.V. of the aliphatic polyamdes 1s less than about 0.8 dL/g and the
number average molecular weight is less than about 6,000. Wholly aromatic
polyamides comprise in the molecule chain at least 70 mole % of structural units
derived from m-xylylene diamine or a xylylene diamine mixture comprising
m-xylylene diamine and up to 30% of p-xylylene diamine and an @£-aliphatic
dicarboxylic acid having 6 to 10 carbon atoms, which are further discribed 1n
Japanese Patent Publications No. 1156/75, No. 5751/75, No. 5735/75 and

No. 10196/75 and Japanese Patent Application Laid-Open Specification

No. 29697/75. Preferably the ozone scavangers of the present invention are selected
from the low molecular weight polyamides descnibed in US 5,340,884.

Low molecular weight polyamides formed from isophthalic acid, terephthalic
acid, cyclohexanedicarboxylic acid, meta- or para-xylylene diamine, 1,3- or
1,4-cyclohexane(bis)methylamine, aliphatic diacids with 6 to 12 carbon atoms,
aliphatic amino acids or lactams with 6 to 12 carbon atoms, aliphatic diamines with
4 to 12 carbon atoms, and other generally known polyamide forming diacids and
diamines can be used. The low molecular weight polyamides may also contain small
amounts of trifunctional or tetrafunctional comonomers such as trimeliitic anhydnde,
pyromellitic dianhydride, or other polyamide forming polyacids and polyamines
known in the art.

Preferred low molecular weight partially aromatic polyamides include:
poly(m-xylylene adipamide), poly(hexamethylene 1sophthalamide),
poly(hexamethylene adipamide-co-isophthalamide), poly(hexamethylene adipamide-
co-terephthalamide), and poly(hexamethylene isophthalamide-co-terephthalamide).

The most preferred low molecular weight partially aromatic polyamide is

poly(m-xylylene adipamide) having a number average molecular weight of about
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4,000 to about 7,000 and an inherent viscosity of about 0.3 to about 0.6 dL/g.

Preferred low molecular weight aliphatic polyamides include
poly(hexamethylene adipamide) and poly(caprolactam). The most preferred low
molecular weight aliphatic polyamide is poly(hexamethylene adipamide) having a
number average molecular weight of about 3,000 to about 6,000 and an inherent
viscosity of 0.4 to 0.9 dL/g. Low molecular weight partially aromatic polyamides,
are preferred over the aliphatic polyamides where clanity and dispersibility are
crucial.

Preferred low molecular weight aliphatic polyamides include polycapramide
(nylon 6), poly-®@-aminoheptanoic acid (nylon 7), poly-®-aminonanoic acid
(nylon 9), polyundecane-amide (nyion 11), polyaurylactam (nylon 12), polyethylene-
adipamude (nylon 2,6), polytetramethylene-adipamide (nyion 4,6),
polyhexamethylene-adipamude (nylon 6,6), polyhexamethylene-sebacamide
(nylon 6,10), polyhexamethylene-dodecamide (nylon 6,12), polyoctamethylene-
adipamuide (nylon 8,6), polydecamethylene-adipamide (nylon 10,6),
polydodecamethylene-adipamide (nylon 12,6) and polydodecamethylene-sebacamide
(nylon 12,8).

The low molecular weight polyamides are generally prepared by melt phase
polymenization from a diacid-diamine complex which may be prepared either in situ
or in a separate step. In either method, the diacid and diamine are used as starting
matenals. Alternatively, an ester form of the diacid may be used, preferably the
dimethyl ester. If the ester is used, the reaction must be carried out at a relatively
low temperature, generally 80 to 120°C., until the ester is converted to an amide.
The muxture is then heated to the polymerization temperature. In the case of
polycaprolactam, either caprolactam or 6-aminocaproic acid can be used as a
starting material and the polymenzation may be catalyzed by the addition of adipic
acid/hexamethylene diamine salt which results in a nylon 6/66 copolymer. When the
diacid-diamine complex is used, the mixture is heated to melting and stirred until

equilibration.




10

15

20

25

WO 98/07786

CA 02263519 1999-02-11

The molecular weight is controlled by the diacid-diamine ratio. An excess of
diamine produces a higher concentration of terminal amino groups. If the
diacid-diamine complex is prepared in a separate step, excess diamine 1s added prior
to the polymerization. The polymerization can be carried out either at atmospheric
pressure or at elevated pressures.

