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PHILLIPS PETROLEUM COMPAN

ETHYLENE POLYMER COMPOSITIONS

gggk.grg_\md of the Invention

This {nvention is related to the field of ethylene homopolymer
compos Ltioas and ethylene copolymar compositions.

Ultraviolet light has a wave length from about 10 to about 400
nanometexrs., Ultraviolet light tends to dggredn a polymer co:npositim_
into a lass useful composition. ﬂow{vu:. ultzaviolet light can be used
to cure labels and cectain Lypes of printing inks en to peolymer
articles. One of the advantages of using ultraviolet light ﬁo cure
‘these printing inks {s that these printing inks coatain very little
solvent’ in their composition. This promotes the fast curing of thase
priating inks. rurthex.-mors.' this also minimizes the fire hazard that is
usually assocjated with the more conventional solvent-based | printing
inks. However, mors importantly, since there is vsfy little solvent ipn
thease ultraviolet lightecurable, printing inks, they posa less of an
environmental hazard to the atmosphere thanm t.he aore conventional

solvent-based printing imks. This is bac_ausé about 30 to about 60 wt.Z
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printing inks on to polynmer articles. One of the advantages of using
ultraviolet light to cure these printing inks is that these printing inks--
contain very little solvent in their conposition. This pronotes the fast
curing of these printing inks. Furthernore, this also mnimzes the fire
hazard that is ustial |apneesdatiadt salvanttbased prdntimgorinkneiepeaktesol intnt thased
printing inks. However, npore inportantly, since there is very little

sol vent in theseti#esphase Auging praseeddBabl e, printing inks, they pose |ess

ol vent-based pri nting. et s NRSRERSA. Bth O TERATMVERRDSE, o o

conventional solyRRhviclet light by compounding them with specfally designed
compositions. Usuall} these compositi'ons are odded to & poelymer as pare
of an additive packsge. These additfive ?ackages are often spacifically
designed for a paxticular polymez, in a ‘particular polymer applicationm,
and in a particular polymer operating envixonment. However, forming

these additive packeges Is a highly unpredictable arsa of polymer

scisnce and engineezring.

Suasmary of the Inveption
It was rzecently discovered that -bis(2.6—di-tert-bunylpheny1)

pantaerytbritél. diphosphite (which is a very offective secondary
antioxidant used In many additive paékages 8% a thermsl stgbilizer)
would tend ta turn @ yellow=green color upon Sé"'i".ng subjected to intense
ultraviolat Light; vyer, malogou# compounds would not turn a
yellow-g.fean calor upoﬁ being subjected to the same amount of intense
ultzaviolet light. | R

Hawever, salving this discoloring problem is not as easy as
merely esubstituting & non-color chenging céwpound for
bis(2,4~di-tert-butylphenyl) pentaerythritol diphosphite. This .is
- because of the great expenditures of time and money that can be uqu'i.zad'
for testing & nev edditive package. This is in addition 2o any
requirements that a;':y goveraomental agoné‘y might require. Consequently,
1t i3 best {f the compounds that aze used in & new additive package
already have governmental approval. It {3 even botter {f tﬂe compounds

used in the now additive package have 8 "good public image". That is,
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'Baség printing ink evaporates into the atnosphere during processing...... _
Pel ynmers can be protected fromthe harnful effects of ultraviolet |ight by
conpoundi ng them wi th specially designed condositions. Usually these

conpositions are added to a;pol yner as rt of an_.additiye ckag These
addi tive packSRePuRlés FeFERivep the i‘&'&?‘l“gg’de%ﬁ gﬂ’?édbfg}‘ & é&f‘%’adcﬁf’aghbol yner,
din a particularvgol r application, and in a particul ar pol ynmer operating
envi ronment . BB 3¥wf“'forning these additive packages is a highly

unpr edi ctabl e area of pgpl WAL EaRRLEIHC 2 sty S NGRS C{d W) need to form A nev
additive package that contains bis(2,4-di-tert~-butyliphenyl)
pontaerythritol diphosphite. This new additive packagé, after {t {s
compoﬁnd-d with 4 polymer composition, sho?ld ninimize the yellow-green
disceloration that is proaoted by ultraviolet light.

It is an object of this invention to provide an cthylene
homcpolymer composition and an ethylene copolymer composition that

. Tesists turning & yallow-green c¢olor when subjected to ultraviolet
light.

In sccordance with this invention the ethylane hoamcpolymer
compesition or ethylena copolymer composition comprises (or optionally
oonsisfs eszentially of, or consists of):

(a) bis(2,46-di-tert-butylpheayl) pentaerythritel diphosphite,
in an gmount that is from about 0.0001 but less than 0.30 weight
percent; and (b) at least one color stabilization compound selected
from the group consisting of:

(1) a carboxylic acid compound:
(2) an alcohol compound; and
(3) @ hydroxycarboxylic acid compound;

{n an arount from sbout 0.0001 to about 1 wt.X%;
whaerein said weight percents ‘axe based on the waight ¢of the ethylena
honmopolyasr or ethylens copolymer. |

Thesa and other leaturzes, aspects, objects, and advantages of
this invention will become better understood with refexence to the

following detailed description of the invention and the clains.
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'Sigm'r.ary ‘of the Invention It was recently discovered that
bi's(2, 4-di-tert-butyl phenyl) pentaerythritol diphosphite (which is a very
ef fective secondary anti oxi dant used in many additive packages as a thernal

istabilizer) would tend to tur /Rl n 6F Q¢ URVEndI®hNY Subj ected to
ii ntense ultraviolet light; yet, a_nal ogous conpounds woul d not turn a _
yel | ow green col or uponTheietlyboj bodopdljrert &rel shavathylend copoiypbenssad in
ultraviolet Iight. However, solving this discoloring problemis not as easy
as merely CASE: this dgvention can be produced by any method kmown in tha art. Suitable
exanples of polymerization proceases and polymerization catalysts can be
found in the following U.S. patents:- 3,152,872; 3.-172-,?37; 3.203,766;
3,225,023; 3,226,205; 3,242,150; 3,248',179.; 3,376,211; 3,622,521: and
3,622,522, '
Ethylene can ba copolymeriéed with any suitable olefin
comonomer. However, it is preferably if the comopomer is a
mono~l~olefin., Suitable examples of mono-l-alefins at.o propylena,
i-butena, 3-methyl-1-butene, l-pentene, S-methyi-l-pentane;
4-methyl-l-pentene, 1~hexene, 3~-ethyl-l-haxene, 1-heptens, 1-octe:ie,
l-nonen_e, and 1-decen§. Addit{onally, two or nore olafins c¢an be
copolymerized with ethylene to form a copolymer. Particularly preferred
as a4 comonomer is l-hexene.

"It 48 also preferable if the density of the ethyleane
homopolymr_ or othylene copolymer composition is greater thaa 0.94 graams
pet cubic coni:inete:; additionally, it is also preferable if the melt
indox is greater then 0.1 grams per ten minutes. The density can be
measuged in accordance with ASTMD-1505 and the melt index can be
medsured in accordance with ASTMD~1238 (FR=190/2.16).

One component of the -ethylene - homopolymer composition or
ethylena copolymer composition 1is bis{2,4~di-tert-butylphenyl)
pentaerythritel diphosphite. This compound is commercially svailable
fron the GENERAL ELECTRIC CORPORATION under the tradename ULIRANOX 626.

This compound hes the following structure:
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I-2- substltutlng a .non-col or changlng conpound for _ : 2163US
bIS(2 4-di-tert- butylphenyl) pentaerythritol diphosphite. This is be%gﬁggs
‘of "the great expenditures of time and noney thgt can be required for
‘testing a new additive package. This is in addition to any requirenents
that any governnental agency m ght require. Consequently, it is best

‘ | ' o-cn 1 CHp=0 G(CHy ) 4

VoA
e e

C(CH;), O-C 1 Hg-O

This compound {s known as a secondacy antioxi{dant. Secondary
antioxidants are usually used in conjunction with primary antjioxidants
to increase tlm- thermal stasbility and coler stability of a polymex
camposition. _ | '

The amount of bis(2,4-di-tert-butylphenyl) pentsarythritol
dipbosphite to usalin the ethylene homopolymer oz ethylene cogolymer
conpéattion is from about 0.0001 but less than 0.30 weight percent; it
is preferably, however, 1f the amount used is from about 0,001 to sbout
9.025 weight percent. These weight percents are based on the weight of
the ethylene homopolymer or ethylene copolymer.

Another component of the ethylenre haomcpolymer or ethylena -
copolyaer composition is a colér stebiliﬁ:tion compound. This compound
can bo selected from the group comsisting of: (1) a ecarboxylic acid
compound; {2) an slcohol compound; and (3) & hydroxycarboxylic Qcid
compound. These conpounds can be further described as folious.

The carboxylic acid compound can have from one to about 30

carbon atoms in its molecular structure. It is proferably if the
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if the conpounds that are used in a new additive package already héve~~-,
governnental approval. It is even better if the conpounds used in the new
~addi tive package have a "good public image." That is, the public perceives

T aasone, i her e AP HECHER, BotlRARL Bad NP ERIL AITELLa: PRkl RREOLED

reasons, there®f new addftive package that contains

bi s(2, 4-di -terig byl WepRGAKLY 1RCHeAEHtoRy1ikOMc i Q&&pﬁ@tg, Ihiﬁ-,[?w.aggjjnt ive

package, after 1t IS conpounded with a polynmer conposition, should mnimze

the yel | ow gr eesldiinian|sceaituen ikt carborviiot exkdbgravpt aesdchedtto| anghef the
ends of the molecule. MHowevar, this carboxylic acid compound can have
mere than on§ carboxylic scid group. For the p\izposes of this
spacification these carboxylic acid compounds are dofined ag not having
any hydroxy groups (-0H) attached to té; carboxylic acid compound.
Other functional groups and other atoms (bosides the carbon, hydrogen,
and oxygen already prasent) ¢an ba part of the nolecular structura of
the carboxylic acid compound, provided they do not substaatially
intexfere with the functional capebilities of the carboxylfc acid
group(s) attached to the carboxylic acid mompound. For example, the
carboxylic acid compound éauld have an ather group present in its
molecular strycture. Suitable examples of carboxylic acid cempounds are
methancic, athanoie, propancic, butanvie, pentancic, haxanoiq,
heptanoic, octanoic, nonanoic, decanoic, dodecancic, tetradecanoic,
hexadecanoic, octadecancic, ethanedfoic, and propenoic. It is prefexred
if the carboxylic acid compound {5 selected from the group consisting of
saturated fatty acids_that have from about & to shbout 22 carbon atoms;
however, it iy more preferred f{f the carboxylic aci{d compound is
selected from the group consisting of déducanoic, hexadecanoic, and
. outddecancic. These particulsr carbéxylic acid compounds sre prefegred
because of their saturation and low volasilicy.
‘ The alcohol compound can have from cane to about 500 chtbon
‘stoms in its molecular structure, It is preferable if the alcchol has

an aliphatic molecular structure. Thet {s, it is preferable £{f the

sleohol hias a straighc-chain molacnlar structure with an algehol group
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it:is an object of this invention to provide an ethyl ene honopol yrmer
conposition and an et hyl ene copol yner conposi.ti that resists turning a
yel' |l ow-green col or when subjected to ultraviolet light. In accordance with
this invention tstedtndl enasabond xhbkyemls 6OEMASkN0EIaQr Rbdaves ceha e PRl IAHBE
conposition conprises (or optionally consists essentially of, or consists
of): (a) bis(2, 4-<arpeusdt canuhaMepbexey thanpoan abeohbhrgsbap. dFehdbplrurposdsnofirthis
amount that is fromz.fl 9.%109' O&Q}‘b&c"l‘e‘ssw;han 0.30 wei ght percent; and (b)
at | east one col &P ’ o pounds are defined as not having aay
carboxylic acid groups (-COOH) attached to the alecohol compound. Othar
functionsl grxoups and other atoms (Q;sides tha carhoﬁ. hydzogan, and
oxygen already present) can be paxt of the molecular structurs of the
alcohol compound, provided they do not thstsntially interfere with the
functional capebilities of the alcohol group(s) attached to the alcohol
compound. For example, the alcchol compound could also have an ether
group preseat in its molecular structure. Suitable examples of aleohol
compounds 4re methanol, ethanal, propanol, butanol, pentancl, hexanol,
heptancl, octanol, nonanol, decanol, dodecanol, tetradecanol,
hexadecanol, octadecanol, ethanedicl, pdlyethyleﬁe glycol, and
methoxypolyethylene glycol. It {3 preforred if the alcohol compound {s
selected from the group consisting of saturated alcohol cowpounds that
havp from ebout 3 to about S0 carbon atoms; however, it is more
prafarred {f the alcohol compound is salected from the group congisting
of polyethylone glycol and mathoxypolyethylene glycul., These particular
alcobol compounds are prafecred because of their saturation and low
volatility.
The hydroxycarboxylic acid compound ¢an have from cne to shout
30 carbon atons in its molecular structure. It Iz preforahly 1f the
hydzoxycnrboxylic'acid compound has an aliphacic moleculer structure.
That is, it i{s preferable if the hydroxycarboxylic acid.conpound has a
stxaight-chain molecular structire. Huwever, this hydroxycarboxylic

acid compound ¢an have more than one alcohol group and more than one

carboxylic acid group. Other functional groups and other atoms (besidos
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stabi | i zation conpound sel ected fromthe group consisting of: (1) a
carboxylic acid conpound (2) .an al cohol conpound; and (3) a
hydr oxycar boxyl i ¢ acid conpound; in an anmount f fom about 0.0001 to about 1