The composition or articles of the present invention may contain up to about
two weight percent of the low molecular weight polyamides, preferably between
about 0.05 to about 2 weight % of the polyester and more preferably less than about
one weight percent. It has been determined that the use of polyamides at greater
than about two weight percent based on the weight of the polyester cause
undestrable levels of haze.

The ozone scavengers may be added directly to the polyester or may be
added through the use of a concentrate.

The process for preparing the polyester/polyamide blends of the present
invention involve preparing the polyester and low molecular weight polyamide,
respectively, by processes as mentioned previously. The polyester and polyamude
are dried in an atmosphere of dried air or dried nitrogen, or under reduced pressure.

The polyester and polyamide are mixed and subsequently meit compounded, for
example, in a single or twin screw extruder. Melt temperatures must be at least as
high as the melting point of the polyester and are typically in the range of
260-310°C. Preferably, the melt compounding temperature is maintained as low as
possible within said range. After completion of the melt compounding, the
extrudate is withdrawn 1n strand form, and recovered according to the usual way
such as cutting. Instead of melt compounding, the polyester and polyamide may be
dry-blended and heat-molded or draw-formed into plastic articles.

The polyamide can be added in the late stages of polyester manufacture. For
example, the polyamide can be blended with the molten polyester as 1t 1s removed
from the polycondensation reactor, before it 1s pelletized. This method, however, 15

not desirable if the polyester/polyamide blend will be subjected to solid state
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polymerization since undesirable color and/or haze may develop during extended

time at elevated temperatures.

The ozone scavaging compound may be added directly to the polyester or as

a concentrate. Where the ozone scavaging compound is added as a concentrate, the
ozone scavaging compound is added to a carrier resin which may be, for example,
polycarbonate, polyester copolymer, polyolefin and the like.

Generally the concentrate comprises about 1 to about 99 weight % of a
carmier resin comprising a dicarboxylic acid component comprising repeat units from
at least about 60 mole percent aromatic dicarboxylic acid selected from the group
consisting of terephthalic acid, naphthalenedicarboxylic acid and mixtures thereof,
and a diol component comprising repeat units from at least about 50 mole percent
ethylene glycol, based on 100 mole percent dicarboxylic acid and 100 mole percent
diol and about 1 to about 99 weight% of a polyamide described above. More
preferably the carrier resin is about 20 to about 99 and most preferably about 50 to
about 99 weight percent.

Generally between about 1 and about 20 weight percent of the concentrate is
added to the base resin. More preferably about 1 to about 10 weight percent of the
concentrate 1s added. It should also be understood that the base resin may contain
small amounts of the ester form of the acid component, so long as the total amount
of the ester form of the polyester/polyamide blend does not exceed about 20 weight
%, and preferably not more than about 10 weight%.

It 1s also understood that the poiyamide resin could be added directly to the

polymerization melt in a single step as opposed to adding subsequent processing

steps.

Ozonation Process

Ozonation 1s used for the purpose of disinfecting a liquid such as water
which has been freed from its gross impurities to improve the odor and taste, and to

ehminate dissolved organic matter by means of oxidation and micro-flocculation.
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The residual ozone in the diSinfected water ranges from 0.1 ppm to 30 ppm ozone,

‘and generally decays over a very short period of' time due to the inherent instability
- (hugh reactmty) of the ozone molecule (The Fxrst International Symposmm on
'Ozone for Water and Wastewater Treatment, Vol 1, Dec. 2-5, 1973 The

N International Ozone Institute, Inc Rice &Browmng)

Examples _ |
Examglé ] - Eastapak® PET 9921W, (Eastman Chemical Company, 1.V.

|

0.80) was dried for 6 hours at 150°F in Patterson dryer.. The polyamide based

- additive (25 weight % polyhexamethylene adipamide (0.43 1.V.) prepared as

described in Example 1 U.S. 5,258,233 blended into Eas&p“ak@ PET 9921W in a
25.75 wt% ratio) was dried at 65°C for 8 hours. 100 parts of Eastapak 9921W

' resin were mixed with 1 part of polyamide based addmve SO that a homogeneous

“salt and pepper” mix of pellets is achieved. The pellet mix was fed to the extruder
of 2 "HUSKY" injection molding machine and preforms were mjecuon molded using
54 g 8 cavity mold. All the preforms for t;his study were selocted. froni the same
cavzty in the mold. '

A tcmperature of 277°C was maintained for i injection molding and 2 total

~ cycle tlme of 27.44 seconds. The preforms were blown into two liter bottles using a

SIDEL SB02-3 RBM machine. Bottles were 1mmedxatelv capped Bottles were

filled with ozonated water containing 0.4 ppm ozone and stored at 20°C.