W . % wher ei n saicfle Wi rBbA, B4 GR84S aBd oxygar 41 00al e leh O eaR vé faeretcttyles@e
onopol ynmer or ethyl ene copoly These and ot her features, aspects,
obj ects, and advaslegdsr GfcriidtuSe of the hydroxycartexylic acid compound, provided
' they do not substantially interfers with the functional capabilities of
the alcohol group(s) or the cnrboxy{ic acid group(s) attached e§ the
hydroxycarboxylic acid campound. For exemple, the h;droxycarboxylic
- acid compound could alsa have an ether group present in {ts molacular
structure. Suitgbla examples of hydrox}carboxylic acid compounds are
hydsoxyethanoie, 2-hydroxypropancic, hyd toxy.butanoic '
2, 3~d{hydroxypropancic, hydroxypropano ic, hydvexybutanoic,
2,3-dihydroxypropancic, thydroxypropsnedioic, Thydroxybutanediecic,
1,3~dihydroxybutanedioi¢, and 2-hydroxy~1,2,3-propane tricarboxylic
acid. It is proferred if the hydroxycarboxylic acid compound is
selected from the group consisting of thosa hydrdxycarboxylic acid
compounds that have at least one hydroxy group and one carboxylic acid
group attached to the szame carbon atom. This particular structure is
prefexted bacause of the uniqdq moleclar orbital iﬁCe;a;eions that occur
between these atoms. It is also praferzed if the hydrcxycarbcxylic acid
compound is 2-hydroxy«1,2,3-propane tricarhoxylic acid. This particular
hydzoxyca;boxylic acid campound is ﬁreferred because of {ts surprising
and unexpected effectiveness and because it is also known as citric acid
- which has a'yood public ipage",
The amount of coler stabillizatfon compound to use in the
ethylene homopolymer or ethylene copolymer compesition is from about
0.0041 to ﬂbout 1 wtX; it is proferably, hovever, if the amount used is
from about 00,0005 to about 0.6 wt.x;. and it is most preferabli: thatv the
.amount used is from 0,001 to 0.4 veight percent, These weight percents

are bagsed on the wveight of the ethylena homopolymer or ethylaene
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‘i nvention will becone better understood with reference to the follow ng
det ai | ed description of the invention and the cfains. Detailed Description

of the I nventi on, g, et hyl g, JoMBROLYIRY 3hebl st "1d,20% CPRRLITRL Usd

atabilization compounds ore so unexpectedly and surprisingly effective
that very litcle needs to be used in order to minimize the discoloratien
to an acceptablo level. For example, when using citric acid an amount
from about 0.001 to about 0.1 could b? used. )

The ethylene homopolymer snd/or ethylene copolymer can bae
blended with bis(2,4-di-tart-butylphenyl) pénnery:hritol diphosphite
and tho color stabilization compound inlany manner known in the art.
Yor example, they can be dry blended in & mixer or wet blendéd in a
lmixar. Howaver, it is preferable if these componants ara extruded to
:horouﬁhly and {ntimately Bland the components.

Other components can also be blended with the ethylens
homopolymer and/or ethylgﬁe copolymer coupesition. For example,
antifogging agents, aatimicrobial agents, coupling agents, flame
retardants, foaming agents, fragrances, lubricane, mold relcase agents,
organic peroxides, smcke suppl;'ess&nts, and heat stabilizers. Fugrther
informstion on these compounds can he found in YODERN PLASTICS
ENCYCLOPEDIA, 1992, pages 143~198. |

Example
This example {3 provided ta assist 8 person skilled {n the art
~ with undexstanding this invention. This example is intended to be
{llustrative of tha invention and {s not mesant to be construed as
liniting the scope of the invention.

Each indicated cempoment in each run in Table E~1 was dzy
bl?nslod together for about two =m{nutes, Tl'ereaf er the ethylene
copolyué: composition was extruded (n a twin screw extruder that had

four separate tamperature zones. Zone one was at 190°C, zone two was st.

-
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~invention can be produced by any nethod known (i)n the art. Suitable exanples
of* pol yneri zation processes and pol yneri zati oh? cat al ysts can be found in

the fol | owi ng op P t : 1520087 243, 1024 13L, a3:24Q3¢ 7664 23;
3,226, 205; 3, 24 ,1§b%§?2‘3§?‘i’7§’; %§, 4,625"1‘;d %%‘éﬁ,%él?gaﬁg % 635‘,‘%5%.?&"&
Et hyl ene can beggepd! JtRtddz € 24 {divalut 1648 pak! RLdAtel | Na FD RRERM tng MRV ET
it is preferable if the conononer is a nono-1-olefin. Suitable exanpl es of
mono- | - ol ef i ns etthylemeopypodymme donpus Brien Gchpttrpid Mabupadietizkdpodt phaced in
3-nmet hyl -1- pentene, 4-nethyl-1-pentene, 1-hexene, 3-ethyl-1-hexene,

1- hept ene, 1- octd&yfmple catton: '

Each filled sample cacton wgs tﬁen analyzed_by a HUNTER LAB

D28 OPTICAL SENSOR that was purchased from KUNTER ASSQCIATE LABORATQRY,

~ INC. This analysis provided the tnitial HUNTER "a" and HUNTER -
values (IA and IB in Table E-l); A negar:ive HUNTER "a" value {ndicates
that the sample tends to ba green. The more negative the value the more
intense the green color is in the sample. A positive HUNTER “a“ value
ind{eates that the sample tends to ba fed. The more negative the value
the more intense the red colox is in the sample. Tikewise, & negative
HUNTER “b" value indicat;s that tha sample tends to .be'blue. The more
negative the value the more intense the blua color is in the s#mple. A

. pusitive HUNTER "bd" value indicateé that the ssmple tends to be yallow,
The more positiva the velua the wore i{ntense i:he yeuéw coior is ia the
sanpla. Consequently, each sample can have two HUN‘TEI; valueg, a
gxeen-red va1u§ and a4 blue-vellow value.

After each sample was anslysed for its initial HUNTER values,
it was sybjected to ultraviolet light. This ultraviolat light.uas
delivared by 8 UVS-54 SIX WATT SHORT~WAVE LENGTH (254 NANQHETERS) 11§
VOLTS HAND KELD MIMERAL LIGHT that wes purchased from FLUORESCENT |
MINERALS COMPANY. This mineral 1light produced a broad band of
\lltt#vioh.t l1ight with « nax_inun] intensity at 256 nanometors. This
ninexal light delivered 140 microwatts of enargy per square-centimeter
8t & wave langth of 316 'llanoact:ats. Each sample was subjacted te thisg

ultraviolet light for twa ainutes. Thereafter, each samgle was again
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i- nonene, and 1-decene. Additionally, two or nore olefins can be

copol yireri zed with ethylene to forma copol ymett Particularly preferred as-
a conononer is 1-hexene. It .is also preferable if the density of the,

et hyl ene honnpoluyntvzcdrbxettﬂiwmltdﬁél%fepl’%ﬁbo‘ﬁ"ﬁ?%rfq‘s‘b‘? JYFER {'marrd. 94
granms per cubic centinefper; additjonall

f,.t.he | t
index is greater’w?‘% 1""&?‘%&1‘3 gafe t‘é‘ﬁﬁﬁ"ﬁu‘f?gi ghgegjﬂ‘(l Mand®
measured in acc S fiRegpl.t index can be rreasured
i n accordance V\ﬁ T v @ &@ %@%ﬁzﬁggﬁ ! ml;’ﬁcorrponent of the ethylene
honmopol ymer conposition or ethyl ene
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This conpound is comercially av

<copol ymer conposition is bis(2,4-di-tert-butyl phenyl) pentaérythritol
di phosphite.
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di phosphite to
however,
These

(2,4-di-tert-butyl phenyl) pentaerythritol
use in*the ethyl ene honopol yner or ethyl ene tbpol yner conposition is from -
is preferable,

it

0. 001 to about 0.025 wei ght percent.

| éss than 0.30 wei ght percent;

i f the anmount used is from about

about 0.0001 but
wei ght percentls are bas{

‘The anmount of bis
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t he, wei ght of the ethyl ene honopol ymer or ethyl ene copol ymer. Anot her
conponent of the ethylene honopol ymer or ethyl ene copol ymer conposition is
a col or stabilization conpound. This conmpound &n be selected fromthe

9roup, oont o0 Al (M8 SRMEERH 4 BRSO (R a8 N RRR - rese
o1 e SSSak s WACROMGN . PllGRTPE YL SR DRSO,
i f the carboxyl ithe a@ihge P O9Id £HaE 956 granms per cudic cenelimeter as medasured in
accordance with ASTHD-1505-85. It also had a melt {ndex in the range of
0.3 to 0.4 grams per cubic centimeter as measured {n accordance with
ASTMD=1238-65T (FR-190/2.16). |
2 This {s the amount of ethylene copolyme; "B" {n parts by weight. This
sthylene copolymer used l-hexene as 8 comonomer. It had & density im
the ranga of 0.960 to 0.963 grams per cubic centimater as measured {a
sccordance with ASTMD-1505-85. It also had a malt index in the range of
5.5 to 7.5 grams per cubic centimcter as measured in accordance with
ASTMD-1238-65T (FR-190/2.16).
* This s the amount of octadecyl 3-(3',5'-di-caxt-butyi-4'-
hydroxyphenyl) propionate in parts by weight. This compound {s a
primary sntioxidant that is also known as IRGANOX 1076. This compound
is available from the CIBA-GEIGY CORPORATION. |
* This is the amount of bis(z;a-di-cert—butylphenyl) pentaerythritol
diphosphite 4 parts by weight.
 This is the amount of octadecanoic in parts by weight.
¢ This is the amount'ot 2-hydroxy-1,2,3-propane tricarboxylic acid (also
known as cftric acid) in pazts by weight. However, rum 26 is the sodium
salt of this acid,
T This {s the amcunf of CARBOWAX 400 in parts by weight. This
cbnposition comprises polyethylens glycol and methoxypolysthylene
glycel. This composition is available from the UNION CARBIDE
CORPORATION.

® This is the inftial HUNTER "a" value.
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an al i phatic nolecular structure. That is, it is preferable if the
car'boxylic acid conpound has a straight-chain nol ecul ar structure wth“a~
carboxylic acid group attached to one of the eyds of the nol ecule. However,
this carboxylic acid compound can have nore than one carboxylic acid group.

For the purposegd fifist [ théRact falCcRiNTeR "BMemauear boxylic acid conpounds are
defined as not having any hydroxy groups (-OH) attached to the carboxylic

aci d conmpound. CFRhisfisnthe eatitige dnpsisincblor haluas okt ishéshided ashe car bon,

hydr ogen, and oxygen al read qggent) can be part of the nolecul ar
structure of the car{l%ﬁ()flTc(\éagld?gorf)ﬁﬁm,mﬁ??ﬁﬁ‘d%ﬁ ‘f‘m‘l‘é;ﬂ’&"éfﬁﬁ‘!‘““'

substantially i1 puiq 44 the final HUNTER "a” value..
1 This {3 the final HUNTER “b" value.‘
'3 This is the relative f£inal color value. It is defined as
[(FA)3 + {F‘B)‘}I’z. for the pu:pons' of this specification,
I This is the zelative cﬁunga in the initial and final ecolor value.
Tt is defined as [(FA-IA)? + (FB-18)*]1Y2%, for tha purposes of this

specification.
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interfere with t he functional capabilities of the carboXyIic aci d group(s)
attached to the carboxylic acid conmpound. For exanple, the carboxylic acid ,
conmpound coul d have'an ether group present in_f?s nol ecul ar . structure.

Suitable exampl es ofniAEbAtyldsCcAfhd SATRAUICA EnSIFRLL O RERNELE! Se7,

[
propanoi ¢, butanoic, pentanol exanoi c, anol ¢, octanodic, nonaroi

decanoi ¢, dodecaqi as,t ay| aeeFaMPi fnd1BEPAINGINBIES(2,06d RUELARAEFIphanyl)
et hanedi oi c, and propenoic. It is preferred if the carboxylic acid conpound

i s sel ected frorpenheexyrixigol odiipitosphige ofts Sasapoasiddef £otry chei sl ldvagrdeave
fromabout 4 to about 22 carbon atons; however, it is nore preferred if the
car boxyl i ¢ aci d discoloration problem. Runs 8-12, 14, 16, 18, end 21-24 {ndicate that
octadaecanole (which 4s a saturated fatty acid) mininizes the
discolozration pxoblen.. for example, in comparing Runs 6-7 with Run li,
‘it is apparent that the addition of ¢ctadecanoic reduced tha
discoloration problem by about 75 percent. Comparing Rum & with Run 8
it is apparent that GQRBOHAx 400 is more sffective than octadecanoic by
ahout 30 percent evan ihough.the anount of CARBOWAX 400 used was about
50 percent less than the amount of octsdecanoic used. 1t should be
noted :hét Run 9 is considered to be an anomalous run in that it is not
in keeping with 'the results obtainad for Runs 8-12. Comparing Runs 5
and 23 with Run 8 it is gspparent that citric acid {3 more effective than
qctadccanoie by adout 90 peréent even though che amount of citrie acid
used was about etghtf perccnt.lass than the amount of octadecanoic used.
Additionally, comparing Run 26 to Runs 20 and 25 it should he noted that
a sodium sslt of citric acid did not work as wall.
| Although the preseat invention has been described in detail
with referance to cartain preferred varsions cﬁereof s othar varsions are
popsiblcq Therafore, the spizit and scope of the aﬁpendnd claims #hould
‘00t be limited to the description of the preferred versicn contained
herein.
For the purposes of this spécification the teri “athylene

polymer” shall mean both an ethylene homopolymer and ethyleane copalymer,
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conmpeund is selected fromthe group consisting of dodecanoic, hexadecanoic,
and_octadecanoi c. These particular carboxylic acid conpounds are preferred

because ﬂllﬂﬂﬂ“ﬂ)lﬂﬂﬂlﬂ Hiﬂllon and.low volatility. The al cohol .conpound can
have fro 0 carbon at ons |n|ts nol ecul ar structure. It is
preferabl € i f the &l cohdl has an aliphati &’ fol ecul ar structure. That is, it

Is preferable if the al cohol has a straight-chain nolecular structure vmth
an al cohol group attached to one of the ends of the nol ecule. However, this

al cohol  compoungHIBLIFR FETROEEUMNCOMERNTohol group. For thgs ngrgeses of
this - Dec, 27, 1993 DO/ma

s | CLAIMS
1. A cthylene polymer composition comprising
(a) bis(24-di-tert-butylphenyl) peataerythritol diphosphite in an
amount from 0.0001 to Jess than 0.30 % and
10 (b) at least one color stabilization compound selected from
(1) carboxylic acids, |
(2) alcobols, and .
(3) hydroxycarboxylic acids
in 3o amount from 0.0001 to 1 %,
15 each weight percent based on the weight of said ethylene polvmer.

2. The composition of claim 1 whetoin said ethylene polymer is a

. copalymer; in particular wherein said copolymer has mono-1-olefin

as 2 comonomer; in particular wherein said comonomer is selected

2 from propylene, 1-butene, 3-methyl-l-butene, 1-pentene, 3.methyl-i-

pentene, 4-methyl-1-pentene, 1-hexene, 3-cthyl-1-hexcne, 1-hepteae, 1-

octene, l-nonene, 1-decene and mixtures of two or more said
comonomers; in particular wherein said comonomer is I-hexene.

s 3. The composition of claim 1 wherein said cthylene polymer has a
density greater than 094 g/ml and a melt index greater than Q.1
g/10 min.

4. The composition of any of the preceding claims where the amount .
% . of (a) is from 0.001 to 0.025 weight percent based ot the weight' of
said ethylene polymer.

T



- 5- speci-H-cati on, these -alcohol conpounds are defined as not having any

carboxylic acid rou CCIJ—D attached to the al cohol conpound. O her _
functi onal U atons (besides the carbon, hydrogen, and oxygen
al ready pr t of the nol ecultér- structure of the al cohol

conpound prOV|ded they do not substantially

S. ‘The compositidn of any of the preceding clairiis wherein said carbox-
ylic acid, alcohol or hydroxycarboxylic acid in (b) has an aliphatic
molecular structure. " :

s 6. The composition of claim 1 or § wherein said carboxylic acid has
from 1 to 30 carbon atoms in its molecular structure; in particular
wherein said carboxylic acid is selected from methanoic, ethanoic,
propancic, butanoic, pentanoic, hexanoic, heptanoic, octanoic,
nonanoic, decanoic, dodecanoic, tetradecanoic, hexadecanoic,

10 octadecancic, ethanedioic, propencic acids and mixtures of two or
more of said carboxylic acids; in particular wherein said carboxylic
acid is a saturated fatyy acid having from 4 to 22 carbon atoms; in
-particular wherein said carboxylic acid is selected from Jdodecanoic,
hexadecanoic and octadecanoic acids and mixtures of two or more

i said carboxylic acids; in particular wherein said carboxylic acid is
octadecanoic acid,

7. The composition of claim 1 or S wherein said alcohol has from |
to 500 carbon atoms in its molecular structure; in particular wherein
20 said alcohol is sqfected from methanol, ethanol, propanol, butanol,
pentanol, hexanol, heptanol, octanol, nonanal, decancl, dodecanai,
tetradecanol, hexadecanol, octadecanol, sthanediol, polyethylene
glycol, and methoxypolyethylene glycol end mixtures of two or more
of sald alcohols; in particular wherein szid alcohol is a saturated
2s alcohol baving from § to S50 carbon atoms; in particular wherein
said aloohel is selected from polyethylene glycol, methoxypolyethylene

glycol and mixtures of these alcobols.

8 The co'mﬁosition‘ of claim 1 or 5 wherein sald hydroxycarboxylic acid
% - has from 1 to 30 catbon atows in its molecular structure; in partic-

—_—
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i_nteLfere W|'fh the functional capabilities of the al cohol group(s) attached

to the aI For exanple, the alcohol conpound could al so have’
an et her m%ﬂﬂy t's nol ecul ar~ 8¥ructure. Suitable exanpl es of
al cohol corrpoum noI et hanol, propanol, butanol, pentanol,
hexanol , heptanol, octanol, nonanol , decanol , dodecanol t et radecanol ,

hexadecanol, octad cano et hanedi gl , pol yet hyl ene, g
et hoxypol yet hyl e# rgI V’E‘ST““I tSap 8‘7@“&‘ él?’q ¢t ﬁ&‘d Fle&f%po&i?(‘i“l s
selected fromthe thenSieSt i rmhfg{mﬁ,abpmﬁﬁgd alhgomybmmswndsp Bhat have

fromabout 5 to ab u 0 car bon at ons; "however |hds nor e referE%d if the
al cohol conpound idéhydeaxypropanoic, h'.'fd"-"YP"°Pan°d‘°‘¢ ydroxybutanedioic,

dﬂlydroxybutanedmlc and 2-hydroxy-12,3-propane tricarboxylic acid
5 .and mixtures of two or more said hydroxycarboxylic acids; in particu.
lar wherein said hydroxycarboxylic acid ‘has at least one hydroxy
group and one carboxylic acid group attached to the same carbon
atom; in particular whercin said hydroxycarboxylic acid is 2-hydroxy-
1,2,3-propane tricarboxylic acid.
0
9. The composition of any of the preceding claims wherein the amount
of said color stabilization compound (b) is from 0.0005 to 06 %.
preferably from 0.001 to 0.4 %. each weight percent based on the
weight of the ethylene polymer.

18
10. The composition of claim 1 wherein said ethylene polymer is an
.ethylene copolymer, said component (a) is present in an amount
from 0.0001 to 0.025 % and said component (b) is 2-hydroxv-1,2,3-
propate tricarboxylic acid présent in an amount from 0.001 to 0.1
20 %, each weight percent based on the weight of said ethylene copol-

ymer.

LT




f—rorrkt he group consisting of polyethyl ene' gl ycol and net hoxypol yet hyl ene
gl ycol. These particul ar al cohol conpounds- age.preferred because of their -
saturation and low volatility. The.hydroxycarboxylic acid conpound can have

fromone to about 30 carbon at onGpsfledekSofRheTibefosfke ucture. It is
‘preferable if the hydroxycarboxylTC acird conpoun as an aliphatic

il ecul ar structure. Thatethglenietpdlgnéy ebapcalit foni {s toRoviMedr enay Codmpoiddsi:C
‘acid conmpound has a straight-chain nolecular structure. However, this

hydr oxycar boxyKet bEséd. brkipbeatabutairinayd) npendaerrthtthod dipisohitymodp and

nor e '
. amount that is firom ahout 0.0001 to less than 0.30 weight percent; and

(b) at least one coler itubiliza:ion“conpound salocted from the gxoup
consisting of: |
- (1) & carboxylie acid compound; f
(2) en alcohol compound; and
(3) a hydrexycarboxylic acid compound;
in an amount from about 0.0001 to-about 1 veight percent;
. whe:gin sald weight porcents are based on the weight of said sthylene

pdlymer composition.
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2- hydr oxyp dﬁ - di hydeloxypropanoi.c

hydr oxypr opRmI&HIes PETROLEUM COMPANY ST NToRED
’ 7P Dec. 27, 1993

ETHYLENE POLYMER COMPOSITIONS

Background of the Invent'ion

This invention is related to the field .of ethylene homopolymer
composition§ and ethylene copolymer compositions.

Ultraviolet light has a wave length from about 10 to about 400
nanometers. Ultraviolet light i:ends to degrade a polymer composition
into a less useful composition. However, ultraviolet light can be used
to cure labels and certain types of printing inks on to pelymer
articles. One of the advantages of using ultraviolet light to cure
these printing inks is that these printing inks contain very little
solvent’ in their composition. This promotes the fast curing of these
printing inks. Furthermore, this also minimizes the fire hazard that is
usu_ally associated with the more conventional solvent-based printing
inks. However , more importantly, since there is very little solvent in
these ultraviolet light-curable, printing inks, they pose less of an
environmental hazard to the atmosphere than the more conventional

solvent-based prinmting inks. This is because about 30 to about 60 wt.X%

T
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Hydroxybutanoic, 2, 3-di hydr oxypr opanoi ¢, hydroxypropanedi oi c,
hydr oxybut anedi oi ¢, 2, 3-di hydroxybut anedi oi ¢, and 2-hydroxy-1, 2, 3- propane
tricarboxylic acid. It is preferred if the hydroxycarboxylic acid conmpound

is selected fromthe group consisting of thosSubstRutxseestbo3QAwgusti 1996
conpounds that have at | east one hydroxy group and -6 -

2
of a conventional solvent-based printing ink evaporates into the
atmosphere during processing.

Polymers can be protected €from the harmful effects of
ultraviclet 1light by compounding them with specially designed
compositions. Usually these c0mposit£6ns ere added to 8 polymer as part
of an additive package. These additive ?ackages are often specifically
designed for a particular polymer, in a ‘particular polymer applicatien,
and 4in a particular polymer operating environment. quever, forming
these additive packages is a highly unpredictable area of polymer

science and engineering.

Summary of the Invention

- . It was recently discovered that bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite (which is a very effective secondary
antioxidant used in many additive packages.as a thermal stabilizer)
would tend to-turn a yellow-green color'upon being subjected to intense
ultraviolet 1light; yet, analogous compounds would not turn a
yellow-green color upon being subjected to the same amount of intense
ultraviolet light.