The AA was measured using GC analysis as follows. An equxhbrulm (statlc)
head spaoe gas chromatographnc (EHS-GC) method for the deterrmnanon of parts
per billion (ppb) levels of AA in water was used. 5 gm of water sample was placed
in 2 sealed headspce vial in the pfesence of 2 gm. of soduim chlonide and heated at
80C for 90 min using an automatic hoadsp'aoe Sarhpler : A poftion of the head space
gas was injected onto a GS Q megabore capillary G-C colum (J&W Solentlﬁc) The
concentration of AA was then determmed by a flame ionization detector (FID). An

HP modle 5890A GC model was used. Acetaldehyde (AA) In the water was 3 ppb

% Tradefmark
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after storing for 60 days. This 1s very low level of AA and acceptable for bottled
water with no AA taste problem

Example 2 (Control) - In this example, bottles were made from Eastapak
PET 9921W resin without any polyamide additive and glass. The processing
conditions for the PET control were same as in Example 1. A bottle of the same
size and geometry was also made from glass. These bottles were filled with
ozonated water containing 0.4 ppm ozone and stored as in Example 1. After
60 days storage, AA level in water stored in PET was 14 ppb and the AA level in
the water stored 1n glass was less than 3 ppb. The AA values are summanzed in

Table 1, below.

Example 3 Bottles made as 1n Examples 1 and 2 were filled with ozonated
water (0.4 ppm ozone) and stored at 55°C for 8 days. Acetaldehyde (AA) levels in

the water are shown in Table 1, below.

Bottle type Taste

E— e L

Measured levels for AA 1n containers with an ozone scavaging compound at both

room and elevated temperature are dramatically (5 times) lower than those in
unmodified PET.

This level of AA is surprisingly low, given the elevated storage temperatures.

Example 4

The above examples were repeated using non-ozonated water. At both

TP NS SRR SR p MY B Vb 0, bl ey K -,
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storage conditions the AA levels measured were less than 3 ppm in all three
containers (glass, PET and PET with additive). Thus, because AA 1s not generated
in either the glass containers or any of the containers filled with non-ozonated water
it is clear that the source of the AA is an undesirable reaction between the

5  unmodified PET and ozone. This is totally. Thus, prior to the recognition of the
reaction between ozonated liquids and polyester containers it was totally unexpected
that conventional AA additives would block the undesirable reaction between ozone

and PET.Clearly the presence of ozone is somehow responsible for the generation of

AA 1n the water.

S R T L e L e Ll .
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WE CLAIM:

1. A process for rmmrmzmg the format;on of undesu'able byproducts in
~ ozonated liquids comprising the steps of: |

- providing a container compnsmg a polyester compnsmg repeat units

from a dicarboxylic acid component comprising at least about 85 mole ‘percent

terephthalic acid, 2,6-naphthalenedzcafboxyhc acid or a mixture ‘thcreof_ and at least -
about 85 mole percent ethylene glycol; and from about 0.05 to about 2 weight %

" based on the weight percent of the polyester, of at least one polyamide which

displays a melting point below that of said polyester, and

ﬁlhng said ‘container with an ozonated liquid.” |
2. The process of claim 1 wherein the dtcarboxylnc acid component ﬁxrther -

compnscs up to about 15 mole percent of at least one second dxcarboxyhc acid

selected from the group consxsung of aromatic dacarboxyhc acids having 8 to 14

) carbon atoms, ahphatlc d:carboxyhc ac:ds havmg 4.to 12 carbon atoms,

cycloaliphatic d:carboxyhc acids havmg 8 to 12 carbon atoms, and rmxtures thereof
3. The process of claim 2 wherein said second dxcarboxyhc aczd 1S selected

frorn the group consxstmg of phthahc acxd rsophthahc acid, naphthalenedncarboxyhc

acnd cyclohexanedwarboxyhc acid, cyclohexancdxaceuc acid, |

dnphenyl-4 4'-dicarboxyiic acud succxmc acid, glutanc acid, adupu: ac:d azelalc acid,

sebacic acid, and mixtures thereof. |

4. The process of claim 1 wherein said polyester further comprises up .to |

' about 15 mole percent, at least one additional dxol

5. The process of claim 4 wherein said addmonal diol is selectcd ﬁ'om the
group consxsttng of cyclcahphanc diols having 6 to 20 carbon atoms and ahphatzc
diols having 3 to 20 carbon atoms. ‘ '

- 6. The process of clalm 5 wherein said additional diol is selected from the
‘group consisting of dnethylene glycol tnethylene glycol, 1 4-cyclohexane§xme;hanol,
propane-1, 3-d10] butane-l 2 diol, pentane-l S-diol, hexane-l 6- dlol
3~methylpentanedtol-(2 4) 2-mcthylpentaned:ol-(1 4),
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2,2,4-trimethylpen_tane-dioI-( 1,3), 2~ethyihexanedio'l- (1,3),

,2,2fdiethylpropane-diol-( 1,3), hexanedioi-( 1,3), 1,4;-di-(hydr6xyethoxy)-beh’zene, |

2,.2-bis-(4-hyd\:oxy~cyclohexyl)-propane, 2,4-dihydroxy-1, 1,3,3'-t"étramethyl'- -
cyclobutane, 2_,2-b_is-(3-hydroxyethoxyphenyl)-pmpane,- ' '
2,2-5is-(4-hydr0xypropokyphenyl)-pmpane and mixtures thereof. .

7. The process of claim 1] v_}hereiﬁ said po\lyarrﬁde' is selected from the group
consisting of low molecular wéight partial]y'arom'atic polyamides having a number

average molecular weight of less than 15,000, low molecular weight aliphatic

polya‘mides having a number average molecular weight of less than 7,000, wholly

aromatic polyamides and mixtures thereof.

8. The process of claim 7 wherein said polyamide cornpn'sés a IQW moléculai
weight partially aromatic polyamide which is selected from the group consisting of
poly(m-xylylene adipamide), poly(hgxamethﬂene iSOpﬁthalamide),'
poiy(he)tamethylene adipénﬁde-coﬁscphthalanﬁde), pdly(hexamethylene adipamide-
cb-t&rephthalamide), pély(hexamethylene isophthalamide-co-terephthalamide) and
mixtures thereof[ ' ' .

O. The procesé of claim 8 wherein said low molecular wéight partially

aromatic polyamide is poly(m-xvlyiene adiparmide) having a number average

| molecular weight of about 4,000 to about 7, 000 and an inherent viscosity of about
0.3 toabout 0.6 dL/g. '

10. The process of claim 7 wherein said poiyamide cbmp'ri'ses at least one
low molec;ilar. weight ali'pha'tic polyarhjdé seleéted ﬁom ihe groﬁp xédnsis\ting of
polycapranﬁde (nylon 6), poly-m-anﬁnoheptan'oic acid (nylon 7),
pply-GJ-aminonanoic acid (nylon 9), polyund.ecane-amid‘e (nylon 11), polyauryiactam ,
(nylon 12), polyethylene-adipanﬁde (nylon 2,6), polytgtramethylene-adipamide
(nylon 4,6), polyhexamethylene-adipamide (nylon 6,6), po‘rlyhéxamethylene-

sebacamide (nylon 6,10), pdlvhexamethylene-dode::amide (nylon 6,12),

| polyoctamethylene-adnpamxde (nylon 8,6), polydecamethylene-adzparmde

(nylon 10,6), polydodecamethylene-adxpamxde (nylon 12 6) and
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polydodecamethylcne-sebacanude (nylon 12,8).

- 11.-The process of claim 7 wherenn said polyam:de compnses alow
molecular wengh; .ahphatnp polyarmde selected from the group consisting of. .
pol"y(hekémgthylene adipamide), pqu(cgprolaﬁam) and_' mixtures thereof.

12." The process of claim 7 where in said polyamide comprises

_ poly(hexamethylene adlpamxde) having a number average malccular welght of about -

3,000 to about 6, 000 and an mherent v:scosxty of 0.4 to 0.9-dL/g.

13 A contamer compnsmg a polyester comprising repeat. umts
from a dncarboxyllc acid component compnsmg at least about 85 mole percem |

terephthalic acid, 2,6-naphthalenedicarboxylic acid or a m:xture thereof and at least

“about 85 mole percent ethylene glycol;, and from.about 0.05 to about 2 weight %

based on the weight percent of the polyester, of at least one polyamide which
display's a melting point below that of said polyester, wherein said container is

filled witt-an ozonated liquid which contains no more acetaldehyde than a non--

ozonated liquid in a container formed from said polyester.
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