However, solving this disceloring problem is not as easy as
merely substituting a non-color changing compoﬁnd for
bis(2,4~di-tert~-butylphenyl) pentaerythritol diphosphite. This .is
because of the great expenditures of time and money that can be required

. for testing a new additive paﬁkage. This is in gddition to any’
requirements that any governmental agency might require. Consequéntly,
it is best if the compounds that are used in a new additive package
already haQe governmental approval. It is even better if the compsunds

used in the new additive package have a "good public image". That is,

i [ ent sheet
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one carboxylic acid group attached to the same carbon atom This particular
structure is preferred because of the unique nolecular orbital interactions
that occur between these atons.” It is also preferred if the

hydr oxycarboxylic acid conmpound is 2-hydr oxy-substitrePsHaetnesd Augtishorode C
acid. This particular hydroxycarboxylic acid conpound is preferred because

of its surprising and unexpected effectiveness and because it is-also known
as citric acid which has a "good public inmaye." The amount of col or

stabilizatign conpound to, use in the ethylene hompol r or, ethylene
copol yner c’tﬂ?p@é‘gf’r‘br?ei"'ge’f"r"'ﬁnf%?)o'tﬁ'“"ﬁ‘."@ﬁofstB°%1b‘lﬁi'?‘g {Rhzda To"ehs

environment.

For the foregoing reasons, there is a need to form a new
additive package that contains bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite. This new additive packégé, after it is
compounded with a polymer composition, should minimize the yellow-green
discolcration that is promoted.by ultraviolet light.

| It is an object of this invention to provide an ethylene
honopolymer cémposition and an ethylene copolymer compositicn that
resists turning a yellow-green color when subjected fo ultraviolet
light.

In accordance with this invention the ethylene howmopolymer
compesition or ethylene copolymer compositien comprises (or o;tionally
consists essentially of, or consists of): |

(a) bis(2,4~di-tert-butylphenyl) pentaerythritol diphosphite,
in an amount that is.from about 0.0001 but less than 0.30 weight
percent; and (b) at least one color stabilization compound selected
from the group consisting of:

(1) a carboxylic acid compound:
(2) an alcohol compound; and
(3) 8 hydroxycarboxylic acid compound;

in an amount from about 0.0001 to about 1 wt.%;
wherein said weight percents are based on the weight of the ethylene
homopolymer or ethylene copolymer. |

These and other feattres, aspects, objects, and advantages of
this invention will become bettar understocd with reference to the

following detsiled description of the invention and the claims.

_—
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1 w.% it is preferable, however, if the amount used is from about 0.0005
to_about 0.6 wt.% and it is nost preferable that the anmount used is from
0.001 to 0.4 weight percent. These wei ght percents are based on the wei ght
of’ the ethyl ene honopol ymer or ethyl ene copolgypetituteetée.30 Augaul1dde
noted that certain particular color stabilization conmpounds are so
unexpectedly and surprisingly effective that very little needs to be used
in order to mnimze the discoloration to ag acceptable | evel. For exanple,
when using citric acid an amount from about 0.001 to about 0.1 could be
used. Detailed Description of the Invention

The ethylene homopolymer and the ethylene copolymer used in
this invention can be produced by any method known in the art. Suitgble
examples of polymerization Processes and polymerization catalysts can be
found in the following U.S. patents: - 3.152,872; 3.&75,737:.3,203,766;
3,225,023; 3,226,205; 3,242,150; 3,248,179; 3,374,211: 3,622,521; and
3,622,522, | X

Ethylene can be copolymerized with any suit#ble olefin
comonomer. However, it is preferably if the comonomer is a
mono-l-clefin. Suitable examples of mono-l-olefins are propylene,
1-butene, 13-methy1—1-butene, l-pentene, 3-methyl-l-pentene,
4-methyl-l-pentene, l-hexene, 3-ethyl-l-hexene, ;-heptene, I-octene,

- l-nonene, and l-decene. Additionally, twe or more olefins can be
copolymerized with ethy;one to form-a copolymar. Particularly preferrced
;s a comomomer is l-hexene,

"It is also preferable if the density. of the ethylene
homopolymer or ethylene copolymer coﬁposition is greater than 0.94 grams
per cubic centimetef; additionally, it is also_prefétable if the melt
index is greater than 0.1 grams per ten minutes. The density can be
measured in accordance with ASTHMD-1505 and the melt index can be
measured in accordance with ASTMD-1238 (FR-190/2.16).

One component of the -ethylene homopolymer composition or
ethylene copolymer composition is bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite. This compound is commercially available
from the GENERAL ELECIRIC CORPORATION under the tradename ULTRANOX 626.

This compound has the following structure:

_—
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The et hyl ene honopol yner and/ or et hyl ene copol yrer can be bl ended with
bi s(2,4-di-tert-butyl phenyl) pentaerythritol diphosphite and the col or
stabi | i zation conpound in any manner known in the art. For exanple, they
can be dry blended in a m xer or wet bl ended sut,smm@(ﬁeetlﬂqw\pajgugmggs
preferable if ‘these conponents are extruded to thoroughly and intimately
bl end the conponents. O her conponents can3al so be blended with the

et hyl ene honopol ynmer and/ or et hyl ene copol yner conposition. For exanpl e,
anti foggi ng agents, antim crobial agents, coupling agents, flane
retardants, foam ng agents, fragrances, l|ubricants, nold

/O-CHz CH:'O C(CH, ) b |
(CH,),C / ~——0 C(CH,),
C(CH,), o-cn, cx;-o

Tais compound is known as & secondary antioxidant. Secondary
anfioxidants are usually used in corijunction with primary antioxidants
to increase the thermal stability and color stability of a polymerx
composition. .

The amount of bis(2,4-di~tert-butylphenyl) pentserythritol
diphosphite to use in the ethylene homopolymer or ethylene copolymer
composition is from about 0.0001 but less than 0.30 weight percent; it
is preferably, however, if the amount used is from about 0.001 to about
0.025 weight percent. These weight percents are based on the weighc of
the ethylene homopolymer or ethylene copolymer.

Another component of the ethylene homopolymer or‘ethylene :
copolymer compositien is a color stabilization compound. This compound
can be selected from the group cons;stxng of: (1) a carboxylic acid
compouad (2) an alcohol compound; and (3) a hydroxycarboxylic acid
compound. These compounds can be further described as follows.

The carboxylic acid compound can have from one to about 30

carbon atoms in {its molecular structure. It is preferably if the

This Sheet Has Been
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felease agents, organi c peroxi des, snoke suppressants, and heat
stabilizers. Further information on these conpounds can be found i n MODERN
PLASTI CS ENCYCLOPEDI A, 1992, pages 143-198. Exanple This exanple is-

provided to assist a person skilled in the amgybstititewhéet st30diuguist NigD6
invention. This exanple is intended to be illustrative of the invention and

is not meant to be construed as |limting the scope of the invention. Each
i ndi cat ed conponent in each run in Table E- was dry bl ended

carboxylic acid compound has an aliphatic molecular structure. That is,
it is preferably if the carboxylic acid compound has a straight-chain
molecular structure with a carboxylic acid group attached to one of the
ends of the molecule. However, this carboxylic acid compound can have
more than one carboxylic acid group. For the purposes of this
.specificati_on these carboxylic acid compounds are defi.ned as not having
any hydroxy groups (-OH) attached to th:e carboxylic acid compound.
Other functional groups and other atoms (besides the carbon, hydrogen,
and oxygen already present) can be part of the molecular structure of
the carboxylic acid compound, provided they do not sybstantially
interfere with the functional capsbilities of the carboxylic acid
group(s) attached to the carboxylic acid compound. For example, the
carboxylie::.acid compound _could have an ether group present in its
molecular Struct_;ure. Suitable examples of carboxylic acid compounds are
methanoic, ethanoic, propanoic, butanoic, pentanoic, hexanoiec,
heptanoic, octanoic, ﬁonanoic, decanoic, dodecanoic, tetradecanoic,
hexadecanoic, octadecanoic, ethanedioic. and propenocic. It is preferred
if the carh'oxylic acid compound is selected from the group consisting of
saturated fatty acids that have from about 4 to about 22 carbon atoms;
however, it is more preferred if the carboxylic acid compound is
selected from the group comsisting of dodecanocic, hexadecancic, and
. octadecanoic. These -particular carboxylic acid compounds are preferred
because of their saturation and low volatility. |
The alcohol compound can hav.e from one to about 500 carbon

atoms in its r'nolecular structure. It is preferable if the alcohol has
an aliphatic molecular structure. That is, it is preferable if the

. alcohol has a straight-chain molecular structure with an alcoho_l group

\
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-:7_'- toget her for about two mnutes. Thereafter the ethylene copol ynmer
conposi tion was extruded in a twin screw extruder that had four separate
tenperature zones. Zone one was at [err], zone two was at [err], zone three

was at [err], and zone 4 was at [err]. The eXdubdefliteSsHeRNS g@m}ﬁgtqtggﬁés
revol utions per mnute. After extruding the

7
attached to ome of the ends of the molecule. However, this alcohol
compound can have more than one alcohol group. For 'the purposes of this
specificﬁtion, these alcohol compounds are defined as not having any

carboxylic acid groups (-COOH) attached to the alcochol compound. Other

- -

functionel groups and other atoms (besides the carson, hydrogen, and
oxygen already present) can be part of the molecular structure of the
alcohol compound, provided they do not {hbstantially interfere with the
functional capabilities of the alcohol group(s) attached to the alcohol
compound. For example, the alecochol compound could also have an ether
group preseat in its molecular structure. Suitable examples of alcchol
compounds are methanol, ethanol, prép&nol, butanol, pentancl, hexanol,
heptanol, octanol, nohancl.- decanol, dodecanol, tetradecancl,
hexadfcanol, octadecanol, ethanediol, polyethylenme glycol, and
methoxypolyethylene glycol. It is preferred if the alcohol compound is
selected from the group consisting of saturated alcohol compounds that
have ftom.about 5 to about 50 carbon atoms; however, it is more
preferred if the alcohol compound is selected from the group consisting
of polyethylene glycol and methoxypolyethylene glycol. These particular
alcohol compounds are preferred because of their saturation and low
' volatility. |

The hydroxycarboxylic acid compound can have from ome to about
30 carbon atoms in its molecular structure. It is preferahly if the
hydroxycarboxylic acid compound has an aliphatic molecular structure.
That {s, it is preferable if the hydroxycarboxylic acid compound has a
straight-chain molecular structure. However, this hydroxycarboxylie
acid compound can have more than one alcohocl group and mors than one
carboxyl;c acid étoup. Other functional groups and other atoms (besides

_—
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‘et hyl ene copol yner conposition each strand was pelletized and placed in a
sanpl e carton. Each filled sanple carton was then analyzed by a HUNTER LAB
D25 OPTI CAL SENSOR t hat was purchased from HUNTER ASSCCI ATE LABORATORY,

INC. This analysis provided the initial HUNTE§RbhstitutéRHebtUNBBRAUGUSY 4D96S
(A and IBin Table E-1). A negative HUNTER "a" val ue indicates that the

sanple tends to be green. The nore negative the value the nore intense the

green color is.in the sanple. A positive HUYTER "a" val ue indicates that
t he sanpl e tends _

the carbon, hydrogen, and oxygen already present) can be part of the
molecular structure of the hydroxycarboxylic acid compound, provided
they'do.not substantially interfere with the functional capabilities of
the alcohol group(s) or the carboxylic acid group(s) attached to the
hydroxyéarboxylic acid compound. For exanmple, :h; b;droxycarboxylic
acid compound could also have an ether group present in its molecular
structure. Suitable examples of hydrox;carboxylic acid compounds are
hydzroxyethanoie, Z-hydréxypropanoic, hydroxybutanoic,
2,3~dihydroxypropancic, hydroxypropancic, hydroxybutanoie,
2,3-dihydroxypropancic, hydroxypropanedioic, .hydroxybutanedioic,
2,3~dihydroxybutanedioic, and 2-hydroxy-1,2,3-propane tricarboxylic
acid. It is preferred if the hydroxycarboxylic acid compound is
seleq;ed_ftom the group comsisting of those hydroxycarboxylic acid
compounds that have at least one hydroxy group and one carboxylic acid
group attached to the same carbon atom. This particular structure is
preferred because of the unique moleclsr orbital interactiomns that occur
between these atoms. It is also preferred if the hydroxycarboxylic acid
compound is 2-hydroxy-1,2,3-propane tricarboxylic acid. This particular
hydroxyca;boxylic acid compound is preferred because of its surprising
and unexpected effectiveness and because it is also known as citric acid
wvhich has a "yood public image”.

The amount of color stabilization compound to use in the
ethylene homcpolymer or ethylene copolymer composifiou is from abopt
0.0001 to about 1 wt.%; it is p:eferabiy, however, if the amount used is
from about 0.5005 to about G.6 wt.%; and it is most preferabi: that the
amount used is from 0.001 to 0.4 weight percent. These weight percents
are based on the_weight of the ethylene homopolymer or ethylene

_
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to be red. The nore negative the value the nore intense the red color is in
t he sanple. Likew se, a negative HUNTER "b" val ue indicates that the sanple
tends to be blue. The nore negative the value the nore intense the blue

color is in the sanple. A positive HUNTER "bSupstitide isheetat3es Aulgast 11996
sanple tends to be yellow The nore positive the value the nore intense the
yellow color is in the sanple. Consequently, each sanple can have two
HUNTER val ues, a greeh-red value and a que9yeIIow1vaIue After each sarple
was anal yze

light. Thi ngqr o e?"*ﬁt":egm Catsita B ue%ﬁdbt}‘awfﬁéugﬁeg'&q‘w‘wtraw o
stabilization compounds are so unexpectedly and surprisingly effective
that very little needs to be used in order to minimize the discoloration
to an acceptable level. For example, when using citric acid an amount
from about 0.001 to about 0.1 could b:é used. c

The ethylene homopolymer and/or ethylene copolymer can be
blended with bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite
and the color stabilization compound in‘any manner known in the art.
For example, they can be dry blepded in & mixer or wet blended in =2
mixer. However, it {s preferable if these components are extruded to
thoroughly and intimately blend the components.

Other components can alse be blended with the ethylene
homepolymer and/or ethylene copolymer composition. For example,
antifbgging_ agents; antimicrobial agents, coupling agents, flame
retardants, foaming agents, fragrances, lubricant, mold release agents,
organic peroxides, smoke suppressants, and heat stabilizers. Turther
informgtion onr these compounds can be found in MODERN PLASTICS
ENCYCLOPEDIA, 1992, pages 143~198.

Example

This e.xamp_le is provided to assist a person skilled in the art
with understanding this invention. This example is intended to be
illustrative of the invention and is not meant to be construed as
limiting the scope of the invention.

. Each indicated component in each run in Table E~1 was dry
blended together for about two minutes. Theresfter the ethyleme
copolymer composition was extruded in a twin screw extruder that had

four seperate temperature zones. Zone one was at 190°C, zone two was &t

This Sheet Has Been Reﬂlaced : Tass 15 the replacement sheet .
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\M_TT SHORT- WAVE LENGTH (254 NANOVETERS) 115 VOLTS HAND HELD M NERAL LI GHT
that was purchased from FLUORESCENT M NERALS COVPANY. This mneral [Iight
produced a broad band of ultraviolet Fight with a maximumintensity at 254

nanoneters. This mineral light delivered 140 gypstieuet sifectl- SO EHUSREIO96
square-centineter at a wave length of 310 nanoneters. Each sanple was

subjected to this ultraviolet Iight for twqem nutes. Thereafter, each L
sanpl e was agai-n anal yzed by the HUNTER LAB D25 OPTI CAL SENSOR for the
HUNTER "a" amPChlbeieRtHise wad Wes220P0i Ssandnsbaesbswdy @i ESPCL herfd Radk EANTER
"a" and HUNTER "b" :
screws rotated at 25 revolutions per minute. After extruding the
ethylene copolymer composition each strand was pelletized and placed in
a- sample carton.
Each filled sample carton w.z_!s then analyz_ed _‘by & HUNTER LAB
D25 OPTICAL SENSOR that was purchased from HUNTER ASSOCIATE LABORATORY,
INC. This analysis provided the initial HUNTER "a" and HUNTER "b"
values (IA and.IB in Table E-1). A negaéive HUNTER "a" value indicates
that the saﬁple tends to be green. The more negative the value the more
intense the green color is in the sample. A positive HUNTER "a" wvalue
indicates that the.sample tends to be red. The more negative the value
the more intense the red color is in the sample. Likewise, & negative
HUNTER “"b" value indicates that the sample tends :5 :be' blue. The more
negative the value the motre intenmse the blue color is in the sample. A
positive HUNTIER "b" value indicates that the sample tends to be yellow.
The mozre positive the value the more intense the yellow color is in the
sample. Consequently, each sample can have two HUNTER values, a
green-red value and a blue-yellow value.
After each sample was analyzed for its initial HUNTER values,
it was subjected to ultraviolet light. This ultraviolet 1light was
delivered by a UVS-54 SIX WATT SHORT-WAVE LENGTH (254 NANOMETERS) 115
VOLTS HAND HELD HINER{H‘ LIGHT that was purchased from FLUORESCENT
MINERALS COMPANY. This mineral light produced a broad band of
ultraviolet light with & meximum intensity at 254 nanometers. This
mineral light .delivered 140 microwatts of energy per square-centimeter
at a wave length of 310 nanometers. Each sample was subjec.ted to this

ultraviolet light for two minutes. Thereafter, each sample was again

This Sheet Has Been Replaced .
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val-ues (FA and FB in Table E-1).

Substitute shee_t - 30 August 1996 -
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analyzed.by the HUNTER LAB D2S OPTICAL SENSOR for the HUNTER "a" and
HUNTER “b" wvalues. This analysis provided the final HUNTER "a" and
HUNTER "b" values (FA and FB in Table E-1).
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Thi s

llp - This is the anmount of ethyl ene copolynmer "A"

et hyl ene copol yner

in parts by weight.
It had a density in the

used 1-hexene as a conbnoner.

range of 0.953 to 0.956 grans per cubic centinmeter as neasured in

accordance with ASTMD- 1505- 85.

I't al so had a gstitiftdsnedtn 3OAURREE 996 0. 3

to 0.4 grans per cubic centineter as neasured in accordance with

ASTMD- 1238- 65T (FR-190/ 2. 16).

.

12
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This is the amount of ethylene copolyner "B" in parts by weight. This

et hyl ene copol ymer used 1-hexene as a conononer. It had a density in the
range of 0.960 to 0.963 grans per cubic centinmeter as neasured in
accordance with ASTMD-1505-85. It also had a gdstituftdshedtn gbqqu@,rgag)g55 5
to 7.5 grans per cubic centineter as neasured in accordance with

ASTMD- 1238- 65T (FR-190/2.16). This is the anouft of oct adecyl

3-(3',5' -di-tert-butyl'-4'-hydroxyphenyl) propionate in parts by weight.

This conpound is a primary antioxidant that is also known as | RGANOX 1076.
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éCRPCRATI ON. 4 This is the amount of bis(2,4-di-tert-butyl phenyl)
pentaerythritol diphosphite in parts by weight. This is the anount of
octadecanoic in parts by weight. 6 This is the amount of

2-hydroxy-1, 2, 3-propane tricarboxylic acid (&EupatifieVshett -C30 Aguti tH96 N
parts by wei ght However, run 26 is the sodiumsalt of this amugfJ This is

t he anbunt of CARBOWAX 400 in parts by weight. This conposition conprises
pol yet hyl ene glycol and net hoxypol yet hyl enga gl ycol. This conposition is

! This is the amount of ethylene copolymer "A" in parts by weight. This
- ethylene copolymer used 1l-hexene as a comonomer. It had a deasity in

the range of 0.953 to 0.956 grams per cubic centimeter as measured in

accordance with ASTMD-1505-85. "It also had a melt index in the range of

0.3 to 0.4 grams per cubic centimeter as measured in accordance with

ASTHD-1238-65T (FR-190/2.16).

2 This is the amount of ethylene'copolyme; "B" in parts by weight. This

ethylene copolymer used l-hexene as 8 comonomer. It had a deasity in

the range of 0.960 to 0.963 grams per cubic centimeter as measured in
accordance with ASTMD-1505-85. It also had & melt index im the range of

5.5 to 7.5 grams per cubic centimeter as measured in accordance with

ASTMD-1238-65T (FR-190/2.16).

3 This is the amount of octadecyl 3-(3',5'-di-tert-butyl-4'-
hydroxyphenyl) propionate in parts by weight. This compound is a
primary senticxidant that is also known as IRGANOX 1076. This compound
is available from the CIBA-GEIGY CORPORATION.

“ This is the amount of bis(z,4-di-tert-butylpheny1) pentaerythritel
diphosphite in parts by weight.

5 This is the amount of octadecancic in parts by weight.

¢ This is the amouné of 2-hydroxy-1,2,3-propane tricarboxylic acid (also
known &8s citric acid) in parts by weight. However, run 26 is the sodium
salt of this acid.

7 This is the amount of CARBOWAX 400 in parts by weight. This
composition comprises polyethylene glycol and methoxypolyethylene
glycol. Thi; composition is available from the UNION CARBIDE
CORPORATION.

® This is the initial HUNTER "a&" value.

is Sheet Has Been Reﬂlaced
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évailable fromthe UNI ON CARBI DE CORPORATION. This is the initial HUNTER
"a" value. This is the initial HUNTER "b" value. This is the relative
initial color value. It is defined as [err], for the purposes of this

specification. This is the final HUNTER "a" \@lbggtutg?sh'gyts 3(§A ?l-l@@
HUNTER "b" value. This is the relative flnal col or val ue.- i ned as

[err] for the

15
’ This is the initial HUNTER "b" value.
1° This is the relative initial color value. It is defined as
{(TA)Z + (IB)’]UZ, for the purposes of this specification.
!l This is the final HUNTER "a" value.-

-

12 This is the final HUNTER “b" value.
'3 This is the relative final color valuve. It is defined as
[(FA)2 + (FB)‘]IIZ, for the purposes of this specification.
¢ This i# the relaﬁive change in the initial and final color valua.

Tt is defimed as [(FA-IA)? + (FB~-IB)2]Y/2, for the purposes of this

specification.
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bu_r poses of this specification. 14 This is the relative change in the
initial and final color value. It is defined as [err], for the purposes of
this specification. The follow ng can be discerned fromthe results.

Runs 1-3, 6-7, 13, 15, 17, and 19 indicate tlgipstitute sheet - 30 August 1996
bis(2,4-di-tert-butyl phenyl) pentaerythritol

16
The following can be discerned from the results. Runs 1-3, 6-7,
13, 15, 17, and 19 indiéate that bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite is responsible for the yellow-green.

. discoloration problem. Runs 8-12, 14, 16, 18,.and 21-24 indicate that
octadecanoic (which 1is a saturated-mfatty acid) ‘minimizes the
discoloration problem. For example, in cdmparing Runs 6-7 with Run 12,
‘it is apparemt that the addition of gctadecanoic reduced the

. discoloration problem by about 75 percent. Comparing Run 4 with Run 8
it is apparent that CARBOWAX_@OO is more effective than octadecanoic by
about 30 percent even £hough_tﬁe amount of CARBOWAX 400 used was about
'50 percent less than the amount of octadecancic used. It should be
noted that Run 9 is considered to bé an anomalous run in that it is not
in keeping with £he results obtained for Runs 8-12. Comparing Rums 5
and 25 wigh Run 8 it is apparént that citric acid is more effective than
octadecanoic by about 90 percent even though the amount of éitric_acid
used was about eightf percent.less than the amount of octadecancic used.
Additionally, comparing Run 26 to Runs 20 and 25 it should be noted that
a8 sodium salt of citric acid did not work as we;l.

Although ‘the present invention has been described in detail
with refarence.F? certain preferred versions thereof, othar versions are
po;sible. Therefore, the spirit and scope of the appende& claims should
not be limited to the description of the érefe:red version contained
herein. |

For'the purposes of this specification the term “ethylene

polymer" shall meen both an ethylene homopolymer and ethyleme copolymer.

—_—
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di phosphite is responsible for the yellow green discoloration problem Runs
8-12, 14, 16, 18 and 21-24 indicate that octadecanoic (which is a

saf ur at ed Thi Hag B #bd1i zes the discoloration problem For exanple, in
conpari ng Eﬂk n 12, it is apparergytsitite! seetdBo. AUyudt 1996
oct adecanoi di scol orati-on problem by about 75 percent.
Conparing Run nagitis appar ent, , t hat CARBOWAX 400 is nore
effective than oct adecanoi ¢ by about 30 percent even t hough the anmount of
CARBOMAX 400 used was about 50 percent |ess than the anpbunt of octadecanoic

used. _ It_shoul d be noted that Run 9 is considered to be an anomal ous run in
that it is PHILLIPS PETROLEUM COMPANY 33 167-EP
: ' Dec. 27, 1993 DO/ma

5 | - CLAIMS

- 1. A ethylene polymer composition comprising
(a) bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite in an
" amount from 0.0001 to less than 0.30 % and
10 (b) at least one color stabilization compound selected from
(1) carboxylic acids,
k&3] alcohols, and .
(3) hydroxyearboxylic acids
in an amount from 0.0001 to 1 %,
15 each weight percent based on the weight of said ethylene polvmer.

2. The composition of claim 1 wherein said eihylene polymer is a
copolvmer; in particular wherein said copolymer has mono-I-olefin
as a comonomer; in particuiar wherein said comonomer is selected

20 from propylene, 1-butene, 3-methyl-1-butene, 1-pentene, 3-methy1;1-
penie_.ne, 4-methyl-1-peatene, 1-hexene, 3-ethyl-1-hexene, l-beptene, 1-
octene, l-nonene, 1-decene and mixtures of two oOr more said

comonomers; ‘in particular wherein.said comonomer is 1-hexene.

s 3. The composition of claim 1 wherein said ethylene polymer has a

density greater than 0.94 g/ml and a melt index greater than 0.1
g/10 min.

4. The composition of any of the preceding claims where the amount
P of (a) is from 0.001 to 0.025 weight percent based on the weight of
said ethylene polymer.

This is the replacement sheet
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not- in keephmults obtained for Runs 8-12. Conparing Runs 5

and- 25 wi th Bun B BlenREpi@apar ent that citric acid is nore effective than

oct adecanof'i percent even though the anobunt of citric acid used
was about eﬂ m | ess than the anmpunt Sgbsfité épeafoizd Aﬁgg t 1
Addi ti onal | n 26 to Runs 20 and 25 it should be no g

sodiumsalt of citric acid did not work aggwel|. Al though the present

i nvention has been described in detail with reference to certain preferred

versi ons thereof, other versions are possible. Therefore, the spirit and

scope of the appended clainms should not be limted to the description of
5. The composition of any of the preceding claims wherein said carbox-

yhc acid, alcohol or hydroxycarbcxyhc acid in (b) has an aliphartic
molecular structure.

s 6. The composition of claim 1 or § wherein said carboxylic acid has
from 1 to 30 carbon atoms in its molecular structure; in particular
wherein said carboxylic acid is selected from methanoic, ethanoic,
propanoic, butanoic, pentanoic, hexanoic, heptanoic, octanoic,
nonanoic, decanoic, dodecanoic, tetradecanoic, hexadecanoic.

10 octadecanoic, ethanedioic, propencic acids and mixtures of two or
more of said carboxylic acids; in particular wherein said carboxylic
acid is a saturated fatty acid having from 4 w0 22 carbon atomms; in
-particular wherein said carboxylic acid is selected from dodecanoic,
hexadecanoic and octadecanoic acids and mixtures of two or more

15 said carboxylic acids; in partucular wherein said carboxylic -acid is
octadecanoic acid. '

7. The composition of claim 1 or 5 wherein said alcohol has from 1
to 500 carbon atoms in its molecular structure; in particular wherein
20 said alcohol is selected from methanol, ethanol, propanol, butanol,
pentanol, hexanol heptanol octanol, nonanol, decanol, dodecanol,
tetradecanol, hexade_canol, octadecanol, ethanediol, polyethylene
glycol, and methoxypolyethylene glycol and mixtures of two or more
of said alcohols; in pa.;ticuiar wherein said alcohol is a saturated
2 alcohol baving from S to SO carbon atoms; in particular wherein
said alcohel is selected from polyethylene glycol, methoxypolvethylene

glycol and mixtures of these alcohols.

8. The composition of claim 1 or 5 wherein said hydroxycarboxylic acid

Mﬁl\ “‘\s‘ “ “*‘\ This is the replacement sheet
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the—pfe*‘reﬁLed ver5| on cont ai ned herein. For t he purposes of this
specjfi aéhasrb rm "et hyl ene polynmer" shall mean both an et hyl ene
hom) ene copol yner. -12 - CLAIMB

Iiﬂ“m m _ Substitute sheet - 30 August 1996

- 19 -

ular wherein said hydroxycarboxylic acid is selected from
hydroxyethanoic, 2-hydroypropanoic, hydroxybutanoic, 2,3-
dihydroxypropanoic, bydroypropanedigic, hydroxybutanedioic, = 2.3-
dihydroxybutanedioic and 2-hydroxy-1,2,3-propane 'tricarboxylic acid

s and mixtures of two or more said hydroxycarbaxylic acids; in particu-

lar wherein said hydraxycarboxylic acid *has at least ~one hydroxy
group and ome carboxylic acid group attached to the same carbon
atom; in particular wherein said hydroxycarboxylic acid is 2-hydroxy-
1,2,3-propane tricarboxylic acid. |

10 '

9. The composition of any of the precedm, claims wherein the amount
of said color Stabxhzanon compound (b) is from 0. 0003 to 0.6 %.
preferably from 0001 to 0.4 %. each weight percent based on the

- weight of the etl;ylene polymer. '

10. The composition: of claim- 1 wherein said ethylene polymer is an
‘ethylene copolymer, said compomnent (a) is present in an amoumt
from 0.0001 to 0.025 % and said component (b) is 2-hydroxy-1,2,3-
propane tricarboxylic acid present in an amount from 0.001 to 0.1

20 9%, each weight percent based on the weight of said ethylene copol-

ymer.
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1. An ethyleme—potyrer—conposi tion that conprises: (a)

bis(2,4-di-tert- b entaery‘thrltol .di phosphite, in an anount that
is from about O. O% ?ﬁ .30 wei ght percent; and (b) at |east one
col or stabilizatio ct ed fromt FesU R gp%sti_sgb : a
carboxylic acid co ' al cohol conpound that has an%%ﬂa‘fﬁe

mol ecul ar structure; and (3) a hydroxxBSTR&xXyIti ¢ aci d conpound;

ETHYLENE POLYMER COMPOSITIONS

An ethylene polymer composition is provided that conpfises:

(a) bis(2, 6-di;tert-buty1pheny1) pentaerythritol diphosphite, in an
amount that is from about 0.0001 to less than 0. 30 weight percent; aand
(b) at lesast one color stabllizatzon compound selected from the group
consisting of:

(1) s carpoiyiio acid compound;

(2) ean alophol compoﬁﬁd;;gnd

(3) a hydroxyoéroogyiic acid compound;

in an amount from about 0. 0001 to about 1 weight perceat;
wherein said weight percents are based en the weight of said ethylene

polymer composition.
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i n-an "éirmunt from about 0.0001 to about "1 weilg
wei,ght percents are based on the wei ght of sdi

A conmposition according to claiml1, wherein §&Fd: neP ?‘0 paged ‘('_
copol yrmer. 3. A conposi tion accordirjg® t@f‘ﬁﬁ'lﬁﬁﬁﬁi QP‘?gﬁaﬂ tonpagedd-.
copol ymer has a nono-1-ol efin as a cononener . ,E’A stract =Pr7¥ed pagedii-..

according to claim3, wherein sai d cormnoner

consi sting of propyl ene,

'E%’f-é M%ﬁfe SHEETS ai

| S se ct ed from tn fg‘g'up
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Background of the Invention

-This invention is related to the field of ethylene homopolymer
compositions and ethylene copolymer compositions.

Ultraviolet light has a wave length from about 10 to about 400
nanometers. Ultraviolet light tends to degrade a polymer composition into a less useful
composition. However, ultraviolet light can be used to cure labels and certain types of
printing inks on to polymer articles. One of the advantages of using ultraviolet light to
cure these printing inks is that these printing inks contain very little solvent in their
composition. This promotes the fast curing of these printing inks. Furthermore, this
also minimizes the fire hazard that is usually associated with the more conventional
solvent-based printing inks. However, more importantly, since there is very little
solvent in these ultraviolet light-curable, printing inks, they pose less of an
environmental hazard to the étmosphere than the more conventional solvent-based
prinﬁng inks. This is because about 30 to about 60 wt.% of a conventional solvent-
based printing ink evaporates into the atmosphere during processing.

Polymers can be protected from the harmful effects of ultraviolet light
by compounding them with specially designed composmons Usually these
compositions are added to a polymer as part of an add1t1ve package These additive
packages are often specifically designed for a particular polymer, in a particular
polymer application, and in a particular polymer operating environment. However,
forming these additive packages is a highly unpredictable area of polymer science and
engineering. | '

' Summary of the Invention

It was recently discovered that bis(2,4-di-tert-butylphenyl) pentaerythritol
diphosphite (which is a very effective secondary antioxidant used in many additive
packages as a thermal stabilizer) would tend to turn a yellow-green color upon being
subjected to intense ultraviolet light; yet, analogous compounds would not turn a
yellow-green color upon being subjected to the same amount of intense ultraviolet light.

However, solving this discoloring problem is not as easy as merely

. CASE: 33167
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3-net hyl - 1- pent ene, 4-net hyl - 1- perit'ene, 1-hexene, 3-ethyl - 1-hexene,

1- heptene, 1-octene, 1-nonene, 1-decene and m xtures of two or nore said
conononers. 5. A conposition according to claim3, wherein said
conmononer is 1-hexene. 6. A conposition according to claim1l
wherein said ethyl ene pol yner has a dens+2y greater than 0.94 grans per
cubic centineter and a nelt index greater than 0.1 grans per ten m nutes.
7. substitntingsi nomeolax clemgingcompouhd ffon His(2ufndirtertttiugyiphamybt of sai d

pentaerythritol diphosphite. This is because of the great expenditures of time and
money that can be required for testing a new additive package. This is in addition to
any requirements that any governmental agency might require. Consequently, it is best
if the compounds that are used in a new additive package already have governmental
approval. It is even better if the compounds used in the new additive package have a
“goocf public image. " That is, the public perceives the cdmpounds as not being a
hazard to the environment. |

For the foregoing reasons, there is a need to form a new additive
package that contains bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite. This new
additive package, after it is compounded with a polymer composition, should minimize
the yellow-green discoloration that is promoted by ultraviolet light.

It is an object of this invention to provide an ethylene homopolymer
composition and an ethylene copolymer composition that resists turning a yellow-green
color when subjected to ultraviolet light. _ '

In accordance with this invention the ethylene homopolymer composition
or ethylene copolymer composition comprises (or optionally consists essentially of, or
consists of):

(a) bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite, in an amount
that is from aBout 0.0001 but less than 0.30 weight percent; and (b) at least one color
stabilization compound selected from the group consisting of:

- (1) a carboxylic acid compound;

(2) an alcohol compound; and

(3) a hydroxycarboxylic acid compound;

in an amount from about 0.0001 to about 1 wt.%;
wherein said weight percents are based on the weight of the ethylene homopolymer or
ethylene copolymer.

These and other features, aspects, objects, and advantages of this
invention will become better understood with reference to the following detailed
description of the invention and the claims.

Detailed Description of the Invention
The ethylene homopolymer and the ethylene copolymer used in this
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bi s(2,4-di-tert-butyl phenyl) pentaderythritol di phosphite is from about
0.001 to about 0.025 wei ght percent based on the weight of said ethylene
pol yner. 8. A conposition according to claim1, wherein said color
stabilization conpound is a carboxylic acid conpound. CASE: 33167

invention can be produced by any method known in the art. Suitable examples of
polymerization processes and polymerization catalysts can be found in the following
U.S. Patent Nos.: 3,152,872; 3,172,737; 3,203,766; 3,225,023; 3,226,205; 3,242,150;
3,248,179; 3,374,211; 3,622,521; and 3,622,522. _

Ethylene can be copolymerized with any suitable olefin comonomer.
However, it is preferable if the comonomer is a mono-1-olefin. Suitable examples of
mono-1-olefins are propylene, l-buteh_e, 3-methyl-1-butene, 1-pentene, 3-methyl-1-

~ pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene, 1-octene,
1-nonene, and 1-decene. Additionally, two or more olefins can be copolymerized with
ethylene to form a copolymer. Particularly'preferred as a comonomer is 1-hexene.

It is also preferable if the density of the ethylene homopolymer or
ethylene copolymer composition is greater than 0.94 grams per cubic centimeter;
additionally, it is also preferable if the melt index is greater than 0.1 grams per ten
minutes. The density can be measured in accordance with ASTMD-1505 and the melt
index can be measured in accordance with ASTMD-1238 (FR-190/2.16).

_ " One component of the ethylene homopolymer composition or ethylene
copolymer composition is bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite. This
compound is commercially available from the GENERAL ELECTRIC
CORPORATION under the tradename ULTRANOX 626. This compound has the
following structure: .

This compound is known as a secondary antioxidant. Secondary
antioxidants are usually used in conjunction with primary antioxidants to increase the
thermal stability and color stability of a polymer composition.

The amount of bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite to
use in the ethylene homopolymer or ethylene copolymer composition is from about
0.0001 but less than 0.30 weight percent; it is preferable, however, if the amount used
is from about 0.001 to about 0.025 weight percent. These weight percents are based on
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13 - 9. A conposition dccording to claim8, wherein sadi
carboxylic acid conpound has fromone to about thirty carbon atons in.its

nol ecul ar structure. 10. A conposition according to claim 8,
wherein said carboxylic acid conpound has an aliphatic nol ecul ar structure.
11. A conposition according to clgi.m 8, wherein said carboxylic

acid conpound is selected fromthe group consisting of nethanoic, ethanoic,
propanoi c, khe weight of thersilyieneChonispolyinércor dilgylémeupolyng! anoi ¢, nonanoi c,

decanoi ¢, dodecanoi c,

. Another component of the ethylene homopolymer or ethylene copolymer
composition is a color stabilization compound. This compound can be selected from
the group consisting of: (1) a carboxylic acid compound; (2) an alcohol compound; and
(3) a hydroxycarboxylic acid compound. These compounds can be further described as
follows. |

The carboxylic acid compound can have from one to about 30 carbon
atoms in its molecular structure. It is preferable if the carboxylic acid compound has
an aliphatic molecular structure. ‘That is, it is preferable if the carboxylic acid -
compound has a straight-chain molecular structure with a carboxylic acid group
attached to one of the ends of the molecule. However, this carboxylic acid compound
can have more than one carboxylic acid group. For the purposes of this specification

. these carboxylic acid compounds are defined as not having any hydroxy groups (-OH)
attached to the carboxylic acid compound. Other functional groups and other atoms
(besides the carbon, hydrogen, and oxygen already present) can be part of the
molecular structure of the carboxylic acid compound, provided they do not substantially
interfere with the functional capabilities of the carboxylic acid group(s) attached to the
carboxylic acid compound. For example, the carboxylic acid compound could have an
ether group present in its molecular structure. Suitable examples of carboxylic acid
compounds are methanoic, ethanoic, propanoic, butanoic, pentanoic, hexanoic,
heptanoic, octanoic, nonanoic, decanoié, dodecanoic, tetradecanoic, hexadecanoic,
octadecanoic, ethanedioic, and propenoic. It is preferred if the carboxylic acid
compound is selected from the group consisting of saturated fatty acids that have from
about 4 to about 22 carbon atoms; however, it is more preferred if the carboxylic acid
compound is selected from the group consisting of dodecanoic, hexadecanoic, and
octadecanoic. These particular carboxylic acid compounds are preferred because of
their saturation and low volatility.

| The alcohol compound can have from one to about S00 carbon atoms in

its molecular structure. It is preferable if the alcohol has an aliphatic molecular
structure. That is, it is preferable if the alcohol has a straight-chain molecular structure
with an alcohol group attached to one of the ends of the molecule. However, this

alcohol compound can have more than one alcohol group. For the purposes of this
This is the replacement sheet
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t"et radecanoi ¢, hexadecanoi c, octadecanoit, ethanedioic, pr openoi ¢ and

m xtures of two or nore of said carboxylic acid conpounds. 12. A

conposition according to claim8, wherein carboxylic acid conpound is a

saturated fatty acid that has from about 4 to about 22 carbon atons. 13.

A conposition according to claim8, wheregn said carboxylic acid conpound

Is selected fromthe group consisting of dodecanoi c, hexadecanoi c,

oct adecanoi gpeification] thestsaloshol compournisrage defintdcarod hyving aay icdrborylmacids .

;ﬁ, d gﬁ)u%g r(rP((Z)CS)in-II) %?taglcegl% C’illxen glc(t)l?ol Cclogllpi)nur?d. O ee; Mcﬁ%g;ldgrgglgsbgﬁ(dy (l)ﬁlecr
atoms (besides the carbon, hydrogen, and oxygen already present) can be part of the
molecular structure of the alcohol compound, provided they do not substantially
interfere with the functional capabilities of the alcohol group(s) attached to the alcohol
compound. For example, the alcohol compound could also have an ether group present
in its molecular structure. Suitable examples of alcohol compounds are methanol,
ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol, nonanol, decanol,
dodecanol, tetradecanol, hexadecanol, octadecanol, ethanediol, polyethylene glycol, and
methoxypolyethylene glycol. It is preferred if the alcohol compound is selected from
the group consisting of saturated alcohol compounds that have from about 5 to about
50 carbon atoms; however, it is more preferred if the alcohol compound is selected
from the group consisting of polyethylene glycol and methoxypolyethylene glycbl.
These particular alcohol compounds are preferred because of their saturation and low
volatility.

The hydroxycarboxylic acid compound can have from one to about 30
carbon atoms in its molecular structure. It is preferable if the hydroxycarboxylic acid
compound has an aliphatic molecular structure. That is, it is preferable if the
hydroxycarboxylic acid compound has a straight-chain molecular structure. However,
this hydroxycarboxylic acid compound can have more than one alcohol group and more
than one carboxylic acid group. Other functional groups and other atoms (besides the
carbon, hydrogen, and oxygen already present) can be part of the molecular structure of
the hydroxycarboxylic acid compound, provided they do not substantially interfere with
the functional capabilities of the alcohol group(s) or the carboxylic acid group(s)
attached to the hydroxycarboxylic acid compound. For example, the hydroxyca_rboxylic
acid compound could also have an ether group present in its molecular structure.
Suitable examples of hydroxycarboxylic acid compounds are hydroxyethanoic,
2-hydroxypropanoic, hydroxybutanoic, 2,3-dihydroxypropanoic, hydroxypropanoic,
hydroxybutanoic, 2,3-dihydroxypropanoic, hydroxypropanedioic, hydroxybutanedioic,
2,3-dihydroxybutanedioic, and 2-hydroxy-1,2,3-propane tricarboxylic acid. It is
preferred if the hydroxycarboxylic acid compound is selected from the group consisting

of those hydroxycarboxylic acid compounds that have at least one hydroxy group and

" This is the replacement sheet
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c'orrpog'nd i s octadecanoic. 15. A tonposition according to claim1,
wherein said color stabilization conmpound is an al cohol conpound that has

~an aliphatic nolecular structure. 16. A conposition according to
claim 15, wherein said al cohol conpound has fromone to about 500 carbon
atons in its nolecular structure. 17. -6- A conposition according to

claim 15, wherein said al cohol conpound has a straight-chain nolecular
struct ure wiohé carbozylicodmd grpupugitachddoiohtbel same oarbow fatanh e Thisdmaradularistructure

mol ecul e. is preferred because of the unique molecular orbital interactions that occur between
these atoms. It is also preferred if the hydroxycarboxylic acid compound is 2-hydroxy-
1,2,3-propane tricarboxylic acid. This particular hydroxycarboxylic acid compound is
preferred bécause of its surprising and unexpected effectiveness and because it is also
known as citric acid which has a "good public image."

The amount of color stabilization compound to use in the ethylene
homopolymer or ethylene copolymer composition is from about 0.0001 to about
1 wt.%; it is preferable, however, if the. amount used is from about 0.0005 to about
0.6 wt.%; and it is most preferable that the amount used is from 0.001 to 0.4 weight
percent. These weight percents are based on the weight of the ethylene homopolymer
or ethylene copolymer. However, it should be noted that certain particular color
stabilization compounds are so unexpectedly and sﬁrprisingly effective that very little
needs to be used in order to minimize the discoloration to an acceptable level. For
‘example, when using citric acid an amount from about 0.001 to about 0.1 could be
used. |

The ethylene homopolymer and/or ethylene copolymer can be blended
with bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite and the color stabilization
compound in any manner known in the art. For example, they can be dry blendéd in a
mixer or wet blended in a mixer. However, it is preferable if these components are
extruded to thoroughly and intimately blend the components. _

Other components can also be blended with the ethylene homopolymer
and/or ethylene copolymer composition. For example, antifogging agents, antimicrobial
agents, coupling agents, flame retardants, foaming agents, fragrances, lubricants, mold
release agents, organic peroxides, smoke suppressants, and heat stabilizers. Further
information on these compounds can be found in MODERN PLASTICS
ENCYCLOPEDIA, 1992, pages 143-198.

Example
. This example is provided to assist a person skilled in the art with

understanding this invention. This exampleis intended to be illustrative of the
invention and is not meant to be construed as limiting the scope of the invention.

Each indicated component in each run in Table E-1 was dry blended
Tris is the replacement-sheet
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18. A conposition according to ctaim15, wherein said al cohol
conpound is selected fromthe group consisting of methanol, ethanol,
propanol , butanol, pentanol, hexanol, heptanol, octanol, nonanol, decanol,
dodecanol, tetradecanol, hexadecanol, octadecanol, ethanediol, polyethylene
gl ycol, and net hoxypol yet hyl ene gl ycol an@ -m xtures of two or nore of said
al cohol conpounds. 19. - A conposition according to claim15, wherein
sai d al coholtogetivep domabadus twio sEinutesnt FHermhftartbé ethiylene ltepolfmencerpesitidh was about

ggi ga;nghgfegMﬁdt\yig screw éb\xtlgu%gp&sélt h:!l(i) Fou? nglg)arrgtie ¢ Itxg'at%l'eaizorrnle%.5 Zo\rl\llct,1 one n
was at 190°C., zone two was at 210°C., zone three was at 220°C., and zone 4 was at
215°C. The extruder screws rotated at 25 revolutions per minute. After extruding the
ethylene copolymer composition each strand was pelletized and placed in a sample
carton.

Each filled sample carton was then analyzed by a HUNTER LAB D25
OPTICAL SENSOR that was purchased from HUNTER ASSOCIATE '
LABORATORY, INC. This analysis provided the initial HUNTER "a" and HUNTER
"b" values (IA and IB in Table E-1). A negative HUNTER "a" value indicates that the
sample tends to be green. The more negative the value the more intense the green
color is in the sample. A positive HUNTER "a" value indicates that the sample tends
to be red. The more negative the value the more intense the red color is in the sample.
Likewise, a negative HUNTER "b" value indicates that the sample tends to be blue.
The more negative the value the more intense the blue color is in the sample. A
positive HUNTER "b" value indicates that the sample tends to be yellow. The more
positive the value the more intense the yelloW color is in the sample. Consequently,
‘each sample can have two HUNTER values, a green-red value and a blue-yellow value.

After each sample was analyzed for its initial HUNTER values, it was
subjected to ultraviolet light. This ultraviolet light was delivered by a UVS-54 SIX
WATT SHORT-WAVE LENGTH (254 NANOMETERS) 115 VOLTS HAND HELD
MINERAL LIGHT that was purchased from FLUORESCENT MINERALS
COMPANY. This mineral light produced a.broad band of ultraviolet light with a
maximum intensity at 254 nanometers. This mineral light delivered 140 microwatts of
energy per square-centimeter at a wave length of 310 nanometers. Each sample was
subjected to this ultraviolet light for two minutes. Thereafter, each sample was again
analyzed by the HUNTER LAB D25 OPTICAL SENSOR for the HUNTER "a" and
HUNTER "b" values. This analysis provided the final HUNTER "a" and HUNTER "b"
values (FA and FB in Table E-1).
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22. A conposition according to claim21, wherein said
hydr oxycar boxylic acid has fromone to about thirty carbon atons inits

nmol ecul ar structure. 23. A conposition according to claim 21,
wherein said hydroxycarboxylic acid conpound has an aliphatic nolecul ar
structure. 24. A conposition accofding to claim?21, wherein said
hydr oxycar boxylic acid is sel ect ed fromthe group consisting of
hydr oxyet hanoi gz ASAE Zauaaoia anaciincy
2, 3- di hydr oxyp|f opgnoi| e, dr@) YR anaci.aicc, qro anedi oi c
2, 3-di hzdrong tg edi (T?;;: -3))@(;@4 192, 3{pEq ref’;t%car boxylic acid and
]
mxtures of -
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two or nore said hydroxycarboxylic ‘acids: 25. A conposition
according to claim 21, wherein said hydroxycarboxylic acid has at |east one
hydroxy group and one carboxylic acid group attached to the same carbon.

26. A conposition according to claim2l, wherein said
hydroxycarboxylic acid is 2-hydroxy-1, 2, 3ip+opane tricarboxylic acid. 27.

A conposition according to claiml, V\/nerel n the anmount of said col or

st abi | i zat i T hivisgbe athonst of ehyletmcopolyraa Uit io mibts by weightweTlyjk ethybaneent
based on the copolymer used 1-hexene as a comonomer. It had a density in the range of 0.953 to
©0.956 grams per cubic centimeter as measured in accordance with ASTMD-1505-85. It
also had a melt index in the range of 0.3 to 0.4 gi'ams per cubic centimeter as measured
in accordance. with ASTMD-1238-65T (FR-190/2.16).
2 This is the amount of ethylene copolymer "B" in parts by weight. This ethylene
copolymer used 1-hexene as a comonomer. It had a density in the range of 0.960 to
0.963 grams per cubic centimeter as measured in accordance with ASTMD-1505-85. It
also had a melt index in the range of 5.5 to 7.5 grams per cubic centimeter as measured
in accordance with ASTMD-1238-65T (FR-190/2.16).
* This is the amount of octadecyl 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl) propionate in
parts by weight. This compound is a primary antioxidant that is also known as
IRGANOX 1076. This compound is available from the CIBA-GEIGY
CORPORATION.
* This is the amount of bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite in parts
by weight.
° This is the amount of octadecanoic in parts by weight. _
¢ This is the amount of 2-hydroxy-1,2,3-propane tricarboxylic acid (also known as citric
acid) in parts by weight. However, run 26 is the sodium salt of this acid.
7 This is the amount of CARBOWAX 400 in parts by weight. This composition
comprises polyethylene glycol and methoxypolyethylene glycol. This composition is
available from the UNION CARBIDE CORPORATION. |
® This is the initial HUNTER "a" value.
® This is the initial HUNTER "b" value.
10 This is the relative initial color value. It is defined as [(IA)* + (IB)?] '2, for the
purposes of this specification.
" This is the final HUNTER "a" value.
12 This is the final HUNTER "b" value..
13 This is the relative final color value. It is defined as [(FA)? + (FB)*] !2, for the
purposes of this specification.
' This is the relative change in the initial and final color value.
It is defined as [(FA-IA)? + (FB-IB)*]', for the purposes of this specification.
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wei ght of the ethylene polyner. 28.° " A conposition according to claim
1,. wherein the ambunt of said color stabilization agent is fromO0.001 to
0.4 wei ght percent based on the weight of the ethylene polyner. 29.

A et hyl ene copol yner conposition that consists essentially of: (a)
bis(2,4-di-tert-butyl phenyl) pentaerythriipl di phosphite, in an anount that
is fromabout 0.0001 to about 0.025 with percent; and (b) a color :
stabi |l i zati on conpoundheHallowkigXanyberdisogrrbd Frdn thoresulés. Runs 1-3,

6-7, 13, 15, 17, and 19 indicate that bis(2,4-di-tert-butylphenyl) pentaerythritol
diphosphite is responsible for the yellow-green discoloration problem. Runs 8-12, 14,
16, 18, and 21-24 indicate that octadecanoic (which is a saturated fatty acid) minimizes
the discoloration problem. For example, in comparing Runs 6-7 with Run 12, it is
apparent that the addition of octadecanoic reduced the discoloration problem by about
75 percent. Comparing Run 4 with Run 8 it is apparent that CARBOWAX 400 is
more effective than octadecanoic by about 30 percent even though the amount of
CARBOWAX 400 used was about 50 percent less than the amount of octadecanoic
used. It shoul& be noted that Run 9 is considered to be an anomalous run in that it is
not in keeping with the results obtained for Runs 8-12. Comparing Runs 5 and 25 with
Run 8 it is apparent that citric acid is more effective than octadecanoic by about 90
percent even though the amount of citric acid used was about eighty percent less than
the amount of octadecanoic used. Additionally, comparing Run 26 to Runs 20 and 25
it should be noted that a sodium salt of citric acid did not work as well.

Although the present invention has been described in detail with
reference to certain preferred versions thereof, other versions are possible. Therefore,
the spirit and scope of the appended claims should not be limited to the description of
the preferred version contained herein.

For the purposes of this spécification the term "ethylene polymer" shall

mean both an ethylene homopolymer and ethylene copolymer.

This is the repiacement sheet

pate: @1 JWN 1398



tri car'b@xyl ic acid, - Ln_@,n_armunt f'rom about 0.001 to about 0.1 weight
percent; wherein said weig percents are based on the weight of said

cthy gl
-12 -
CLAIMS

1. An ethylene polymer composition that comprises:

(a) bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite, in an amount
that is from about 0.0001 to less than 0.30 weight percent; and

(b) at least one color stabilization compound selected from the group
consisting of:

(1) a carboxylic acid compound; .

2 an alcohol compound that has an aliphatic molecular structure; and

(3) a hydroxycarboxylic acid compound;

in an amount from about 0.0001 to about 1 weight percent

wherein said weight percents are based on the weight of said ethylene polymer.

2. A composition according to claim 1, wherein said ethylene polymer is a
copolymer.
3. A composition according to claim 2, wherein said copolymer has a

mono-1-olefin as a comonomer.

4, A composition according to claim 3, wherein said comonomer is selected
from the group consisting of propylene, 1-butene, 3-methyl-1-butene, 1-pentene,
3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene,

1-octene, 1-nonene, 1-decene and mixtures of two or more said comonomers.

5. A composition according to claim 3, wherein said comonomer is
1-hexene. ,
6. A composition according to claim 1, wherein said ethylene polymer has

a density greater than 0.94 grams per cubic centimeter and a melt index greater than
0.1 grams per ten minutes. '

7. A composition according to claim 1, where the amount of said
bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite is from about 0.001 to about
0.025 weight percent based on the weight of said ethylene polymer.

8. A composition according to claim 1, wherein said color stabilization

compound is a carboxylic acid compound.

CASE: 33167
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9, A composition according to claim 8, wherein said carboxylic acid
compoimd has from one to about thirty carbon atoms in its molecular structure.

10. A composition according to claim 8, wherein said carboxylic acid
compound has an aliphatic molecular éu'ucune.

11. A composition according to claim 8, wherein said carboxylic acid
compound is selected from the group consisting of methanoic, ethanoic, propanoic,
butanoic, pentanoic, hgxanoic, heptanoic, octanoic, nonanoic, decanoic, dodocanoic,
teﬁadecanoic, hexadecanbic, octadecanoic, ethanedioic, propenoic and mixtures of two

* or more of said carboxylic acid compounds.

12, A composition according to claim 8, wherein carboxylic acid compound
is a saturated fatty acid that has from about 4 to about 22 carbon atoms.

13. A composition according to claim 8, wherein said carboxylic acid
compound is selected from the group consisting of dodecanoic, hexadecanoic,
.octadecé.noic and mixtures of two or more said carboxylic acid compounds.

14. A composition according to claim 8, wherein carboxylic.acid compound
is octadocanoic.

15. A composition according to claim 1, wherein said color stabilization
compound is an alcohol compound that has an aliphatic molecular structure.

16. A composition according to claim 15, wherein said alcohol compound
has from one to about 500 carbon atoms in its molecular structure.

17. A composition according to claim 15, wherein said alcohol compound
has a straight-chain molecular structure with an alcohol group attached to one of the
ends of the molecule. _

18. A composition according to claim 15, wherein said alcohol compound is
selected from the group consisting of methanol, ethanol, propanol, butanol, pentanol,
hexanol, heptanol, octanol, nonanol, decanol, dodecanol, tetradecanol, hexadecanol,
octadecanol, ethanediol, polyethylene glycol, and methoxypolyethylene glycol and
mixtures of two or more of said alcohol compounds.

'19. A composition according to claim 15, wherein said alcohol compound is
a saturated alcohol that has from about 5 to about 50 carbon atoms.

20. . A composition according to claim 15, wherein said alcohol compound is

selected from the group consisting of polyethylene glycol, methoxypolyethylene glycol
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and mixtures of these alcohol compounds.
21. A composition according to claim 1, wherein said color stabilization
compound is a hydroxycarboxylic acid compound.
22. A composition according to claim 21, wherein said hydroxycarboxylic
acid has from one to about thirty carbon atoms in its molecular structure.
23. A composition according to claim 21, wherein said hydroxycarboxylic
acid compound has an aliphatic molecular structure. t
24, | A composition according to claim 21, wherein said hydroxycarboxylic
acid is selected from the group consisting of hydroxyethanoic, 2-hydroxypropanoic,
hydroxybutanoic, 2,3-dihydroxypropanoic, hydroxypropanedioic, hydroxybutanedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propane tricarboxylic acid and mixtures of
two or more said hydroxycarboxylic acids. _
25. A composition according to claim 21, wherein said hydroxycarboxylic
acid has at least one hydroxy group and one carboxylic acid -group attadhed to the same
carbon.
26. A composition according to claim 21, wherein said hydroxycarboxylic
acid.is 2-hydroxy-1,2,3-propane tricarboxylic acid.
27. - A composition according to claim 1, wherein the amount of said color
stabilization compound is from about 0.0005 to about 0.6 weight percent based .on the
weight of the ethylene polymer. .
28. A composition according to claim 1, wherein the amount of said color
stabilization agent is from 0.001 to 0.4 weight percent based on the weight of the
ethylene polymer. '
29. A ethylene copolymer composition that consists essentially of:

(a) bis(2,4¥di-tert-butylpheny1) pentaerythriiol diphosphite, in an amount
that is from about 0.0001 to about 0.025 with percent; and

(b) a color stabilization compou.ﬁd that is 2-hydroxy-1,2,3-propane
tricarboxylic acid, in an amount from about 0.001 to about 0.1 weight percent;

wherein said weight percents are based on the weight of said ethylene copolymer.
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ETHYLENE POLYMER COMPOSITIONS
ABSTRACT OF THE DISCLOSURE

An ethylene polymer composition is provided that comprises:
(a) bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite, in an amount that is from
" about 0.0001 to less than 0.30 weight percent; and (b) at least one color stabilization
compound selected from the group consisting of:

(1) a carboxylic acid compound;

(2) an alcohol compound; and

(3) a hydroxycarboxylic acid compound;

in an amount from about 0.0001 to about 1 weight percent; wherein said

weight percents are based on the weight of said ethylene polymer composition.
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9. A composmon according to claim 8, wherein sa}g carboxylic acid

~ compound has from one to about thirty carbon atoms in its molecular structure.

10. A composition according to claim 8, wherein said carboxylic acid
compound has an aliphatic molecular structure.

11. A composition according to claim 8, wherein said carboxylic acid
compound is selected from the grdup consisting of methanoic, ethanoic, propanoic,
butanoic, pentanoic, hexanoic, heptanoic, octanoic, nonanoic, decanoic, dodecanoic,
tetradecanoic, hexadecanoic, octadecanoic, ethanedioic, propenoic and mixtures of two
or more of said carboxylic acid compounds.

12, | A composition according to claim 8, wherein carboxylic acid compound
is a saturated fatty acid that has from about 4 to about 22 carbon atoms.

13. A composition according to claim 8, wherein said carboxylic acid
compound is selected from the group consisting of dodecanoic, hexadecanoic,
octadecanoic and mixtures of two or more said carboxylic acid compounds.

14. ' A composition according to claim 8, wherein said carboxyhc acid

compound is octadecanoic.
—eme

-15. A composition according to claim 1, wherein said color stabilization

- compound is an alcohol compound that has an aliphatic molecular structure.

16. A composition ac'cdrding'to claim 15, wherein said alcohol compound
has ﬁ'om one to about 500 carbon atoms in its molecular structure.

17. A composition according to claxm 15, wherein said alcohol compound
has a straight-chain molecular structure with an alcohol group attached to one of the
ends of the molecule.

18. | - A composition according to claim 15, wherein said alcohol éompound is
selected from the group consisting of xilethanol, ethanol, propanol, butanol, pentanol,
hexanol, heptanol, octé.nol, nonanol, decanol, dodecanol, tetradecanol, hexadecanol,
octadecanol,_ ethanediol, polyethylene glycol, and methoxypolyéthylene glycol and
mixtures of two or more of said alcohol compounds.

19. - A composition according to claim 15, wherein said alcohol compound is

a saturated alcohol that has from ébout 5 to about 50 carbon atoms.

20. - A composition according to claim 15, wherein said alcohol compound is

selected from the grbﬁp consisting of polyethylene glycol, methoxypolyethylene glycol



